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Abstract—Surface Plasmon Resonance (SPR) techniques
are highly accurate in detecting biomolecular like blood
group measurement, food adulteration, milk adulteration
and recently developing as a rapid detection for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
virus. In order to validate the clinical diagnosis, Real-time
reverse transcriptase–polymerase chain reaction (RT-PCR) of
nasopharyngeal swabs has been utilized, which is time con-
suming and expensive. For fast and accurate detection of the
SARS-CoV-2 virus, SPR based biosensingchips are described
in this review article. SPR sensors have the potential to be
employed for fast, accurate, and portable SARS-CoV-2 virus
diagnosis. To combat the SARS-CoV-2 pandemic, there is
considerable interest in creating innovative biosensors that are quick, reliable, and sensitive for COVID-19 diagnosis.

Index Terms— Surface plasmon resonance, SARS-CoV-2, 2-D materials, Kretschmann configuration, biosensor.

I. INTRODUCTION

ACCORDING to the world health organization (WHO),
globally, till 30 March 2022, there have been 464.80 mil-

lion confirmed cases of COVID-19, including 6.06 million
deaths. As of 27 March 2022, 10925.05 million vaccine
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doses have been administered. To spread this SARS-CoV-2
virus a rapid and accurate detection methods are required so
that timely diagnosis must be start. Many of the techniques
(like real-time reverse transcriptase polymerase chain reac-
tion (RT-PCR), Antigen, Antibody etc. has been adopted but
still the accurate and rapid detection techniques are yet to
come, still the research is going on for the fast and accurate
detection of SARS-CoV-2 virus. Optical sensing based on
Lipid nanoparticles (LNPs) such as gold nanostructures, and
iron oxide NPs has been examined, and their addition of
nano materials allows for colorimetric, amperometric, and
infra-emissive, as well as the development of the use of the
sensors to support impedimetric and optametric biosensing,
respectively. In order to meet the current demands of cost-
effective, fast, and early detection of COVID-19 infection, new
advancements in nanotechnology for the field of biosensing are
urgently required to meet the challenges of the future.

The virus has been colorized in blue, as shown in Fig.1
(adapted from the US Centers for Disease Control). The struc-
tural viral proteins that make up the virus structure are used
to demonstrate how the virus is represented. SARS-CoV-2
was discovered for the first-time in-patient samples collected
in Wuhan, China. Human airway epithelial cells were grown
with a virus isolated from Bronchoalveolar Lavage (BAL)
fluid collected from patients, and the results were promising.
The supernatant from cells that had been injured or killed
was collected and studied using negative-stained transmission
electron microscopy [1].
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Fig. 1. Schematics form of SARS-CoV-2 and SARS-CoV-2 spherical
virus particles in a cell [1].

Many biological samples may be examined for COVID-19
using a quantitative real-time polymerase chain reaction
(qRT-PCR), which is labor-intensive and time-consuming, and
may not be able to be implemented easily in remote or
resource-constrained environments. As a result, it hampered
the compilation of reliable data on SARS-CoV-2 infectivity
and group distribution throughout the population. However,
SPR is a powerful technique that can provide real-time,
label-free information on the interaction between two binding
partners. It can yield valuable information on the specificity of
the interaction, association and dissociation kinetics, as well as
binding affinity. The biosensor group at Pharmacia was the first
to produce a commercially successful SPR instrument in 1990,
resulting in a steady increase in its popularity over the last two
decades. Today, it is used in pharmaceutical drug discovery,
antibody characterization, proteomics, immunogenicity, food
analysis and many other life science areas. Corona viruses
infect humans and animals and are responsible for a wide vari-
ety of diseases, including respiratory, gastrointestinal, renal,
and neurological [2]. Also, in some cases, it has been seen
that the virus multiplied the earlier diseases in the body.

