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Abstract: Influenza viruses are a major global public health concern because they cause
seasonal epidemics and sporadic pandemics. The sensitivity and specificity of viral detection
can be improved through recent developments in biosensor technology. The capacity of
microcavity biosensors to detect biomolecules, including viruses, in real-time without requiring
labels caused interest among them. In this study, we present a novel polymer-coated
microcavity biosensor for the high-sensitivity detection of the HINT influenza virus. The main
microcavity structure of this label-free biosensor is intended to improve sensitivity by
optimizing performance characteristics specific to viral samples. The simulation indicates the
microcavity resonator’s outstanding sensitivity in HIN1. Our biosensor efficiently detects
H1N1 at lower concentrations than conventional diagnostic techniques by utilizing a polymer
coating that improves binding affinity and encourages the immobilization of certain antibodies.
Using the polymer layer enhances the sensor’s functionality and confers biocompatibility,
opening up possible uses in point-of-care environments. The polymer-coated microcavity
biosensor, according to our research, is a potential platform for early, sensitive, and quick
influenza virus detection, greatly assisting with public health response and monitoring
activities.

Keywords: HINI influenza virus; polymer coated; micro cavity biosensor; sensitivity
detection

1. Introduction

Seasonal viruses are known to infect people, mainly causing respiratory diseases
with huge impacts on the economic as well as health sectors. Influenza A viruses
(IAVs) are the annual epizootic diseases that circulate in human populations and are
descended from a diverse pool of ecological sources, while influenza type B viruses
are primarily adapted to humans [1]. How the Genetic material of the virus is arranged
in several Ribonucleic acid (RNA) segments allows the mixing of the material of
different IAV strains and creates completely new viral strains with gene
rearrangements [2]. During pandemic outbreaks, this process, called antigenic shift,
can sometimes result in the formation of viral strains with significantly different
characteristics and the ability to attack immunologic naive individuals with increasing
pathogenicity. In this context, zoonotic viruses that are prevalent in swine and avian
populations that exhibit significant fatality rates when transferred to human hosts are
of particular concern [3]. These viruses, known as H7N9 or H5N1 “bird flu,” now
only have a minimal capacity for human replication and almost ever spread among
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people, but they are being actively watched since it is thought that they may evolve
into extremely effective human-to-human transmission [4].

A major pathogen that causes respiratory illnesses in millions of people
worldwide is the influenza virus, sometimes referred to as the flu virus. Its segmented
RNA genome allows it to be classified as a member of the Orthomyxoviridae family
[5]. A and B Influenza viruses are the most common in humans, there are four primary
varieties of influenza viruses A, B, C,and D. Hemagglutinin (H) and neuraminidase
(N), two surface proteins that are essential to the virus’s capacity to infect host cells
and elude the immune system, are used to further divide type A virus into subtypes
[6]. When an infected individual coughs, sneezes, or talks, respiratory droplets are the
main way that influenza is disseminated. Additionally, the virus can spread through
infected surfaces, where it can persist for variable lengths of time. Seasonal epidemics,
marked by an abrupt onset of a high temperature, cough, sore throat, muscular pains,
and exhaustion, can be brought on by the virus [7]. Influenza can have serious
consequences, especially for vulnerable groups including the elderly, small children,
and individuals with pre-existing medical disorders, even though most healthy persons
recovered in a week or two. The influenza virus’s structure is shown in Figure 1.
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Figure 1. Structural components of influenza virus.

An analytical technique of biological substances is biosensor technology which
is designed to determine the analyte-sensor interaction and transduce the response into
analytical signals [8]. These gadgets are a type of transducer that can transform a
biological touch into electrical, visual, as well as mechanical signals and a biological
recognition part that would comprise antibodies or enzymes. Because they enable to
determination of specific biomolecules and are highly selective biosensors are applied
in various branches like environmental monitoring, medicine, and the food sector [9].
Real-time detection, label-free: Real-time detection in biosensing does not require the
use of chemical tags or probes that are used to indicate the target analyte.

The prospects are numerous as in label-free biosensors, the useful and highly
effective biomolecular recognition element, and a direct interaction with the target
biomolecule without changing the latter [10]. Chemical Identification does not invade
into signals or alter them; reading measurements is relatively faster and more accurate.
The real-time biosensors are able to identify viral particles during the viral detection
process by evaluating changes in properties such as mass, refraction index, or
electrical resistivity, when the virus begins to bind to the sensor surface, thus enabling
ongoing monitoring as these changes occur continuously [11]. Epidemic control and
disease control respond to the ability of timely and efficient implementation of early
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detection and monitoring of viral diseases like the flu. Timely treatments that reduce
transmission and enhance public health management are made possible by early
diagnosis [12]. This research introduces a new polymer-coated microcavity biosensor
for the HIN1 influenza virus’s high sensitivity detection.

