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A B S T R A C T   

Following the global COVID-19 pandemic triggered by SARS-CoV-2, the need for rapid, specific and cost-effective 
point-of-care diagnostic solutions remains paramount. Even though COVID-19 is no longer a public health 
emergency, the disease still poses a global threat leading to deaths, and it continues to change with the risk of 
new variants emerging causing a new surge in cases and deaths. Here, we address the urgent need for rapid, cost- 
effective and point-of-care diagnostic solutions for SARS-CoV-2. We propose a multiplexed DNA-based sensing 
platform that utilizes inkjet-printed nanostructured gold electrodes and an inkjet-printed battery-free near-field 
communication (NFC) potentiostat for the simultaneous quantitative detection of two SARS-CoV-2 genes, the 
ORF1ab and the N gene. The detection strategy based on the formation of an RNA-DNA sandwich structure leads 
to a highly specific electrochemical output. The inkjet-printed nanostructured gold electrodes providing a large 
surface area enable efficient binding and increase the sensitivity. The inkjet-printed battery-free NFC potentiostat 
enables rapid measurements and real-time data analysis via a smartphone application, making the platform 
accessible and portable. With the advantages of speed (5 min), simplicity, sensitivity (low pM range, ~450% 
signal gain) and cost-effectiveness, the proposed platform is a promising alternative for point-of-care diagnostics 
and high-throughput analysis that complements the COVID-19 diagnostic toolkit.   

1. Introduction 

The COVID-19 pandemic caused by SARS-CoV-2 has spread rapidly 
across the globe since its emergence in late 2019, resulting in millions of 
confirmed cases and deaths (Msemburi et al., 2023; Schöley et al., 2023; 
Wang et al., 2022). Although COVID-19 is no longer a public health 
emergency (McCoy, 2023; Murray, 2022; Sarker et al., 2023; Wise, 
2023), the disease still poses a global threat that causes deaths, and it 
continues to change with the risk of new variants emerging, leading to 
new increases in cases and deaths (Abulsoud et al., 2023; Karim and 
Karim, 2021; Wang et al., 2023). Diagnostic tests have played a crucial 

role in detecting, containing and monitoring the COVID-19 pandemic 
(Lukas et al., 2020; Peeling et al., 2022; Udugama et al., 2020a). The 
tests enable early identification of infected individuals, allowing for 
immediate isolation and treatment, which can reduce transmission rates 
(Kucharski et al., 2020). In addition, the tests provide valuable data on 
the spread of the virus, allowing health authorities to track and respond 
to outbreaks (Hellewell et al., 2020). 

Currently, COVID-19 detection methods are divided into molecular 
and serological tests (Udugama et al., 2020b). Molecular tests detect the 
viral RNA of SARS-CoV-2 in the early stages of infection and are highly 
sensitive and specific, but require long analysis times (4–5 h), expensive 
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instruments and reagents, and specialized personnel (Feng et al., 2020). 
Serological tests, on the other hand, detect SARS-CoV-2 antibodies 
(Wang et al., 2020) or proteins (Baumgarth et al., 2020) associated with 
the virus, including the spike protein (S), the nucleocapsid protein (N), 
and the receptor-binding domain (RBD) of the S protein. Serological 
tests are less sensitive and specific than molecular tests (Lisboa Bastos 
et al., 2020). In addition, SARS-CoV-2 antibodies (IgG and IgM), which 
are specific indicators of infection, usually peak several weeks after 
infection, making early detection of infection difficult (Post et al., 2020). 

