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Abstract: The miniaturisation of manual systems is reported in this paper. The whole system was
based on microfluidic cartridge heated up by a unique contactless system. The presented device

utilised fully passive cartridge with required reagents.
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1. Introduction

Until today, various point-of-care systems (POCTs) for genetic testing have been intro-
duced to the market, with some of them based on a microfluidic approach. Unfortunately,
mainly due to the use of laboratory-grade PCR techniques, these systems do not meet
several of the WHO’s ASSURED criteria for a POCT, which has limited their adoption [1-3].
A technical issue to be solved with such systems is providing a method for detecting
nucleic acids (NAs) in a sample which will allow for the rapid detection of NAs, with
the system being mobile, exhibiting low energy consumption and being inexpensive to
manufacture while allowing for the storage of the cartridges at a room temperature. In
order to allow for the widespread adoption of decentralised genetic-based testing while
also reducing technical drawbacks of the current systems, we have developed simplified
nucleic acid amplification technology (SNAAT®). It is a microfluidic-based NA isothermal
amplification system driven by contactless optical heating and temperature detection cou-
pled with fluorescence detection of amplified genetic material on an electrically passive
microfluidic cartridge.

2. Materials and Methods

The system consists of 2 components: the analyser and microfluidic cartridge, which
are presented in Figure 1. The basis of the heating system is the electromagnetic radiation
to thermal conversion happening directly on defined and insulated areas of the cartridge
made by injection moulding from cyclic olefin copolymer (COC). Each card contains both
liquid and freeze-dried reagents needed in the sample processing from the extraction of NA
to the amplification of genetic material in 6 spatially separated chambers on 3 thermally
independent areas that enable multiplexing. Additionally, a plurality of valves and pump
mechanism for fluid movement is present on the cartridge. The analyser operating the
card is a handheld device that, beyond the display, actuators and other control elements,
contains the heating and detection elements that utilise 2 heating units with 24 UV LEDs
(400 nm) in total, with a temperature detector for each of the heating zones, as well as
6 fluorescence detectors coupled with optical filters. In that way, we can achieve precise
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temperature measurement of each of the heated areas, allowing for the best performance
of assays present on the cartridge without embedding heaters or sensors within the card
while allowing for lower energy consumption. The principle of operation of heating and
detecting systems is presented in Figure 2.
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Figure 2. The principle of operation of the heating and detecting systems.

3. Discussion

Thermally separated extraction chamber to enable the extraction of nucleic acids with
an accuracy of £2 °C. Three thermally separated the heating zones to provide the best
thermal conditions for up to six LAMP assays with an accuracy of £1 °C. The temperature
ramps are presented in Figure 3 and the fluorescence readings are presented in Figure 4.
These data show capability of the developed system to detect five pathogens within a max.
of 30 min. That milestone, in combination with the whole system miniaturization, place it
at the top of most efficient methods.
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Figure 3. Temperature ramps of four heating zones.
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Figure 4. Fluorescence readings for pathogen presence determination.
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