Key contribution

1) The polymer-coated microcavity biosensor outperforms standard methods in
providing high-sensitivity, label-free HIN1 detection.

2) The optimization design and polymer coating enhance binding affinity, allowing
for detection at low viral concentrations.

3) The sensor’s biocompatibility makes it suitable for rapid, on-site influenza
monitoring, aiding public health responses.

The remaining portion of the study is split up into many sections to guarantee that
the results are presented clearly and thoroughly. To contextualize the current inquiry,
Section 2 examines previous studies and fundamental research to give relevant
research. In Section 3, several strategies are examined, and the research tactics and
processes used are described. Part 4 looks at the results and their consequences,
including the findings from the experiment. The discussion is demonstrated in section
5. In Section 6, the research is effectively concluded by summarizing the key findings,
elucidating their significance, and proposing potential directions for further research.

2. Related works

The development of sophisticated biosensors for the detection of inflammatory
biomarkers, viral infections, and serological tests was covered in the article [13]. Thus,
it focused on advantages and disadvantages, as well as the prospects for using various
technologies. The growth and development of subsequent generation biosensing
technologies, like the clustered regularly interspaced short palindromic repeats
(CRISPR) based biosensors, which were capable of having higher sensitivity and
selectivity was also discussed. Besides focusing on current problems, the analysis
provided a roadmap for future biosensing technology advancements for pandemics.

Modern biosensors have been developed due to advanced nanotechnology, hence
increasing the sensitivity of the biosensors and the detection of bacteria and viruses
[14]. These selectivity, affinities, and effectiveness of devices have been improved
with the help of electrospun nanofibers, graphene quantum dots, and nanoparticles.
The use of biosensors became investigated thoroughly because the fundamental goal
tentatively aims at revealing the role of biosensors in the identification of bacteria and
viruses and at offering some input to improve the speed and the reliability of COVID-
19 diagnosis.

A biosensor that used a core microring with microscopic gold rings to identify
influenza viruses in avians was explained in the research [15]. High sensitivity to
HINT1 and H9N2 viruses was made possible by the resonator’s design performance.
The sensitivity for HIN1 and HY9N2 is 880 nanometer (nm)/
Refractive Units Index (RIU) and 2025 nm/RIU , respectively, according to
simulations. Black phosphorus materials in two dimensions were used to increase the
sensitivities as 1425 nm/RIU for HON2. Because of its small size and wider
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wavelength shift for HON2, the biosensor could hasten the fabrication of nanooptic
biological sensors for early, sensitive, and quick viral detection.

The critical need for precise, ultrasensitive, quick, and reasonably priced
diagnostic methods for viral illnesses, including COVID-19, was covered in the article
[16]. It examined a number of nanophotonic biosensor technologies and processes,
such as fiber Bragg gratings, surface-improved Raman scattering, plasmonic field
enhancement, and microresonators. Quantitative concerns about optical sensing and
transmission methods were also covered in the investigation, with particular attention
given to reaction times, sensitivity, specificity, and limit of detection. Prospects for
the future included mass-manufacturable, ultrahigh-sensitivity, lab-on-a-chip viral
detection systems that were affordable.

The necessity for quick, sensitive, and precise viral detection techniques was
demonstrated by the COVID-19 pandemic [17]. Because of their small size, low
analyte needs, and great sensitivity, photonic biosensors were a modern invention.
Modern developments in photonic biosensor technology were examined, including
interdisciplinary methods for enhanced biosensors with high sensitivity, quick
response, and selectivity, material innovations, surface modification, and processes
based on wavelength shifting and fluorescence.

Public health was seriously threatened by viral infections, which could lead to
pandemics, severe disease, and financial strain on healthcare systems [18]. To
minimize social and economic harm and save lives, prompt and precise diagnosis was
essential. Polymerase chain reaction (PCR) based methods have limitations, including
the need for complex lab equipment and lengthy processing periods. To provide quick,
accurate, and high-throughput viral diagnosis platforms, biosensor devices were being
developed. For viral detection, optical tools such as optical resonators, fluorescence-
based sensors, and interferometry-based platforms were very desirable.

The COVID-19 pandemic highlighted to illuminate the shortcomings of the
biosensors that were now available for quick widespread testing and population-level
identification of new viruses [19]. Traditional approaches need the creation of virus-
specific receptors, biological amplification, lengthy development times, and expensive
equipment. By utilizing optical or electrically powered amplification, avoiding
biological amplification, and cutting down on testing time, new adaptive multiplexed
sensors could resolve such issues.