As early and rapid detection of infection is critical for effective 
treatment in the event of a pandemic, the development of point-of-care 
tests (POCTs) for the rapid, accurate, specific and cost-effective detec-
tion of SARS-CoV-2 is required (Weiss et al., 2020). POCTs are diag-
nostic tests that can be performed at or near the point of care and 
provide immediate results without the need for complex laboratory 
equipment or trained personnel. In recent years, considerable efforts 
have been made to develop rapid, inexpensive, easy-to-use, quantitative 
and sensitive point-of-care diagnostic devices for various diseases, 
including COVID-19 (Kabay et al., 2022; Kummari et al., 2023; Panicker 
et al., 2024; Rao Bommi et al., 2023; Rosati et al., 2021). Lateral flow 
immunoassays (LFAs) are one type of POCT that have gained popularity 
due to their ease of use, low cost and ability to work with untreated 
clinical samples (Rubio-Monterde et al., 2023). However, LFAs may not 
be as sensitive or specific as other diagnostic methods (Böger et al., 
2021). In medical diagnostics, the personal blood glucose meter, which 
allows for regular self-monitoring of blood glucose levels, remains un-
surpassed because it is quantitative, inexpensive, and easy to use (Lisi 
et al., 2020). Indeed, electrochemical sensors are ideal for POCTs 
because they can work effectively in complex sample matrices, require 
inexpensive instrumentation, can be easily mass-produced and have 
multiplexing capabilities (Ambaye et al., 2021; Fernandes et al., 2020). 

Inkjet printing technologies have revolutionized electrode 
manufacturing, enabling faster, less expensive and more precise fabri-
cation than traditional methods (Ambaye et al., 2021; Baek et al., 2022; 
Grillo et al., 2022; Jeong et al., 2022). Inkjet printing is a non-contact, 
digital printing process that uses specialized printers to deposit precise 
amounts of conductive inks onto various substrates (Donie et al., 2021; 
Tagliaferri et al., 2021). This technology offers several advantages, 
including the ability to create complex patterns with high resolution, the 
possibility to use a wide range of nanomaterial-based inks, and the 
flexibility to produce electrodes in large quantities with high repro-
ducibility (Fukuda et al., 2013; Jarošová et al., 2019; Kim et al., 2023; 
Kokubo et al., 2019; Moya et al., 2017; Sundriyal and Bhattacharya, 
2017). In addition, electrodes produced with inkjet printers can be easily 
integrated into smartphone-based sensing systems (Bai et al., 2021; 
Rosati et al., 2022). Recently, near-field communication (NFC) poten-
tiostats, which are about the size of a credit card, have emerged as the 
simplest form of portable battery-free potentiostats (Beck et al., 2023; 
Krorakai et al., 2021; Steinberg et al., 2015). They take advantage of 
NFC’s wireless communication, which enables short-range communi-
cation between electronic tags and smartphones (Kassal et al., 2013; 
Lazaro et al., 2022; Promsuwan et al., 2023; Pungjunun et al., 2022; 
Steinberg et al., 2015). NFC potentiostats, operating wirelessly via a 
smartphone with a user-friendly application for electrochemical anal-
ysis, provide a portable and affordable system with analytical capabil-
ities comparable to those of conventional benchtop potentiostats (Beck 
et al., 2023). 

Over the past decade, DNA nanotechnology has emerged as a rapidly 
growing field of research in which synthetic DNA strands are used to 
build structures and devices with remarkable precision at the nanoscale 
(Chou, 2021; Lacroix and Sleiman, 2021; Martynenko et al., 2021; Ricci 
and Dietz, 2023). This has led to the development of innovative sensing 
approaches for the detection of a wide range of targets (Hu et al., 2023; 
Ranallo et al., 2023; Rossetti and Porchetta, 2018; Zhang et al., 2023). 
However, to date, there are only a few examples of the detection of the 
viral nucleic acid SARS-CoV-2 by combining the advantages of 