The very sensitive 2D materials based SPR sensor for
detection SARS-CoV-2 has been discussed. SARS-CoV-2
virus detection using the SPR sensor has been reviewed for
its sensitivity and other characteristics. Incorrectly handled
quick test kits provide erroneous findings [3]–[6]. To identify
SARS-CoV-2 in the future, a quick, precise, and sensitive
SPR-derived biosensor is proposed. For more than 30 years,
surface plasmon resonance (SPR) has been used to identify
biomolecular interactions for therapeutic or scientific purposes,
and it’s still going strong [7], [8]. Numerous SPR sensors have

been created by industry and are being employed in biosensing
applications. These include the Localized SPR (LSPR) biosen-
sor, Optical sensing SPR (OSSPR) biosensor, and Compact
SPR (CSPR) biosensor, to name a few examples [9]. Over the
last few decades, researchers have become very excited about
a new technology called surface plasmon resonance (SPR),
which makes use of the interesting light-matter interaction that
happens at a metal-dielectric interface. This technology is used
to quickly and accurately measure a broad range of chemical,
physical, and biochemical parameters. They can detect very
low concentrations of chemical and biological species near
the surface where they are being measured by monitoring the
value of the refractive index in that area, this way real time
monitoring can be done. Thus, any physical change at the
surface that changes the refractive index will cause a reaction.
There are no significant differences in the operating principles
of the two types of biosensors. It is commonly known that
the SPR sensor is a bio-analytical method that enables the
ligand and analyte binding detection to the sensing area in
real-time [8]. Because varying concentrations of the analyte
bind to different types of glass, the refractive index (RI)
fluctuates [10].

II. SARS-COV-2 VIRUS DETECTION BY SURFACE

PLASMON RESONANCE (SPR)
SPR is a strong technique for obtaining real-time, label-free

data on the interaction of two binding partners. It can provide
useful information on the interaction’s specificity, association
and dissociation dynamics, as well as binding affinity. Today,
it is also used in pharmaceutical drug discovery, antibody
characterization, proteomics, immunogenicity, food analysis
and many other life science areas. The SPR chip only improves
its output signal when it has its target SARS-CoV-2 RNA in
it. So, it’s very important to come up with simple, quick,
but sensitive, and cost-effective ways to quickly detect the
CORONA virus. COVID-19 quickly came to be known as
the result of a corona virus that later became known as
SARS-CoV-2 [11]. The large number of new human corona
virus cases reported in recent years has demonstrated that
there is a high demand for rapid diagnosis, rapid contact
tracking, and intense containment, despite the fact that there
is no proper vaccine or treatment available for the virus at this
time. Attempts to accurately research the spread of SARS-2
illnesses and infections in the general public may be made
more difficult as a result of this decision.

The SPR sensing chip will be one of the approaches that
will be used to diagnose SARS-CoV-2 in the near future.
In the current global financial crisis, it is necessary to develop
more effective and precise diagnostic methods. It is typical
practice to employ surface plasmon to detect the RI shift of
a sensor layer after a chemical has been bound. It is the
electromagnetic (EM) resonance of the free electron oscil-
lations combined with the plasmon metal–dielectric semi-
infinite interface [12], which would be made of silver and
gold in the visible spectrum. This resonance generates a linked
surface EM field at the interface of metal–dielectric layer,
which decays exponentially in both medium as a result of
the resonance. Due to the high sensitivity of this field to the
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Fig. 2. Several significant biosensing and surface analysis techniques
capable of detecting SARS-CoV-2 [15].

Refractive Index (RI) shift of the dielectric layer, it has the
potential to be employed as a detecting layer for SPR-based
sensors [13], [14]. It is important to have a coupling medium
in order to give the appropriate photon momentum along the
interface in order for SPR to work.

Additionally, as illustrated in Fig.2, significant effort has
been undertaken to identify and treat the spread of disease in
the community. SARS-CoV-2 has been detected using a vari-
ety of testing and diagnostic equipments, including point-of-
care (POC) tests, and thermal screening guns, enzyme-linked
immunosorbent assay (ELISA)-based immunoassays, and real-
time reverse transcriptase polymerase chain reaction (PCR),
chemiluminescence, and the characterization of antibody and
cellular responses to viruses in the general population are
currently being studied. These methods, on the other hand,
have a number of disadvantages and constraints, including high
prices, a lack of specificity, false-negative and false-positive
results, and a lengthy testing period [1], [21]–[23].

