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Abstract

The technologies used for coronavirus testing consist of a pre-existing device developed to
examine different pathologies, such as bacterial infections, or cancer biomarkers. However, for
the 2019 pandemic, researchers knew that their technology could be modified to detect a low
viral load at an early stage. Today, countries around the world are working to control the new
coronavirus disease (n-SARS-CoV-2). From this perspective, laboratories, universities, and
companies around the world have embarked on a race to develop and produce much-needed test
kits. This review has been developed to provide an overview of current trends and strategies in n-
SARS-CoV-2 diagnostics based on traditional and new emerging assessment technologies, to
continuous innovation. It focuses on recent trends in biosensors to build a fast, reliable, more
sensitive, accessible, user-friendly system and easily adaptable technology n-SARS-CoV-2
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detection and monitoring. On the whole, we have addressed and identified research evidence
supporting the use of biosensors on the premise that screening people for n-SARS-CoV-2 is the

best way to contain its spread.
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1. Introduction

The current outbreak of new coronavirus 2019 (n-SARS-CoV-2), which was first reported in
Wuhan, China, on 31 December 2019, has been declared by the World Health Organization
(WHO) as an international health emergency because of the severity of the progression of the
infection, which has resulted in the loss of more than 876, 616 people as of September 08, 2020
[1]. This n-SARS-CoV-2 epidemic is becoming more serious due to its continued global spread
and the lack of appropriate treatment and diagnostic systems. In order to manage the n-CoV-2
SARS epidemic, international health agencies are making serious efforts to explore various
aspects of therapy development and are paying particular attention to research on the need for

intelligent diagnostic tools for rapid and selective detection of the n-SARS-CoV-2 protein.
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The ability to diagnose the disease quickly and accurately has been one of the major failures of
the health system in all countries. These failures are due to the limited number of test kits
available, the limited number of certified testing facilities and the time required to obtain a result
and providing information to the patient. In general, there are two types of techniques used to
identify and quantify pathogens in practice: immunoassays and DNA-based tests [2]. A range of
diagnostic methods to detect and identify infectious diseases are currently available, including
direct microscopic examination, isolation of pathogens in culture, serological antibody response
tests, and nucleic acid tests such as polymerase chain reaction (PCR) [3-11]. PCR has proven to
be effective for the diagnosis of many microorganisms. Because of its incredible sensitivity,
specificity, reproducibility, wide dynamic range and amplification speed, PCR has been
advocated by infectious disease experts to identify organisms that cannot be cultured in vitro, or
in cases where existing culture techniques are insensitive and/or require extended incubation
times [12]. With traditional diagnostic methods, laboratory instruments are usually handled by
qualified personnel in a centrally located laboratory facility as well as the time uncertainty caused
by delays in testing, vacations, and other planned laboratory closures [13]. Taking into account
these limitations and the need for real-time continuous monitoring capabilities among the various
applications there is a need to examine other bioanalytical techniques [13-23]. For the design and
development of miniaturized detection systems, it will be useful to introduce nanotechnologies
and advanced system packaging, which are recommended for point-of-care (POC) diagnostics.
Overall, the n-SARS-CoV-2 epidemic can be managed through intelligent detection and
diagnosis even in personalized medicine. For currently available diagnostic methods, biosensing
technology offers several advantages, including the ability to make highly sensitive and
instantaneous measurements using small amounts of analytes [24-29].
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In order to assist ongoing innovation, this article review has been developed to provide an
overview of current n-SARS-CoV-2 diagnostic trends and strategies based on conventional and
novel methodologies, including biosensing methodologies. It includes recent advancements in
transduction system; nanotechnology and genetic engineering offer various strategies to improve

the detection performance of biosensor as well as data on n-SARS-CoV-2 diagnostic trends.