electrochemical sensors with those of DNA nanotechnology, most of 
which are based on sophisticated techniques (Fan et al., 2021; Hwang 
et al., 2021; Khan et al., 2020; Qiu et al., 2020; Santhanam et al., 2020; 
Sathish et al., 2021). A simple electrochemical platform using graphene 
and gold nanoparticles and employing antisense oligonucleotides was 
reported by Pan and coworkers (Alafeef et al., 2020). However, the 
proposed platform is limited to the detection of a single gene (i.e., the 
viral N gene of SARS-CoV-2). According to WHO recommendations, 
molecular diagnostic tests for SARS-CoV-2 should target at least two 
different regions of the viral genome to minimize the risk of false 
negative results due to the high mutation rate of the virus (“Laboratory 
testing for 2019 novel coronavirus (2019-nCoV) in suspected human 
cases,” n.d.). Indeed, simultaneous detection of multiple genes can 
improve the accuracy of SARS-CoV-2 diagnosis, especially in patients 
with low viral load (Chaibun et al., 2021; Kim et al., 2021; Tombuloglu 
et al., 2022). 

Here, we propose a multiplexed signal-on DNA-based platform for the 
quantitative detection of ORF1ab and N genes by using a simple one-step 
sandwich hybridization detection strategy, gold nanoparticle-based 
nanostructured low-cost inkjet-printed electrodes, and a battery-free 
NFC potentiostat (Fig. 1). The detection strategy is based on the simul-
taneous targeting of the viral ORF1ab gene and the N gene by binding a 
pair of antisense oligonucleotides for each gene, a thiol-modified 
oligonucleotide acting as a capture probe and a redox-labeled oligonu-
cleotide acting as a signal probe. The binding of the target to the two 
specific probes (i.e., capture and signaling probes) results in a highly 
specific electrochemical output, due to the formation of an RNA-DNA 
sandwich. The enhanced nanostructuration of the gold electrodes, pro-
duced by combining inkjet printing with an alternative sintering pro-
tocol (Urban et al., 2023), increases the sensitivity of the 
electrochemical assay thanks to the large active surface area of the 
electrodes, which increases the number of capture sites and improves 
the accessibility of the target to the capture probe immobilized on the 
working electrode. An NFC module enables measurements and real-time 
data monitoring for better accessibility and portability. 

2. Experimental section 

Materials and specific experimental procedures, including reagents, 
oligonucleotides, production of inkjet-printed gold electrodes, prepa-
ration of the DNA-functionalized electrodes, electrochemical measure-
ments, NFC-potentiostat design and production, are reported in the 
supporting information. 

3. Results and discussion 

3.1. Inkjet Printed Electrodes (IPEs) fabrication and characterization 

We propose an electrochemical platform for the selective and sen-
sitive detection of SARS-CoV-2 viral RNA using inkjet-printed nano-
structured gold electrodes and antisense oligonucleotides as highly 
specific sensing elements. First, nanostructured inkjet-printed electrodes 
(IPEs) were fabricated by a method recently introduced by our group 
(Urban et al., 2023), which allows precise control of size and surface 
morphology (Fig. 2a–c, Fig. S1, S2). The active surface area of these 
printed electrodes calculated from the gold oxide reduction peak area of 
cyclic voltammograms under acidic conditions (i.e., H2SO4 0.05 M) 
(Xiao et al., 2007) is 3.2 ± 0.2 cm2, with a roughness factor (calculated 
as the ratio of real to geometric area) of 28 ± 2, which is more than 10 
times higher than that of smooth electrodes (i.e., screen-printed elec-
trodes) (Fig. 2d and Table S1). The heterogeneous electron transfer 
constant k0 extrapolated from cyclic voltammetry measurements in [Fe 
(CN)6]3-/4- (2.5 mM in PBS 10 mM), at different scan rates, using the 
Nicholson method (Nicholson, 1965; Nicholson and Shain, 1964), shows 
that IPEs outperform classic smooth screen-printed electrodes by more 
than a factor of two, with a k0 of 0.0261 cm s− 1 and 0.098 cm s− 1, 
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respectively, and a peak-to-peak distance of 77 versus 91 mV at a scan 
rate of 0.025 V s− 1. These results indicate that porosity and nano-
structuration are an important factor in improving electroanalytical 
performance, even for low-cost disposable platforms (Fig. S3). 