This can be performed by employing a grating waveguide,
a high index prism, or an optical fibre, among other tech-
niques [24]–[30]. SPR is traditionally achieved with the help
prism coupling phenomenon (also known as the Kretschmann
configuration) [31] by using a high-index prism when the
incident light at one side of gold film’s interface flows
via prism, allowing for absolute internal reflection at the
prism/metal interface. The prism-based SPR sensors are easier
to implement experimentally than to fabricate. It is simple to
find a high refractive index prism with the necessary properties
in the market. The sensing chip is created using a multi-layered
structure that is then coated with the necessary materials with
a high refractive index glass. The spin-coating mechanism is
used to put the DBL layer onto the glass substrate. Utilizing
this mechanism, it is possible to deposit 2D materials. The
SPR chip is then attached to the prism’s flat surface using
index matching gel. The SARS-CoV-2 protein was transported
to the top flow cell on the sensor chip. Using a prism, light can
be launched at one surface and collected at the other surface
for detection. The sensor’s performance can be achieved at the
detector. SPR’s sensitivity may be determined by observing

Fig. 3. SARS-CoV-2 detection utilising nanoparticles based on viral
labeling as well as diagnostic procedures: Photothermal treatment
(PPT); Peptide nucleic acid (PNA); Localized surface plasmon resonance
(LSPR); F‘̀orster resonance energy transfer (FRET); Nanoparticles
(NPs); Antibody (Ab) [16].

how the angle changes as the refractive index changes [32].
SPR imaging [33] was used to demonstrate the possibilities of
sensing technology in order to demonstrate its utility. In this
particular instance, the sensor was constructed from DNA that
is complementary to the complementary RNAs of the virus.
The findings of the study proved the utility of RNA-binding
agents in comparison to the gold sheet. One problem with
the study was that it had two flaws: Because the created
SPR array was not resistant to denaturing chemicals, the
technique had to be maintained at a consistent rate as a result.
It was discovered that the barley stripe mosaic virus-infected
plants were not virus-free after using a “Phychip” sensor to
detect their status [34]. The SARS-CoV-2 spike glycoprotein’s
receptor-binding domain (RBD) was particularly utilized in the
development of an aptasensor [35]. Whereas, the SARS-CoV-2
binding kinetics to RNA was investigated in P phase of SARS-
protein [36]. Nonphorylated and phosphorylated N proteins
revealed identical binding affinity for RNA; however, phos-
phorylated N protein had a greater binding affinity for RNA
as compared to nonphorylated N protein. Not only did the
virus’s critical portion bind to the N protein, but it may also
have aided the binding of additional domains to the protein.
In addition to the creation of nano-based detection techniques
based on antigen-binding/colorimetric tests, the functionaliza-
tion of nanomaterials with nucliec acids or antibodies allows
the development of light/photothermal systems and platforms,
as illustrated in Fig.3. There have been several research
conducted in the past that have looked into different biosensors
for the SARs-COV-2 virus detection, as shown in Table I.
Aside from that, chimeric SARS-CoV-2, and SARS 2 RBDs
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TABLE I
SARS-COV-2 DETECTION BIOSENSING METHODS AND THEIR

CHARACTERISTICS [15]

were employed for ACE2 restraints, and the binding activity
of the SARS-CoV-2 to the ACE2 was increased as a result
of the integration of an N–O bridge into the chimeric SARS–
CoV-2 [37]. A syringe containing 300 μL of running buffer
or undiluted human serum from human plasma was used to
inject the SARS-CoV-2 anti-nucleocapsid antibodies into the
SPR sensor. The shift in SPR was computed using the response
unit (RU) difference between the beginning and the end of
the experiment. Regeneration of the sensor was possible three
times using 10 mM of Glycine at pH 2.2 [38]. Other research
developed an SPR sensor to identify the coronavirus by
fusing gold-binding polypeptides (GBPs), and the GBP fusions
were utilized to discover the coronavirus [39]. In addition,
the affinity of chimeric SARS-CoV is larger than that of
SARS-2 Corona antigen. There are numerous approaches for
chemical sensing that have been developed on the basis of
SPR sensors [40], [41].

Fig. 4. Structure of the SARS-CoV-2 S protein. (a) The S protein’s
schematic structure, (b) The S protein connects with the ACE2 receptor,
and (c) The S protein promotes the binding and fusion process of virus
and cell [17].