Pandemic outbreaks were triggered by extremely contagious infectious illnesses,
such as bacteria and viruses [20]. For both prevention and healing, early diagnosis was
essential. Long wait periods and expensive equipment were disadvantages of
traditional diagnostic methods. Point-of-care (POC) devices, which were based on
microfluidics or plasmonics platforms, provided mobility, cheap prices, and quick,
sensitive detection. The healthcare sector was experiencing a transformation due to
recent advances in POC technology.

COVID-19 caused attention to how crucial POC sensors were to infection control.
Biosensors have been utilized to improve sensitivity and dependability [21]. It
included metal nanoparticles, nanoparticles with magnetic properties, quantum dots,
carbon-based nanomaterials, and molecularly imprinted polymer nanoparticles (NPs).
Utilizing nanomaterials in a variety of transducers for biosensor devices offered a
glimpse into the development of dependable, portable viral biosensors.
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The application of two-dimensional carbon nanomaterials in biosensors to
improve sensitivity and shorten analysis times was examined in the research [22]. It
discussed fluorescence biosensors based on graphene and two-dimensional carbon
materials for the detection of several human viruses. It focused on several multiplexing
detection systems and the Forster resonance energy transfer (FRET) process.
Additionally, it addressed the difficulties in employing fluorescent biosensors and
provided advice on how to overcome issues.

The influenza virus in both people and animals, viruses caused severe respiratory
infections which induced high levels of cytokines and death [23]. For viral attachment,
entrance, and the release of the virus particles, the external glycoprotein neuraminidase
(NA) was mandatory. NA removed sialic acids from carbohydrate chain reactions and
efficiently cleaves cell surface proteins as a sialidase. It was to develop and design the
drugs that would alleviate the immunological damage caused by influenza without
affecting the NA protein.

The utilization of high-quality factor optical microcavities particularly optical
whispering-gallery-mode (WGM) microcavities in confining light for resonant
circulation in the micrometer regime was proposed [24]. Potential biochemical
applications of the high-sensitivity optofluidic sensor include protein, nucleic acid,
virus detection, and cell activity analysis for biological research applications which
can be integrated with microfluidic technology. Optofluidic sensor technologies using
high-Q microcavity Optofluidic sensors were reviewed based on the Ilatest
developments in the field and observed how they have been employed in investigating
biological systems.

To identify tiny respiratory viruses like COVID-19, the article [25] incorporated
surface plasmonic resonance (SPR) into a whispering-gallery-mode (WGM) optical
microsensor. Fast, precise, and targeted viral detection was made possible by the
integration, which increased sensitivity by three to five times. Using a 10-picometer
(pm) resolution optical analyzer, the sensor could identify a single 20-nanometer (nm)
airborne virus; for viruses in aqueous solution, the detection limit was around 0.005%.

3. Methodology

To detect the HIN1 virus, samples are obtained from the respiratory system using
nose and throat swabs, as shown in Figure 2. These swabs collect viral particles from
the upper respiratory tract, which constitute a site of HIN1 virus replication during
infection. Before sending the samples for analysis, they are first placed in vials with
other substances collected for the same purpose. The application of polymer-coated
microcavity biosensors is effective in improving the detection sensitivity of these
samples. It enhances the capacity for detecting low viral load by enhancing the binding
affinity with the virus particles due to the polymer coating. The structure of the
presented sensor is based on the microcavity that provides the additional improvement
of the sensitivity. When integrated with conventional sampling methods, this
biosensor technology can produce swift and precise affirmation of HIN1 in the
respiratory system thereby enhancing the diagnostic process and establishing timely
and appropriate public health intervention measures.
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Figure 2. Process of detecting virus through swab.

3.1. Micro cavity structure

The biosensor’s detection process relies on the microcavity where light and
matter interactions are controlled to efficiently and selectively detect the HIN1
influenza virus. In this work, we employed a highly specific micro-cavity structure
that was designed to enhance resonant phenomena and optimize the confinement of
the light. Hence, silica and other high-quality dielectric materials were used in the
fabrication of the microcavity owing to their superior optical transparency and low
light absorption. The geometry of the microcavity can be spheric, cylindrical, or planar
each kind of geometry provides specific advantages concerning the optical
confinement and resonance. For instance, perfect internal reflection enables spherical
microcavities, the WGM resonators, to imprison the light, and thereby enhance the
sensing duration of the virus-coated surface.

