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Abstract— This review aims to investigate the
potential of various types of plasmonic materials for
Covid-19 detection in terms of the performance,
limitation and future prospects. Few parameters have
been reviewed such as sensitivity, the limit of detection,
time response, and thickness of materials. In this review,
we analyze plasmonic materials that is used to excite SPR
effect such as gold-based material, silver-based material,
copper-based materials, and metal nanoparticles. In
addition, the additional or hybrid material are reviewed
as well. Gold-based SPR sensors portray an excellent
performance in detecting various viruses including
Covid-19. The implementation of gold-based”materials
includes gold nanomaterial as well which has different
shapes for instance, nanospheres, » nanorod,« and
nanoisland. Obviously, the deployment of gold
nanomaterials resulted in “the best sensitivity and
according to the analysis, about 50% of recent research
chose gold nanomaterials as plasmonic materials for
sensing applications concerning their outstanding
properties such as high stability, oxidation resistance and
simple fabrication. Other than gold nanomaterials,
hybrid-based gold material such as graphene-gold-based
sensor exhibits a good sensitivity which is.about 183.3
°/RIU, in which 25% of current studies utilized this type
of plasmonic material for virus detection. In conclusion,
gold nanomaterials-based plasmonic sensors havena
bright potential to be implementedifor Covid-19 detection
and the addition of another material like graphene can
enhance the performance. We believe that the output of
this study will contribute to developing biosensors for
detecting Covid-19.
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I. INTRODUCTION

The Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) or known as Coronavirus Disease 2019
(COVID-19) cases were first reported in Wuhan, China in
December 2019. According to World Health Organization
(WHO), as of 6 April 2023, the reported cases of Covid-19
infection have reached more than 76 billion cases and
6,893,190 deaths around the world. This highly contagious
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disease is similar to the influenza virus which affects the
respiratory system and causes one to have symptoms like
coughing, shortness of breath, exhaustion,fatigue, fever, and
exhaustion [1]. In 2020, due to the rapid.spread of this air bone
virus; WHO declared that Covid-19 gan be characterized as a
pandemic. This deadly infected viras needs.can be avoided by
detecting the infection early and.currently, in elinical settings,
reverse-transcriptase polymerase ‘chain reaction, (RT-PCR)-
based . molecular diagnostic methods and computed
tomography (CT)-based "medical imaging technologies are
now employed to diagnose COVID-19 infection and
pathological condition,[2].

Covid-19.<has, been \detected as a member of the
coronavirus family's B-CoV genera, which normally get their
gene origins from bats and rodents [1]. The diagnosis of
coronavirus is by using the RT-PCR method [3] and this is
alsorapplied to Covid-19. Instead of using the RT-PCR
method, ‘other sensors have been introduced including the
distinguished sensor nowadays which is the optical sensor.
Optical sensors are mostly been chosen to use in many
applications due to their tremendous advantages. Due to their
safe, 'simple-to-use, and cost-effective technology, optical
sensors »offer an alternate technique for viral detection,
avoiding the requirement for nucleic acid amplification [4].
There are a few optical sensors for biological application, for
instance, surface-enhanced Raman scattering (SERS), visible-
light laser diodes, fluorescence, infrared analytical arrays,
narrowband optical filters, surface plasmon resonance (SPR),
and other laser techniques [5]. Previous studies reported the
uses of these optical sensors such as a paper-based multiplex
SERS sensor based on silver nanodots substrate and a double-
labeled probe used for the detection of multiple fluorescent
dyes for the use of pathogens detection [6]. Light scattering
and fluorescence measurement can be used to detect and
classify individual viruses by quantitative analysis and sorting
of viruses and other particles in the micron and nanoparticle
size ranges [5], [7]. These works prove that the optical sensor
proves can be used in biomedical applications including
viruses such as coronavirus.

The application of sensing material for optical is vital to
enhance sensor performance. There are a few types of sensing
materials that were used in previous works such as polymers,
composites, and nanomaterials [8]. Polymer has been used as
a sensing material due to its reasonable value that may be
placed on a variety of substrates with varying forms and sizes.
Nanomaterials include metal and noble metals nanomaterials



(gold nanoparticles (AuNPs) and silver nanoparticles
(AgNPs), metal oxide nanoparticles like zinc oxide (ZnO), tin
oxide (SnO,), and titanium oxide (TiOy), carbon-based
nanomaterials (graphene and carbon nanotubes), polymer and
bio-nanomaterials (polymer and bio nanomaterials). These
nanomaterials have been remarkable in optical sensing due to
their characteristics such as being small in size, chemically
stable, easy to fabricate, and have a high surface-to-volume
ratio which is better than the use of bulk films [9].

There are two alternative methods for detecting viral
infection: the first one is a serological investigation for the
measurement of biomarker levels such as immunoglobin M
(IgM) and immunoglobin G (IgG). This method has
limitations because of the concentration and half-life of the
marker (host antibodies). The second method is the detection
of viruses through cell surface protein. The current technique
in detecting Covid-19, RT-PCR is a reliable method
compared to other techniques, nevertheless, it is time
consuming which takes a few hours for analysis and might
provide false negative or positive cases [10], [11]. According
to a recent study [11], 5 (3%) out of 167 COVID-19 infected
patients confirm to have a positive result by CT scanning but
false-negative RT-PCR testing results. The repeated swab
test revealed that these five patients were infected with
COVID-19. Besides, it also requires a lot of manpower [10]
which may not suitable to use when there are many suspected
cases at a time. It may cause a delay in time and exhaustion
to the persons in charge. Alternatively, the optical'sensor is
one of the candidates to overcome those issues due_to its
minimal size [12], insensitive to electrical interference, and
not needing a second reference sensor{[13]. Direct and label-
free analyte detection by optical sensors, provides various
advantages, including mobility, tolerance to electrostatic and
electromagnetic interferences, ultrasensitive detection limits,
and resilience [14]. The RT-PCR. is a gold standard is
detecting Covid-19 as it provides high< sensitivity and
specificity [15]. Nonetheless, RT-PCR method is time
consuming and might cause false negative or positive cases
[10], [11]. CT imaging can be used in detecting Covid-19 by
giving detail visualization of the lung condition of the
infected patients. It is claimed to be more sensitive than RT-
PCR method. Nevertheless, it can cause<confusion with
different medical condition like influenza, SARS-CoV, and
H1IN1[15]. Immunoassay which can provide faster result-and
cost-effective is said to be suitable only to post-symptomatic
patients. Moreover, it is less sensitive compared to the nucleic
acid base method known as the RT-PCR method [15]. SPR
sensor is considered to be a suitable<sensor for biomedical
sensing applications as mentioned by Sakib et al. since it has
been highly recommended in bioengineering, gas detection,
virus  detection, medical diagnosis, environmental
observation, and antigen-antibody collaboration [16]. SPR
sensor is a sensor that excites surface plasmon polaritons
(SPP) when incident light strikes the surface of the noble
metal which leads to the existence of an evanescent field due
to the SPR phenomenon [17]. It has high sensitivity [18], in-
situ dynamic monitoring [19], and fast response [20]. In order
to design an efficient SPR sensor with high sensitivity, it must
include sensing material such as dielectric layers such as
reduced graphene oxide (rGO) and metal nanoparticles [21].

