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Microfluidics drives point-of-care diagnostics for better health.
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Introduction

The convergence of microfluidic technologies and point-of-care
testing (POCT) is revolutionizing clinical diagnostics, enabling
rapid, sensitive, and cost-effective analysis of biological sam-
ples outside traditional laboratory settings [1]. This miniaturiza-
tion transforms healthcare by making testing more accessible, par-
ticularly in resource-limited regions, and is crucial for detecting
biomarkers of infectious diseases, chronic conditions, and cancer
through advancements in device design and sensor integration [1].

A significant development in this field is the creation of novel elec-
trochemical biosensors integrated into microfluidic chips for the
rapid and sensitive detection of specific pathogens, such as SARS-
CoV-2 [2]. These integrated systems facilitate precise sample ma-
nipulation and reagent delivery, offering high sensitivity and selec-
tivity for accurate and fast diagnosis at the point of care, which is
vital for pandemic preparedness [2].

Microfluidic platforms are also being extensively developed for the
miniaturized detection of cancer biomarkers, integrating functions
like cell lysis, nucleic acid amplification, and detection modules
for early diagnosis [3]. These platforms leverage advancements in
microfabrication and various sensing modalities, including electro-
chemical and optical sensors, to achieve rapid, sensitive, and spe-
cific detection from small sample volumes, supporting personalized
medicine [3].

The integration of advanced materials with microfluidic systems
further enhances clinical sensing applications, improving sensitiv-
ity, selectivity, and response time for detecting diverse analytes [4].
Novel nanomaterials, such as nanoparticles and quantum dots, are
incorporated into microfluidic devices to create hybrid systemswith
the potential to revolutionize POCT for diagnostics and therapeutic
drug monitoring [4].

Low-cost, easy-to-use POCT applications are being advanced
through paper-based microfluidic devices designed for multiplexed
detection of biomarkers, such as inflammatory cytokines [5]. These
devices utilize passive fluid transport and reagent integration on pa-
per substrates, offering scalability and affordability for rapid screen-
ing of inflammatory conditions in clinical settings [5].

Microfluidic platforms are also crucial for cell-free DNA (cfDNA)
analysis in liquid biopsy, a key application for cancer diagnostics
[6]. These platforms integrate automated sample preparation steps,
including cfDNA extraction and enrichment, within a microflu-
idic chip, reducing processing time and contamination risk for non-
invasive cancer detection [6].

In infectious disease surveillance, miniaturized diagnostics and mi-
crofluidic devices play a vital role in facilitating rapid, on-site de-
tection of pathogens and their resistance markers [7]. Various mi-
crofluidic platforms for nucleic acid amplification and antibody de-
tection have demonstrated successful implementation for diseases
like HIV and malaria, enhancing global health security [7].

For cardiovascular diagnostics, microfluidic chips integrated with
surface plasmon resonance (SPR) sensing are being developed for
the detection of biomarkers like cardiac troponin I, essential for di-
agnosing myocardial infarction [8]. The combination of efficient
sample handling and SPR’s label-free detection offers potential for
rapid and accurate point-of-care diagnosis of heart attacks, improv-
ing patient outcomes [8].

Wearable sensing for continuous health monitoring is being ad-
vanced by flexible microfluidic devices integrated into wearable
systems [9]. These devices allow real-time analysis of biological
fluids, such as sweat, for analytes like glucose and electrolytes,
holding promise for personalized health management and early dis-
ease detection through unobtrusive and reliable sensors [9].

Furthermore, bioengineered microfluidic systems are enabling
high-throughput screening of drug responses in patient-derived
cells, integrating cell culture, drug delivery, and real-time monitor-
ing [10]. These systems offer precise control over cellular microen-
vironments and parallel testing, facilitating personalized medicine
approaches, particularly in predicting individual patient responses
to chemotherapy [10].

Conclusion
Microfluidic technologies are significantly advancing point-of-care
testing (POCT) by enabling rapid, sensitive, and accessible di-
agnostics. Innovations include electrochemical biosensors for
pathogen detection like SARS-CoV-2, microfluidic platforms for
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cancer biomarker analysis and cell-free DNA detection in liquid
biopsies, and paper-based devices for multiplexed biomarker as-
says. Advanced materials and wearable microfluidic systems are
enhancing sensing capabilities for continuous health monitoring.
These developments are crucial for early disease diagnosis, person-
alized medicine, infectious disease surveillance, and cardiovascular
health, promising improved patient outcomes and global health se-
curity.
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