In Fig.4, trimers of the S protein form a unique bulbous,
crown-like halo around the virus particle, indicating that the
virus particle is infected. ACE2 is also a known SARS-CoV-2
receptor, as previously stated. As shown in Fig.4a and Fig.4b,
the SARS-CoV S protein’s S1 sub unit interacts with ACE2 to
promote the formation of endosomes, which is necessary for
the initiation of viral fusion activity at low pH [42]. Cleavage
of the S protein allows the SARS-CoV-2 FP to be revealed,
which ultimately results in viral fusion. After being exposed
to the action of some specific ligands, the fusion protein
undergoes a conformational shift and inserts into the host cell
membrane, as illustrated in Fig.4c [43]. Once the virus has
entered the cell, it releases viral RNA, polyproteins are trans-
lated from the RNA genome, and the viral RNA genome is
duplicated and transcriptionally transcribed by the assembly of
the replicase–transcriptase complex, which is cleaved by pro-
teins and assembled by the virus. Viral RNA is replicated in the
host cell, and structural proteins are synthesized, assembled,
and packed, followed by the release of viral particles [44].
Viral particles are released after they have been assembled
and packed. SPR-based virus detection techniques that rely
on the antigen–antibody response are summarised in Table II,
with an emphasis on the materials utilizes to form the thin
layers, as well as their thickness and virus detection sensitivity.
Despite the fact that other publications employed a two-layer
construction with unique metallic substrates, the overall thin
film’s thickness was typically around 50 nm for viral detection
devices. It is the invention of thin metal films that have
resulted in numerous practical instances of high-sensitivity
SPR detection of biological molecules [45]–[47]. Su et al.
and Chang et al. [48], [49] have previously characterized the
bilayer structural thin films of gold and silver, respectively.
In the literature, there are only a few examples of how the thin
film structure makes SPR-based virus detection more sensitive.
The most interesting thing about this structure is that a gold
film has been put over the silver film, which has an antioxidant
impact on the structure. SPR signal response materials such as
silver are excellent, however, they are easily oxidized. When
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TABLE II
COMPARING THE THICKNESS AND MATERIAL OF EACH LAYER WITH

RESPECT TO THE DETECTION OF LIMIT (LOD) OF THE SPR SENSOR

USED TO DETECT VIRUSES [51]

ultrathin gold films with less than 10 nm thickness were made,
however, the formation of nanoparticles and structural changes
were observed [50]. It is also necessary to have long-term
stability in order to identify viruses effectively.

III. ADVANCEMENTS IN PRISM BASED SPR SENSORS

PERFORMANCE USED FOR SARS-COV-2 DETECTION

A. BK7/Au/PtSe2/Graphene Film-Coated SPR Sensor
To detect the new Coronavirus, Aakib et al. [55] presented

a highly sensitive SPR biosensor coated with graphene-based
multiple-layer (BK7/Au/PtSe2/Graphene) materials. The pro-
posed sensor uses total internal reflection (TIR) to detect
ligand-analyte immobilisation in the detection area in real
time. Changes in the ligand and analyte concentrations affect
the RI of the sensing area, which has an effect on the excitation
of surface plasmon polaritons (SPPs) of the multilayer sensor
interface. The proposed sensor’s performance was investigated
numerically using the transfer matrix method (TMM) and
the finite-difference time domain (FDTD) approaches, respec-
tively. The SPR biosensor that has been proposed allows for
the rapid and exact detection of the COVID-19 virus at an early
stage, which is important for preventing the spread of the pan-
demic. In addition, the outcomes of the proposed sensor was
numerically studied using three distinct analytes and ligands,
i.e., virus anti-spike proteins (IgM, IgG) as analytes along with
virus spike RBD as ligand, the COVID-19 virus spike receptor-
binding domain (RBD) as analyte along with the monoclonal
antibodies (mAbs) as ligand and virus single-standard ribonu-
cleic acid (RNA) as analyte along with the specific probe
as ligand. Following an investigation, it was discovered that
the proposed sensor has a sensitivity of 183.33◦/refractive
index unit (RIU) in SPR angle (SPR) and 833.33 THz/RIU in
SPR frequency (SPRF) for detection of the SARS-COV virus
spike RBD; 153.85◦/RIU in SPR angle and 726.50 THz/RIU
in SPRF for detection of the anti-spike protein; and finally,
140.35◦/RIU in SPR angle and 500 THz/RIU in SPRF for
viral RNA detection, it has been demonstrated that the total
virus spike RBD detection method is more sensitive than
the other two detection techniques. To greatly improve the
sensitivity and plasmonic features of the GoosHänchen (GH)
shift detection of a typical SPR sensor, highly sensitive two-
dimensional (2D) nanomaterials were utilized in conjunction
with each other [55].