Covid-19 had leave very bad impacts on the world and
even now people who have been infected with this virus still

experience the post-Covid-19 symptoms like dyspnea, fatigue,
cough, tightness of the chest, muscle or body aches, and brain
fog [22]. Besides, Han et al. demonstrated a research by
collecting data about longer-term persistent symptoms of
COVID-19 and found out that the multiple symptoms
including physical, mental, and cognitive health persist for at
least one year in sizeable proportions of Covid-19 infected
patients [23]. This scenario gives us a strong signal about the
need for efficient and sensitive biosensors. By considering the
extraordinary features of plasmonic materials in sensing
applications, we believe that SPR sensor has a bright future in
sensing Covid-19 effectively. The plasmonic materials need
to be analyzed as the spike protein for Covid-19 gives good
interaction with certain materials and there is a need for using
suitable plasmonic material as it can affect the sensing
performance. This review study is carried out to evaluate the
potential of various types of plasmonic materials in SPR
sensors for Covid-19 detection. At the end of this study, it can
be concluded that Au nanomaterial is the most suitable
material to be deployed. We believe that the output of this
work will contribute to the development of biosensing
technology in addressing the Covid-19 issues.

Il. CoviD<19

A. Background and the Structure of SARS-CoV-2

Covid-19 is named._SARS-CoV-2 due to its sequence
identity which has high sequence,similarity to SARS-CoV.
According to Kabir et al., SARS-CoV-2 has 29,891
nucleotides in its gename, comprising 9860 amino acids, with
79 percent pairwise genomic levelidentical to human SARS-
CoV and 50% identity to human Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) [2]. SARS-CoV is
considered.as human coronavirus that affects the respiratory
system. The sources of human coronavirus including SARS-
CoV are generally from mammals like bats, mice, or rodents
that is /transmitted. through other animals such as bird as
intermediate sources [24]. The transmission of this virus can
bedone in different ways. As mentioned by Lotfi etal., Covid-
19" is\transmitted by direct contact (droplet and human-to-
human_transmission) or indirect contact (airbone contagion
andscontaminated surface) [25]. Coronavirus is divided into
four types based on its genetic structure: alpha, beta, gamma,
and delta. Only mammals are infected by alpha and beta
coronaviruses, which mainly cause respiratory symptoms in
humans and gastroenteritis in other animals [24].

According to Shi et al., the common structure of
coronavirus is round or multi-shaped. They are measured to
have a diameter of 120-160 nm and consist of a petal-shaped
projection which is S protein [26]. Covid-19 contains four
structural proteins including spike glycoprotein (S),
membrane (M), nucleocapsid (N), and envelope (E) [2]. The
spike glycoprotein (S) is made up of two subunits which are
S1 and S2. The subunit S1 functioned in binding to the host
cell receptor meanwhile S2 is used for the fusion of the viral
and cellular membranes [27]. The N protein binds with the
Ribonucleic acid (RNA) genome to make up nucleocapsid,
meanwhile, M protein which has three trans-membrane
domains, serves as a primary organizer for the virions,
determining their morphologies and binding to the
nucleocapsid. Finally, by interacting with the M protein, the E
protein aids in the formation of the virus's envelope membrane
[2]. According to Kabir et al., S and N proteins are among the
most valuable antigen indicators for identifying coronavirus



disease in 2019, much as S and N proteins are used in
numerous detection methods for detecting SARS [2].

B. Various techniques to detect the Covid-19 virus

Due to the rapid transmission of Covid-19, a suitable
detection method is vital to control the transmission. There are
a few techniques for detecting Covid-19 that have been
studied in previous studies such as [15]:

e Nucleic Acid Base Method
e CT Imaging
e Immunoassays

The RT-PCR is a nucleic acid amplification assay and it has
been implemented in detecting RNA viruses [15]. According
to Kabir et al., RT-PCR is currently a gold standard in
detecting infectious diseases including CoVs in previous
epidemics [2]. It is claimed to be highly sensitive to the
DNA/RNA target because the primers bind to a specific
section of the viral genome. The RNA-dependent RNA
polymerase (RdRp) sequence and the open reading frame lab
(ORF1ab) sequence, which have been chosen as gene targets
for RT-PCR molecular tests by several countries, are
genetically similar [10]. Kabir et al. mentioned that there are
three steps in the PCR experiment; the first step is to collect
and process samples from infected patients. Then, the.second
step is regarding the extraction of RNA followed by cDNA
synthesis by using the reverse transcriptase technique. Lastly,
the target-specific primers are used for amplification, and real-
time quantitative PCR is used for detection [2]. The sensitivity
of SARS -CoV-2 or Covid-19 is 3.7 RNA copies.on detecting
the RdRp sequence [10]. Though it is<€onsidered to be highly
sensitive, there are few cases reported that RT-PCR hasfalse-
negative cases. Qiu et al. stated that there is a previous study
that found false-negative results:from RT-PCR testing [10].
According to Xie et al., out of 167,samples from Covid-19
patients, 3% of the sample tested positive bywsing a CT scan
but was detected as negative by the RT-PCR method [28].
Thus, further study needs to be done in improving RT-PCR
testing to avoid false-negative results.

Chest CT scan can be used to detect Covid-19. Theiimage
obtained from the chest CT scan has characteristic features of
Covid-19 which include a crazy-paving’ pattern, glass
opacities, septal thickening, consolidative opacities, and the
reverse-halo sign [15]. Pokhrel et al. as'well mention that.a
chest CT scan is not recommended to.detect Covid-19 in the
US due to confusion that can happen as the resultmay overlap
with other diseases such as influenza, SARS-CoV, and HIN1
even though this method is more sensitive than RT-PCR [15].
Chest CT imaging may cause false-positive cases as it shares
similarities in features with other viruses. Immunoassay is
another type of method where it is used to detect viral protein
antigens or blood antibodies of an infected person. Antibody
testing is crucial for recognizing previous infections [15].
Pokhrel et al. mentioned that there are few immunoassay test

kits are on the market that gives faster results and cheaper.
Nevertheless, the main drawback of this technique is that it is
only applicable to post-symptomatic individuals who have an
immunological response to SARS-CoV-2. Besides, it is less
sensitive compared to the nucleic acid base method known as
the RT-PCR method [15]. Besides all of these clinical
techniques, research by Kabir et al. reviewed on the SPR
based assay to detect Covid-19 and mentioned that a previous
research proposed an SPR sensor to detect Covid-19 [2]. The
proposed sensor is a photothermal biosensor based on a prism-
based SPR. The plasmonic photothermal (PPT) effect and
localized surface plasmon resonance (LSPR) effect are
combined in this biosensing approach to producing an
accurate and promising clinical diagnosis of COVID-19. This
kind of sensor is a good candidate for detecting Covid-19 as it
has advantages such as low cost, high sensitivity, ultra-low
detection limits, and low power consumption. Further
research in the optical sensor for detecting Covid-19 is vital to
construct an excellent performance sensor.