2. Diagnostic approaches to n-SARS-CoV-2: Emerging techniques

The most commonly used coronavirus tests are the WHO-recommended nucleic acid
amplification tests (NAAT) or real-time reverse transcription-polymerase chain reaction (RT-
PCR), which detect the SARS-CoV-2 responsible for the n-SARS-CoV-2 disease. To identify
viral nucleic acid, sequencing of the entire genome is therefore considered to be one of the most
comprehensive approaches. In this method, the first reverse transcribes SARS-CoV-2 RNA into
cDNA and then uses target-specific primers to amplify specific gene fragments in the cDNA [30].
While the technique was good and did not warrant any improvements, it was "just not available
enough”. This can take up to 3-4 hours, while results are available to patients within a few days
in most countries. The fluorescence signal, which represents the copy number of the target
sequence, can be easily detected during the amplification process. Five typical open reading
frames (ORFs) have been identified in the SARS-CoV-2 genome [31,32].

Another technique is the gene sequencing (GSN) method using the SmartXGene. Over the future,
SmartXGene intends to introduce automated software to analyze the sequencing and impact of
copy variants on a single 16S rRNA genome. In order to minimize the proportion of negative
results, it is recommended to further test respiratory tract samples in highly suspect cases and to

verify the quality of the sample. Many other options for diagnostic testing of n-SARS-CoV-2 are
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available; these are (i) Antigenic assays that allow the detection of specific proteins of SARS-
CoV-2. These tests can be performed on nasopharyngeal swabs, lower respiratory tract samples.
These tests allow the early diagnosis of the disease from the acute phase. However, due to their
low performance, particularly in the case of low viral load, these antigenic tests are not currently
recommended for clinical use in the context of n-SARS-CoV-2 [33]. (ii) Serological tests that
allow the detection of specific antibodies (Ac) (immunoglobulin’s: Ig) produced by the organism
and directed against SARS-CoV-2. These tests are performed on blood samples and may be
useful in identifying patients who have developed immunity to SARS-CoV-2 whether they are
symptomatic or not. As a corollary, serological testing could, under certain circumstances,
identify patients who are or have been infected with SARS-CoV-2. Finally, these tests could also
be useful in the collection of epidemiological data related to n-SARS-CoV-2 (patients actually
infected, mortality rates, etc.). However, the relevance of the use of these tests in clinical practice
depends on the prior availability of pathophysiological, technical, and clinical knowledge
enabling their evaluation and validation. Some diagnostic technologies that have shown clinical

feasibility in detecting SARS-CoV-2 are provided in Table 1 [34-44].

Insert table 1

3. Industry 4.0

Fourth technologies revolution also known as industry 4.0 consists of advanced manufacturing
and information technologies, in order to meet the specific needs of different areas of the human
being in a shorter period of time. They provide effective means to deal with the speed, scale, and
impact of the n-SARS-CoV-2 pandemic [45-47]. However, the global distribution of these
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technologies is far from uniform, posing a significant disadvantage to lagging countries and their
vulnerable populations in their ability to reduce risk and slow disease transmission. To facilitate
contact tracing, verification of symptoms, and prediction of epidemics and vulnerabilities,
artificial intelligence (Al) and mobile technology offer data collection tools [48,49]. To identify
patients with severe symptoms of the disease, HealthCare collaborators, for example, created an
n-SARS-CoV-2 screening tool based on Al, and the Canadian Blue Dot model issued an early
warning on December 31, 2019, indicating that the new coronavirus would spread around the
world [50,51].

The use of Al-based computer vision cameras is used to assess whether social distance is
maintained in public places, and alarmingly, Al-based thermal cameras have been used to scan
public spaces and identify potentially sick people. According to accounts, Blue Dot, a group of
researchers has drawn up a list of the 20 main destination cities where Wuhan passengers would
arrive in the wake of the epidemic. They warned that these cities could be at the forefront of the
global spread of the disease. Furthermore, several important technologies in Industry 4.0 that can
help in cases of n-SARS-CoV-2 epidemics including IOT, Big Data, virtual reality, holography,

cloud computing, autonomous robot, 3D scanning [52-58].