The size of the microcavity was further controlled to match certain resonance
frequencies with predetermined optical properties of viral samples. The actual
structures that were created for the tubing were flat geometries and were produced
using state-of-the-art techniques such as reactive ion etching and lithography for the
flat geometries and especially advanced polishing for the necessary spherical
geometries. These procedures eliminated all the scattering losses and also improved
the resonance quality (Q-factor) by making the microcavity surfaces very smooth. The
small changes in refractive index, as in the case of binding of HIN1 virus particles,
were also noticeable in terms of the changes in cavity spacing, or diameter, which
made it easily possible to achieve the optimum resonant cavity spacing. This enhanced
the resonance sensitivity. The performance or ability of the microcavity to optically
identify small hinted concentrations of viruses in a sample can be significantly affected
by any shift in its geometry or morphology; thus, this level of sensitivity is crucial.

3.2. Polymer coating

The layer that has been applied to the microcavity biosensor is the polymer
coating as it plays the role of increasing the binding parameter values for the HIN1
influenza virus and also enhances the antibodies’ immobilization. The biocompatible
material for this study is polyethylene glycol (PEG) or polystyrene since this material
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has suitable surface properties and affords specific interactions with biomolecules. A
spin-coating technique was employed to ensure that the polymer can coat the
microcavity surface uniformly and maintain a specific thickness ranging from 100 to
500 nanometers in general. This thickness was selected to meet the constraint on the
thickness necessary to maintain the optical properties of the microcavity and
simultaneously expose the appropriate surface area to binding. To enhance the
hydrophilicity of the microcavity surface mesh and enhance the polymer layer’s
adhesion, the surface was washed before coating, including plasma treatment. After
the coating of the surface, chemical coupling methods were adopted that helped to
immobilize some of the antibodies specific to the HIN1 virus. Stable immobilization
of the antibodies was achieved through functionalization of the polymer surface to
allow for a direct covalent reaction with the antibodies. There is a high selectivity in
which the virus can attach to the well-defined and biocompatible surface thus
increasing the sensitivity of the biosensor. Furthermore, the polymer coating offers
other functions; for example, resistance to non-specific binding is critical when
improving the assay, reliability, and dependability of the biosensor as well as
increasing the biosensor’s ability to detect low levels of HINT.

3.3. Polymer-coated microcavity biosensor

The first step in applying the polymer-coated microcavity biosensor to detect
influenza is to perform surface preparation. To enhance the hydrophilicity of the
microcavity and obtain better polymer coating adhesion, the microcavity should be
cleaned and treated properly. During spin coating, an appropriate biocompatible
polymer layer for instance PEG is incorporated into the surface of the chip in a layer
that enables the immobilization of some specific antibodies that would detect the
HINI1 virus. The antibodies attach to form covalent bonds to the polymer layer once
the polymer is on the substrate this anchors the surface and securely holds the viral
antibodies for viral capture. When the biosensor is established, a specimen that may
contain an influenza virus is introduced into the microcavity. To enhance the viral
attachment to the immobilized antibodies, the sample is allowed to incubate for a
certain time in this step, typically ranging from 30 min to several hours. Non-bound
interferences are then washed off the sensor with a buffer solution to help reduce the
background count. An optical detecting device that monitors changes in resonance
wavelength or intensity proportional to the binding events of the influenza virus to the
biosensor is then used to analyze the biosensor. The identification of the HIN1 virus
in the sample could be estimated based on the absolute value and comparing the
detected changes to the calibration curves given as a result of the real-time PCR
reaction, providing a fast highly accurate diagnostic result. Figure 3 shows a polymer-
coated microcavity biosensor to detect influenza.
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Figure 3. Schematic representation of influenza virus structure and detection using a
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polymer-coated microcavity biosensor.

3.4. HIN1 influenza virus

HINTI is a subtype of IAV and is the cause of both, the global pandemic and the
severe flu season, it is often referred to as swine flu. It is a part of the
Orthomyxoviridae family and is characterized by two glycoproteins on the outer shells,
namely, neuraminidase and hemagglutinin that help the virus enter and exit from the
host cell. The virus has a different antigenic characterization caused by the “H1” and
“N1” referring to specific variants of these proteins. HIN1 spreads especially through
droplets produced when infected people agitate their respiratory system either through
coughing or sneezing it can also spread through contact with contaminated objects.
Fever, cough, sore throat, body pains, and exhaustion are the usual symptoms;
however, more severe instances could result in complications like pneumonia,
especially in susceptible groups including small children, the elderly, and people with
weakened immune systems. The rapid mutation and adaption of HIN1 causes
widespread illnesses and poses a major threat to public health. To manage epidemics
and stop widespread transmission, early diagnosis is still crucial even with the
availability of vaccinations and antiviral therapies.

3.4.1. Haemagglutinin (H)

1) The word haemagglutin comes from its capacity to agglutinate erythrocytes in
specific circumstances.

