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Coronaviruses are recognized as causative agents of human diseases worldwide. In

Wuhan, China, an outbreak of Severe acute respiratory syndrome novel Coronavirus

(SARS-nCoV-2) was reported at the end of December 2019, causing 63 million COVID

cases and 1.3million deaths globally by 2 December, 2020. The transmission risk forecasts

and the SARS-nCoV-2 epidemic pattern are progressive. Unfortunately, there is no specific

FDA approved drugs or vaccines available currently to treat SARS-nCoV-2. In response to

nCoV-2 spread, the rapid detection is crucial for estimating the severity of the disease and

treatment of patients. Currently, there are several RT-PCR based diagnostic kits available

for SARS-nCoV-2 detection, which are time-consuming, expensive, need advanced

equipment facilities and trained personnel. The cost of diagnosis and the unavailability

of sufficient test kits may prevent to check community transmission. Furthermore,

expanding the testing facilities in asymptomatic cases in hotspots require more Point of

Care (PoC) devices. Therefore, fast, inexpensive, and reliable methods of detection of

SARS-nCoV-2 virus infection in humans is urgently required. The rapid and easy-to-use

devices will facilitate onsite testing. In this review, nucleic acid assays, serological assays,

multiplex assays, and PoC devices are discussed to understand various diagnostic

approaches to reduce the spread and mortality rate in the future. Aptamer based

detection is most specific, inexpensive and rapid detection of SARS-nCoV-2 without

laboratory tools. To the best of our knowledgemore than 900 SARS-nCoV-2 test kits are in

pipeline, among 395 test kits are molecular bested test kits and only few test kits are

developed using Aptamer technology https://www.finddx.org/covid-19/pipeline/.
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INTRODUCTION

Viruses are infectious sub-microscopic agents, infecting humans, and animals (Adamczyk et al.,
1999). About 6,000 species of viruses have been identified in the ecosystem in 1898 showing several
biological activities (Virus Taxonomy, 2019). The smallpox virus was the deadliest and most
devastating viral infection in the Indian agricultural communities about 11,000 years ago, and
has been a pandemic in history (Ryan and Ray, 2004). In addition, about 500million individuals were
infected with the Influenza pandemic caused by the H1N1 virus in 1918–19. The mortality rate was
very high at 100 million, and is the most calamitous in human pandemic disease history (Johnson
and Mueller, 2002).
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Severe acute respiratory syndrome (SARS), Middle East
respiratory syndrome (MERS), Coronaviruses (COVID-19) are
known causative agents of diseases for various species of animals
across the globe. However, diseases caused by coronaviruses and

their symptoms vary from species to species. The highly
publicized human coronavirus was discovered in 2003,
inducing unique symptoms of SARS such as infections of the
lower and upper respiratory tract (LRT/URT) (Burrel et al.,
2020).

Unlike other viruses, SARS-CoV-2 has much greater global
spread, infecting more individuals than combined infections of
MERS and SARS. SARS-CoV-2 are enveloped positive strand (+)
SARS-CoV-2 belongs to Coronaviridae family. Seven human
SARS-CoV virus are known, and four strains show moderate
signs of a common cold. The SARS_CoV-2 viruses are similar to

previous human coronaviruses (HCoV), which are 229E and
OC43, Tsang et al. (2013), Fouchier et al. (2004), Woo et al.
(2005), and Hilgenfeld and Peiris (2013) (Cascella et al., 2020).
Also, HCoV 229E and NL63 are closely related which are belongs
to the genus alpha-coronavirus, however, HCoV OC43, HKU1
and SARS-CoV-2 belongs to genera beta-coronavirus. SARS and
COVID-19 are respiratory illness caused by specific HCoV, but
they are caused by different specific coronavirus. SARS caused by
caused by a coronavirus are called SARS-COV. Novel
coronavirus (nCoV-2019) was reported in Wuhan, Hubei
province in China, 2019 marking the beginning of the

pandemic caused by this virus. The estimates of the
transmission risk of the newly discovered COVID-19 and the
epidemic trend are progressive. The world health organization
(WHO) has declared the Covid-19 epidemic threat as a “very
high” level at more than 63 million infected individuals globally
and 1.4 million deaths recorded globally till 2 December, 2020.
This highly contagious virus has spread around the globe
including 220 countries and territories.