4. Nanoscale virus biosensors

In the field of virus biosensing, new developments have been made, including fluorescence [59],
light scattering [60,61], surface-enhanced raman scattering (SERS) [62,63], electrochemistry
[64,65], microcantilevers [66], and surface plasmon resonance (SPR) [67,68]. Biosensor refers to

an analytical device that produces a quantifiable signal proportional to the concentration of an



analyte. They consist of a transducer and biologically active elements or materials, such as
nucleic acids, enzymes, and antibodies, which can detect analytes by specific interactions [69].
By using the appropriate combination of biometric system and transducer, the biosensor reacts
with the analyte present in the sample, thus indicating the concentration of the analyte in the
electronic signal. With the advancement in scientific and technological progress, these devices
will play highly important roles in all sectors of human Endeavour. In particular, biosensors will
provide the basis for cheap, simple, sensitive, specific, and time-consuming equipment that can
be used to find chemical information, the presence of analytes, and provide sophisticated
analytical techniques for non-professionals and the public. It is important to quickly develop new

market opportunities in this sector.

The detection of viral diseases by biosensors must be rapid, highly accurate, and sensitive [70]. A
higher affinity, selectivity, and specificity can determine the success or failure of all detection
technologies, which is essential for the design and operation of biosensors. This makes it difficult
to estimate which biorecognition is used by a given target pathogen [70,71]. The two main
approaches to biorecognition are the detection of viral nucleic acid (NA) sequences [64,70,72]
and the detection of specific viral biomolecules, such as protein/surface antigen [73-75]. The
specificity and sensitivity of nanotechnology-based biosensors are high after being labeled with

NA probes, antibodies, or other specific molecules with affinity to the target structures [76].

Biosensors based on NA have always been a hot topic and have provided broad perspectives for
clinical diagnosis [77]. Overall, NA-based tests are more specific and sensitive than
immunological tests, which are faster and more reliable [78]. The signal can be generated or

amplified using various labeling molecules, such as newly used electroactive substances,



fluorophores, radioisotopes, enzymes, or haptens (antibodies can be used) [70]. The development
of the market for antibody-based diagnostic methods requires a new, rapid, and accurate
immunodiagnostic method. Reagent-free biosensor" strategies based on antibodies and natural or
artificial binding proteins have been described until now [79]. The nucleic acid test is usually
performed by detecting the presence of the virus in the patient's sputum (or saliva) or nasal
secretions (glanders) [80]. Alternatively, in the antibody test strip, blood samples are collected
from patients that contain antibodies to the virus [81]. These antibodies can be detected in patient

plasma, serum, or whole blood.

Real-time biosensors detect analytes of interest almost continuously and play an important role in
the efficient generation and processing of data, supporting real-time decision making and rapid
operation [82]. Therefore, much current research in this field focuses on integrating real-time

measurement with on-chip sensing functions to build multifunctional nanosensors [83].

5.1. Optical biosensors

Virus detection is essential for the pharmaceutical industry, disease prognosis, and surveillance.
Developments in biosensor technologies can provide POC diagnostics of various detection
strategies, including optical biosensors [84]. Optical techniques are highly sensitive and can
detect even a single molecule, but require the fluorophore molecule to be attached to the target
[85,86]. Various modes of optical measurement exist (i.e., absorption; reflection; fluorescence;
chemiluminescence; and phosphorescence) [87]. In the field of virus detection, biosensors-based
SPR and fluorescence are the most common and promising methods. Similarly, the latest
developments in fiber optic technology indicate that in the near future, optical biosensors could

become powerful tools for real-time and remote virus detection [88-90]. SPR is a form of
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reflectance spectroscopy and has been widely used in the development of biosensors. It has been
shown to play an important role in immunogenicity, food analysis, proteomics, drug discovery,

and DNA analysis [91-93]. This method is particularly attractive for direct label-free detection.

Using nanotechnology, a variety of useful methods have been developed to improve the
performance of SPR biosensing tests. For example, by using metallic nanoparticles, the
sensitivity of the SPR can be greatly improved, thereby improving the plasmon field and
increasing the contrast of the index [94]. The term "Localized SPR (LSPR)" is technically used in
the context of nanoscale structures. According to Mie theory, electrons cannot move within the
internal framework of nano-sized metal particles, and this oscillation of the collective charge
density is called LSPR [95].