Since the extent of nanostructuring can affect the sensitivity of DNA- 
based sensors, (Bin et al., 2010) we evaluated the achievable surface 
coverage of DNA probes by ACV measurements (Rossetti et al., 2020) to 

determine the optimal density of capture probes. Our results show that 
our IPEs allow a surface coverage between 3.6 ± 0.3 × 1010 mole-
cules/cm2 and 5.5 ± 0.5 × 1010 molecules/cm2. This corresponds to an 
average distance between capture probes ranging from 59 ± 2 nm to 47 
± 1 nm (Fig. 3a and Table S2). Next, we performed square-wave vol-
tammetry measurements in the presence of methylene blue (MB) and 
ferrocene (Fc), first individually and then simultaneously, to determine 
the electrochemical response of our IPEs and the suitability of MB and Fc 
as tags for the signaling ss-DNA probes (Kang et al., 2016). As expected, 
our results clearly demonstrate the feasibility of using these two redox 
tags to label the two signaling probes without causing interference 
(Fig. 3b). In addition, we also investigated the response of the bare 
electrodes as a function of increasing redox tags concentration (Fig. S4). 
We observed a different electrochemical response of the two redox tags, 
which can be attributed to their different hydrophobicity affecting the 
electronic transfer (Cunnane et al., 1995; Poli et al., 2020; Su et al., 
2021) as well as the peculiar electron transfer tacking place in nano-
porous electrodes (Daggumati et al., 2015; Matharu et al., 2017; Park 
et al., 2012). 

Fig. 1. Schematic representation of the working principle of the electrochemical sensing platform. In step 1, the viral RNA is dropped onto the electrode. In step 2, 
the NFC potentiostat allows to perform the electrochemical measurements via a smartphone. The digital electrochemical output is transmitted wirelessly via NFC. In 
the inset, the DNA-based detection strategy: ORF1ab and N gene capture probes are immobilized on the gold electrode. The ORF1ab and N gene labeling probes, 
which are labeled with methylene blue (MB) and ferrocene (Fc), respectively, are free in the solution. In the presence of the targets (ORF1ab and N gene), the 
formation of RNA-DNA duplexes brings the redox tags close to the electrode surface. This proximity enables electron transfer, which leads to the appearance of two 
different peaks. 

Fig. 2. Bare IPE Characterization. (a) Image of IPE. (b) SEM image of the IPE. 
(c) Design of the IPE. (d) Active area and roughness of the IPEs compared to 
commercial screen printed electrodes (SPEs) of comparable geometric area. 

Fig. 3. (a) Surface coverage of DNA probe. (b) Raw SWV profiles from top to 
bottom of a solution of 50 μM MB, a solution of 1.25 mM Fc, and a solution of 
both redox tags (i.e., 50 μM MB +1.25 mM Fc), clearly showing that it is 
possible to detect MB and Fc simultaneously without any interference. 