Fig. 5. Schematic diagram of the five-layered (Bk7/Au/PtSe2/Graphene/
PBS) SPR biosensor for examination of SARS-CoV-2 produced virus;
the SARS-CoV-2 virus can be detected using three modes of operation:
(a) human mAbs immobilised on a viral spike RBD allow for fast detection
of the whole virus spike (spike RBD as analyte and mAbs as ligand),
(b) fast mAbs recognition using immobilized virus spike RBD (mAbs
as analyte and spike RBD as ligand), and (c) viral RNA sequence
detection on the graphene-implanted sensor surface with immobilised
probe sequences [55].

The Kretschmann-Raether design is depicted in Fig. 5 as a
five-layer detecting zone for the sensor. Using a CCD (charge-
coupled device) as a monitoring device and incident light
from monochromatic He–Ne laser at an acceptance angle onto
a prism (Bk7), we can detect changes in the environment.
The first and the second layer are made of a BK7 and a
gold (Au) thin film where the calculated RI of Au (nAu ) and
the layer thickness (dAu) are 0.1726 + 3.4218*i and 50 nm,
respectively [7], [8]. By using the Kretschmann configuration,
the first, second and third layers are organised of BK7 with
nB K 7 = 1.5151, Au thin film and lastly, made up of platinum-
di-selenide (PtSe2), with a RI (nPt Se2) and a coating thickness
are 2.9189 + 0.9593*i and 2 nm, respectively [56]. The
fourth layer is graphene, and the RI of this layer is calculated
as ng = 3 + 1.1491*i, and the coating thickness of the
graphene layer is calculated as dg = 0.34*L nm, where “L” is
the number of graphene layers [7]. It is possible to utilise
PBS (pH 7.4) as a VTM; the RI of PBS is calculated as
ns = 1.3348 + �n, where �n is a changing value due to the
interaction of the ligand and analyte on the sensing surface.
Authors presented a graphene-based multilayer coated SPR
sensor for the COVID-19 virus detection in its early phases,
which was developed by the authors. After being investigated
for rapid diagnosis, the suggested sensor demonstrated the
ability to distinguish between infected and uninfected persons
with high accuracy and precision. With 183.3◦/RIU sensitivity
as compared to other conventional sensors, the SPR sensor
made of BK7/Au/PtSe2/Graphene film-coated displayed supe-
rior performance.

B. BK7/Ag/Si/BaTiO3 Film-Coated SPR Sensor
Uddin et al. [57] constructed a structure based on the

Kretschmann configuration to detect coronavirus-2 in real time
by layering silicon and BaTiO3 on top of Ag. In order to char-
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Fig. 6. Five layered schematic structure of proposed SPR sensor [57].

acterize the sensor response in terms of sensitivity, full width
at half maximum, and minimum reflection, a comprehensive
numerical analysis was performed utilizing the transfer matrix
method (TMM) and the finite-difference time-domain (FDTD)
technique. When the suggested design for SARS-CoV-2 detec-
tion is compared to the basic Kretschmann setup, it shows a
7.6-fold improvement in sensitivity. Additionally, with a figure
of merit of 692.28◦/RIU, the structure outperforms existing
competitive SPR structures in both wavelength and angular
interrogations, demonstrating persistent superiority over the
competition.

Fig.6 depicts a schematic representation of the high sen-
sitivity SPR biosensor setup that has been presented. This
unique heterostructure, as depicted in the image, is made up
of five separate layers that are interconnected. As a coupling
prism, we employ BK7 glass, which is then followed by an
Ag layer. Because of the greater SPR ratio of Ag, it has been
demonstrated to have improved sensitivity when used as a
substrate layer [58].