More recently, intending to detect the n-SARS-CoV-2 in the air, scientists at the Swiss Federal
Laboratory have developed a sensor for fast and reliable monitoring [19]. For clinical diagnosis,
these sensors can be used as an alternative method for real-time measurement of virus
concentration in the air. Using plasma photothermal effect (PPT) and local surface plasmon
resonance (LSPR) using two-dimensional gold nano-islands (AuNl), they can functionalize
complementary DNA receptors, which can treat SARS-CoV-2. The receptors on the sensor are
complementary sequences to the coronaviruses’ unique RNA sequences to help reliably identify
the virus. Researchers plan to further develop the sensor to measure the concentration of
coronavirus in the air. So far, that system the researchers plan to develop involves sucking in air,
concentrating aerosols and releasing RNA from viruses [19]. Although the sensor is faster and
more accurate than RT-PCR, it cannot eliminate barriers to exposure to viral particles, and if the
viral strain mutates and changes morphology, it lacks long-term specificity. In another work, Yu

et al. reported a label-free LSPR detection system based on nanoisland to detect adenovirus [96].
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The nanoisland platform can greatly improve LD and sensitivity and can locate and excite SP and
control the associated evanescent near field. However, nano-island synthesis has produced
random and uncontrollable patterns, of which only certain models can produce better results [96].
Protein genetic fusion with metal-binding properties offers an alternative approach for the direct
interaction between the protein and the gold surface, in addition to the classical gold-thiol
method.

One group recently integrated a digital amplification process into a biosensor based on a sample-
response chip to quantify nucleic acids, further simplifying the entire nucleic acid analysis
process [97]. After adding the sample, the cells are lysed and the nucleic acid is bound to the
magnetic beads. Once the washing and elution steps are complete, the vacuum self-priming
method is used for isothermal amplification and then the fluorescence imaging is passively drawn
into the digital RPA region. Since the fluorescence probe is labeled with UV-detectable
carboxyfluorescein (FAM), the intensity of the fluorescence signal is proportional to the
concentration of amplicons. Within 45 minutes, the biosensor could perform three main nucleic
acid testing steps without the need for complex instrumentation and control systems. It holds

great promise for the rapid and accurate detection of n-SARS-CoV-2 in patient samples.

As a new alternative, based on a colorimetric detection method using a paper-based 3D
microfluidic biosensor, the application of fuchsin in the detection of DNA amplicon was studied
[98]. Without DNA amplicons, the addition of the sodium sulfite molecule and fushsine produces
the colorless fuchsine leucosulphonic acid or leucofushsine. Furthermore, in the presence of
DNA amplicons, a bond between the aldehyde groups of the DNA and the sulfonates groups is
disrupted and the bond between the hydrogen sulfite and the central C atom is produced,

producing fuchsin with a chromophoric structure, which appears to be violet signals [99]. The
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colorimetric signal generated by this biosensor is simple and can be detected with the naked eye
without the need for an external reader, showing hope for rapid diagnosis of n-SRAS CoV-2

infections on the POC.

In the modern era, rapid development of DNA technology has provided a feasible route to
creating nanoscale materials. The field of DNA-based photonic structures is in its initial
discovery stage and this means that its potential is still wide open. Researchers continue to focus
primarily on demonstrating proof-of-principle research, followed by the formulation of optimized
design principles and methods. As a result, it is not clear which of the above areas of application
will be truly expanded and developed or will have even greater academic interest. From a
material point of view, the main challenge comes from the nature of the DNA structure itself and
all the optically active elements that need to be assembled on or around the DNA structure. A
fundamental understanding of these optical processes will help drive development of next-
generation photonic nanomaterials.