M. Rossetti et al.                                                                                                                                                                                                                                



Biosensors and Bioelectronics 250 (2024) 116079

4

3.2. Detection strategy 

Based on the previous results, a “signal-on” sandwich hybridization 
assay was designed for the specific detection of the ORF1ab gene and the 
N gene. Thiol-modified antisense oligonucleotides (i.e., ssDNA-capture 
probes) and redox-labeled antisense oligonucleotides (i.e., ssDNA- 
signaling probes) were designed for each gene. The capture probes 
and signaling probes both consist of 15 bases and bind to two adjacent 
gene regions. A 15 bp length guarantees a strong and specific duplex 
formation between DNA and RNA. In fact, a minimum of 6–8 contiguous 
base pairs is required for stable duplex formation (Banerjee et al., 2021, 
2023; Breslauer et al., 1986; Cisse et al., 2012; Ghosh et al., 2020; Ma 
et al., 2004; Owczarzy et al., 1997; Sugimoto et al., 1994, 1995). 
Therefore, the 15 base pairs in our DNA probes significantly exceeding 
this minimum threshold, provide a reliable and specific binding mech-
anism. In the presence of the specific RNA target, an RNA-DNA sandwich 
consisting of the ss-DNA capture probe, the target RNA and 
ssDNA-signaling probe is formed and generates an electrochemical 
output due to the electron transfer between the redox tag and the 
nanoporous gold surface. The ssDNA-capture probes were immobilized 
onto the gold working electrode via sulfur-gold chemistry. To distin-
guish the response with respect to the two genes, we tagged the two 
ssDNA-signaling probes with two different redox tags at one end (i.e., 
MB and Fc for the ORF1ab and N genes, respectively) (Fig. 1). We note 
that the ssDNA-signaling probes were designed to hybridize with the 
downstream positions of the target RNAs, ensuring efficient electron 
transfer between the redox tag and the gold electrode surface (Idili et al., 
2014; Jampasa et al., 2018; Rowe et al., 2011). 

First, we performed electrochemical impedance spectroscopy (EIS) 
measurements to characterize each step of sensor fabrication (Fig. S5 
and Table S3). In this experiment, we first measured the RCT of the bare 
electrode (step 1), then we immobilized the DNA capture probe (step 2). 
The immobilization of the DNA capture probe leads to an increase in the 
RCT value from 56 ± 2 Ω to 840 ± 10 Ω. This change is due to the 
enhanced repulsive interactions (electrostatic and steric) between the 
redox maker ions (i.e., [Fe(CN)6]3− /4− ) and the electrode surface 
modified with the DNA capture probe; the repulsion hinders the charge 
transfer through the interface (Ito et al., 2007; Karimizefreh et al., 
2017). In the following step (step 3), we passivated the electrode surface 
with MCH and we found a much larger RCT value (1760 ± 10 Ω). This 
behavior is due to the fact that MCH prevents charge transfer between 
electrolyte and electrode surface due to electrostatic and steric repulsion 
(Butterworth et al., 2019; Karimizefreh et al., 2017). In the following 
step 4, we added the RNA target and obtained a decrease in the RCT value 
due to the formation of the partial complementary duplex (RCT = 649 ±
5 Ω). Although this electrochemical behavior seems counterintuitive 
because the duplex formation would increase the negative charge at the 
electrode surface and the electrostatic repulsion of the redox marker 
ions would increase the RCT value, this has been previously reported by 
other authors (Gooding et al., 2003; Ito et al., 2007; Pan and Rothberg, 
2005; Piro et al., 2005; Wei et al., 2003). We speculate that steric 
repulsion of surface-bound DNA may be the predominant barrier to 
access of marker ions to the surface in our sensor system. It is known that 
this effect is reduced by the formation of a duplex (Gooding et al., 2003; 
Piro et al., 2005). In the last step (step 5), we added the signalling probe 
to achieve full duplex formation. In this case, we observed an increase in 
RCT (2080 ± 20 Ω), which could be due to a structural distortion of the 
surface-bound duplex and to the increase in electrostatic repulsion of the 
redox marker ions with the longer duplex formation, which would 
double the negative charge at the electrode surface (Bardea et al., 1999; 
Patolsky et al., 2001). 

Second, we characterized the analytical performance of the sensor 
(Fig. 4a and b, Fig. S6, S7, Tables S4 and S5) by collecting the electro-
chemical signal in the presence of increasing concentrations of target (i. 
e., synthetic fragments of ORF1ab and N genes). As expected, the pres-
ence of the target induces the formation of the sandwich complex, which 

