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Abstract— We present the design, testing, and demonstration of a portable, pocket-size, smartphone-linked 

fluorimeter called the “VPodDuo.”  The instrument is capable of reading the output of several fluorescence-generating 
biomolecular detection assays with sensitivity that is similar to larger and more expensive laboratory-based 
instruments. In this work, we focus upon demonstrating the capability for readout of assays used to detect target 
nucleic acid sequences associated with infectious pathogens and cancer with incubation times of approximately 
!"	$%& . The VPodDuo features a dual-port configuration that allows simultaneous measurements of a negative 
experimental control in parallel with the test sample. We demonstrated compatibility with several assay protocols, 
including reverse transcription loop-mediated isothermal amplification (RT-LAMP), recombinase polymerase 
amplification (RPA), clustered regularly interspaced short palindromic repeats (CRISPR)/Cas, and the target recycling 
amplification process (TRAP). Benchmarking against three commercially available fluorimeters showed comparable 
detection limits for clinically relevant nucleic acid sequences, including Zika virus (ZIKV, 104 '()%*+/-. ), 
Staphylococcus aureus (MSSA, 102 '()%*+/-. ), human immunodeficiency virus (HIV, /. 12	)3) , a lung cancer-
associated circulating tumor DNA sequence (L858R point-mutated EGFR gene, 56. 5	)3) and a microRNA biomarker 
associated with lung cancer (miR-375-3p, 7""	)3). We further validated the VPodDuo’s performance under varying 
ambient temperatures through in-lab simulations and real-world outdoor testing using the TRAP assay for miR-375-3p 
detection, demonstrating cancer associated biomarker detection at POC settings. With its compact form-factor, low 
cost, portability, and real-time data transmission and analytical capabilities, the VPodDuo represents a promising 
solution for expanding access to rapid, on-site molecular diagnostics in diverse clinical and field settings.  
 

Index Terms—Point-of-care diagnostics, molecular diagnostics, nucleic-acid amplification, portable fluorimeter, 
CRISPR/Cas, RT-LAMP, RPA, target recycling amplification 
 

 
I.  Introduction 

In recent years, healthcare has increasingly integrated into 
our daily lives. The widespread adaptation of smartphones and 
global wireless connectivity has enabled remote healthcare, 
connecting patients in distant areas to medical providers for 
virtual consultations and monitoring of medical conditions 
through telehealth platforms [1]. Smart wearable devices, such 
as wristbands, watches, and smart patches equipped with 
advanced biometric sensors, have become useful tools for real-
time monitoring of physiological changes, empowering 
individuals to take an active role in managing health [2]. In 
parallel, point-of-care (POC) testing has expanded access to 
diagnostics by enabling rapid, on-site measurements from 
bodily fluids without reliance on centralized laboratories  [3, 4].  

Despite recent advancements in POC technologies, the 
spectrum of detectable diseases and health conditions is highly 
limited, as lateral flow assays (LFAs) remain the predominant 
mode of detection, necessitating development of more rapid, 
economical, sensitive, and accurate POC testing platforms for 
complex medical conditions, that can include longitudinal 
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monitoring of cancer molecular biomarkers, pathogen 
detection, and monitoring of chronic health conditions such as 
stress and cardiac disease [5].  Current commercialized POC 
technologies, including pregnancy tests, HIV tests, and SARS-
CoV-2 antigen tests, have significantly improved accessibility 
to diagnostics but are constrained by critical technological 
limitations.  Despite their portability, affordability, and ease of 
use, LFAs are limited by their qualitative or semi-quantitative 
nature and inability to detect low-abundance biomarkers, 
making them unsuitable for early-stage detection of complex 
diseases and conditions or cases requiring precise quantification 
[6]. Additionally, their reliance upon visual interpretation of 
results introduces subjectivity and human errors, particularly in 
cases where weak signals complicate the result interpretation. 
Lastly, because test strips are exposed during handling and 
readout, LFAs may be more susceptible to contamination or 
environmental interference in certain field workflows, which 
can affect result reliability. 

To expand the practical scope of POCT beyond LFAs, 
fluorescence-based molecular assays offer a compelling path by 
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