More recently, Jiao et al., reported a DNA-nanoscaffold hybrid chain reaction-based nucleic acid
as simple and specific for the assay of SARS-CoV-2 RNA [27]. The nanoscaffold was
constructed by hybridizing the DNA hairpin probes (H1) with long strand. Then, the SARS will
initiate the hybridization oh H1 and free H2 DNA probes along the nanoscaffold and illuminated
DNA nanostring in instantly obtained. With the help of nanoscaffold, the fluorescence intensity is
much stronger in the presence of free H1 and H2. The developed methodology present low
reaction time to without 10 min and high signal in wide temperature range of 15-35 °C. However,
the output of the fluorescent signal requires the assistance of the equipment. So further effort

need to be made in point of care testing [27].
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5.2. Graphene/ Black phosphorus based biosensors

Since mid-2004, graphene has been one of the most attractive materials [100]. From band
structure standpoint, graphene is a zero band gap material. The electrons and the holes it can
easily generate have a positive and negative electric field (i.e. electric doping) respectively. This
is called an ambipolar characteristic, in which both the positive and negative gate voltages
generate a drain current. The ambipolar behavior can also be generated by a change in solution
tension through the top gate. Graphene is considered as a material for the next generation of
semiconductor devices for its special properties, linked in particular to its high electron/hole
mobility, its transparency and mechanical resistance, etc. The development of new multi-purpose
textile fabrics has attracted a great deal of interest in recent years. In polymers or textiles,
incorporated graphene or graphene derivatives can improve the properties of fabrics for specific

applications.

Graphene could be used to make better masks, gloves and gowns for medical teams. The face
mask sector is hot right now. The new high-tech masks designed to kill the virus, thanks to
antiviral nanoparticles embedded in the protective material, are even more effective than standard
masks [101]. To meet the demand, ZEN Graphene Solutions Co, Ltd. (TSXV: ZEN) and
Graphene Composites Ltd. (GC) have combined their expertise to produce new high-tech masks
and other protective garments that can damage viruses through the development of virucidal
graphene-based composite ink [102]. They reported that the face masks not only block the virus

but can kill it.
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In biosensors, the graphene can be used as a means of identifying and capturing biomarkers:
biomolecules commonly found in serum, saliva, and tissue can provide information on disease
conditions and stages [103,104]. Extensive research has been carried out on graphene field-effect
transistors (gFETS) for biosensor applications, using different geometries and triggering methods.
Biosensors with gFETS integrated between bioreceptors and ion-sensitive FETs have emerged as
the most developed candidates. Indeed, about half a century after the invention of the first
generation of FETs by Bergveld in 1970, these transducers have evolved into many biosensor
applications [105]. In a typical FET system, due to the high specificity and binding affinity, the
sensing element is attached to the sensing channel (semiconductor path), which is connected to
the source (S) and drain (D) electrodes to capture the target [106]. Edmond Changkyun Park,
Seung Il Kim and their colleagues developed a gFET biosensor that detects SARS-CoV-2 in
nasopharyngeal swabs from patients with n-SARS-CoV-2 in less than a minute [17]. This sensor
was produced by coating the gate of the transistor made up of graphene sheets, with an antibody
that was specific against SARS-CoV-2 spike protein (see figure 1).

The assays were performed on a FET based- graphene sheet with high electronic conductivity.
The attachment to the antibody results in a change in electrical current when they add either the
purified spike protein or the cultured SARS-CoV-2 virus to the sensor. The FET sensor clearly
distinguishes between patient and normal specimens and the assay is approximately 2 to 4 times
less sensitive than RT-PCR. The device showed excellent semiconductor characteristics and
could be used to detect SARS-CoV-2 down to 1 fg/mL in phosphate-buffered saline and 100
fg/mL clinical transport medium. The experimental results demonstrated that the FET biosensor

could be a candidate for rapidly screening n-SARS-CoV-2 patients in early stages of the disease,
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with extra benefits of low-cost and ease of use. However, it lacks the specificity in longer terms if

viral strain gets mutated and changes its morphology [17].

Insert figure 1

The assistance of nanotechnology (such as graphene) and organic materials in FET biosensors
can reduce the cost factor, and facilitate the production of commercial miniaturized devices.
Point-of-care diagnostics can soon create a revolution in healthcare if solutions related to the
commercial cost and reliability factor of FET biosensors are adopted in a practical and

widespread manner.