Structure and Genome of Virus and
Host Interaction
Novel virus SARS-CoV-2 belongs to the family Coronaviridae,
genus Betacoronavirus which induces coronavirus disease in
humans (COVID-19). The SARS (SL) virus BatCoV-RaTG13
have high sequence similarity with SARS-CoV-2 of 96%, and with
other closely related to two bats derived SARS coronaviruses (bat-
SL-CoVZC45 and bat-SL-CoVZXC21), having 88% over all
sequence similarity with SARS-COV (de Carvalho and
Nogueira, 2020; Zhou et al., 2020). Bats are speculated to be
reservoirs for various emerging viruses that cause infections to
humans and animals. However, bats are the likely reservoirs or

hosts for transmission CoVs.
SARS-CoV-2 belongs to enveloped viruses with a positive-

sense RNA (+ssRNA) genome of 27–34 kb in size, encoding 27
proteins. It is a large pleomorphic, spherical particle with a
globular projection on the surface. The SARS-CoV-2 has 5’-
leader -UTR-replicase/transcript spikes (S), envelope (E),
membranes (M), nucleotide (N)-3poly 9A tail, all required to
produce a structurally complete viral particle. The ORF 1a and
1b occupy the first two-third of the genome, encoding the

replicase/transcriptase which cleaves itself to form the non-
structural proteins (nsps) (Deckert et al., 2020). A large number
of glycosylated spike proteins are highly conserved among
HCoVs (S1 and S2) domains binds to the host cell receptor

angiotensin-converting enzyme 2 (ACE2) that receptor
recognition, cell entry into the host cells (Letko et al., 2020).
The nucleocapsid (N) protein is only one that binds to the RNA
genome, and involved in the viral assembly and budding makes
the nucleocapsid (Malik, 2020).

The infection route for COVID-19 is the respiratory tract.
Hence, contact and aerosol transmission occur when in close
contact with symptomatic/asymptomatic individuals. The mean
incubation period is reported to be 5.1, 11.5 (97% cases), and
14 days (1%) of infection. The most infected cases are in the age
group of 21–40 (Lauer et al., 2020). The relationship between age

and incidence is not yet known as there is heterogenicity among
the most infected age groups in the world. Among the covid-19
infected cases so far, probably more deadly to men than women,
but scientists still aren’t sure. One of the reasons could be the
ACE2 receptors which have been known to play an important
role in virus invasion of host cells (Bwire, 2020). These receptors
are expressed at higher levels in males compared to females.
Other factors such as smoking, which directly influence lung cells,
diabetes, cardiovascular disorders, mostly found in males can also
enhance the expression of the ACE2 receptors (El-Tholoth et al.,
2020). Therefore, the rate of infection among men is greater than

in women. It can lead to severe symptoms of respiratory system
disease in some cases; otherwise, most of the cases have mild
fever, cough, and tiredness. Initially, the infection shows flu-like
symptoms but is symptom-less for few weeks in some cases.
Scientists have cautioned that a mutation in the SARS-CoV-2
virus S protein called D614G makes the virus more contagious,
infects cell lines in vitromore readily suggests higher viral loads in
patients (Korber et al., 2020). An analysis of 82 virus strains in
India showed that nearly 50% of them have the new mutation,
while nearly two-thirds of strains have displayed this mutation
globally. Therefore, it has become important that the diagnostic

measures are sufficiently accurate to detect infection even in the
presence of a very low concentration of viruses in blood samples.

In vitro Diagnosis of SARS-CoV-2
Virus Infection
To contain this viral pandemic; it is crucial to predict the extent of
the disease for better patient care. RT-PCR based SARS-CoV-2
detection methods currently being used, are gold standards for
quantitative detection, and time-consuming, expensive, and
requires advanced equipment’s, biosafety facilities, and well-

trained personnel. The indigenous RT-PCR diagnostic kits in
India have been developed by Mylab, India, whereas Roche
Diagnostics is among the first to obtain the FDA approval for
its diagnostic test kits using RT-PCR. Massive detection and
rapid, fast, inexpensive diagnosis are imperative to overcome the
current pandemic problem. Due to lack of affordable, easy to use
diagnostic kits; the danger of community transmission lurks.
Also, expanding the testing strategy for COVID-19 in
asymptomatic cases at the hotspot requires large scale testing
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which is not possible with RT-PCR based testing. Here in this
review, we discuss some alternative solutions for the testing of
COVID-19.