On top of Ag, the structure has three layers, each of which is
composed of Si, BaTiO3, and thiol-tethered DNA, respectively.
A design like this also contributes in the improvement of
sensitivity. Recent research has demonstrated that Si has great
potential for increasing sensitivity [59]. Because of Si’s capac-
ity to improve the electric field strength of excitation light,
this sensitivity increase has been shown to be a significant
factor [60], [61]. Because of its high dielectric constant,
BaTiO3 has also been shown to have beneficial impacts on
the sensitivity. In conjunction with reduced dielectric loss,
the proposed structure has the ability to make a considerable
contribution to improving the sensitivity of the proposed
structure [62]. SARS-CoV-2 receptor SARS-tethered DNA is
employed as a ligand layer in the sensing medium since it
has demonstrated outstanding capabilities as a SARS-CoV-2
receptor [3], [37]. For this suggested sensing method, samples
from human nasopharyngeal swabs are sent via the sensing
channel prior to analysis in a liquid medium. A considerable
angle shift in SPR (as high as 12 degrees) is seen when
SARS-CoV-2 RNA (RdRp-COVID sequence) from a sample
hybridises with thiol-tethered DNA of receptor molecules,
as illustrated in Fig. 7. In this study, it was determined that
it was a novel SPR-based biosensor for the detection of

Fig. 7. Reflectance curve for SARS-COV-2 detection [57].

SARS-CoV-2 in a label-free and real-time manner. In order
to optimise the structure and analyse its performance, a large
number of numerical simulations have been carried out. The
following parameters have been reached for the suggested
structure to detect the SARS-CoV-2 RNA: Sensitivity =
130.3◦/RIU, FWHM = 11.86◦, Rmin = 0.01587, and FOM
= 692.28 RIU−1, respectively.

C. Gold Nanospikes Film-Coated SPR Sensor
The use of gold nanospikes was used in one study to

develop an opto-microfluidic sensing device that could detect
the presence and concentration of antibodies specific to the
SARS-CoV-2 spike protein in one litre of human plasma
diluted in one millilitre of buffer solution [55]. According
to the results of the antigen–antibody interaction, the con-
centration of the target antibody can be determined by the
change in the wavelength of LSPR peak of the gold nanospikes
created by this contact [64], [65]. It was established that the
label-free microfluidic device has a limit of detection (LOD)
of 0.08 ng/ mL, which is below the threshold of detection for
clinically relevant concentrations [63]. It was discovered that
this approach has potential as a point-of-care diagnostic tool
to enhance current serological assays, and that it may make
quantitative SARS-CoV-2 diagnoses easier to perform, cheaper
to perform, and faster to perform. Validation of the sensor
for COVID-19 antibody tests, as well as optimization of the
electrode position process to manufacture gold nano-structures
with reduced gap and a higher aspect ratio, is required in order
for antibody–antigen binding to cause a larger shift in the
LSPR peak and, consequently, enhance the sensor’s signal–
to–noise ratio [63]. Antibodies towards the SARS-CoV-2 spike
proteins have been detected in diluted human plasma using an
opto-microfluidic sensing method which is very sensitive and
rapid. Fig.8 depicts a schematic diagram of an LSPR-based
sensing technology that incorporates an optical probe in con-
junction with gold nanospikes embedded in a microfluidic
device.

D. Plasmonic Photothermal Biosensors
Qiu et al. [3] presented an alternative and effective strat-

egy for the clinical COVID-19 diagnosis, which combines
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Fig. 8. Schematics of the novel opto-microfluidic sensing device setup for
the SARS-CoV-2 spike proteins detection in diluted human plasma [63].