2) Hemadsorption and haemagglutination are carried out by the glycoprotein
haemagglutinin, which is made up of the polypeptides H1 and H2. The disulfide
link connects these two polypeptides.

3) There are 500 spikes in the Haemagglutinin, each of which is /2 nm long.

4) The hydrophilic tail end of the triangle-shaped H inserts it into the viral
membrane. The binding of vision to host cells is carried out by the distal end,
which has five antigenic sites (H1-HS).

5) One of the main influenza virus antigens, haemagglutinin, is the component that
causes antigenic variation.

6) HA makes it possible for the virus to attach itself to respiratory epithelial cells
and red blood cells mucoprotein receptors.
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3.4.2. Neurominidase (N)

1) Neuraminidase, a glycoprotein receptor, plays a crucial role in identifying the
influenza virus isolates’ subtype.

2) It is made up of four identical monomers and has 100 spikes in the shape of
mushrooms. A box-shaped head is used to tap a thin stalk.

3)  When the viral replication cycle comes to an end, N is active.

4) The sialidase enzyme neuraminidase eliminates sialic acid from glycol
conjugates. It results in the hydrolysis of sialic acid or N-acetyl neuraminic acid
residues on red blood cell glycoprotein receptors, which elutes or separates cells
that are absorbed by virion particles.

5) The removal of sialic acid residues from viral glycoproteins contributes to the
budding process by facilitating the release of virus particles from the surface of
infected cells and helps stop virions from self-aggregating.

6) Additionally, it breaks down the mucus layer, making the respiratory tract’s
epithelial barrier vulnerable to viral infection.

4. Result

The signal from a biosensor varies in response to varying concentrations of the
target material, demonstrated by a sensitivity curve. The sensor’s efficacy and
detection limitations are determined with its assistance. The term “cell viability”
describes the health and survival of cells in an experiment; it is frequently assessed to
evaluate the effects of environmental factors or therapies. The correlation between
time and signal response reveals kinetic features by monitoring the evolution of a
sensor’s output over time following exposure to the target. The term “virus type” refers
to the particular virus being identified, whereas “biosensor type” describes the
detection technology such as optical or electrochemical sensors. All of these elements
work together to reveal how well a biosensor detects viral infections.

e  Wavelength shift vs. virus concentration

The relationship between viral concentration and wavelength shift serves as the
sensitivity of polymer-coated biosensors in detecting the influenza HIN1 virus as
shown in Figure 4. There is no wavelength shift at a concentration of 0 pg/mL,
suggesting that the virus is not present. A modest wavelength change of 10 nm is
observed when the concentration rises to 250 pg/mL, indicating the biosensor’s initial
reaction. At increasing doses, this sensitivity keeps growing: the wavelength shift
increases to 50 nm at 500 pg/mL and to 100 nm at 1000 pg/mL. The biosensor
shows a significant wavelength shift of 150 nm at the highest concentration
tested 2500 pg/mL. The biosensor’s increased sensitivity is demonstrated by the
gradual rise in wavelength shift with increasing viral concentrations, which makes it a
useful tool for early HIN1 infection detection.
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Figure 4. The polymer-coated microcavity biosensor’s wavelength shift and virus
concentration relationship.

e  Cell viability (%) vs. Treatment type

The polymer coated and the standard material treatment techniques are shown in
Figure 5. From the result, it is clear that the polymer-coated treatment enhances 90 %
cell viability which is far better than the standard material which had 75% cell viability.
This important difference shows just how effective polymer coatings are in enhancing
cellular responses and that enhanced outcomes from their application may be probable
in biological cases. Consequently, the evidence presented herein shows that material
could be coated with polymers to boost cellular functionality along with treatment
outcomes in Medical and biological contexts.
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Figure S. Cell viability performance in polymer coated and the standard material
treatment.

e Time (s) vs. signal response

Figure 6 shows the signal response of the biosensor to the target analyte as a time
response curve. No binding or detection has yet to take place, as evidenced by the
signal response being zero at time zero seconds. The biosensor starts to identify the
target over time, demonstrated by the signal response’s progressive rise over time. An

10
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early contact is indicated by the signal rising to 0.1 after 10 s. When the response hits
0.3 after 20 s, there is a noticeable increase in signal strength, suggesting successful
binding. The response approaches 0.5 after 30 s, indicating that the biosensor is still
effectively capturing the target molecules. The biosensor has achieved a nearly ideal
detection level when the signal response peaks at 0.8 after 60 s. This data demonstrates
the sensor’s efficacy for real-time monitoring and early diagnosis in medical settings
by highlighting its quick target detection capability.