I11. SURFACE PLASMON RESONANCE (SPR) SENSOR

A. Theory

SPR refers to the excited charge density,oscillation along
with the “metal-dielectric interface, with the permittivity of
opposing signs [29]. This phenomenon principle relates to the
resonance of a strong electromagnetic.field oscillation at the
interface of a nanometal filmand.dielectric medium with p-
polarized incident light resulting in a dark band profile in the
light reflectivity at an incident angle and specific wavelength
[30]. The specific,wavelength is.called resonance wavelength
which is .dependent on ‘the refractive index (RI) of the
dielectric material [31]. Surface plasma waves (SPW) or SPP
can be created when the'orientation of the electric field vector
of anjincident light complements the motion of free electrons
in" the metal. 2t is controlled by boundary restrictions
connected with the:material and structural considerations, and
thus <efficient coupling with large energy as guided
electromagnetic waves along the interface can happen [29].
SPR sensor is known for their high sensitivity and different
types afidesign [32]. The prism coupled sensor is the earliest
type, of sensor discovered by Otto and then improved by
Kretschmann. According to Zhao et al., the prism-coupled
SPR in Otto configuration was based on attenuated total
reflection. It was then improved by Kretschmann
configuration as the analytes separate the prism and plasmonic
metal layer, leading to a complex design [32]. Fig. 1 (a) and
Fig. 1 (b) show the Otto and Kretschmann configuration
design. Otto and Kretschmann's configuration has been
widely used in SPR based sensors, nevertheless, the drawback
of these configurations is the large and complex design. Thus,
the design of the SPR sensor has been upgraded to enhance its
performance. For instance, as was mentioned by Zhao et al., a
few designs are created such as prism couple sensor, grating
coupled sensor, optical fiber coupled sensor, and waveguide
coupled sensor [32].
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Compared to the SPR phenomenon that is excited by metal
thin film, LSPR is regulated to smaller particle called
nanoparticles which has a size range from 1 nm to 100 nm. It
happens when a light wave is trapped within conductive
nanoparticles smaller than the wavelength of light. The
interaction of incident light with surface electrons in a
conduction band causes this phenomenon [33]. It is observed
in metal nanoparticles where the electromagnetic light hits the
metal nanoparticles and results in the interaction between the
electric field and free electrons. This causes them to distinct
from the metal core. The repulsive force between electrons
makes them travel in opposite directions, causing them to
oscillate and excite the LSPR. Strong light absorption can be
induced via LSPR excitation [34]. Few parameters can affect
the resultant wavelength position of the LSPR absorption
bands such as size, shape, interparticle distance or aggregation
state of the nanoparticles, composition, and’the dielectric
constant of the surrounding medium [35], [36]. The function
of LSPR is implemented to detect the RI changes‘ina small
area as it deals with smaller volumes.<When the SPP and'the
localized plasmon polariton (LSP) existatithe same moment,
they will pair to generate a localized electromagnetic field
enhancement [21]. As it enhances,the electromagnetic field, it
can also maximize the optical extinction  of the metal
nanoparticles. According to Bai et al., LSPR<an increase the
time for optical extinction for AuNPs more than 1000 times
stronger than typical organic molecules where it can enrich'the
photothermal conversion efficiency, light absorption, and
photochemistry conversion of AuNPs [37]. Fig. 2 shows the
phenomenon of LSPR of AuNPs. LPSR sensors have:beén

used in a few industries such as clinical uses [33], virus
detection [6], food safety, and environmental monitoring [38].

4— [Plectric field

Light wave
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Fig.2: Properties of LSPR of AuNP

According to Qiu et al., among other sensing techniques for
biosensing, LSPR appliesto different types of analytes of
clinical, interest. This is due to local variations, such as RI
change and molecule binding detected with high sensitivity
LSPR sensing systems [10]. As a result, LSPR is an excellent
choice for detecting microscale and nanoscale analytes in real-
time and without the need for labels. For example, Hassan et
al. stated that LSPR biosensor is used for virus detection [39].
Fig. 3 shows the construction of the LSPR biosensor.
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B. The mechanism of SPR

SPR occurs when light irradiates the metal-to-medium
interface. It will resonate with the SPW to induce energy
transfer and causes the light intensity to rapidly decrease from
resonant wave valley at a certain wavelength [12], [19];7[40].
The resonance condition varies when a metal surface changes
the RI, causing the resonance wavelengthto move. As a result,
the movement of the resonance trough praduced by.a-change
in the external medium's RI canibe employed for sensing [40].
SPW can be formed between a dielectric layer and a metal
layer as the evanescent wave can penetrate through the metal
layer. Surface plasmon will oscillate and,propagate along the
boundary between a dielectric medium and a thin metal film.
The wave vector (ks,,) between metal and dielectric layer can
be written as [41]:

s P i
kspp — kO metalcdielectric (1)
EmetaltEdielectric

where €,,0:q; IS the dielectric function for metal, e j;o1ectric 1S
the dielectric function for dielectric medium, andvk, is the
wave vector for free space of the optical wave and can be
calculated by using the formula [41]:

_21't
_lo

The incident light's energy can be firmly linked from photons
onto the surface plasmon wave, which dissipates by heat
dissipation along the propagation route during SPR. The
relationship between k, and the angle of incident light can be
described by the equation [41]:

ko

ky = konglass Sin 0, ()

where ng,qs is the index of refraction of the glass prism and
Oimelis the incident angle. In a glass-metal-dielectric system,
the requirements for surface'plasmon excitation at the metal-
dielectric layers interface are given by:

ke, = k), 3)

Resonance is obtained, by matching the projection of the
incident light's wave vector in the direction of the interface
with the, wave vector of the surface plasmon oscillations, as
shown in Eq (3).,The value of k, can be calculated using a
prism<with a dielectric constant greater than 1 and an
incidence angle greater than the critical angle. When the
incident light meets the resonance requirement, the reflectance
shows asignificant absorption decrease. Fig. 4 shows the total
internal reflection in the prism coupling SPR sensor.

Analyte

k
Metal W

Fig. 4: Prism coupling SPR sensor

C. Materials for SPR sensor

The construction of the SPR sensor must be
equipped with plasmonic materials to trigger SPR
phenomenon and perhaps other additional materials to
support sensing action and enhance performance. In an
optical fiber sensor, materials are coated on the fiber to



increase the sensitivity and give protection from temperature
changes and extreme surroundings to the fiber. Early
configuration of SPR usually uses single layer of plasmonic
thin film that can excite SPR effect, nevertheless as time
passes by, many research have been done which results in the
uses of multilayer materials or known as hybrid material
instead of a single plasmonic thin film. The commonly used
materials in SPR sensors include gold (Au) [16], silver (Ag)
[6], Copper (Cu) [42], and Aluminum [43]. Latest design of
SPR sensor uses nanoparticle instead of thin film such as
AUNPs [44] to excite SPR effect as nanoparticles result in
excellent performance as well. Few improvements that were
done by previous research on plasmonic materials where they
combine a single plasmonic thin film layer with other
materials like graphene [45], graphene oxide (GO) [6], and
hydrogel [46] to enhance the performance. It is stated by Niu
et al., the methods that can enhance the sensitivity of
detection include two aspects: one is to add a dielectric layer
on the sensor's surface to increase the load of the object to be
measured, such as dopamine and rGO; the other is to use
metal nanoparticles, such as AuNPs, gold nanorods (AUNR),
magnetic nanoparticles, and conical nanoparticles [21]. In
addition, the new form of nanoparticles was implemented to
excite LSPR effect recently such as gold nanowires
(AuNWS), Au nanosphere, gold nanoisland (AuNIs), and
AuNR.