Fig. 9. Schematic of thermoplasmonic setup to detect the SARS-COV-2
virus [3].

the plasmonic photothermal (PPT) effect with the localized
surface plasmon resonance (LSPR) sensing transduction. Gold
nanoislands (AuNIs) functionalized with complementary DNA
receptors can detect the specific sequences from SARS-CoV-
2 with high sensitivity. Thermoplasmonic heat is created on
the same AuNIs chip for enhanced sensing capability by
illuminating them at its plasmonic resonance frequency. The
heat from a localised PPT can raise in situ hybridization
temperatures, making it easier to distinguish between two gene
sequences that are almost identical. When used in conjunction
with an LSPR biosensor, the SARS-CoV-2 sequences may be
detected at concentrations of just 0.22 pM, making it possi-
ble to accurately identify the target in a multigene mixture.
An investigation on enhancement of the thermoplasmonic and
its application to nucleic acid testing and highly contagious
disease diagnostics is gained. Fig.9 shows the thermoplas-
monic setup to detect the SARS-CoV-2 virus.

An LED source created a white light detecting beam that
was then linearly polarized by a polarizer (P1). The birefrin-
gent crystal (BC) provided enough retardation to the s- and
p-components of the linearly polarized light to form the
spectral interferogram. The BK7 prism energized the local
electromagnetic fields in the region of the AuNIs using the
Kretschmann arrangement. For LSPR transduction, the plas-
monic resonance wavelength is 580 nm. They were screened

Fig. 10. Schematic arrangement of BK-7 prism-Ag-Si3N4-BP-ssDNA
and PBS solution with optimised thickness as sensing medium [66].

by an aperture-iris (I1/I2, Thorlabs) with a 0.5 mm hole
diameter before being recorded by the spectrometer (AvaSpec,
Avantes). A high-power 532 nm laser diode (LD, 532 nm
peak wavelength, DJ532–40 Thorlabs) was utilised to heat the
AuNI chips for PPT heating. A 552 nm long-wavelength pass
filter (LPF) blocked the excitation signal prior to the spectrom-
eter. For LSPR temperature calibration, digital temperature
sensors (SHTC1, Sensirion) were used. To hybridise the target
DNA with the immobilised probe, 200 μL of nuclease-free
water was injected into the AuNI microfluidic chamber for
800 seconds. The sensing beam reaching the spectrometer,
which related to the ATR light from the PPT heat centre,
was screened by a 0.5 mm aperture-iris. The dual-functional
LSPR biosensors were used to conduct an investigation on
misaligned nucleic acids and multisequence combinations.
After hybridization, the buffer was cleansed with nuclease-
free water. The spectrometer for plasmonic phase detection
captured the entire testing process [3].

E. BK-7 Prism-Ag-Si3N4-BP-ssDNA and PBS Solution
Based SPR Sensor

Similarly, Kumar et al. [66] proposed a numerical analysis
of four layer SPR biosensor for the rapid SARS-CoV-2 virus
detection at first layer silver (RI = 0.056253 + 4.2760 × 1*i,
thickness = 55 nm) has been deposited on BK7 prism (RI =
1.5101), the second layer chosen Si3N4 (RI = 2.0394, thick-
ness = 5 nm), the third layer deposited of other 2D material
BP (RI = 3.5 + 0.01 × 1*i, thickness = 0.53 nm) for
the sensing layer, phosphate-buffered solution (PBS) can be
used as a RI of PBS that is deliberated as ns = 1.334 to
1.355 with thickness of 3.2 nm. The performances of the
SPR sensor were investigated at the wavelength of 633 nm.
The highest sensitivity obtained with the proposed structure,
as shown in Fig.10 was 154◦/RIU. The SARS-CoV-2 virus was
selectively attached using the ssDNA layer as a bioreceptor
sensing element. SARS-CoV-2 viruses were detected in this
research using phosphate-buffered solution (PBS) solution.
When SARS-CoV-2 viruses are added to a PBS solution, the
solution’s refractive index changes from 1.334 to 1.355. One
of the most interesting things about this experiment is the
ability of the SARS-CoV-2 S glycoprotein to dissolve in a
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Fig. 11. Sensitivity vs. change in thickness of ssDNA layer [66].

Fig. 12. Prism based structure for SARS-COV-2 detection using
TiO2-Ag-graphene layers [67].

running buffer consisting of 10 mM hydroxy ethyl piperazine
ethane sulfonic HEPES and NaCl solution at a concentration
of 120 mM. Fig.11 shows different structures with a variation
in ssDNA thickness and it is clearly noted the sensitivity
increased with increasing in the ssDNA thickness.