70

604

Time (s)

0 02 04 08 08 10
Signal Response

Figure 6. Signal response of the biosensor to the target analyzed as a time response

curve.

e  Average wavelength shift (nm) vs. virus type

The average wavelength shifts (in nanometers) for the various virus types are
shown in Figure 7, emphasizing their distinctive features. At 60 nm, HIN1 Influenza
has the largest average wavelength shift, indicating that it could have substantial
interactions with light or its surroundings that can be evaluated using this shift. The
common cold-causing rhinovirus has a smaller wavelength shift of 25 nm, which
suggests comparatively fewer interaction effects. The much lower shift of 10 nm for
adenovirus, which could trigger several diseases, indicates that its interactions with
light are less than those of the other viruses. Finally, the average wavelength shift of
the parainfluenza virus is 12 nm, suggesting that its interactions lie in the middle of
those of rhinovirus and adenovirus. These numbers can shed insight into the physical
characteristics of these viruses, which could be helpful in investigation and diagnosing
contexts.

11
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e Binding affinity vs. biosensor type

The efficacy of biosensors, which are analytical tools that translate a biological
reaction into an electrical signal, is frequently impacted by the affinity of the
biomolecular interactions they enable as demonstrated in Figure 8. The dissociation
constant (Kd), which measures how firmly a ligand binds to its target biomolecule, is
used in this context to quantitatively reflect affinity; lower Kd values imply greater
binding. Two different kinds of biosensors one polymer-coated and the other non-
coated are compared figure. The polymer-coated biosensor has a moderate to high
affinity for its target, as shown by its Kd value of 5. The non-coated biosensor’s Kd
value of 10 is substantially greater, indicating a significantly lower binding affinity.
This sharp variation in Kd values demonstrates how well the polymer coating
functions to enhance the sensor-biomolecule interaction, which could result in
increased sensitivity and specificity when identifying the target analytes. For
applications needing accurate and trustworthy measurements of biomolecular
interactions, the polymer-coated biosensor could be more appropriate.

Binding Affinity (kd value)
|

0 T T T
Polymer Coated Non Coated

Biosensor type

Figure 8. Binding affinity comparison with polymer-coated and non-coated
biosensors.

12
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5. Discussion

Electrochemical biosensors for virus detection could be used with contemporary
methods such as computer vision and the electrochemical collision approach. These
developments enable more efficient and quick viral identification by enhancing the
sensitivity, accuracy, and general performance of biosensors. The integration of these
cutting-edge techniques improves the usefulness of biosensors, increasing their
accuracy in identifying different viruses and providing positive responses for the next
public health diagnostics demonstrated in research [26]. The sensor also exhibited a
response time of 5 min for the spike protein and the limit of detection (LOD) was
determined to be 200 pM for saliva samples containing the S proteins and 500 pM
from phosphate buffer saline (PBS) solutions. Furthermore, the sensor identified a
pseudovirus in an electrolyte mixture with a LOD of 106 copies/mL as described in
the article [27]. These results demonstrated that the IAV H3N2 could be detected
selectively by the binding peptide immobilized hydrogel microsphere (BP-Hyd). An
IAV hemagglutinin-labeled antibody was used to index the identified IAV H3N2.
With a detection limit of 1.887 PFUmL™!, they were able to detect IAV H3N2
quantitatively and selectively by combining the affinity peptide with hydrogel
microspheres in the investigation [28]. A linear detection range of 10 pM to 100 nM
is attained by the biosensor, with a detection limit of 0.44 pM. It was able to identify
the HIN1 virus with high selectivity and reproducibility. When actual samples were
analyzed, the biosensor’s stability was verified. Its potential for efficient HIN1 virus
identification is demonstrated by these performance measures in research [29]. The
basics of sound vibrations in sensor technology and microvascular operation, acoustics
wave methods suitable for detection and action, piezoelectric elements used to
generate acoustic waves, production methods, and challenges in applying acoustic
waves methods in biosensing were all thoroughly examined in [30]. The primary focus
had been on the last decade’s developments in the detection potential of sound waves
in a variety of applications, including the detection of infectious microorganisms DNA,
protein molecules, sickness markers, acoustofluidic deception, and the division of
biological materials like cells. Three primary categories of speciality fibre
technologies were presented in [31], multifunctional and multimaterial fibres, lab on
fibres, and photonic crystal fibres (PCFs) and optical fibres with other unique
architectures. Speciality fibres had been widely employed for both practical
applications for a variety of sensing applications. The possible uses for sensors based
on fibre. Speciality fiber-based sensors could greatly enhance sensor performance,
including sensitivity, as compared to conventional optical fibre sensors. Sensing
physical characteristics including temperature, magnetic field, strain, and refractive
index had allowed for these kinds of presentations.