1) AUANDAG

The most commonly used plasmonic_material ‘to
trigger SPR effect is Au film. It is reperted by Sakib et/al.,
these days SPR has been using Au due to its advantages‘such
as chemical inactivity, _.ease of * materialization,
biocompatibility, and stabilityin _the aquatic environment.
They reported that the optimum thickness of material in the
SPR sensor can provide better performance: It is stated that
the sensitivity of the sensor enhanced with the increment.of
the thickness of Au film. The confinement loss peak is lower
when the thickness is raised which leads to lessdenergy
transmission from the core to the metal surface. Furthermore;
the difference of effective RI between the core.and cladding
(nerr) of SPP mode becomes increasingly bound in the Au
layer as the thickness increases. This research found optimum
thickness in this performance where the maximum sensitivity
obtained is 123 RIU? at 40 nm [16]..Murat et al. study the
optimum thickness of an Au film to enhance\the sensing
performance and found out that the optimum thickness for the
Au thin film was 50 nm. The study uses Au and GO layer on
the prism and compared the sensitivity to the layer of Ag/GO.
The sensitivity of Au/GO was higherwhich is 19.42 °/RIU
compared to Ag/GO layer which has a value of 5.45 °/RIU
[47]. In 2019, Zhang et al. proposed a sensor to detect Rl and
temperature and found that the thickness of Au film is
optimum around 40 nm as well. The maximum temperature
and RI sensitivities obtained are 2933.25 nm/RIU and -
0.91973 nm/°C, respectively at 40 nm. This research prefers
Au to include in SPR sensor construction because it is not
easily oxidized compared to Ag [48]. As reported in research
by Samavati et al., the Au/GO coated Fiber Bragg Grating
(FBG) sensor is said to be reliable as the fabricated probe
exhibited a rapid response time to the patient’s saliva even at
the early stages of infection. The wavelength and intensity of

detected light were regulated for 0.39 nm and 0.49 dB,
respectively, after 10 seconds of exposing the probe to
patients' saliva in the early stages of the disease (1.6 x 10°
copies/mL) [49]. According to Priyadarsini et al., GO is made
from a highly oxidized form of graphene exposed to various
strong oxidizing chemicals and chemically exfoliated from
other graphene derivatives [50]. As stated by Wang & Wang,
GO outperforms graphene in terms of biocompatibility,
solubility, and selectivity compared to graphene [51]. Fig. 5
shows the optical image of GO coated on fiber in [51]. In
2018, Q. Wang et al. used a tilted FBG-SPR sensor to detect
human IgG. The fiber is coated with Au and GO and modified
with staphylococcal protein A (SPA). GO is chosen as
plasmonic material in their research due to its characteristics
such as can immobilize antibodies to the sensor surface. They
found out that the sensitivity for the sensor is 0.096
dB/(ug/mL) and the LOD is 0.5 pg/mL. They claimed that
this proposed sensor can be used in biochemistry molecular
detection technology due to its excellent sensitivity, flexible
design, and low cost [12]. In 2018, Kushwaha et al. studied
the performance of Au, ZnO and graphene in SPR biosensors
to detect pseudomonas-like bacteria. The proposed sensor
provides a great sensitivity which’is 187.43 °/RIU and they
claimed that ZnO and Au layer in the sensor affects the
performance which gives better performance with the right
thickness. The thickness of the ZnOlayer is fixed at 5 nm
meanwhile thickness of Au'isroptimized. It is found that the
optimum thickness«of Auis.45 nm which shows the strong
coupling of the light of incidence to surface plasmons [52].
Another research,that proves ZnO.can be used with Au film
to enhancesthe performanceis by Xu et al. where they grow
ZnO nanoflowers on Au film. The structure that contains a
cylindrical, prism coated 'with Au and ZnO nanoflowers is
usedas an alcohol photochemical sensor. The angle test of
water contact and alcohol contact between Au film and
Au/ZnO nanoflower shows that the water contact angle and
alcohol contact angle of Au/ZnO nanoflowers is smaller than
Au film alone under the same exposure time in air which
means'that it has a longer lifetime. The result of SPR signals
of different concentrations of alcohol for Au/ZnO
nanoflowers shows that by increasing the alcohol
concentration, the resonance peak is red-shifted. It shows a
good linear relationship and the sensitivity improved to 127
nm/% for the concentration range from 0 vol% to 95 vol%
[53].

Fig. 5: The optical image of GO coated on fiber [51]



Even though Au is more popular, Ag has been used
frequently in SPR sensors as well. It has good characteristics
where the resonance peak on the Au film SPR sensor was
very sharp, and the detection accuracy was excellent [51].
Ag-based SPR sensors have a higher sensitivity and a more
defined reflectivity spectrum than Au-based SPR sensors.
When an Ag film is used as the excitation film, the limit of
detection (LOD) or resolution is improved. Research by Chen
& Lin proved that Ag has the highest sensitivity when they
investigate the performance of the SPR biosensor with Au,
Ag, and Cu with monolayer graphene in the visible region.
The work investigated the reflectance curve for these three
materials at their optimum wavelength and thickness. It is
found that the material with excellent sensitivity is Ag
compared to Au and Cu where the maximum sensitivity of
monolayer graphene with Ag layer is 300.26 °/RIU which is
the highest compared to Au (137.02 °/RIU) and Cu (136.24
°/RIU). However, at 633 nm wavelength, the sensitivity of
Au, Cu, and Ag is 90.96 °/RIU, 93.88 °/RIU, and 68.16 °/RIU
respectively. Thus, this proves that the sensitivity of Ag-
based biosensor is great as it has higher sensitivity and
compatible to be used with graphene but occasionally the
connection between Au-based, Ag-based, and Cu-based SPR
biosensors will change with different wavelength and
thickness. As a result, the sensitivity of the biosensor canbe
enhanced by adjusting the metal and wavelength used, [42].
Another performance comparison of Au and Ag is done by
Rahman et al. where the work uses Ag and-Au coated on
Platinum diselenide (PtSe;) and Tungstendisulfide (WS,).
The work found that by using Ag, the maximum sensitivity.is
much higher than Au which is 194 °/RIU [54]. Kanmani etal.
studied the effect of TiO2 and Ag in SPR sensors for alcohol
sensing applications. TiO was coated on the’/Ag thin‘layer to
sense isopropanol at numerous concentrations. It is proved
that the combination of a 30 nm thickness of Ag layer with a
dielectric TiO2 improves the sensor performance where the
sensitivity reading is 268 nm/RIU with a detection limit_of
0.012 [55]. Besides, W. Wang et al. used modified chitosan
film (MCS) along with Ag and Au in SPR sensor t0 trace
Cu?*. They found out that MCS has a stand out stability
before and after adsorbing Cu?* [56]. This work provedithat
hybrid material like Ag/Au/MCS can be used I ehnahnceng
performacne instead of using single layer of plasmonic
material only. This can be seen in the change of intensity
modulation in Fig. 6. In 2018, Mukhtar et al. studied the
optimum thickness of Ag film<in the, SPR sensor. This
research used the layer of Ag/GO to detect the presence of
Pb?* ions. They discovered that'the optimum total thickness
for the nanocomposites was 50 nmwith the thickness of GO
to be +2 nm and the thickness for Ag.film was 48 nm. The
maximum sensitivity obtained was0.452°/RIU for the
combination of Ag and GO [57]. Apart from that, the material
that is compatible to be used with Ag in an aqueous solution
is hydrogel. This is reported by Zhao et al. who mentioned
that Ag/hydrogel coated fiber SPR sensor has been used in
detecting pH. They reported that hydrogel can enhance the
sensing performance of SPR for measuring pH and protecting
Ag film during the measurement. When the hydrogel coating
is in contact with pH solution, the dissociated carboxylic ions
in the hydrogel will vary according to the value of pH of the
solution and it will lead to the modification of volume and RI
of the hydrogel. Thus, there is a shift in transmission spectra

and wavelength that is related to the principle of the SPR
sensor. The maximum sensitivity for the proposed sensor in
this research is 13 nm/pH from the pH range of 8 to 10 which
is quite high. The hysteresis is found to have a small value
and can be the factor of increasing accuracy in pH sensing.
The proposed sensor was claimed to have great sensitivity
and stability, as well as amazing reproducibility, and the
effect of temperature in the range of 20°C to 40°C could be
minimal due to the properties of hydrogel [46]. Anyhow, Ag
applicability is limited due to its weak chemical stability [58].
The optical damping of Ag is lower, with a strong resonance
peak and no interband transition. The use of Ag in a larger
sense is limited by oxidation in an aqueous media [49]. On
top of that, Ag is claimed to be easily oxidized [51]. To
overcome this problem, the sensor can be coated with
multilayer of materials. Wang et al. mention that bimetallic
Ag/Au layers, deposition of dielectric thin films or polymers,
the use of dense oxide thin films or polymers, oxide film, and
the use of self-assembled monolayers (SAM) can be done for
protecting Ag films from oxidation and sulfuration [58].
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Fig. 6: Stability of the proposed sensor before and after adsorption of Cu*?
[56]

