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Background

A limit to the wide spread of molecular diagnostics is
the need of expensive instrumentation and trained
technicians; this implies that the execution of DNA/RNA
amplification tests is delegated and centralized in highly
specialized centers. The development of a simple and
rapid point-of-care clinical diagnostic device is essential
for the evolution of sensing in healthcare technologies.
The Lab-On-Chip (LOC) technology provides a solution
for this problem in term of miniaturization, such as
reduced reagent consumption, sample requirement and
analysis time. STMicroelectronics (ST) developed the Q3
compact platform for easy use by unskilled personnel as
a point-of-care instrument.
Another challenge for the diagnostic tests is the room
temperature stability. PCR Mixes contain enzymes
(polymerases) and components that usually are not
stable at room temperature and need to be stored at -
20° or +2/8°C. Due to the proprietary composition of
preservatives and stabilizers, Sentinel CH SpA
developed the STAT-NAT® technology, a universal ready-
to-use platform useful for the development of complete
CE IVD diagnostic kits that can be stored at room
temperature for a long time.
The combination of these two technologies results in a
portable and room temperature storable fully integrated
system to obtain qualitative, quantitative and quick
results.

Design and Methods

STAT-NAT® Leishmania spp. kit (IVD CE marked) was
used as reference test and prepared as reported in Table
A. The final reaction volumes of 25 (standard volume)
and 5 µL were dispensed into PCR tube-strips (Figure 2)
and into Q3 cartridges (Figure 3), respectively. Both
volumes were evaluated in liquid format for the pre-
lyophilization control (pre-lyo). Thereafter, the mixes
were freeze-dried with a specific protocol using an
Epsilon 2-12D freeze-dryer (Martin Christ) and tested
for the post-lyophilization (post-lyo) control.
Performances of 25 µL freeze-dried mix were evaluated
on a 7500 Real-Time PCR instrument (Life Technologies)
and compared to 5 µL freeze-dried mix assayed on a
portable Q3 Real-Time PCR instrument (ST) (Figure 1).

Table A. Mix components. *: primers and probes designed to
identify a fragment of Leishmania Kinetoplast (kDNA) and human
beta-globin gene, used as internal amplification control (IC).

Figure 1. Portable Q3 Real-Time PCR instrument (ST).

Figure 4. 7500 Real-Time PCR system amplification plot. Pre-
lyo amplification of Leishmania kDNA in purple and IC in blue.

Figure 5. 7500 Real-Time PCR system amplification plot.
Post-lyo amplification of Leishmania kDNA in purple and IC in blue.

Figure 6. Portable Q3 Real-Time PCR system amplification
plot. Pre-lyo amplification of Leishmania kDNA in purple and IC in
blue.

Figure 7. Portable Q3 Real-Time PCR system amplification
plot. Post-lyo amplification of Leishmania kDNA in purple and IC in
blue.

Conclusions

The synergy between STAT-NAT® technology and
STMicroelectronics’ portable Q3 PCR instrument allows
the combination of room temperature storage with
quick amplification and detection processes for Real-
Time PCR-based molecular tests.
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Abstract

Background. Limits to the wide spread of molecular diagnostics are the elevated cost of thermalcyclers and the need of trained technicians that perform PCR reaction and
analysis. Another limit is that PCR mixes, enzymes and components are typically stored at -20° or +2-8°C. Repeated freeze-thaw cycles could negatively impact on the assay’s
performance. We developed innovative technology to produce a freeze-dried mix for the amplification of nucleic acids, which is ready-to-use, pre-dispensed, flexible and room-
temperature storable. This technology is successfully applicable to PCR or RT-PCR, End-Point PCR or Real-Time PCR, in singleplex or multiplex reactions. Objective. The aim of
the present work was to couple two technologies, Real-Time PCR Lab-On-Chip technology and a technology that stabilizes PCR reagents at room-temperature, in order to obtain
a rapid, user-friendly and easy-to-store PCR system. Methods. A PCR mix was prepared as follows: reaction buffer, dNTPs, MgCl2, DNA polymerase, primers, probe,
preservatives and stabilizers. Around 5 µL of this mix was spotted in each chamber of a chip and freeze-dried using an Epsilon 2-12D freeze-dryer (Martin Christ). Performances
were evaluated on a portable Q3 PCR system (STMicroelectronics). Results and conclusions. Real-Time PCR performances evaluated on chip with the portable Q3 PCR system
matched those obtained with a classical 7500 Real-Time PCR System (Applied Biosystems). This demonstrates that it is possible to perform Real-Time PCR on a small, portable
instrument with reduced test turnaround time, low-volume needs, with a user-friendly software and with freeze-dried reagents that are easy-to-store. This PCR system can be
used at the point of impact in point-of-care molecular diagnostics.
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Figure 2. PCR tube-strip with 25 µL freeze-dried mix.

Figure 3. Q3 Cartridge with 5 µL freeze-dried mix.

PCR reactions of 25 µL were run according to a standard
protocol (Table B), while 5 µL-PCR reactions were run
according to a fast protocol (Table C).

Table B. Standard PCR protocol.

Table C. Fast PCR protocol.

Results

Real-time PCR performances were evaluated both on a
classical 7500 Real-Time PCR system and on the
portable Q3 PCR system, using 2 different
concentrations of Leishmania parasite DNA mixed with
human genomic DNA, as templates.
PCR results, obtained with the classical Real-Time PCR
system and the portable Q3 PCR system, were
comparable in terms of threshold cycles (Cts) (Tables D
and E) and amplification plots (Figures 4, 5, 6 and 7).

Table D. Cts obtained with the classical 7500 Real-Time PCR 
system. Templates: 2 different concentrations of Leishmania
parasite DNA mixed with human genomic DNA.

Table E. Cts obtained with the portable Q3 PCR system. 
Templates: 2 different concentrations of Leishmania parasite DNA 
mixed with human genomic DNA.

Step
Cycle

Number
Denaturation Annealing

Total run 
time

1 1 95 °C 10 min

90 min
2 45

95 °C 15 sec

60 °C 1 min

Step
Cycle

Number
Denaturation Annealing

Total run 
time

1 1 99 °C 2 min

45 min
2 45

99 °C 5 sec

60 °C 30 sec

Mean Cts

Leishmania kDNA
Human beta 

globin

5 parasites 1 parasites 200 ng

Time point
pre-lyo 24.9 27.4 21.7

post-lyo 25.0 27.2 21.8

Mean Cts

Leishmania kDNA
Human beta 

globin

5 parasites 1 parasites 200 ng

Time point
pre-lyo 26.2 28.0 21.5

post-lyo 25.8 27.6 21.3

Components
Final

concentration

10X reaction buffer 1x

dNTPs 0,5 mM each

MgCl2 3,5 mM

Hot Start Taq DNA pol 0,1 U/µL

Specific primers* 0,1µM each

Specific probes* 0,25µM each

Preservatives/Stabilizers -----