increases the current signal (up to 420% ± 9% for the ORF1ab gene and 
up to 454% ± 4% for the N gene). By fitting the data with a four- 
parameter logistic equation, we estimated an inflection point (K1/2) of 
19.0 ± 0.5 nM for the ORF1ab gene and of 18.8 ± 0.9 nM for N gene. 
The dynamic range, calculated as the concentration range that induces a 
signal change between 10% and 90% of the maximum signal gain, is 
from 1.3 nM to 294 nM for ORF1ab and from 0.9 nM to 159 nM for 
Ngene (Fig. S6). The limits of detection (LODs) were calculated based on 
the standard deviation of the response (Sy) of the curve and the slope of 
the binding curve (S) at values approximating the LOD according to the 
formula: LOD = 3.3(Sy/S), are estimated to be 93 pM for ORF1ab and 96 
pM for Ngene (Fig. S7). The hybridization rate is fast and reaches the 
plateau of the current in about 5 min in the presence of a saturating 
concentration of the target (i.e., 3 μM) (t1/2 = 0.45 ± 0.05 min for 
ORF1ab and 0.52 ± 0.07 min for Ngene) (Fig. 4c). As a control experi-
ment, we performed binding curves by adding only the ORF1ab gene in 
the absence of the N gene and vice versa. We obtained no cross-reactivity 
responses and no significant difference in signal gain when we tested the 
gene individually or simultaneously with the other gene. Indeed, the 
peak of ferrocene associated with the presence of the N gene remained 
constant when we added only the ORF1ab gene, and analogously, the 
peak of MB associated with the presence of the ORF1ab gene remained 
constant when we added only the N gene (Fig. S8). We also conducted a 
further experiment to confirm that the exclusive mechanism for MB 
reduction occurs directly at the electrode surface and that there is no 
discernible contribution from the intercalation of MB within the duplex 
(Kang et al., 2009, 2016; Pheeney and Barton, 2012) (Fig. S9). 

We then tested the sensor with longer synthetic SARS-CoV-2 RNA 
fragments (see Materials and Methods in Supplementary Information) 
consisting of six non-overlapping 5 kb fragments covering 99.9% of the 
viral genome and containing ORF1ab and N genes split over several 
fragments. Binding curves obtained by adding increasing concentration 
of viral control show a K1/2 of 200 ± 30 copies/μL for ORF1ab gene, and 
of 210 ± 20 copies/μL for N gene (Fig. 5a and b) with a dynamic range 
from 30 copies/μL to 1180 copies/μL for ORF1ab and from 17 to 2600 
copies/μL for N gene (Fig. S10). 

3.3. Development of the DNA-based platform combining IPEs and battery- 
free NFC Potentiostat 

After demonstrating the ability of our sensor to simultaneously 
detect SARS-CoV-2 RNA targets, we developed an inkjet-printed single- 
chip flexible biosensor, incorporating an antenna optimized for NFC 
energy harvesting, which allows to perform and collect the data via an 
Android application (Fig. 6a and b and Fig. S11). NFC is a protocol for 
wireless data exchange within a very short range, usually limited to 
about 5 cm. NFC operates at a frequency of 13.56 MHz, as defined in the 
ISO/IEC 18000-3 standard, and enables data transmission speeds vary-
ing of 106 kbit/s to 424 kbit/s. The technology uses loop antennas, 
which are characterized by an inductance that must be precisely 
matched to the internal capacitance of the intended chip to ensure that 
the resonant frequency between the antenna and the chip’s internal 
capacitor is tuned to the required 13.56 MHz. To bring the inductance to 
the required level, it is possible to integrate external capacitors to reduce 
the required inductance value. The parasitic capacitance created by the 
inductor itself must also be considered when designing these systems 
(Maroli et al., 2021). By employing a NFC-enabled SIC4341 potentiostat, 
operating according to the ISO14443A standard, we engineered a 
low-cost integrated circuit (with an estimated approximate price of 
1.50) (Maroli et al., 2023). This NFC device allows electrochemical 
measurements to be performed and the current and voltage to be 
properly adjusted from ± 20 μA and ±0.8 V, respectively, through the 
use of an app (i.e., Chemister APP by Silicon Craft Technology). In 
particular, we utilized the capability of NFC at 13.56 MHz to enable both 
energy harvesting and data transmission simultaneously. Unlike other 
works that use the same integrated potentiostat and where the 
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manufacturer’s demo board is used primarily as a proof of concept, here 
we developed an antenna that was printed and fully integrated into the 
final device. The antenna was carefully fabricated, keeping the trace 
width (w), spacing (s), and turn count (n) constant (1.5 mm, 0.25 mm 
and 5, respectively), while the outer diameter (Dout) was tuned to a final 
size of 54 mm. The resulting inductor length of 897.8 mm yielded an 
electrical resistance very close to the empirical measurement of 36.6 Ω 
(Figs. S12 and S13), giving an inductance (L) of 2.13 μH and a quality 
factor (Q) of 5.67. 

