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Methods

● Heart failure affects 26 million 
people worldwide [2]

● In 2022, heart failure linked to 
450,000 deaths, caused 13.9% of 
all deaths [11]

● $30,000 per patient, $40-$60 
billion total per year [4, 5]

● Patients must visit the clinic 
regularly for monitoring 
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Future Directions
Once the prototype portable microscope is completed, testing the MDIA with both 

spiked samples and whole blood in simulated contexts should be conducted. 

Fabricate and test the microfluidic digital immunoassay (MDIA) with a prototype 
portable microscope with built-in image processing functionality, to advance the device 
to a fully point-of-care (POC) context for monitoring heart failure and as a platform 
technology for other diseases. 
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Antibody Biotinylation
NanoDrop Protein Concentration 
Measurements at 280 nm of the 
NAP-25 Column Samples for 

Antibody x130*
● Sample 6 contains dAb (highest 

protein concentration with peak 
at 280 nm)

MALDI-TOF Data of 
Unconjugated and Conjugated 

Antibody x130
● Unconjugated (red) and 

conjugated (blue) x130 antibody 
mass spectrometry showed mass 
shift of 5,505 Da from 146,590 
Da to 152,095 Da after 
NHS-biotin conjugation

*x130 is short for BNJBNPN130

● Prototype portable microscope still in development
● Timeline with learning process in reagent preparation, microfluidic chip fabrication, 

and image processing also delayed effective data collection
● Issues mitigated throughout the project: non-specific binding of gold ions, 

microscope optical focusing inconsistencies, contamination of the glass slides
● Issues to be addressed: turbulent flow dynamics within the channel, negative pressure 

gradients, alignment of the channel along the slide

To the right is Dr. 
Chao Chen’s data 
from the previous 
work that was used 
as reference data. 

No standard curve 
data was generated 
in this project. 

Proof-of-concept 
images of the slides 
using the prototype 
microscope are 
shown below.  

● Microfluidic digital immunoassay 
designed by Dr. Chao Chen [9]

● Sample of 7 microliters whole blood
● Clinical range of 8.24 - 10,000 pg/mL
● Testing time of 10 minutes
● Dual digital/analog image processing
● Each chip has low cost of > $5.00, which 

can be lowered further with additional 
optimization [9]

● NT-proBNP is a protein commonly used as a biomarker for monitoring heart failure 
(biologically correlated with cardiac wall stress) [6, 7]

● Point-of-care (POC) devices in development don’t satisfy clinical need of 
quantitative detection in 10 - 10,000 pg/mL range [9]        Image: [10]

● Microfluidic Chip Fabrication and Digital Immunoassay
○ Polydimethylsiloxane (PDMS) soft lithography 

microfluidic channel mounted to glass slide with capture 
antibody (cAb) functionalized surface

○ Biotinylated detection antibody (dAb) mixed with the 
NT-proBNP solution

○ Negative pressure to draw the fluid through the channel
○ Streptavidin-coated gold nanoparticles (SA-GNPs) 

released to bind to the NT-proBNP immunocomplexes
○ Gold (III) ions used to grow the particles for visibility 

under 20X bright-field microscope
○ Planned to image using both standard bright-field 

microscope and the prototype portable microscope
○ The prototype portable microscope is still in development 

and was not completed in time for a proper comparison to 
be possible
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