Black phosphorus (BP) or phosphorus-based biosensors have also been widely explored for
medical diagnosis, as has graphene [107-109]. BP has a pleated lattice structure along the
armchair direction and a double-layer structure in the zigzag direction. It is covalently bound in
the plane and the weak van der Waals interactions between the two layers. Due to the unique
structure and in-plane anisotropy of the orthorhombic folds, it exhibits a higher surface-to-
volume ratio, extremely high hole mobility and higher molecular adsorption energy than other 2D
materials [110,111]. The properties of BP and photoelectric applications have been extensively
studied, but little attention has been paid to its potential biomedical applications. This may be
mainly due to the lack of biocompatibility of BP, i.e. when exposed to a biological environment
containing small biomolecules and low concentrations [112-115].

The development of an electrochemical biosensor with an aptamer-functionalized BP

nanostructured electrode has been reported in a recent study [114]. BP is coated with poly-L-
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lysine which allows the functionalization of BP with anti-Ab-aptamers. A coulombic interaction
between the aptamers and the PLL allows immobilization of the aptamers on the nanosheets. The
presence of target antigens causes the direct oxidation of iron (ii) to iron (iii) at the electrode
surface by the electron transfer mechanism. BP-based biosensors show a higher detection
sensitivity and specificity, achieving the detection limit down to pg level. The proposed biosensor
technology has the potential for highly sensitive detection against coronaviruses in patient blood

samples.

5.3. Smartphone-embedded sensors

Modern smartphones incorporating multitasking operating systems, high-performance
microprocessors, a rich set of sensors, and wireless and wired communication technologies are
very popular and widely distributed around the world. For the development of low-cost detection
systems, these are ideal devices, especially for low-income developing countries and rural areas
that do not have access to diagnostic laboratories and expensive instruments. Various elements
need to be considered when designing a smartphone-based detection system, such as sensor
performance, acquisition rate, and privacy strategies when personal data is to be shared in the

cloud (Figure 2).

Insert figure 2

Smartphones are increasingly being used to detect clinically relevant analytes [116]. In particular,
they are used to detect human pathogenic cells for the diagnosis of cancer and tuberculosis [117].
Recently, the development of POC instruments has made it possible to perform many tests at the
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point of need, outside the laboratory. However, the exponentially increasing performance of
complementary metal-oxide-semiconductor photocameras may make smartphones more suitable
for use as biosensors and portable analysis devices [118]. In most cases, smartphones do not work
alone as laboratory instruments. They are complemented by other accessories. These improved
devices have great potential as platforms for healthcare in the workplace [119,120] bringing
diagnostic tools closer to the patient and providing faster and more frequent feedback loops

[121,122] (Figure 3).

Insert figure 3

Throughout the n-SARS-CoV-2 crisis, smartphones and smart devices have already played an
important role. To assess the possibility of n-SARS-CoV-2 infection, researchers and
governments have used them variously: by tracking people's movements (to find out who they
have come into contact with), by measuring blood pressure, or even by helping doctors identify
potential n-SARS-CoV-2 patients through voice recognition. Some require adding sensors not
incorporated into the device, others require environments previously prepared with different
equipment types, while others only use the device’s embedded hardware, but the results do not

have the required precision.

Recently, Sun et al. developed a smartphone-based system for the rapid, multiplexed detection of
specific nucleic acids in five pathogens that can cause equine respiratory infectious diseases [13].
For the detection of pathogenic DNAs, the system has been used and can be easily adapted for
the detection of RNA viruses using an isothermal, one-step, RT-loop-mediated amplification

(LAMP) protocol that adds reverse transcriptase to the LAMP reaction mixture without changing
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the buffer or reaction conditions. Coinfection diagnosis is one of the most advantages of this
sensor, is able to detect one or more specific targets simultaneously. For high concentrations,
LAMP reactions take less than 30 minutes and the entire detection process can be completed
within one hour using inexpensive and portable equipment, allowing veterinarians or physicians
to diagnose infections at the point of care and report outbreaks remotely for effective outbreak
surveillance. The sensor works by detecting viruses on surfaces using a swab test. Another work
by Tabib-Azar and Subhashish Dolai reported a self-test for n-SARS-CoV-2 via smartphone
sensor by using swab [123]. The main idea was to enable people to have their sensors to detect
Zika in places that they travel and are now being reinvented to test for n-SARS-CoV-2 instead.
This alternative method would enable quick and cheap testing, while also providing to be
significantly more comfortable. It's about an inch wide and connects to a host device via
Bluetooth and draws power from a smartphone charging port. There is also a mobile application
that asks you to deposit a saliva sample to read it. The results would then be displayed on a cell
phone within 60 seconds. The sensor is reusable. By producing a small electric current, it is

possible to destroy the previous sample by heating it and removing or disintegrating the virus.