Aptamers Based Diagnosis of COVID-19
Aptamers are third-generation molecular probes made of the
short oligonucleotide, with specificity and affinity toward the
target molecule. Aptamers have lower molecular weight and size
(<10 kDa) than the antibodies and can bind efficiently with the
target. The synthetic material is prepared through the
systematic evolution of ligands by exponential enrichment
(SELEX). Up to now, several SELEX methods such as
capture-SELEX, immuno-SELEX, high-affinity resins,
capillary SELEX, magnetic bead based SELEX etc. have been
used to detect specific targets. Several billion copies of the

chosen aptamer can be produced, at a time. Moreover, the
specificity and sensitivity of aptamers are in par with any given
antibodies. Aptamers have many more advantages than
antibodies. These probes are easy to generate in the
laboratory within a limited period, very cost-effective when
compared to the current probes such as antibodies and
sensors. Currently, no commercial solutions have been
developed, for COVID-19 testing based on aptamer. Hence,
aptamer-based kits open up new diagnosis solutions for the
rapid and robust detection of SARS-CoV-2 viruses in human
samples.

The workflow is very simple and defined. Aptamer assay is
used to detect the target protein, peptide, small molecules, amino
acids, nucleotides, antibiotics etc., which is as an alternative to
fluorescence-based assays (Shafiei et al., 2020). Briefly, the specific
target proteins and ssDNA oligonucleotides library are packed
and incubated in the Ni-NTA column and repeatedly washed
with a washing buffer to achieve high binding efficiency.
Consequently, unbound oligonucleotides are eliminated by
repeated washing. The bound oligonucleotides are then eluted
and used as a template for PCR reaction. The final pool is cloned
and expressed in a suitable vector. The obtained clones are

evaluated using colony PCR, and positive clones with
enhanced target specificity, are sequenced and secondary
structures, are predicted using M-fold software tools. The
binding efficiency of the aptamer target proteins can be
evaluated with the help of FRET/SPR/RT-PCR. These
aptamers can be used in conjugation with fluorescence and
other assays to develop rapid, low-cost, sensitive, easy-to-use
COVID-19 PoC tools, which can be useful for non-experts (Bai et
al., 2018; Samson et al., 2020).

APT diagnostics (AptaDx) is a world-leading company
working on nucleic acid aptamer selection having different

platforms including, Aptamer solutions and Aptamer
therapeutics and Aptamer diagnostic products (https://www.
aptamergroup.co.uk/about-us/). Their diagnostic platform can
be used to develop COVID-19 PoC diagnostic kits. Using similar
approaches/techniques rapid microbiology has developed
“Pinpoint’s Low-Cost Handheld COVID-19 Aptamer-based
Diagnostic Device” which is an accurate COVID-19 diagnostic
test that can be executed by non-clinicians (Rapid Microbiology,
2020). Translational Health Service and Technology institution

(THSTI, India) developed DNA aptamer linked immunosorbent
assay for rapid detection of novel coronavirus with 90% selectivity
and 97% specificity. To the best of our knowledge more than 900
SARS-nCoV-2 test kits are in pipeline, among 395 test kits are

molecular bested test kits and only few test kits are developed
using Apatamer technology https://www.finddx.org/covid-19/
pipeline/.

The detailed PoC diagnosis, serological and multiplex system
based diagnostic tools are summarized in Figure 1. In the
aptamer-based diagnosis of COVID-19, samples lyzed with cell
lysis solution can be directly processed for the diagnosis; RNA
isolation, a typical step in the other diagnosis solution for
COVID-19 is not required here. These extremely selective
bioligands are capable of binding in the range of picomolar
(pm) to nanomolar (nm) concentration (10-12–10-9). Also,

infected individuals can reach a good number of viral load
within 1–3 days of the infection for testing target proteins to
detect viral infection (Chen et al., 2020c). Aptamer based assay
can be generated using multiple technologies. Most of the DNA,
RNA, and peptide-based assays can be converted to aptamer-
based assay for the detection of viral proteins in general and
SARS-CoV-2 virus in specific, with higher efficiency. Here we
discuss some of the technologies which are/and can be conjugated
with aptamers to develop a diagnostic assay for COVID-19
detection.

