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Thesis Summary

Recently, (microfluidically) patterned paper-based analytical devices - (u)PADs - have gained
significant attention as revolutionary diagnostic platforms, because of their advantages including
low-cost, disposability, multiplexation of assays and capillarity-based pump-free sample liquid
transportation, among others. Despite active academic research in the last decade, real-world
application of uPADs for medical diagnosis is still delayed, mainly due to insufficient evaluation in
practical sample matrices and a lack of simplicity in result interpretation based on optical signals
(e.g. color change, emission).

This work aimed at the development of (u)PADs targeting biological protein analysis. Two
clinically-relevant proteins, tear lactoferrin and urinary albumin, have been successfully quantified
free of any signal readout equipment, with validation studies performed on real samples.

Chapter 1 introduces the history of paper-made diagnostic devices and recent academic research
developments in the field of uPADs for medical diagnosis.

Chapter 2 describes the development of a UPAD for the antibody-free detection of tear
lactoferrin. The lactoferrin concentration-dependent fluorescence emission from lactoferrin-terbium
(Tb**) complexes was employed as the detection signal. The elaborated device successfully
determined lactoferrin concentrations in human tear samples within 6% errors of the conventional
ELISA method. This uPAD enables human tear lactoferrin assays in 15 min by simply pipetting 2.5
uL of sample.

Chapter 3 describes a method for further simplified lactoferrin detection. A fluorescence
emission “distance”-based quantitative signaling method mimicking a classical analog thermometer
was introduced, which allows naked-eye signal readout eliminating the needs of a camera and
software-based color analysis. The analytical reliability of the uPAD was confirmed in a direct
comparison with the standard ELISA method using clinical human tear samples.

Chapter 4 describes a urinary albumin detecting PAD, allowing direct semi-quantitative result
interpretation in the form of “text”. User tests performed with albumin spiked urine samples
demonstrated that the accuracy was comparable to the conventional well-established dipstick
method. The elaborated text-displaying PAD provides an alternative for users with specific color
recognition capacities or for those with impaired color vision.

Chapter 5 summarizes the results of this thesis and a future outlook of uPADs.