2) OTHER NOBLE METALS

Antohe et al. used polyaniline (PANI)/platinum (Pt)
to coat the fiber optic SPR (FO-SPR) sensor. Pt layer was
used to replace Au film to excite SPR effect. The FO-SPR
sensors were then used for 4-nitrophenol detection, with a
shown bulk sensitivity of 1515 nm/RIU and an excellent
LOD in the low picomolar range (0.34 pM) [59]. Other
plasmonic material used is titanium nitride (TiN) [60] and
Aluminum (Al) [43]. According to Kaur & Singh, TiN is
chemically stable, has good conductivity, a low work
function, and is a complementary metal-oxide semiconductor
(CMOS) compatible. They proposed a photonic crystal fiber
(PCF)-SPR coated with TiN and the sensitivity obtained is
10000 nm/RIU. However, the amplitude sensitivity is low
due to the optical properties of TiN that depend on the
substrate [60]. Ibrahim et al. proposed a grating SPR sensor
and deposited Al as plasmonic material to excite plasmon
waves for temperature sensing. The proposed sensor has a
sensitivity of 0.387 nm/°C with a response time of 1 ms. It’s
repeatability estimation is said to have good stability of
sensitivity and lead to precise temperature measurement
where the measurements shows that the sensitivity is varying
from 0.40 nm/°C to 0.39 nm/°C [43].



3)  NANOPARTICLES

A study by Niu et al. uses metal nanoparticles which are
AuNPs along with Au thin film to coat the optical fiber [21].
AUNPs are widely implemented nowadays due to their good
sensing characteristics. It is used to generate localized
plasmon resonance [14]. Fig. 7 shows the electron images of
Au thin film with AuNPs in [21]. Niu et al. mentions that
metal nanoparticles are used to improve the sensitivity and
the electromagnetic field strength of SPR sensors. They
proved this in their study by experimenting with the SPR
sensor coated with AuNPs and Au. Itis found that the electric
field strength produced by the coupling of AuNPs and Au
film is substantially stronger than the electric field strength
produced by the Au film alone. The AuNPs modification
sensor has a sensitivity of 760 nm/RIU higher than the SPR
sensor without AuNPs and the response time with AuNPs is
faster compared to Au film alone. In addition, the study found
that the sensitivity of the AuNPs-modified sensing region is
significantly higher than the SPR sensor without AuNPs,
indicating that the coupling effect between the Au film and
the AuNPs is key in increasing the sensor's sensitivity [21].
As mentioned before, one of the improvements for SPR
sensor is by combining materials. In 2022, Zhao and Wang
developed AuNPs and GO heterostructure with Au film-
coated SPR fiber sensor in order to enhance the sensitivity of
the sensor. This research claimed that the employment of GO
as an additional layer in their work is to improve.the stability
of the sensor and increase the strength of SPR effect as GO is
known as a material that has a large surfacearea of an‘atomic
monolayer. This research used AuNPs and Au as well to
trigger SPR/LSPR reaction and claimedthat the sensitivity
has improved by 37.92% for Au with monolayerdAuNPs/GO
and 63.46% for Au with bilayer Au/AuNPs/GO compared to
Au film alone [61]. In recent years, many research uses new
structure of nanoparticle like nanoewires, /nanorods, and
nanoisland. The uses of these materials provide a better
performance as nanoparticles can excite LSPR effect which
is suitable to use in biosensing. W. Li et al designed a D-
shaped photonic crystal fiber SPR sensor with Au nanowires
to excite the SPR effect. The simulated sensitivity 19,600
nm/RIU with maximum amplitude sensitivity"2300 RIU*
[62]. Xia et al. demonstrated an SPR sensor that uses AuNPS
in form of Au nanosphere and Au manorod. /The work
simulated an SPR sensor coated with“Au film and Au
nanorods to find out that the oscillationof free electron on Au
nanorod is more intense compared to Au nanosphere. They
constructed photonic crystal fiber SPR sensor coated with Au
film and Au nanosphere for Rl detection. The sensitivity
obtained is 15,747 nm/RIU and LOD,is 10 ng/ml. Compared
to Au nanorod, the sensitivity is lower which the sensitivity
of simulated sensor with Au nanorod is 25,642 nm/RIU and
LOD 4.6 ng/m [63].
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Fig. 7: The electron microscope image of Au thin film modified surface
with AuNPs [21]

Plasmonic materials such as®Au, Ag, Cu, and
nanoparticles have been used to create the plasmonic effect
in.the SPR mechanism. Besides, other materials such as GO
can be used in enhancing the sensitivity and giving protection
to the film."Fig. 8 shows the percentage of application of
plasmonic material in the SPR sensor. Among them, this
study found that Au<basedmmaterialshare the most used
material which is 48%. Previous research used Au and doped
it with other materials, such as graphene, GO, and AuNPs.
The propertiessof Au_make “it, became more preferable
compared to Ag as it is noteasily oxidized and more stable.
Nanoparticles have been used in SPR currently due to the
plasmonic,, characteristicsrof AuNPs which are strong
adsorption™ capacity, big specific surface area, superior
conductivity, “and biocompatibility [64]. Moreover, it is
resistant to surface oxidation and chemically stable [65].
Graphene doped with Au enhanced the performance in terms
of adsorption because it contains a large surface area for
adsorption [57]. Meanwhile, GO provides good nucleation
and binding sites for the probe surface [49]. Then, the
percentage for Ag-based material is 32% which is the second-
highest after Au-based materials. The use of Ag in the SPR
sensor is one of the decent choices. However, it is easily
oxidized making the performance of the sensor inconsistent
and it does not suitable to use in aqueous media. Other
materials such as TiN, Al, Pt, and Cu have the same
percentage (5%). These materials show good conductivity
but compared to Au and Ag, the value of sensitivity is lower.
Table 1 shows the summary of the review of materials used
in the SPR sensor.
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Fig. 8: Types of plasmonic materials used in SPR sensor