Aptamer-Chemiluminescence
Immunosorbent Assay
Aptamer immunosorbent chemiluminescence essay is similar to
other immunoassays such as Radioimmunoassay (RIA), Fluorescent
Immunoassays (FIA), Enzyme-linked immunosorbent assay
(ELISA) that combine chemiluminescence technique with
immunochemical reactions. Such aptamer-based assays have
been reported for the detection of HBV infection (Jacobs
et al., 2018; Ha et al., 2020). The difference is the presence of
aptamer coating, instead of a specific antibody. These short

sequences of RNA oligonucleotides are unique for the target
viral proteins (Jin et al., 2020). Initially, aptamer and viral protein
bind together, later enzyme-conjugated antibody and
luminescence substrate are added for viral protein detection.
The aptamer-ab hybrid immuno-chemiluminescence assay
can detect viral protein at a very low concentration (2 pg/ml).
Such RNA-aptamers are new kinds of biosensors with high
binding affinity and target specificity. Methods of aptamer-
chemiluminescence show a wide range of advantages, have a
simplified handling process and are attracting increased
attention.

Magnetic Chemiluminescence Enzyme
Immunoassay
In this method, viral protein-encoding specific peptides are used
for the detection of IgM and IgG antibodies against SARS-CoV-2
(Cai et al., 2020). These synthetic peptides are conjugated with
bovine serum albumin (BSA) by amino or carboxyl-terminal
cysteine and biotin. Each biotin-labeled peptide is bound to
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streptavidin-coated magnetic beads. When a patient’s serum is
combined with beads, the antibodies recognize viral peptide
present on the magnetic beads. The conjugated Ab and the
luminescence substrate were added to the beads to detect
complexes of Ag-Ab using a luminescence reader. This
approach, being very precise showed 71.4 and 57.2% accuracy
against SARS-CoV-2 virus infection using IgG and IgM,
respectively. IgG could be identified at an early stage of
infection just after two days, but IgM could be detected only

at later stages of infection. These chemiluminescence-based
techniques are very sensitive and can be performed within a
few hours. If the result is negative for IgG/IgM testing, the
chemiluminescence assay could be followed by RT-PCR testing
to increase the accuracy of the COVID-19 diagnosis. This method
has the advantage of detecting viral proteins present in the sera
rather than RNA. RNA isolation is a limiting step as it requires
3–4 h, skilled personnel, and specialized instruments. As
chemiluminescence readers are portable, this assay could be
developed into a Point of Care (PoC) diagnostic kit.

Surface Plasmon Resonance
Surface Plasmon Resonance (SPR) is a highly sensitive technique
to detect the virus bymeasuring the binding affinity of an aptamer
to viral proteins by immobilization on SPR chips, which results in
the metals’ free electrons resonance (Zou et al., 2019). When an
aptamer conjugates with the gold nanoparticles (AuNP), the virus
protein binds to the Apt-AuNP complex and brings about a
change in the mass and results in a refractive index shift which
can be quantified by intensity of the polarized light (Kumar et al.,

2018). Avian influenza virus (H5N1), Human Immuno virus
(HIV-1) tat protein are also identified using SPR-aptasensors
(Lawrence et al., 2009; Rahim Ruslinda et al., 2013). As it can be
automated, it outshines other RT-PCR alternatives, requires few
biological reagents, and generates results in a few minutes. This
assay also overcomes the difficulties of working with RNA as it is
based on viral protein detection. The downside of this approach is
that the equipment is expensive, hence this assay cannot be
developed into a Point of Care (PoC) diagnostic kit.

Aptamer Based Fluorescence
Fluorescence resonance energy transfer (FRET) is a physical
phenomenon, which is being used more and more in
biomedical research and drug discovery today. FRET relies on
the distance-dependent transfer of energy from a donor molecule
(chromophore) to an acceptor molecule. The transfer of energy
leads to a reduction in the donor’s fluorescence intensity, and the
excited-state lifetime, and an increase in the acceptor’s emission
intensity. The interactions between ssDNA/RNA, nanomaterial,
and the target are combined to develop a sensitive and selective

method for a fluorescence quenching detection platform. In rGO-
SELEX, the reduced graphene oxide (GO) interacts with the
nucleotides and helps in the selection process. This is an
immobilization-free process and hence consumes less time.
Whereas, the capture-SELEX involves immobilization of the
nucleotide sequences leading to the specific selection of the
ssDNA against the target. The aptamer is connected to a
fluorophore and quencher is used to quench its signal by
FRET. Graphene is widely used as a quencher since it is an

FIGURE 1 | Novel ssDNA/RNA aptamer biosensing platform for detection of novel coronavirus (SARS-CoV-2) using nano-biotechnology approaches.