To test our battery-free NFC potentiostat, we first added increased 
concentrations of redox tags (i.e., MB and Fc) (Fig. 6c) and obtained 
results comparable to those obtained by using a benchtop potentiostat 
(Figs. S4 and S14). Following these results, we tested the platform for the 
detection of ORF1ab and N gene, under the same conditions as before. 
Also in this case, our results showed that our platform is capable of the 
simultaneous detection of both genes (Fig. 6d). 

4. Conclusions 

Here we have designed and developed a highly versatile and cost- 
effective DNA-based sensor platform to detect RNA fragments in rapid 
time and without washing steps. We have developed capture and 
signaling probes that respond simultaneously to two different genes 
without interfering with each other. We have printed nanostructured 
electrodes with increased surface area that provide a larger number of 
sites for the capture probes and also improve accessibility during hy-
bridization, resulting in fast and efficient binding. We integrated our 
inkjet-printed electrodes with an NFC potentiostat that allows mea-
surements to be performed and data to be collected in real time using a 
smartphone. The direct printing of the antenna together with the elec-
trode increases the cost-effectiveness of the device with a production 
cost of about €2 (Table S6) and a production time in the order of mi-
nutes. We would like to emphasize that the total cost of the single device 

can be significantly reduced by bulk purchases. This economic 
perspective not only improves the practicality of our device, but also 
opens up opportunities for scalable production, enhancing the potential 
impact of our work in real-world applications. It is worth noting that our 
multiplexing single-step direct sensing method does not rely on an 
amplification step and therefore does not achieve the sensitivity of the 
gold standard real-time reverse transcription polymerase chain reaction 
(RT-PCR) (Kubina and Dziedzic, 2020). However, our platform is 
promising as it enables a fast response (5 min) without multi-step, wash- 
and reagent-intensive processes. In addition, the cost of our platform is 
much lower than the cost of RT-PCR, because unlike RT-PCR, which is 
not only reagent-intensive but also requires well-trained technicians, 
our platform does not require specialized technicians and the mea-
surements are performed with a low-cost, portable potentiostat using a 
standard smartphone. Further validation is required, especially for high 
viral load samples, such as saliva, which could potentially be detected 
without an amplification step (Herrera et al., 2021). In our upcoming 
studies, we aim to validate the effectiveness of our sensing platform by 
testing it with real samples. The specificity of the sensor, which targets 
30 bases within the SARS-CoV-2 genes, makes us confident that we will 
be able to detect ORF1ab and the N gene in real samples. We believe that 
the proposed platform, which enables rapid, accessible and 
cost-effective detection of SARS-CoV-2, is a valuable addition to the 
COVID-19 diagnostic toolkit. Although different detection kits are 
available on the market, our platform is characterized by the simulta-
neous detection of two different genes, which enables a higher accuracy 
in COVID diagnosis. Finally, we would like to emphasize that this 
platform can be easily adapted for the detection of other viruses as well 
as long non-coding RNAs by simply changing the sequences of the 
capture and signaling probes. This requires designing probes with bases 
that are complementary to specific regions of the target virus, thus 
expanding the platform’s applications. In summary, our multiplexed, 
single-step, signal-ON platform is a promising solution for point-of-care 
diagnostics and high-throughput analysis. 
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