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Over my decades in hospital pharmacy, I have witnessed patients whose localized cellulitis spiraled into sepsis or osteomyelitis because early signs were dismissed—or left undetected until it was too late. That memory fuels this project: what if a clinician could “see” molecular signs of infection hours before overt symptoms?
Problem & Rationale
In hospital and clinical settings, delayed recognition of infection is a critical challenge. Minor wounds, skin breaks, or post‑operative sites can progress into deep tissue involvement, bacteremia, or systemic inflammation before clinical signs emerge. Conventional diagnostics (blood draws, cultures, imaging) often lag behind molecular changes; by the time fever or lab abnormalities appear, the window for early intervention may have narrowed. An accessible, minimally invasive diagnostic tool that detects early inflammatory biomarkers in situ could transform patient care, reduce length of stay, and diminish infection-related morbidity.
Solution / Innovation
RapidSense is a wearable, microfluidic diagnostic patch that samples interstitial fluid (ISF) and detects early‑stage infection biomarkers (e.g., CRP, procalcitonin, IL‑6) using integrated electrochemical or immunosensor arrays. The patch communicates wirelessly with hospital dashboards, triggering alerts for providers when biomarker thresholds are exceeded. Because ISF mirrors blood biomarker dynamics but is accessible via microneedles or reverse iontophoresis, it offers a path for continuous early detection.
ISF-based wearable biosensors have been identified as a rising frontier in minimally invasive diagnostics (Nature Communications, 2024). Recent work has demonstrated real-time CRP detection using microneedle-enabled electrochemical sensors in ISF with high sensitivity (~0.7 µg/mL) and rapid response (~100 s) — a proof-of-concept for the core sensing modality of RapidSense (arXiv, 2024).
Phase I Objective & Specific Aims
Develop and fabricate a prototype patch module integrating microfluidics, microneedles, multiplexed sensors, and wireless telemetry.
Conduct in vitro and ex vivo benchmarking against standard lab assays using human-derived interstitial fluid surrogates.
Pilot in a clinical cohort (n = 20) of post‑surgical inpatients to measure concordance of patch readings with standard serum biomarkers and infection diagnostics.
Intellectual Merit & Broader Impacts
RapidSense advances microfluidic and wearable diagnostic engineering, particularly in multiplex sensing of low-concentration inflammatory markers in ISF. It aligns with NSF’s vision of translating instrumentation innovation to high-impact applications. Beyond technical novelty, its broader impact is compelling: early detection of infection could reduce ICU burden, shorten hospital stays, lower antibiotic misuse, and enhance patient outcomes—especially among vulnerable populations (post-surgical, immunocompromised, diabetics). Integration into hospital EHR/clinical workflows (via FHIR/HL7) would position RapidSense for adoption by health systems and point-of-care settings.
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