Overall, most diagnostic methods require blood or plasma, and even a simple lancet device for
blood or plasma collection is invasive and not entirely suitable. This limits the spread of these
biosensor formats. Some analytes have been measured in saliva and sweat, as the collection of
these body fluids is easier and less stressful for patients. However, there are disadvantages to
using these fluids. In fact, the concentration of several analytes in saliva is lower than the
concentration in blood (at least 10 to 100) [124]. Therefore, the analytical method used must be
highly sensitive. It should also be noted that salivary concentrations of many analytes do not

reflect plasma concentrations, making it difficult to correlate analytical data with relevant
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diagnostic information. Different methods have been used to study biosensors based on
smartphones. The ideal biosensor format fully integrates the biometric process with the sensor
(smartphone), providing a stand-alone biosensor. This may be the best solution. However, for

obvious technical reasons, less exploration has been done.

5.4. Other biosensors

Viral Imprint Technology (VIT) represents another viable option, which involves the preparation
of a synthetic polymer matrix to capture viral particles via Molecular Imprint Polymers (MIPs).
Depending on the target, the impression process is performed in the presence of the target in the
form of a whole viral particle, a single protein, or a single epitope, to generate a specific
receptor/binding site with a high affinity for the target virus [125-127]. For the electrochemical
detection of Zika virus, VIT has been used using surface-printed polymers and graphene oxide
composites [128]. It has also been used for the detection of human adenovirus (AdV), considered
as a model virus facilitating the development and application of rapid quantification of the virus
[129]. Moreover, Through the use of VIT, it was possible to differentiate between the different
subtypes of human seasonal influenza (influenza A virus) by integrating MIPs on a quartz

microbalance transducer (QCM).

In another work, a colloidal gold-immunochromatographic assay (GICA) was developed against
SARS-CoV-2 by Li et al. [130]. Nevertheless, since this test is based on GICA technology, it is
very fast, easy to use and easy to read. Such a fast and simple point-of-care lateral flow
immunoassay has been developed to detect human IgM and IgG antibodies to the SARS-CoV-2

virus in the blood. The detection of color was performed with a mixture of gold nanoparticles

18



(AUNP) conjugated to recombinant S-protein antigen and AuNP-rabbit-1gG. In addition to its use
as a diagnostic tool, the GICA test could also permit low-cost monitoring of populations. In fact,
this technique was used on SARS-CoV-2 patients, symptomatic or asymptomatic cases, and the
observed sensitivity and specificity were 88.66% and 90.63%, respectively. The results of this
serological test can then be combined with RT-PCR to improve diagnostic efficiency, even if the

detection limit of the test has not yet been estimated [130].

Alternatively, textile-based biosensors such as thread- based, cloth-based, or fabric-based
biosensors have been developed with simple manufacturing processes and improved test
performance. For example, work has been done to incorporate hydrophobically adjustable
polysiloxanes into tissue-based biosensors to delay fluid flow in lateral flow tests and improve
detection sensitivity [131]. Similar to conventional lateral flow test strip, the fluidic delay in
thread increases interactions between gold nanoparticles-antibodies (AuNP-Ab) and targets. The
increased number of interactions, under optimal conditions, produces more AuNP-Abtarget
complexes, showing ten times greater sensitivity than unmodified biosensors. This biosensor is
simple to manufacture and highly sensitive, revealing immense potential for the detection of 1gG

and IgM in patients treated with n-SARS-CoV-2 for appropriate health monitoring.