TABLEI. SUMMARY OF MATE ED IN SPR SENSOR
Configuration of Material Thickness Application Referel
sensor
OC-DC-PCF Au
plasmonic sensor
Au/GO u/GO: 19.42 °/RIU
SPR sensor Ag/GO Ag/GO: 5.45 IR
MMF-NCF-MMF
SPR sensor Au peraure detection [48]
FBG- SPR sensor GO/Au Covid-19 detection [49]
TFBG-SPR sensor Au/GO/SPA Human IgG detection [12]
SPR sensor ZnO/Au/graphene ZnO:5nm Pseudgmonas-!nke [52]
. bacteria detection
Graphene:
SPR sensor Au/ZnO 50 nm Alcohol detection [53]
Au/graphene .
SPR sensor Ag/graphene egllcaraphene. 300.26 Biosensing [42]
Cu/graphene Cu/Graphene: 136.24
°/RIU
Au/PtSe Ag: 194 °/RIU
SPR sensor Ag/PtS Au: 187 °/RIU . [54]
SPR sensor TiOJ/Ag Ag: 30 nm 268 nm/RIU Alcohol detection [55]
SPR sensor Ag/Au/Chitosan Ag: 30 nm 0.7271 ppm™* Cu?" ion detection [56]
Au: 15 nm ’
Ag: 48 nm
SPR sensor Ag/GO GO: £2 nm 0.452°/RIU Pb?* ion detection [57]
Total thickness: 50 nm
SPR sensor Ag/Hydrogel - 13 nm/pH pH sensing [46]
PANI: £95 nm 4-nitrophenol
FO-SPR sensor PANI/Pt Pt: 40 nm 1515 nm/RIU detection [59]
PCF-SPR sensor TiN 50 nm 10000 nm/RIU Liquid sensing [60]
o Temperature variation
SPR sensor Al 50 nm 0.387 nm/°C detection [43]
SPR sensor AuNPs/Au Au: 50 nm 3074 nm/RIU - [21]




g:e?]r;g?uratlon of Material Thickness Sensitivity Application Reference
FO-SPR sensor Au/GO/AuUNPs Au: 55 nm 5174.7 nm/RIU RI sensor [61]
PCF-SPR sensor AuNWs Au: 60 nm 19,600 nm/RIU RI sensor [62]
Au/Au nanosphere:
Au/Au nanosphere . 15,747 nm/RIU .
FO-SPR sensor AUAUNR Au: 50 nm AUAUNR: Human IgG detection [62]
25,642 nm/RIU

D. SPR sensor for detection of various types of viruses

The optical biosensor has been used in biological and
chemical applications due to its benefits. Detection strategies
for optical biosensors can be accomplished in two ways:
indirect and direct optical biosensors. For the detection
procedure and signal amplification, indirect optical biosensors
rely on binding with fluorophores or chromophores as labels.
The indirect method produces a lot of signals, but it has a lot
of non-specific binding. The direct optical biosensor
approach, like the SPR biosensor, is based on the analyte
interacting with the optical characteristics of the sensing
environment and measuring the change in RI at the analyte-
sensor interface [66]. Optical techniques such as surface
plasmon resonance, fluorescence, and SERS have been used
to detect norovirus, Dengue Virus (DENV), and influenza
virus.

The study by Sakib et al. mentioned that the SPR sensoris
a very recommended sensor to use in biosensing applications
[16]. In medical sensing, SPR sensor is usedto detect diseases
such detecting DENV [67], Respiratory" Synecytial Virus
(RSV) [68], and Avian influenza virus [69], and there is even
a previous study that used SPR sensor in detecting.Covid-19
[34]. It is reported by Das et al.,.the design for SPR sensor that
can be used for detecting Covid=19 is based'on BK7 prism
which detects small RI changes andlowers the concentration
of protein antigen of SARS-CoV-2. The. matéerial used in this
proposed sensor is AUNR which can effectively increase the
electric field. Thus, the evanescent field improvement thatwas
observed increased to 376.33% as compared to the basic Au
nanosheet-based Kretschmann model. The maximum
sensitivity obtained is 111.11 °/RIU with “AuNR
(diameter=10nm) coating in the sensor. Moreover; by using
SPR sensor, the LOD will be low [34]. It isreported by Omar
et al., the LOD achieved is as low as¢0.08 pM<with_good
linearity (R?= 0.92) when the SPR sensor wasised to detect
the DENV-2 E-proteins within 8 minutes: The SPR sensor was
designed with a gold surface awith dithiobis (succinimidyl
undecanoate) (DSU) for the immobilization of the' NHrGO-
PAMAM  nanocomposite. ~ The' Au/DSU/NH.rGO-
PAMAM/IgM thin film-integrated SPR sensor in this study
shows a good reaction towards DENV-2 E-proteins where the
value of sensitivity gained is 0.2576° pM~! [67]. Fig. 9 shows
the result of the FTIR analysis of Au/DSU/NHrGO-
PAMAM/IgM sensor film before and after the DENV-2-E
proteins were inserted. The peaks show the functional groups
interact with the coating materials.
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Fig. 9: FTIR analysis of Au/DSU/NHrGO=PAMAM/IgM sensor film
before and after the DENV=2-E proteins were inserted [67]

SPR sensoryofferst excellent, performance when using
different types of fiber. A'proposed sensor by Samavati et al.
used FBG. The wavelength sensitivity of the sensor is 0.4250
nm/virus humbet with'instant response to the patient’s saliva.
The.advantages of this proposed Au/GO-FBG SPR sensor can
become \a potential device in sensing and bio-sensing
applications due to its tolerance to high sensitivity, capacity
for portable use, and electromagnetic interferences [49].
Besides, research by Murugan et al. used a U-bent optical fiber
sensor. system to detect SARS-CoV-2 virus particles and
found that the response time is within 15 minutes. The
plasmonic material used is AuNPs as it amplifies the
interaction signal. The LOD of this sensor to the particle
obtains is as small as 10° particles/mL, which is enough to
cause infection [11]. Fig. 10 shows the structure of the
plasmonic fiber-optic absorbance biosensor (P-FAB) sensor.
In addition, an SPR sensor has reportedly been used in
detecting the virus that is circulating in humans and birds,
avian influenza A H7N9. They found out that the biosensor
proposed has a fast response time which is about 10 minutes
for detecting the H7N9-RG virus, which has surface features
that are similar to avian influenza A H7N9 virus. They
claimed that the sensor is far superior to handmade target-
captured Enzyme-linked immunosorbent assay (ELISA),
commercial Rapid influenza diagnostic test (RIDT), and even
Quantitative reverse transcription PCR (qRT-PCR) due to the
detection limit in the mimic solution obtained is 402
copies/mL [69].
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Fig. 10: P-FAB device and integrated U-bent fiber probe cartridge [11]

Currently, nanoparticles have been used in the SPR
technique, thus LSPR is triggered during the sensing
mechanism. Local variations, such as Rl change and molecule
binding, are detected with high sensitivity by LSPR sensing
systems [10]. The research by Qiu et al. uses the BK7 prism
in SPR sensor construction to couple the incident light into
plasmonic material which is gold nano island (AuNI). The
plasmonic resonances of PPT and LSPR can be induced at two
different wavelengths by using two separate angles of
incidence, considerably improving sensitivity, sensing
stability, and reliability. The LSPR sensing unit achieved real-
time and label-free detection of viral sequences, including
RdRp-COVID, ORF1ab-COVID, and E genes from SARS-
Cov-2, with this arrangement. Moreover, the AuNI ‘chips in
situ PPT augmentation significantly increased hybridization
kinetics and nucleic acid detection selectivity[10]."Research
by Zhan et al. uses AuNPs and graphene as plasmonic
materials to enhance the performance of RSV detection. They
found out that the combination of AuNPs and graphene results
in ultrahigh detection sensitivity and theisensor requires no
enzyme label, ensuring the robustness of the immuanoassay. In
addition, the research found that AuNPs provide stability after
the removal of enhancement of the,solution. The result from
this research is the detection limit'was discovered to be 1.7
fg/mL, which was 100 times greater than the AuNPs-based
approach. The ultra-high sensitivity was due to a huge number
of well-dispersed AuNPs placed on the graphene surface,
which had a very large relative surface area [68]. Liu et al,
proposed an SPR chip sensor with GO layer to detect Porcine
Reproductive and Respiratory Syndrome Virus, (PRRSV).
This research employed an Au SPR chip and coated it with
GO. The Fourier-transform SPR (FT-SPR) frequency shows
that there were no significant changes whenusingfixed papain
concentration which means that the surface content of GO was
reproducible from one preparation to the next.preparation.