6. Conclusion

Seasonal epidemics and occasional pandemics are caused by influenza viruses,
which pose a serious threat to global public health. In this work, we provided a new
polymer-coated microcavity biosensor for the HIN1 influenza virus’s high sensitivity
detection. This label-free biosensor leverages a primary microcavity structure
optimized for viral samples, enhancing sensitivity. The simulation demonstrates the
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time detection capabilities and increasing selectivity for particular influenza strains
could improve its diagnostic applications.

Author contributions: Conceptualization, YW and SC; methodology, YG; YW;
writing—original draft preparation, SC; writing—review and editing, SC. All authors
have read and agreed to the published version of the manuscript.

Ethical approval: Not applicable.

Contflict of interest: The authors declare no competing interests.

1. Borchering, R.K., Gunning, C.E., Gokhale, D.V., Weedop, K.B., Saeidpour, A., Brett, T.S. and Rohani, P., 2021. Anomalous
influenza seasonality in the United States and the emergence of novel influenza B viruses. Proceedings of the National

Academy of Sciences, 118(5), p.e2012327118.

Mirska, B., Wozniak, T., Lorent, D., Ruszkowska, A., Peterson, J.M., Moss, W.N., Mathews, D.H., Kierzek, R. and Kierzek,
E., 2023. In vivo secondary structural analysis of Influenza A virus genomic RNA. Cellular and Molecular Life Sciences,
80(5), p.136.

Paonessa, M., Salvo, M.D., Tilocca, B. and Roncada, P., 2024. Mitigating neglected zoonotic infections: A One Health
approach on avian influenza in humans and animals. Gene Protein Dis, 3(1), p.2327.

Blagodatski, A., Trutneva, K., Glazova, O., Mityaeva, O., Shevkova, L., Kegeles, E., Onyanov, N., Fede, K., Maznina, A.,
Khavina, E. and Yeo, S.J., 2021. Avian influenza in wild birds and poultry: dissemination pathways, monitoring methods,
and virus ecology. Pathogens, 10(5), p.630.

Macias, A.E., McElhaney, J.E., Chaves, S.S., Nealon, J., Nunes, M.C., Samson, S.I., Seet, B.T., Weinke, T. and Yu, H.,
2021. The disease burden of influenza is beyond respiratory illness. Vaccine, 39, pp.A6-A14.

Husain, M., 2020. Host factors involved in influenza virus infection. Emerging Topics in Life Sciences, 4(4), pp.401-410.
Diwakar, R.P., Kumar, P., Yadav, V. and Verma, H.C., 2021. Swine Flu and Its Impact on Public Health. Call for Editorial
Board Members, 9(1), p.25.

Kaaijk, P., Swaans, N., Nicolaie, A.M., Bruin, J.P., van Boxtel, R.A., de Lange, M.M., Meijer, A., Sanders, E.A., van
Houten, M.A., Rots, N.Y. and Luytjes, W., 2022. Contribution of influenza viruses, other respiratory viruses, and viral co-
infections to influenza-like illness in older adults. Viruses, 14(4), p.797.

Courtney, S.J., Stromberg, Z.R. and Kubicek-Sutherland, J.Z., 2021. Nucleic acid-based sensing techniques for diagnostics
and surveillance of influenza. Biosensors, 11(2), p.47.

14



Molecular & Cellular Biomechanics 2024, 21(4), 642.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Nava, G., Zanchetta, G., Giavazzi, F. and Buscaglia, M., 2022. Label-free optical biosensors in the pandemic era.
Nanophotonics, 11(18), pp.4159-4181.

Wang, W., Kang, S., Zhou, W. and Vikesland, P.J., 2023. Environmental routes of virus transmission and the application of
nanomaterial-based sensors for virus detection. Environmental Science: Nano, 10(2), pp.393-423.

Oeschger, T.M., McCloskey, D.S., Buchmann, R.M., Choubal, A.M., Boza, J.M., Mehta, S. and Erickson, D., 2021. Early
warning diagnostics for emerging infectious diseases in developing into late-stage pandemics. Accounts of Chemical
Research, 54(19), pp.3656-3666.

Kabay, G., DeCastro, J., Altay, A., Smith, K., Lu, HW., Capossela, A.M., Moarefian, M., Aran, K. and Dincer, C., 2022.
Emerging biosensing technologies for the diagnostics of viral infectious diseases. Advanced Materials, 34(30), p.2201085.
Castillo-Henriquez, L., Brenes-Acuiia, M., Castro-Rojas, A., Cordero-Salmeron, R., Lopretti-Correa, M. and Vega-Baudrit,
J.R., 2020. Biosensors for the detection of bacterial and viral clinical pathogens. Sensors, 20(23), p.6926.

