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Abstract
The current world condition is dire due to epidemics and pandemics as a result of

novel viruses, such as influenza and the coronavirus, causing acute respiratory
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syndrome. To overcome these critical situations, the current research seeks to
generate a common surveillance system with the assistance of a controlled Inter-
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tem, a study with an analysis of HIN1 influenza virus determination on an inter-
digitated electrode (IDE) sensor was validated by current-volt measurements.

The preliminary data were generated using hemagglutinin as the target against
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gold-conjugated aptamer/antibody as the probe, with the transmission pattern
showing consistency with the Gaussian noise channel algorithm. A good fit with
the algorithmic values was found, displaying a similar pattern to that output from

5 Advanced Control Systems Laboratory, the IDE, indicating reliability. This study can be a model for the surveillance of
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varied pathogens, including the emergence and reemergence of novel strains.
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1 | INTRODUCTION

a result of several respiratory viral complications, such
as swine flu, bird flu, severe acute respiratory syndrome,

Currently, it is critical to overcome issues generated by
novel respiratory pandemic viruses, which cause acute
respiratory syndrome. The present condition is not new;
similar situations have occurred in the past decades as

Abbreviations: COVID, Coronavirus disease; fM, Femtomolar; GNP,
Gold nanoparticle; HA, hemagglutinin; IDE, Interdigitated electrode;
10T, Internet of Things; KF, Kalman filter; NA, Neuraminidase; pM,
Picomolar.
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Middle East respiratory syndrome, and the current pan-
demic with COVID-19. Among these, influenza viruses
have caused several epidemics and pandemics by emerg-
ing and reemerging as new strains worldwide with sea-
sonal variations. Influenza viruses are classified into A,
B, and C, among which the first two influenza types are
predominant and type C is minor."** Influenza A is more
severe than influenza B, and several subtypes have arisen
from influenza-type A, such as HIN1, H2N2, H3N2, H5N1,
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FIGURE 1
spread. Host cell attachment by an influenza virus is shown through

Representation of influenza virus attachment and

sialic acid. The enzyme sialidase involves detaching the virus from
the host cell and infecting neighboring cells. The three major hosts
circulating influenza strains are humans, pigs, and birds

and H7N7, whereas influenza B has two major lineages
(Victoria and Yamagata). Among the subtypes of influenza
A, swine flu (HIN1) and bird flu (H5N1) cause severe ill-
nesses and circulate among three major hosts, namely,
pigs, humans, and birds~

Due to the above issues and challenges to human
health and wealth, different sensing strategies have
been generated for influenza virus determination and
discrimination."'” With the developed sensing systems, a
surface antigen has been desired, aimed at detecting intact
cells."? There are two predominant antigens on the surface
of influenza viruses, namely, hemagglutinin (HA) and sial-
idase/neuraminidase (NA); HA contributes approximately
80%= HA primarily attaches to the cell surface through
glycans (sialic acids), whereas NA releases the virus from
the host cell surface after infection (Figure 1). The cur-
rent analysis was performed on an interdigitated elec-
trode (IDE) sensor using HA as the target against the pre-
dominant probes: aptamer/antibody. Furthermore, signal
enhancements were attained by conjugating the probe on
a gold nanoparticle. With the available data, the validation
was performed by Gaussian noise channel analysis with
the assistance of Internet of Things (IoT). The primary aim
of this study is to set-up a remote surveillance IoT sys-
tem for influenza and other emerging and reemerging viral
strains.

AnIoT is a powerful technology that can effectively visu-
alize systems such as wristwatches, smart grids, garage
doors, emergency alarms, smart vehicles, and home appli-
ances from the point of a remote control ! Most of the elec-
tronic devices that support our life operations participate
with the IoT and are controlled remotely'> Recently, an
artificial-intelligence-based dynamic state estimation for
smart energy monitoring was presented in Ref. '* where

a statistical model was not needed. However, in stability
analysis, it is desirable to exhibit a correct model. From
this point, the physical model generated by the Kalman fil-
ter algorithm is potentially utilized for estimations of the
dynamic state.'*"'” However, the computational complex-
ity is high compared with that of the least-mean-square
algorithm. In addition, the aforementioned works sug-
gested that the network is ideal between the biosensors and
healthcare monitoring systems.

The recognized environmentally friendly remote
biosensing has been shown to be a state-space model.
The IoT-based wireless sensor is considered to pass
the biosensing output to the centralized system, where
the estimations are affected by the noisy channels. The
algorithm is formulated for determining the system states
over noisy communication channels for the innovative
infrastructure of the IoT in a healthcare system. The role
is minimized by aligning with the estimated states and
makes to a new calculation of the algorithm in IoT-based
smart healthcare monitoring.