(A). Development of aptamer using the SELEX process. (B). Aptasensors for the multiplex analysis. (C). Lateral flow device.
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energy acceptor. The fluorescence signal intensity varies as
aptamer and target interact which can be used to define and
measure the target concentration. The developed novel aptamer is
labeled either with biotin or fluorescein amidite (FAM) for

multiplex assays using FRET detection (Lee et al., 2017). The
biotin-labeled aptamer is used for the multiplex detection of the
target, using Förster resonance energy transfer (FRET)
spectroscopy as binding induces a conformational change
altering the distance between the reporter molecules. Briefly, a
complementary oligonucleotide labeled with a quencher can
hybridize with aptamer which switches off fluorescences. After
binding with the target, the conformational shift in the aptamer
results in elution of the complementary oligonucleotide turning
on fluorescence in a quick, quantitative gain of signal (Loeffelholz
and Tang, 2020). Since handheld readers are available to measure

the fluorescence, this assay has the potential to be developed into
a Point of Care (PoC) diagnostic solution.

Aptasensors-Raman Spectroscopy
Raman spectroscopy can be complementary to RT-PCR-SARS-
CoV-2 detection, and even its mutants. Aptamers can be used to
detect specific molecular diagnostic markers (Lu et al., 2020).
Highly specific Raman spectroscopy can be used for the analysis
of biofluid samples directly, to measure the virus-binding
efficiency of ACE2 receptors of the host cells (Neuman et al.,
2008). Newsfile Corp. BioMark Diagnostics Inc. has developed a

novel non-invasive Raman probe to be used in diagnostics for
cancer and certain other pathogens (https://www.newsfilecorp.
com/release/53443/BioMark-Diagnostics-Advanced-Raman-
Spectrometer-Could-Potentially-Serve-as-Complementary-
Detection-Tool-for-COVID-19-Coronavirus). It is simple, rapid,
versatile, high throughput, and portable. A single virus can be
trapped in a focused laser beam and can be studied for its
characteristics. Once the tip is positioned in the laser spot, the
sample is moved under the tip and the region of interest is
selected. After setting a profile of grid lines on the sample, the
AFM (Atomic Force Microscopy) is coupled, to the Raman

spectrometer for obtaining enhanced Raman spectra. The
scientific goal, in addition to the identification of virus, is to
identify structural changes of the virus surface at an early stage,
using Tip-Enhanced Raman scattering (TERS). In contrast to
PCR-related techniques, in TERS a separation of the different
components or labeling is not required, and ultimately a single
virion is sufficient for identification. Due to surface specificity, it
allows early detection of change that alters the antigenic
properties of viruses and, thus the effectiveness of vaccines,
with the smallest sample quantities (Deckert et al., 2020).

Nanoarray Aptamer Chip Assay
Nanoarray aptamer chip assay is a nano-sized system for the
detection of viral infections (Ahn et al., 2009). This technique uses
dip-pen nanolithography in which an atomic force microscope
(AFM) tip is used to draw patterns on the surface of a glass plate.
A specific aptamer is then coated on the surface later in the
patterns. As this is a nano-based process, viral protein detection
only requires 10 μl of the samples. Once the complex of aptamer
and viral protein is formed, antibodies are added to it. This Ag-Ab

complex is detected using an anti-antibody labeled with the
fluorescence probe and observed under the fluorescent
microscope (Zon, 2020). Being a nanodevice, this technique is
very sensitive and a very small sample volume is needed, but it

requires a sophisticated instrument for assay, which is its main
drawback.

Proteome Microarray
The preliminary approach till now has been to detect the viral
infection using nucleic acid as a diagnostic measure. Specific
SARS-CoV-2 structural proteins and ORF are the most
significant parts of the virus that elicit an immune
response and are useful in the development of specific
diagnostic tools (Chen et al., 2020a). The peptide library
of 15 amino acid long and 5 amino acid overlap is generated,

using synthetic genes. The peptides are labeled at the
C-terminal along with full-length target protein sequences
and coated on a microscope slide using biotin-streptavidin
for fluorescence signals. A serum sample is applied to the
slide and incubated to test the COVID-19 virus infection.
Viral protein-specific antibodies bind to the peptides, and
conjugated anti-SARS antibodies are applied to detect this
complex, as performed in the other diagnostic processes. This
method can be performed within 90 min rather than 3–4 h for
RT-PCR reaction with a sensitivity of 94 pg/ml sample. Using
the same techniques, IgG and IgA epitope profiling was

performed and it was found that about 80% of antibodies
produced in COVID-19 active patient serum are specific for
N and S protein (Jiang et al., 2020).

