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Letter

New ideas and applications of low-price and portable diagnostic
technologies have become an attractive area of research interest
[1]. The potential of the following technologies in maintaining
affordable healthcare and environmental monitoring to developing
and remote regions very strongly drives the development of these
technologies [2-4]. For the fabrication of low-price and low-volume
microfluidic diagnostic devices for healthcare and environmental
assays, cotton thread acts as an attractive material for their
fabrication because of the gaps in between fibers which provide
capillary channels for liquids to wick along the thread. The thoughts
of using electronic threads for human health monitoring has been
reported in various studies [5-8]. From pioneering works, resorting
to expensive and complex manufacturing processes, adopting
microfluidic platforms fabricated on polydimethylsiloxane (PDMS)
or glass, the research has approached the use of various new types
of low price materials and facile manufacturing approaches [9-
13]. The result of this effort is now the development of low price
paper-based analytical devices (mPADs) in which fluidic pathways
are easily developed by utilizing readily available office tools such
as plotters and commercial printers, these last developed with
permanent markers that contain hydrophobic inks [14-19].

To decrease the number of steps required for the easy
development of low-cost fluidic devices, the utilization of cotton
thread has great promise. It is an easily available cellulosic
substance with qualities similar to paper, allowing liquid flow by
capillarity without any external pumps or forces. Cotton threads
are light, hydrophilic, and flexible and do not require any patterning

of hydrophobic barriers to restrict liquids within channels. Also,
cotton never becomes brittle when wetted by liquids, which is
of a different quality from paper [20-24]. Thread has various
advantages that make it appropriate to be useful in microfluidics-
based technologies which include its low price, its lightweight, its
easy availability, and its hydrophilic nature. The capillary channels
present in threads helps in the fluidic flow and it helps to avoid the
use of any external pumping system for the flow of fluid [25]. The
fine capillary channels of threads efficiently transport liquid which
allows thread-based devices to perform semi-quantitative analysis
with very low volumes of sample. A huge number of analyses can be
performed cheaply and rapidly involving the determination of the
analyte’s concentration. In a case where a huge number of samples
are to be analyzed these methods are considered very valuable for

such tasks as disease screening in all the developing countries.

Since thread offers more choices of materials over paper
hence thread-based microfluidic sensor has been considered more
advantageous over paper-based microfluidic sensors. Since the
preparation of paper-based microfluidics is expensive therefore
thread is a valuable alternative substance to paper for producing
low-cost microfluidics sensors [26]. Cotton threads can become a
highly useful candidate for biosensor substrate as it requires very
low sample volume and also it has a surface modifiable property for
fast reaction time and high sensitivity [27]. From recent studies, it
is found that multifilament threads are an inexpensive alternative
for the production of low-cost microfluidic devices. These low-cost
microfluidic devices can be easily produced by unskilled persons
in a very short interval of time and at a very low cost by using
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simple tools, but these devices have shown high potential to be
used as medical sensors [28]. Monitoring of some vital biological
signals including body temperature, heart rate, blood pressure,
and biopotentials which are from the surface of the skin, overall
health can be assessed [29]. Non-invasive or blood-free diagnosis
can reduce the pain and various risk factors compared with the
traditional invasive diagnosis so it’s gaining more attention for
health status monitoring.

Figure 1 shows the three possible designs of diagnostic devices
which are based on the use of cotton thread in which all the three
designs wick the fluid from sample application zones by capillary
action and reaches the detection zones. The sample application
zone is that part where the user deposits the sample whereas the
detection zone is that part where the user reads the results of the

assay. The first two designs i.e.,, the woven array device and the
branching device depend on similar strategies for loading reagents,
defining detection zones, and encapsulating microchannels. The
third design which is the sewn array design has the advantage
of the thread being sewn into various substrates. In developing
countries, for effective control of diseases by a rapid diagnosis of
human diseases and detection of environmental contaminants,
there is a need for a simple, sensitive, portable analytical device to
be built on low-cost materials. These low-cost microfluidic devices
can be produced by unskilled persons in a short interval of time and
at a low cost by using simple tools. Thread is a suitable material for
fabricating microfluidic diagnostic devices for monitoring human
health, environment, and food safety, especially for the population
in less industrialized areas or remote regions.

Figure 1: Schematic illustrations of the thread-based devices. Each device comprises detection zones and sample application

zones.
(@) The woven array device.
(b)  The branching device.
(c)  The sewn array design.
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