2 | EXPERIMENTAL

2.1 | Model for a controlled IoT system
The suggested IoT infrastructure for onsite determination
and calculation of the system state is displayed in Fig-
ure 2. As elaborated in the supplementary information, the
interconnected IoT system is considered a discrete-time-
invariant model with step size At as,

x (k+1)= Ax(k)+ Bu(k)+n(k)

where x € R" is the state vector, u € R™ is the input vec-
tor, A € R™" is the system matrix, B € R"™ is the input
matrix, and n(k) is the system noise with a zero mean
Gaussian distribution.'®'°k represents a discrete-time step.
Received signal at the HMS or observation information,
z(k), is by:

z (k)= Hx (k) + w(k)
where H is the identity matrix and w(k) is the noise, which
considers the zero mean Gaussian distribution with the
R(k) covariance matrix. The obtained modulated signal
was m(k). The signal obtained at the control center is as
follows:

r (k)= mk)+nk)

where n(k) is the channel noise.
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FIGURE 2
outlined. The system involves the IoT

2.2 | Designing chrome mask and
fabrication

The pattern of the dielectric sensor was designed and trans-
ferred, then the fabrication process was carried out using
the earlier developmental procedure.’’?! In brief, the sili-
con substrate was used as a base layer and oxidized to form
a silicon dioxide layer. On the silicon dioxide layer, alu-
minum was layered and further processed to yield above
pattern designed by AutoCAD. As a result, a dielectrode
pattern was created with a uniform gap and finger regions.
3D-nanoprofilometry (Hawk 3D-profilometry, USA) and
high-power microscopy analyses were done to capture the
clear-cut gaps between the electrodes.?>?* The desired tar-
get(s) was determined on the chemically modified dielec-
trode surface assisted with the probe. It has the following
steps. (i) surface modified chemically; (ii) modified probe
was attached after activate the surface; (iii) the unreacted
area was masked with 1 M of ethanolamine; (iv) different
concentrations of the targets were added; and (v) changes
in the current signal noted. Upon attaching or interact-
ing the molecules on the gap-finger regions, there will be
dipole moment happen between dual electrodes. The sur-
face chemical/biological modifications were carried out
in the presence of 10 mM PBS at the pH 7.4 to maintain
the wet condition. A thorough washing was done between

m(k)

Noise, n(k)

=

De-quantization and
demodulation steps

s(k) r(k)

Proposed IoT architecture for the influenza surveillance system. The complete steps to apply the Gaussian noise channel are

each modification/interaction and current-volt measure-
ment was with conventional ammeter.

3 | RESULTS AND DISCUSSION

The fundamental of this research is to investigate required
data from the patients then transferred to the cloud
through the developed platform and all the information
will be correlated in the mobile system and transmit the
generated reports to other end. Up-dated nanotechnology
on device validation and clinical phase screening using
nanobiosensor overcome these issues. IDE was produced
through processes of mask design and transducer fabri-
cation. Semiconductor electrode will be designed in spe-
cific size in order to meet its behavior as a disposable chip
and increase the economic and commercialization value
during the manufacturing process. IoT set-up is by form-
ing the interface between the data collection point and
the delivery point. The transceiver-mediated system pro-
posed to connect to the above-mentioned diagnostic. The
data collected from the diagnostic can be amplified and
passed to the transceiver then transmit to the receiving
end. The receiving end has the receiver with the data inter-
pretation software to display the acquired results digitally.
This data can be compared with the past healthcare data
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FIGURE 3
crystal structure (PDB Accession: 2VIU) of HA with critical amino acids for the host cell interaction is displayed. Subtypes are shown. (B)
Sensing of influenza on the IDE surface. The typing and subtyping of influenza viruses are shown

of the patient and the right medicine will be prescribed.
Influenza viral detection for subtyping is proposed with
two major kinds of probes that have been proposed to diag-
nose the influenza and other infectious viruses, namely
antibody and aptamer. By availing the above-described set-
up, with appropriate basic materials and chemical func-
tionalization, aptamer and influenza viruses were evalu-
ated for typing and subtyping purposes.

3.1 | Study design

This study was designed to develop a surveillance system
for monitoring influenza emergence and reemergence. To
accomplish this notion, the data acquired from the find-
ings of Wang et al.>* were correlated with a controlled IoT
with Gaussian noise. The basic aim of the study was ini-
tially to determine the major surface antigen (HA) from
influenza A on the dielectrode to mimic the determine of
intact viruses. HA is important for attaching the influenza
virus to the host cell surface by a specific sialic acid. There
are two types of sialic acids, namely, 2,6 sialic acid for
the human influenza interaction and «2,3 sialic acid for
bird influenza; however, there are nonspecific interactions
in some cases with the time of seasonal variations that
occur every year> For these interactions, notable amino
acids, namely, serine (205), leucine (226), and serine (228),
were observed (Figure 3(A)). The basic data of the inter-
actions with HA (HIN1) were collected by an IDE sensor,
which is suitable for typing and subtyping purposes (Fig-
ure 3(B)). Further insights on the closer structural views

(A) Sub-typing (B)

H1N1 H5N1

Typing

(A) Structure of influenza virus. The predominant surface antigens are hemagglutinin (HA) and neuraminidase (NA). The

and amino acid sequences are revealed from the available
sources (Figures 4(A)-4(E)).