Nucleic Acid-Based Molecular
Diagnosis of COVID-19
The polymerase chain reaction (PCR) is the basic identification
technique using their genetic materials. Molecular based
detection of SARS-CoV-2 includes the reaction mixture
consisting of +ssRNA genomic regions of ORF1b/ORF8 and

the structural proteins; and RNA-dependent-RNA polymerase
(RdRP) are widely used for the diagnosis (Esbin et al., 2020).

Real-Time Polymerase Chain Reaction/
Reverse Transcriptase (RT-PCR)
Currently, RT-PCR is the gold standard for SARS-CoV-2 virus
detection, and it amplifies RNA even in very low concentrations.
RNA in the patient’s sample is converted into cDNA by RNA
dependent DNA polymerase and then PCR amplification was
performed with two specific primers of SARS-CoV-2 virus. If

RNA is detected in the sample of the patient, it is positive for
COVID-1,9, and in rare cases, this molecular test may give false-
negative results if viral RNA is too low (Lee, 2020).

Since coronavirus has ssRNA as genetic material, the use of
RT-PCR for viral detection is favored over the normal PCR as it
reduces the conversion step of RNA into cDNA, which must be
performed separately in normal PCR. The two-step PCR is time-
consuming, as opposed to one-step PCR, and is laborious
(Smyrlaki et al., 2020).
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Instead of two steps RT-PCR process, several firms have
developed one-step RT-PCR in a single tube. Mylab, India
developed RT-PCR based COVID-19 diagnostic test kits (RT-
PCR), approved by FDA/CDSCO for emergency use

authorization (EUA). The RT-PCR technique is widely used
to detect the SARS-CoV-2 virus. It is very effective and
diagnoses infection at an early stage, but it is a very time-
consuming process. The high mutation potential of the virus
due to ssRNA as genetic material makes this technique not use
a for long time without new primers and optimization. RT-
PCR COVID-19 test kits have many disadvantages. They are
time-consuming, need transportation of samples, require
sophisticated Instruments, laboratory setting, up and
trained personnel.

Sensitive Splint-Based One-Step
Isothermal RNA Detection
SENSR method is used to identify viruses rapidly. The onsite
process consists of a ligation reaction and subsequent
transcription by T7 RNA polymerase. The clinical sample
is added in a reaction mixture comprising of
oligonucleotides, probes, RNA template, SplintR ligase, T7

RNA polymerases, and fluorogenic dye (Woo et al., 2020).
The reaction mixture is incubated followed by termination
by heating at 95°C. The DNA probes are ligated to the target
RNA, present in the sample to form RNA aptamer, which is
then transcribed by T7 RNA polymerase. The fluorogenic
dye binds to a specific site on this product, and this helps
detect virus infection. This method is fast, sensitive and
doesn’t require large expensive equipment, hence it has
the potential to be developed into a point of care (PoC)
diagnostic solution.

Closed-Tube Penn-RAMP
Loop-mediated isothermal amplification (LAMP) is a single
tube DNA amplification technique; an alternative to detecting
SARS-CoV-2 and certain other viral diseases (Ren et al., 2020).
Reverse transcription loop-mediated isothermal amplification
(RT-LAMP) combines LAMP with a reverse transcription step
and allows for RNA detection. To maximize specificity;
conserved SARS-CoV-2 sequences were used to generate
LAMP primers (Rosenwald., 2020). This test can be
performed to diagnose SARS-CoV-2 infection in a close
tube. A nasal swab is added into the tube, and then a

mixture of RPA and LAMP are added in the ratio of 1:9,
and the reaction is performed in a thermocycler at 38 °C for
initiation of recombinase polymerase Amplification (RPA)
reaction. It is then incubated at 63°C for completion of the
second stage. The deep violet color, with the addition of
chromogenic reagent (leucocrystal violet dye), indicates
positive for COVID-19. This technique is more sensitive
than RT-PCR or LAMP alone (Kim et al., 2020). With a
single closed tube test with colorimetric readout, this test is
an ideal candidate to be developed into the Point of Care
diagnostic kit.