Besides, the SPR sensitivity was improved approximately 2.9-
fold by the GO-modified sensor compared to the sensor
without GO-modified [70].

Kang et al. proposed a sensor to detect Covid-19 by using
a multiplex SERS platform based on a plasmonic paper
substrate along with a double-labeled probe to detect several
fluorescent dyes in a single-wavelength light source system
with high sensitivity. SERS is a potential approach for
detecting several fluorescent dyes with excellent sensitivity.
The LSPR of noble metal nanostructures impacted by
surrounding molecules, interparticle gap spacing, or shape
results in SERS, which provides a highly defined vibrational
fingerprint. The plasmonic substrate used is Ag nanodots
paper that provides high sensitivity to SERS biosensing based
on LSPR. Fig. 11 shows the structure of the proposed sensor
and the method of fabricating it. The suggested approach can
identify and quantify a wide range of fluorescent dyes with
concentrations ranging from picomolar to millimolar. This
experiment shows that PCR-based SERS may identify many
targets using existing PCR settings without altering primer
and probe sequences. The cellulose fiber matrixes' unique
hierarchical ultrastructures enable highly sensitive SERS
detection, even at low concentrations. The assay detection
limit of SERS-PCR was lower than that of real-time PCR in
this'investigation. These findingsshed light on'how extremely
sensitive SERS can be used to reduce PCR cycles)[6]. Fig. 12
shows the relationships between the fluorescence intensity of
the two-plex real-time"PCR assay-and the cycle number to
prove the low detection limit of the proposed sensor. The
fittings of SERS intensity that is dependent on the cycle
number for 0.01, (blue line) and,0.01 ng/uL (red line) are
obtained tobe R#>,0.99. They mentioned that by using real-
time PCR; it is not possible to detect the sample concentration
under 1'pg/uL (13.64 pMufor the E gene and 13.4 pM for the
RARP, gene) before it reached 20 cycles. Besides, by using
SERS-PCR, the.detection can be done only in 10 cycles. The
sensor is a goodinitiative to detect Covid-19 as it combines
the SPR with the SERS mechanism. The SPR sensor provides
high sensitivity, fast time response, and low LOD. Thus, we
found, that SPR sensors have a good potential to be used to
detectwviruses including SARS-CoV-2, or known as Covid-19.
There are previous articles that use SPR sensors to detect
viruses. Table 2 shows the data from the studies of the
performance of different types of optical sensors in various
applications in order to support that SPR can be a good
candidate in detecting Covid-19 that ha similarity as SAR-
CoV gene which causes respiratory virus disease.
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TABLE II. OF PLASMONIC MATERIALS IN DETECTING VARIOUS VIRUSES
Materials Type of sen 'I;]P:rl](;kness/Dlameter LOD Time-response | Applications Reference
Covid-19 SARS
111.11 Au: 50 nm COV-2 Spike
Au/AuNR SPR sensor °RIU AUNR: 10 nm 7E-5RIU - protein [34]
detection
Dengue Virus
Au/DSU/NH,rGO- 0.2576° . Qi Type 2 E-
PAMAM/IgM SPR sensor pM-1 Au: 48 nm 0.08 pM 6-8 min Proteins Signals [67]
detection
Auvian influenza
Ag: 35nm 402 . .
Ag/Au SPR sensor - Au: 10 nm copies/mL 10 min g\ H7N9 virus [69]
etection
0.4250 .
- . Covid-19
GO/Au FBG- SPR sensor nm/virus Au: 30 nm - 10s detection [49]
number
COVID-19
Ag nanodot SERS-LSPR - - - detection [6]
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Materials Type of sensor Sensitivity

(nm)

Thickness/Diameter

LOD Time-response | Applications Reference

AuNIs LSPR sensor

50m-5.2nm

COVID-19
200s spike protein [10]
detection

0.22 £0.08
pM

Plasmonic

. 19 nm
immunoassay sensor

AuNPs/graphene

1.7 fg/mL RSV detection [68]

AuNPs P-FAB

20 nm to 60 nm

COVID-19/
106 . antibody
particles/mL 10-15 min IgM and 1gG
detection

[11]

Au SPR chip with

GO 2.9-fold

SPR sensor

Porcine
Reproductive
and Respiratory | [70]
Syndrome Virus
detection

IV. POTENTIAL OF SPR SENSOR IN DETECTING CoVvID-19

Many works have been done to study the performance of
SPR sensors in detecting Covid-19. Table 3 shows the
summary data of the performance of the SPR sensor in
detecting Covid-19. According to Akib et al., the procedure of
detecting Covid-19 starts with collecting samples by the
nasopharyngeal swab test and blood. This is done to get the
virus spike receptor-binding domain (RBD) or RNA and anti-
spike protein respectively. Then, the sample is used in Au/
PtSe,/ graphene coated SPR sensor based on different ligand-
analytes which are; (i) monoclonal antibodies (MAbs) as
ligand and COVID-19 viral spike RBD as analyte; (ii) specific
probe as ligand and COVID-19 virus single-standard RNAas
analyte; and (iii) virus spike RBD as ligand<and virus anti-
spike protein (IgM, 1gG) as analyte. This study found.that the
SPR sensor has a very high sensitivity. of 183.3°/RIU,
compared to other conventional sensorsiand the performance
was confirmed by the FDTD technique and TMM algofithm
[20].

Dai et al. construct an SPR, sensor based on laser
heterodyne feedback interferometry to detect SARS-CoV-2
spike antigen. This research deployed polydimethylsiloxane
(PDMS) microfluidic channel/Au film/K9 glass sandwich
structure on a prism. To detect the Covid-19 spike antigen, the
sensor structure was immobilized with anti-SARS-CoV-2
spike MAbs which can give better effectiveness of specific
binding events on the surface of the sensor structure.”As a
result, the noise-limited resolution is calculated to, be 0.08
pg/mL which can be termed as the coneéentration when the
voltage change is higher than the standard deviation ofthe
noise level which is 0.25 mV. This signifies that this biosensor
can detect the antigens at low concentrations without sample
labeling. However, this sensor only has one optical path
which is prone to fluctuations inlaser power and disturbances
[71]. Another research by Das ethal. reported that the SPR
sensor is suitable to use in detecting Covid-19 as this sensor
offers a label-free and real-time detectiontechnique. From this
study, they found that with the assistance of AUNR as sensing
material, it helps to increase the sensitivity, and the optimum

distance between AUNR and plasmonic Au nanosheet has
improved evanescent field compared to the basic Au
nanosheet-based Kretschmann model [34]. The structure of
this proposed sensor is shown in Fig. 13.