Besbes, H., Ouerghui, F., Omri, M., Haxha, S. and AbdelMalek, F., 2023. Label-free microring biosensor with enhanced
sensitivity for detection of influenza A viruses HIN1 and HIN2. Alexandria Engineering Journal, 77, pp.255-264.

Bannur Nanjunda, S., Seshadri, V.N., Krishnan, C., Rath, S., Arunagiri, S., Bao, Q., Helmerson, K., Zhang, H., Jain, R.,
Sundarrajan, A. and Srinivasan, B., 2022. Emerging nanophotonic biosensor technologies for virus detection.
Nanophotonics, 11(22), pp.5041-5059.

Tsalsabila, A., Dabur, V.A., Budiarso, I.J., Wustoni, S., Chen, H.C., Birowosuto, M.D., Wibowo, A. and Zeng, S., 2024.
Progress and Outlooks in Designing Photonic Biosensor for Virus Detection. Advanced Optical Materials, 12(24),
p-2400849.

Seymour, E., Ekiz Kanik, F., Diken Giir, S., Bakhshpour-Yucel, M., Araz, A., Lortlar Unlii, N. and Unlii, M.S., 2023. Solid-
phase optical sensing techniques for sensitive virus detection. Sensors, 23(11), p.5018.

Blevins, M.G., Fernandez-Galiana, A., Hooper, M.J. and Boriskina, S.V., 2021, August. Roadmap on universal photonic
biosensors for real-time detection of emerging pathogens. In Photonics (Vol. 8, No. 8, p. 342). Multidisciplinary Digital
Publishing Institute.

Nath, P., Kabir, A., Khoubafarin Doust, S., Kreais, Z.J. and Ray, A., 2020. Detection of bacterial and viral pathogens using
photonic point-of-care devices. Diagnostics, 10(10), p.841.

Harito, C., Khalil, M., Septiani, N.L.W., Dewi, K.K., Hardiansyah, A., Yuliarto, B. and Walsh, F.C., 2022. Trends in
nanomaterial-based biosensors for viral detection. Nano Futures, 6(2), p.022005.

Salama, A.M., Yasin, G., Zourob, M. and Lu, J., 2022. Fluorescent biosensors for the detection of viruses using graphene
and two-dimensional carbon nanomaterials. Biosensors, 12(7), p.460.

Jiang, H. and Zhang, Z., 2023. Immune response in influenza virus infection and modulation of immune injury by viral
neuraminidase. Virology Journal, 20(1), p.193.

Wang, Z., Zhou, B. and Zhang, A.P., 2024. High-Q WGM microcavity-based optofluidic sensor technologies for biological
analysis. Biomicrofluidics, 18(4).

Hao, Y. and Guo, Z., 2021. Integrated sensor with a whispering gallery mode and surface plasmonic resonance for the
enhanced detection of viruses. JOSA B, 38(10), pp.2855-2862.

Ma, X., Shi, Y., Gao, G., Zhang, H., Zhao, Q. and Zhi, J., 2023. Application and progress of electrochemical biosensors for
the detection of pathogenic viruses. Journal of Electroanalytical Chemistry, p.117867.

Farsaeivahid, N., Grenier, C., Nazarian, S. and Wang, M.L., 2022. A rapid label-free disposable electrochemical salivary
point-of-care sensor for SARS-CoV-2 detection and quantification. Sensors, 23(1), p.433.

Kim, J.H., Jeong, H.S., Hwang, J., Kweon, D.H., Choi, C.H. and Park, J.P., 2023. Affinity Peptide-Tethered Suspension
Hydrogel Sensor for Selective and Sensitive Detection of Influenza Virus. ACS Applied Materials & Interfaces, 15(44),
pp-52051-52064.

Yang, Y., Bu, S., Zhang, X., Duan, Q., Meng, H., Hao, Z., He, X. and Wan, J., 2024. Influenza virus detection using an
electrochemical biosensor based on DSN and RCA. Microchemical Journal, 199, p.109998.

Nair, M.P., Teo, A.J. and Li, K.-H.H., 2021. Acoustic biosensors and microfluidic devices in the decennium: Principles and
applications. Micromachines, 13(1), p.24.

Liu, H., Hu, D.J.J., Sun, Q., Wei, L., Li, K., Liao, C., Li, B., Zhao, C., Dong, X., Tang, Y. and Xiao, Y., 2023. Specialty
optical fibers for advanced sensing applications. Opto-Electronic Science, 2(2), pp.220025-1.

15