Other Molecular Diagnostic Methods for
COVID-19 Detection
A new device, Abbott ID Now COVID-19 test-launched in the

United States (US) for the detection of COVID-19 has been
approved by FDA on emergency use authentication (EUA) which
delivers fastest results in as little as 5 min (Abbott, 2020; ID
NOW™ COVID-19, 2020). Interestingly, CRISPR-based
SHERLOCK (Specific High Sensitivity Enzymatic Reporter
UnLOCKing) is also being used for the detection of SARS-
CoV-2 virus infection in humans. The RT-PCR based
diagnosis, rolling circle amplification, nucleic acid
hybridization, metagenomic sequencing, lateral flow
immunoassay for detection of specific antibodies, LMAP, RPA
techniques are currently available molecular methods for

diagnosis of SARS-CoV-2 infection in humans.

Immunological/Serological Diagnosis of
COVID-19
The immune system develops an antibody to the virus within a
few days, which could be detected. Detection of an antibody is
usually achieved using Enzyme-linked immunosorbent assay
(ELISA). ELISA is used to identify and measure specific
peptides, proteins, and antibodies (Ab). Recombinant
polyclonal/monoclonal antibodies (pcAb/mAb) are generated

against viral structural protein by injecting viral recombinant
structural protein. Such recombinant polyclonal antibodies
(pcAb) are coated on the wall of the 96-well plate. Conjugated
anti-Ab is applied to the plates; the substrate is added, and the
development of color indicates positive for the virus infection
(Shanmugaraj et al., 2020). The viral protein can be detected from
day 6–24 in nasopharyngeal aspirate, 8–32 days in the fecal
sample, and 11–31 days in a urine sample (Sergei et al., 2020).
Therefore, this technique is more sensitive, rapid, and simple as
compared to other complicated techniques in the detection of
SARS-CoV-2 viral infection. The inability to detect early stage

infection in fecal and urine samples is one of the drawbacks of this
method, and sometimes cross-reactivity is another issue.

Other Diagnostic Methods
Mass Spectrometry Analysis
It is an analytical technique that measures the mass-to-charge
ratio of the samples generated by ions, and the resulting output is
in the form of the mass spectrum (Nikolaev et al., 2020). This
method is useful in molecular recognition and detection of the
chemical components. Genes for the viral protein, are first cloned
and expressed into an appropriate vector, purified proteins are

digested using trypsin and then, are loaded onto the capillary
column of silica. Then the entire column is positioned inside the
quaternary high-pressure liquid chromatography which is used to
isolate various molecules in a sample. The peptides/proteins are
eluted from the column after running the sample with
appropriate buffers, and they are directly electrosprayed into
ion trap mass spectrometer, and the MS spectra of non-
structural SARS-CoV 2 proteins are used to analyze the
patient’s samples (Ihling et al., 2020).
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The Matrix-Assisted Laser Desorption Ionization
Time-of-Flight Mass Spectrometry
The MALDI-TOF mass spectrometry is a highly advanced

method of protein pattern recognition to diagnose various
diseases and health disorders (Rocca et al., 2020). MALDI-
TOF is a preferable method because of low technical user
requirements and minimal consumables. It uses digital data,
analyzed by AI algorithms, and requires a small amount of
blood, urine, or sputum sample. The analysis is data-rich;
delivers test results within minutes and is economical. The
sample can be re-interrogated with full scanning of all test
panels from a single sample. This technique uses mass
spectrometry to spot proteins that are unique to the SARS-
CoV-2 virus and deliver results within 30 min. It can detect

the presence or absence of COVID-19, measure the viral load,
and detect new viral strains.

Current diagnosis relies primarily on PCR to determine
the virus, but unique biomarkers need to be identified, to
enhance the treatment approaches. For clinical studies,
metabolomics is primarily important, as it involves the
physiological pathways that are altered, in response to the
disease. The initial goal of COVID-19 research based on
metabolomics should be to identify biomarkers, which
facilitate stratification or enable clinicians to access or
predict therapeutic response. Metabolomic approaches
such as gas chromatography-mass spectrometry (GC-MS),

liquid chromatography-mass spectrometry (LC-MS),
nuclear magnetic resonance (NMR), and capillary
electrophoresis-mass spectrometry (CE-MS) are being
defined (Fraser et al., 2020). Comparing metabolomics
between non-severe and severe groups of patients for
determining the changes in the host metabolite profile
would be a novel approach and help to find new goals for
therapy by defining possible markers to differentiate the
patients. Depending on biomarker determination, one can
easily differentiate between moderate and extreme cases of
COVID-19 from detailed metabolomic investigations.