A simulation done by Sudheer et al. proved that their
proposed SPR sensor can be an excellent sensor to detect
Covid-19 because the RI of mucus and.serum falls within the
suitable range for biosensing detection which for RI values of
1.388<1.422, the Al/ZnO/ TisC,Tx coated fiber combination
works well, as does the Al/ZnQ@: Pd/TisC,Tx coated fiber for
1.354-1.406. This study also mentioned that better biosensors
willresult from the proper selectionof the sandwich layer's
thickness and volumedfractions_[72]. “Another research by
Moznuzzaman et al. combine six layers»in their proposed
sensor to detect SARS-CoV-2:antigens (S-glycoprotein). The
layer consists of a layer. of Agithat is inserted between a
molybdenum diselenide ‘(MoSe,)/graphene composite layer
and a Ti@ thin sheet. The multilayer of different materials
like AglMose2/graphene.gives improvement for the sensor as
the _maximum sensitivity is obtained by the multilayer
compared to other plasmonic layers. It has a sensitivity of
194°/RIU, a quality factor of 54.04 RIU?, and a detection
accuracy of about 0.2702. This study uses the CR3022
antibody for SARS-CoV-2 detection and there is some
limitation such as the angle of SPR fluctuating insignificantly
[45].'Research by Samavati et al. uses a different type of fiber
optic which is FBG coated with Au and GO that can trigger
high sensitivity during sensing performance. They claimed
that the proposed sensor can be an excellent choice as it has
remote sensing features and a fast-time response to the sample
besides the detection accuracy is great which the standard
deviation is £0.02 dB and +0.01 nm for wavelength and
intensity. This shows that the sensitivity is constant and stable
because of the low value of standard deviation [49]. Huang et
al. and Qiu et al. use nanoplasmonic materials such as AUNPs
and AuNIl in Covid-19 detection [10], [44]. The
nanoplasmonic chip in the study by Huang et al. can detect the
whole SARS-CoV-2 with a quick response time [44].
Meanwhile, the proposed sensor by Qiu et al. provides high
sensitivity and a low LOD, 0.22 pM [10].
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Fig. 13: The structure of Au/AuNR SPR biosensor to detect SARS-COV-2 spike protein [34]

Based on the analysis, we found that Au nanomaterial is
the most preferable material which has a percentage of 50%.
Au nanomaterials such as AUNR, AuNPs, and AuNI are the
form of Au nanomaterials that give out the best performance.
AUNR is easy to fabricate and there is a lot of chemical
company can provide customized AuNRs [34]. The AuNPs
enhanced the sensor which gives a low LOD [10]. Moreover,
the functionalization of AuNI with complementary. DNA
receptors is said to be a good initiative in detecting Covid-19
as it also provides a low LOD [10]. Au doped graphene is the
second preferable material (25%) because «graphene has a
large specific surface area for molecular adsorptionmand
excellent conductivity properties [66]. Graphene<€an be used
in enhancing sensitivity and gives a surface for binding [68].
The used materials to doped with Au such as PtSez/graphene
and GO [20], [49]. Then, the other material which is Ag-based
materials is 13% by using TiO2/Ag/MoSe;/graphene [45].
Finally, the least used material is"Al-based material which is
12%. Fig. 14 shows the percentage of the material used in the
SPR sensor to detect Covid-19. It can be seen that most
research use Au-based materials to construct SPR sensor
including metal film and nanomaterials.

Fig. 14: Percentage of material in SPR sensor to detect Covid-19

u nanomaterials
uNR, AuNPs,
AuNI)

50%

TABLE III. THE PERFORMANCE OF SPR'SENSOR IN DETECTING COVID-19
Materials Type of sensor | Sensitivity ThitlQesgDiameter LOD Applications Time- Reference
(nm) response
Covid-19 SARS COV-
9 Au:50 nm 7E-5 . .
Au/Au NR SPR sensor 111.11 °/RIY AUNR: 10 nm RIU 2 Splk.e protein - [34]
detection
COVID-19 virus spike
Au: 50 nm protein, virus single-
Au/PtSe,/graphene SPR sensor 183.3 °/RIU PtSe,: 2 nm - standard RNA, and - [20]
Graphene: 1.7 nm antibodies against the
virus spike protein
FBG- SPR 0.4250 nm/virus . . .
Au nanolayer/GO sensor number Au: 30 nm - Covid-19 detection 10s [49]
Graphene: 0.34 nm
TiO./Ag/MoSe, o MoSe,: 0.97 nm ) Covid-19 SARS-COV- |
graphene SPR sensor 194 “/RIU Ag: 58 nm 2 detection [45]
TiO: 5nm
Nanoplasmonic 370 Covid-19 SARS-COV- .
AUNPs sensor ) 70nm vp/mL 2 detection <15min | [44]
0.22 . . .
AuNIs LSPR sensor | - 5.0nm-5.2nm 0.08 go"'d? 19 spike protein | 5, ¢ [10]
oM etection
Au SPR sensor 1.07 x 10°mV/RIU | 50 nm 0.08 Covid-19 spike antigen | _; iy | 79
pg/mL detection
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V. CONCLUSION AND FUTURE PERSPECTIVE

SPR is said to be one of the best choices in Covid-19
detection as it provides a good sensitivity, accuracy, and can
be designed with different types of configurations like by
using prism or fiber optics or using different kind of materials
that suits the virus detection. Besides, most research suggest
that SPR is suitable to be used in detecting Covid-19 sensor
where most of the works obtained a high sensitivity sensor,
low limit of detection, and fast response time, and good
repeatability. However, compared to RT-PCR, immunoassay,
and CT scan imaging, SPR sensor is still on research. Thus,
the implementation of SPR biosensor in detecting Covid-19
is not as reliable as other method that have been used before.
Perhaps, in the future, there will be more research to improve
the performance of this sensor as a biosensor. In term of
sensitivity, CT imaging method provides the most sensitive
detection compared to other method but it can cause
confusion with other lung health condition. Therefore, it is
suggested to use RT-PCR method but it is time-consuming.
SPR sensor were claimed to have fast time response and is
actually a bit similar to the commercialized test kit that uses
immunoassay method. Nonetheless, the SPR sensor has time
response less than 15 minutes which can top _the
immunoassay that needs 15 minutes to confirm the result.
This work hopes that Covid-19 SPR-based sensorican be
commercialized and designed properly for compatibleness.in
the future.

Considering the result from this reviewthe construction
of Covid-19 SPR-based sensor can be improved.in terms of
plasmonic material selection. Basedhon this review, /Au
nanomaterials are the best plasmonic material to, use.in the
SPR sensor to detect Covid-19 whichhas the “highest
percentage (50%) among all of the plasmonic materials used
in SPR sensor. Au nanomaterials insuch different forms like
AUNPs, AuNWSs, Au nanosphere, "AuNRs and AuNI are
suitable to be used in SPR sensors because they provide high
sensitivity [21], low LOD [44], fast time response,<high
selectivity and can be doped with other materials such'as Au,
graphene, GO, and nanoparticles. Besides, Au nanomaterials
is resistant to surface oxidation and chemically_stable [65]
and it provides great coating behavior as it4s compatible to
be used on different substrate like prism, fiber optics, and
photonic crystal fiber. Apart from that; the construction,of
this kind of sensor is a bit costly as.the gold nanomaterial is
a bit pricey compared to other materials. To overcome this
problem, a small amount of Au nanomaterials can be used
and improve the configuration‘with addition of other cheaper
materials like silver or use other approach which is to design
different sensor configuration by usingdifferent types of fiber
optics or prism or by using different. method of material
deposition. This research proposed Au nanomaterials to be
used in SPR sensors for detecting Covid-19. Therefore, we
believe that this review will help in developing an excellent
sensor for Covid-19 detection.
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