Trinh et al. developed a fully integrated foldable biosensor encapsulated in agarose for long-term
reagent storage and multiple fluorescence detection [132]. To prevent evaporation of the sample,
the sample is placed in the reaction area, sealed with an adhesive sealing film and placed on a
portable heater for amplification. The amplification process is followed by the removal of the
sealing film and the detection zone, followed by folding and dipping in the reaction zone. UV

light is used to visualize the reaction between the amplicons and silver ions. The test zone
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became browner in color as the concentration of amplicons increased. The biosensor is simple

and user-friendly and should detect n-SARS-CoV-2 nucleic acids in patient samples.

6. Conclusion

The detection and reporting of infectious pathogens in a rapid, sensitive, and specific manner is
important for patient management and outbreak surveillance. With their ability to diagnose in
real-time with high specificity from a low-concentration sample, biosensors are much more
reliable than the rapid test for the detection of coronaviruses. The use of nanobiosensors has been
regarded as the more advantageous approach for detecting new coronavirus disease n-SARS-
CoV-2. The cost-effectiveness, simplicity, rapidity, and portability of these biosensors play a

crucial role in POC applications.

Future work should include specificity improvement or combination with other tests such as rapid
nucleic acid tests to further confirm the test result. Meanwhile, current work has also attempted to
improve the detection sensitivity, simplicity, and performance of biosensors. Enhanced enzyme
signaling, sample concentration, or much simpler fluid control strategies can be used to improve
test sensitivity. The use of portable power sources, such as batteries in biosensors, is an important

way to improve their functionality, especially in rural areas where electricity supply is limited.
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Figures caption

Figure 1. Schematic representation of the operating procedure of the n-SARS-CoV-2 FET

Sensor.

Figure 2. Peripheral biosensors that share analysis in the cloud

Figure 3. Proposal of a modern health system concept complemented by POC biosensors.

Table’s caption

Table 1. Emerging diagnostics being developed for SARS-CoV-2.
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Types of clinical

Technologies Biomarker Platform Functioning References
sample
Nucleic PCR, perform CRISPR/Ca9-mediated lateral flow
RPA CRISPR Serum [34]
acid nucleic assay (CASLFA)
Nucleic RPA, SHERLOCK multiplexed signal detection via nasopharyngeal
RT-RPA CRISPR [35]
acid fluorescence swabs
isothermal DNA synthesis using self-recurring strand
Nucleic
LAMP LAMP displacement reactions; positive detection leads to throat swabs [36]
acid
increased sample turbidity
Nucleic forward and reverse primars blind to DNA and amplify fecal and nasal
RPA RPA [37]
acid strands at 37 °C swabs
Nucleic
RT-NASBA NASBA transcription-based amplification for RNA targets nasal swabs [38]
acid
Rolling circle Nucleic DNA polymerase used to extend a circular primer and Serum
RCA [39]
amplification acid repeatedly replicate the sequence
Nucleic nasopharyngeal
LAMP RT-LAMP reverse transcriptase LAMP reaction for RNA targets [40]
acid aspirates

42



enzymatic reaction to produce colored product in
ELISA Protein ELISA Serum [41]
presence of target

digital readout of colored product by enzymatic
Digital ELISA Protein SIMOA Serum [42]
reaction in presence of target

DNA-assisted Biobarcode  protein signal is indirectly detected by amplifying DNA
Protein Serum [43]
immunoassay assay conjugated to gold nanoparticle

gold-coated antibodies produce colorimetric signal on
Rapid
Lateral flow Protein paper in Serum [44]
antigen test
presence of target

Abbreviations:

RPA, Recombinase polymerase amplification ; RT-RPA, reverse transcription recombinase polymerase amplification ; LAMP, loop-
mediated isothermal amplification ; RT-LAMP, reverse transcription LAMP ; ELISA, enzyme-linked immunosorbent assay;
CRISPR, clustered regularly interspaced short palindromic repeats; RT-NASBA, reverse transcription-nucleic acid sequence-based

amplification; SIMOA, Single molecule array.
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Highlights

COVID-19 infection poses a serious risk to human life by causing acute lung damage.

Various techniques used to identify and quantify COVID-19 infection.

Major challenges for containing the spread of COVID-19 is the ability to identify asymptomatic cases

Currently available diagnostic methods, biosensing technology developed during COVID-19 infection.
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