Complete metabolome or proteome analysis of COVID-19
patient’s clinical samples is needed to indicate the severity of
the novel COVID-19. It is a clear form of metabolic studies
that people with advanced age and pre-existing disorders
such as extreme liver and kidney diseases are at greater risk
(Shen et al., 2020). Furthermore, metabolic biomarkers can
also predict heart failure re-hospitalization and mortality
(Bader et al., 2020; Chen et al., 2020b).

Various metabolites were observed in COVID-19 patients
with unequal abundance, and the severity the of disease can
be known by the proteomic and metabolomic profiling of sera.

Kynurenate, kynurenine, 8-methoxykynurenate are the enriched
metabolites detected in COVID-19 patients. The molecular
changes in COVID-19 patient’s sinvolvelves macrophage
dysregulation, platelet degranulation, and complement system
pathways, and major metabolic suppression (Udugama et al.,
2020). The major metabolites such as malic acid (Wan et al.,
2020), XU-5-P (Wang et al., 2020), Carbamoyl phosphate (Di
et al., 2020), Dihydrouracl (Wu et al., 2020), and Glycerol

3-phosphate (Yang et al., 2020) show a reduction in both
severe and mild group patients.

Application of Nano-Biotechnology in
COIVD-19 Diagnosis
Nanoparticles (NPs) such as Iron oxide (Fe3O4), gold
nanoparticles (AuNPs), Graphene oxide (GO), Quantum dots
(QDs), gained considerable attention due to their
superparamagnetic, strong magnetic dipole-dipole attraction,
and ferromagnetic behavior (Gonzalez-Rodriguez et al., 2019).
NPs are used in the development of biosensors, drug delivery,
medical diagnostic tools, detection, and separation of pathogens
(Zhou et al., 2020). As they are highly sensitive, precise, selective,
and cost-effective they are used in the detection of various

molecules such as the proteins, DNAs, RNAs, etc., (Campos
et al., 2020).

In rGO-SELEX, the reduced GONPs interacts with the
nucleotides and helps in the selection process. Whereas, the
capture-SELEX involves immobilization of the nucleotide
sequences leading to the specific selection of the ssDNA
against the target (Zou et al., 2019). The immuno-SELEX
includes the preparation of the anti-target antibodies and the
use of sandwich ELISA principle for better efficiency. Highly
QDs, have a wide range of applications in various diagnostics
platforms. However, FRET-based nanosensors conjugated with

NPs enable detection of different target small molecules,
pathogens, and H5N1 avian influenza virus (Bhalla et al.,
2020). In addition, AuNPs unique properties functionalized
with oligonucleotides (ONT-AuNPs) have emerged as a new
kind of novel nanomaterial for diagnosis and therapy by
taking advantage of the highly efficient fluorescence quenching
properties (Zhang et al., 2020).

SUMMARY AND FUTURE OUTLOOK

This review provides insights into current diagnostic tools for
novel coronavirus (SARS-CoV-2) pandemic in terms of public
health impact and emergencies. The detection of nucleic acid by
RT-PCR is a gold standard for the diagnosis of the SARS-CoV-2
virus. The typical step in this diagnosis is the extraction of the
RNA, and the entire process may take 3–4 h and requires

expensive laboratory facilities and qualified technicians. The
RT-PCR diagnostic approach provided the first line of defense
against the outbreak. However, various serological diagnostic
methods are also available to complement the RT-PCR, but
cross-reactivity is an issue, and these methods may result in
false positives, which is a major concern. The disease is
spreading day by day; thus, the prerequisites at this time are
the more affordable Point of Care tools. The aptamer is a novel,
short sequence of the oligonucleotide which specifically binds
to the target protein. Aptamers are used, in a variety of
multiplex fluorescence assays such as FRET, SPR, Raman

spectroscopy; proteome assay, chemiluminescence, and
lateral flow-based diagnosis which are inexpensive, fast and
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responsive. Hence, they are one of the ideal candidates to focus
on the development of PoC devices. There is an urgent need for
more diagnostic tools as there is rapid growth in the number of
cases worldwide until effective drugs/vaccines reach the

market. Detailed studies are required to understand the
transmission, host interaction, mutations for the
development of effective vaccination to defeat the disease.
The SARS-CoV-2 outbreak is an unprecedented disaster in
all parts of the world in all aspects, including health and
economics. This review would help in the development of
new knowledge for the researches working in the diagnostics
platforms by using nanobiotechnology based approaches to
combat the SARS-CoV-2 virus.
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