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Guest Editorial
Special Issue on Microfluidics Engineering for
Point-of-Care Diagnostics

HE world of biomedical devices is certainly one industrial
T sector that could benefit the most from microfluidics point-
of-care (POC) based diagnostics. Nowadays it is well-known the
potential of the POC devices to lead the shift toward the pre-
dictive, personalized and preemptive medicine. The idea behind
POC devices is to perform a diagnostic test near the patient with-
out the need of any infrastructure and trained personnel. That
entails the miniaturization of complex fluids handling, from the
single cell to the multi-phase flow, sample manipulation and
integrated detection.

The scope of this special issue was to bring together contri-
butions focusing on new concepts in POC devices realization
and investigate on their applications. In the 13 papers selected
a wide range of methodological and technological solutions are
presented: from the sample preparation to the sample manip-
ulation, detection and control. The topics covered are outlined
below.

I. POC DEVICES FOR SAMPLE PREPARATION

In “Droplet Size-Aware and Error-Correcting Sample Prepa-
ration using Micro-Electrode-Dot-Array Digital Microfluidic
Biochips”, Li et al. present a next generation digital microflu-
idic biochips platform for precise sample preparation in which
the fine-grained control of droplet sizes and real-time droplet
sensing is improved.

In “An Enclosed Paper Microfluidic Chip as a Sample
Pre-Concentration Based on Ion concentration Polarization”,
Liu et al. developed an enclosed paper-based microfluidic
pre-concentrator system based on the ion concentration polar-
ization effect which minimizes sample evaporation, reduced
contamination risk, and increased the mechanical strength of
the paper channel.

The blood is one of the most common used sample. In “Blood
Quality Diagnostic Device Detects Storage Differences Be-
tween Donors”, Jani et al. report the detection of blood bio-
chemical and biophysical changes via 5 ym micrometer blood
filtration. The authors show that filterability is highly and more
sensitive to changes in blood quality than conventional meth-
ods, and that metabolic and deformability changes are correlated
with the transfusion quality.
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II. SAMPLE MANIPULATION BASED ON HYDRODYNAMIC AND
VISCOELASTIC FORCES

These papers provide a set of POC solutions, referred as
passive devices, in which the sample manipulation is obtained
by how the design of a chip geometry affects the flow.

“Double-Mode Microparticle Manipulation by Tunable Sec-
ondary Flow in Microchannel with Arc-Shaped Groove Arrays”
by Zhao et al. proposes a microchannel with an arc-shaped
groove structure for micro-particles manipulation into different
equilibrium positions through the modulation of the Reynolds
number.

“Tapered Microfluidic for Continuous Micro-Object Sep-
aration based on Hydrodynamic Principle” by Ahmad et al.
presents a microfluidic device with a tapered channel to sort
particles or cells by size using the hydrodynamic principle
coupled with the sedimentation effect. The system was tested
on polystyrene microbeads and HeLa cells.

In “High-throughput Separation of White Blood Cells from
Whole Blood using Inertial Microfluidics” Zhang et al. describe
a continuous, high-throughput separation platform that utilizes
differential inertial focusing of particles in symmetric serpentine
microchannels sorting white blood cells from blood.

In “Continuous Sheathless Separation of White Blood Cells
from Whole Blood using Viscoelastic Effects” by Tan et al., the
flowing blood sample separation in white and red blood cells is
achieved passively thanks to the viscoelastic fluid properties in
a microchannel with a two stages bifurcation geometry.

III. SAMPLE MANIPULATION BASED ON IMPEDANCE FLOW
CYTOMETRY

These papers show a set of POC solutions in which the sample
manipulation is driven by electrophoretic and dielectrophoretic
(DEP) forces. This technology allows the cells detection, count-
ing, and sorting by their interaction with an electric field.

“Miniaturaized Impedence Flow Cytometer: Design Rules
and Integrated Readout” by Carminati et al. describes an high-
performance dual-channel, credit-card-sized impedance flow
cytometry: from the design of the sensing electrode and cells
detection circuit in FPGA to system prototype and the cells
manipulation by DEP. The system was tested on polystyrene
microbeads and yeast cells (Saccharomyces Cerevisiae).

In “Distinct Motion of GFP-Tagged Histone Expressing
Cells under AC Electrokinetics in Electrode-Multilayered
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Microfluidic Device” Yao et al. present the investigation of the
motion of Histone-GFP type cells, together with Wild type cells
and GFP type cells with the same size but different electrical
properties using an electrode-multilayered microfluidic device.
Numerical analysis of electrokinetic forces on the cells was
conducted and verified by the experimental results.

“ClotChip: a Microfluide Dielectric Sensor for Point-of-Care
Assessment of Hemostasis” by Maji et al. proposes the design,
fabrication, and testing of a low cost disposable device based on
a capacitive sensor for the analysis of blood coagulation process.

In “Characterization of Off-Stoichiometry Thiol-ene
Microfluidics Devices for Bioanalytical Applications” by De
Campos et al., the Off-Stoichiometry Thiol-ene (OSTE) poly-
mer was used to realize an impedance-based cells counter de-
vice based. The system was tested considering the a—amilase
surface immobilization and the yeast cells flow counting
(Saccharomyces Cerevisiae).

IV. ACTUATION AND CONTROL IN POC DEVICES

In “A Surface Acoustic Wave Pumped Lens-less Microflu-
idic Imaging System for Flowing Cell Detection and Counting”
Huang et al. describe a device that integrates a pump system
based on surface acoustic wave (SAW) technology for the flow
actuation with CMOS lens-less microfluidic imaging system
for flowing cells detection and counting. A motion detection
algorithm was utilized for continuously flowing cells character-
ization. The system was tested on human bone marrow stromal
cells flow.

“Pressure-Aware Control Layer Optimization for Flow-Based
Microfluidic Biochips” by Wang et al. copies with the challenge
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of control system design for flow based microfluidics. An algo-
rithm for an optimal control of a multiplexer layer driving the
valves switching is presented with a double aim: to minimize
the switch-over time of the multiplexer from one state to another
and to prevent accidental actuation of valves through pressure
degradation.

The 50% of the papers received were selected based on tech-
nical reviews from worldwide experts to offer the best landscape
in this field. For that the Guest Editors would like to thank all
the authors and reviewers. We also owe our deepest thanks to
Prof. M. Sawan, Editor-in-Chief of IEEE TRANSACTIONS ON
BIOMEDICAL CIRCUITS AND SYSTEMS, for his constant support.
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Jinhong Guo received the Bachelor’s degree in electronic engineering from the University of
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