F. Prism Based Structure for SARS-COV-2 Detection
Using TiOSi2-Ag-Graphene Layers

As shown in Fig. 12, Moznuzzaman et al. [67] presented
a six-layer sensor structure. Silver is used in this sensor
because of its plasmonic properties. In this setup, a silver layer
is sandwiched between a MoSe2-graphene composite layer
and a TiO2 thin sheet. Higher operating frequency increased
optical nonlinearity and overall performance while minimis-
ing the Kerr effect [68]. Since all refractive index values
of each material are examined at 633 nm wavelength. The
proposed multilayered structure has shown better performance.
An F.O.M. of 54.04 RIU−1 and a sensitivity of 194◦/RIU were
found, with a detection accuracy of about 0.2702 [67].

IV. FUTURE PERSPECTIVES

Rapid, easy, and large-scale diagnosis are required for
the treatment and management of COVID-19 (especially in
asymptomatic and/or early-stage patients) originating from

TABLE III
THE SPR ANGLE SHIFT FOR VARIOUS DOSES OF SARS-COV-2

S-GLYCOPROTEIN SOLUTION IN CONTACT WITH THE

GRAPHENE/CR3022 ANTIBODY [67]

SARS-CoV-2, as well as for the reduction and control of the
virus’s transmission. As a rule, traditional methods for detect-
ing respiratory viruses are expensive and time-consuming,
requiring specialized laboratory equipment and highly-trained
staff members. It is possible that biosensors will one day be
used to detect diseases such as SARS-CoV-2 and associated
viral infections, as well as other diseases, with excellent
sensitivity and selectivity at a cheap cost. The identification
of a focused sickness biomarker at low levels, according
to this, SPR biosensor can be tremendously beneficial for
enhancing the assessment of viral disease progression, disease
management, and treatment options. New biosensors for viral
samples are being developed using no labeling approaches
like as surface plasmon resonance (SPR), Surface Enhanced
Raman Scattering (SERS), and Quartz-Crystal Microbalance
(QCM). SPR, SERS, and QCM technologies have all showed
promise in the creation of new biosensors. The use of SPR
technology in the creation of new biosensors for viral samples
has also showed promise. At the moment, such biosensors are
being utilized to identify RNA viruses such as influenza A/B,
SARS-Corona, Ebola virus, MERS, Zika virus, and Dengue
virus. A peptide monolayer was used to detect anti-SARS-
CoV-2 antibodies, which were detected in the nM range,
utilizing an SPR sensor covered with a peptide monolayer
and functionalized with a recombinant protein from the SARS-
CoV-2 nucleocapsid. It is now possible to diagnose bimolec-
ular interactions in real time with the use of SPR, an optical
sensing technology that was developed. The presence of a
coupling medium that passes through the contact is required
for the photon energy excitation to work properly. It is feasible
to analyse single molecules by utilizing optical system shape
structures such as grating structures, waveguide, localized
surface plasmon (LSPR), prism coupling, and fiber optic
structures.

V. CONCLUSION

The worldwide pandemic of COVID-19 has a significant
impact on human existence. There has been a significant
increase in the number of infections among people all around
the world in recent years. In response to this international
catastrophe, some countries, governments, and researchers are
attempting to adjust their systems. It is the purpose of this
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review to provide an understanding of SARS-CoV-2 infection
transmission as well as knowledge of the state-of-the-art
diagnostic methodologies approach based on biosensor appli-
cations. According to the findings of this study, the SPR-based
biosensor will be in high demand in the future for the detection
of ongoing COVID-19 epidemic. As the RT-PCR test has
been identified as the most effective method for detecting this
virus, but has been also demonstrated to be inaccurate and
time-consuming in a few instances. SPR-based sensors have
been utilised to detect the SARS-CoV-2 virus in a short period
of time. It was discovered that SARS-CoV-2 nucleoprotein
phosphorylation causes the virus’ binding kinetics with RNA
to be examined during the phosphorylation of SARS-CoV-2
nucleoprotein (N protein). A number of studies have been car-
ried out using an SPR-based sensor to detect the SARS-CoV-2
virus, and it has been discovered that the sensor has extremely
good performance in terms of sensitivity and figure of merit.
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