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Application of paper-based microfluidics in point-of-care
testing

Jiasu Xu, Ya Zhang, Xiaosong Su, Shiyin Zhang, and Shengxiang Ge

School of Public Health, Xiamen University, Xiamen 361102, Fujian, China

Abstract: Point-of-care testing (POCT) is a test method performed on the sampling site or patient bedside. Accurate results
can be achieved rapidly by the application of portable analytical instruments and compatible reagents. It has been widely used
in the field of in vitro diagnosis (IVD). Paper-based microfluidics technology has great potential in developing POCT due to its
advantages in low cost, simple operation, rapid detection, portable equipment, and unrestricted application conditions. In
recent years, the development of paper-based microfluidic technology and its integration with various new technologies and
methods have promoted the substantial development of POCT technology and methods. The classification and characteristic of
the paper are summarized in this review. Paper-based microfluidic sample pretreatment methods, the flow control in the
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process of reaction and the signal detecting and analyzing methods for the testing results are introduced. The research progress
of various kinds of microfluidic paper-based analytical devices (WPADs) toward POCT in recent years is reviewed. Finally,
remaining problems and the future prospects in POCT application of paper-based microfluidics are discussed.
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Table 1 Comparison of chip-based and paper-based microfluidics

Comparison Chip-based Paper-based References
Materials Glass, silicon, polymer, etc Paper, membrane [3]
Cost Expensive Cheap [7]
Craftsmanship Complex and time-consuming Simple [3,7]
Driving force External equipment Capillary action [8-9]
Result interpretation Reading device Naked eye, reading device [10-12]
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Table 2 Comparison of cellulose and nitrocellulose

Comparison Cellulose Nitrocellulose References
The rate of liquid flow Slow Rapid [25]
The distance of liquid flow Short Long [25]
Wettability Hydrophilic Hydrophobic [26]
Application FTA card, dipstick, uPADs LFAs [14-15, 18]
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Fig. 1 Schematic diagram of sample pretreatment on
WPADs. (A) RBC passes through large aperture paper
smoothly™. (B) RBC is intercepted by small aperture
paper®l. (C) Anti-erythrocyte antibody promotes RBC
agglutination®. (D) Hypertonic solution induces RBC
aggregation. (E) Method of non-specific concentration®,
(F) Method of specific concentration®!.
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Fig. 2 Schematic diagram of liquid flow control during
reaction. (A) Folding to achieve mixing of reagents to
initiate the reaction. (B) The liquid stretches through the
folding channel and contacts the other channel. (C) Press
the position indicated by the arrow to allow the flow to pass.
(D) Soluble bridge dissolves after passing a volume of
liquid. (E) The liquid on the pipe of different lengths
reaches the detection zone in turn. (F) Different liquid flow
rates on different width pipes. (G) The pipe is modified to
varying degrees of sucrose, trehalose and so on to change
the flow rate through the liquid.
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Table 3 Comparison of different signal detection methods applied in POCT

Detection methods Characteristics of applicating in POCT References
Colorimetric No need for a large external inspection system, [39-41]
the results of the analysis can be read by the naked eye,
and the auxiliary equipment can be accurately quantified if necessary
Fluorescence External device is needed to generate excitation light [42]
Chemiluminiscence Depend on the illuminating signal measuring instrument to measure the number of photons ~ [43-44]
Electrochemiluminescence Depend on the external equipment to generate the electrochemical luminescence signal [45-46]
Electrochemistry External detection system is needed, electrodes need frequent calibration [47]

A B [mmumjuuunpg C
0 10 20
Low Low Low
X ) —— |
o000 — H'gh. [ |
High High 1
“"900000 ¢ H B

Number of color changes

E3 ZREZMESNTEE (A: BEEUIRETRE:

BRRE)

Length of color changes

Number/depth of color changes

B: BB THKERTKE: C: FRETHHEL

Fig. 3 Schematic diagram of result reading and analysis. (A) The number of color changes indicates the concentration. (B) The
length of the color change indicates the concentration. (C) The change in the different indicator indicates the concentration.
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Table 4 Characteristics and advantages of paper used in POCT

Steps Characteristics

Advantages

Sample
preparation

Porous structure for interception

Large specific surface area of porous
structure

The paper can filter and separate substances whose diameters are
larger than it
Easy to volatilize and is suitable for concentrating substances

Porous structure for storing substances It is convenient for the reagent to be stored in a dry form

Flow control
during reaction

Hydrophilic

Porous structure
Deformability
Analysis of the Biocompatibility™!

results The color is mostly white

Capillary action can be spontaneously formed, so the liquid can be
transported without external driving force

The flow can be controlled by folding paper, pressing paper, etc
Paper does not interfere with the detection of most clinical indicators

White can be strongly contrasted with other colors

The corresponding test results can be directly interpreted and
analyzed by the naked eye

% : 010-64807509
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