The IDE is a dielectrode system operated using current-
volt measurements by utilizing an ammeter at a linear
sweep (0-2 V) with a desired step of 0.1 V (20 s) (Fig-
ure 5(A)). For the interactions with the measurements,
sequential surface chemical and biological modifications
were followed (Figure 5(B)). The success of the measure-
ments is primarily due to the fabricated surface having
suitable finger and gap regions for forming the proper gap
and electrode sizes (10 um). This was attested to by high-
power microscopy (Figure 5(C)) and 3D-nanoprofilometry
(Figure 5(D)). The gap and finger regions involve the dipole
moment mechanism to transduce the signal obtained
upon molecular immobilization and interaction. The vari-
ations in the current reflect the alterations in the cur-
rent output. With the molecular interactions, there is an
apparent difference after attaching the biomolecules (Fig-
ure 5(E)). This clear variation between the bare device
and molecule-attached surface captured HA molecules
by the aptamer/antibody probe. Furthermore, these two
probes were conjugated with gold nanoparticles (GNPs) to
enhance the performance. The data obtained with these
two probes with GNPs were validated by a Gaussian noise
channel-based algorithm and assisted by the IoT.

3.2 | Proposed algorithm

As elaborated in the supplementary information, given
X (k) = AX(k —1)+ Bu(k) as the assumed state, with
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FIGURE 6 Gaussian noise channel analysis. Detection of HA by aptamer—-GNP conjugates. Tested at the 100 pM level

X(k — 1) being the earlier estimated state, then the state
update rule can be an obtained based on the steepest
descent?®:

% (k+1) =% (k) — uAJ (k)

where u is the scalar step size parameter, J(k) is the objec-
tive function to be reduced, and AJ(k) is the gradient
descent. The cost function is

J (k)= E [Z e;‘,(k)l

n=1

Here, e, (k) is the n-th error function, expressed as fol-
lows:

en (k) =z, (k) =2, (k)

where z (k) = H,, X(k) and H,, is the n-th row of the obser-
vation matrix. The minimization of the cost functions is,

m
-4 ) e (Hy,

n=1

AT (k) =
the update state determination can be expressed as:

x(k+1)=% (k)—uK ) e (k) H}

n=1

Here, K is the positive definite matrix, which depends on
the specific application. The following normalization ver-
sion is used:

uK Y ey (k)HY
e+ K7

2(k+1) =% (k) +

€ is set as an arbitrarily small positive value to avoid divi-
sion by zero. (k) is equivalently replaced with the dequan-
tized output s,,(k), thatis, 2, (k) =~ s, (k) and the infrastruc-

ture is equivalently the reconstructed 2,,(k).?”-*®

3.3 | Formal analysis

Using the above-proposed algorithmic model, the data for
the interaction of HA (HIN1) against a gold nanoparticle-
conjugated aptamer/antibody were validated. Figure S1
displays the data obtained with the aptamer and HA/HIN1
interaction on the ethanolamine blocked surface. These
data were validated by a Gaussian noise channel-based
algorithm, and there was a good correlation (Figure 6).
Similarly, with the interaction of the antibody-conjugated
probe and HA/HINI, the system yielded a good correla-
tion (Figures S2 and 7). There is no significance varia-
tion has been noticed. In general, with the sensing anal-
ysis, the variations or differences are considered if it is
>10%. Furthermore, dose-dependent analysis was carried
out and validated by a Gaussian noise channel-based
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were evaluated separately on the aptamer-immobilized surface

algorithm with aptamer-gold nanoparticles as the probe.
A sharp correlation was found with increasing concentra-
tions of HA/HIN1 against the aptamer (Figures S3 and 8).
A similar response was noticed with the antibody-gold
nanoparticle interaction with HA/HIN1 (Figures S4 and 9).

Overall, the original data and validated data fit well and
were proved by the above analyses and correlation. This
model opens the way to apply some of the other algorith-
mic models available.?-32 Furthermore, this kind of model
development will overcome the issues with false positives.
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were evaluated separately on the antibody-immobilized surface

Currently, immunochromatography testing is one of the
standard methods that has been widely used. The draw-
back of this method is that it is able to determine the
virus only after the onset of fever with a higher count
of influenza viruses in the saliva sample and sometimes
requires double confirmation. The current study elimi-
nates these issues, as the IDE sensing system has sev-
eral advantages over immunochromatography, including a
high performance and appealing properties.

4 | CONCLUSIONS

This model study is conducted to implement a Gaussian
noise channel algorithm for the surveillance of respira-
tory viruses during the emergence of new strains with sea-
sonal variations. A systematic analysis was performed on
the data obtained from a dielectrode (IDE) sensor with the
interaction of aptamer/antibody and a surface biomarker
for the influenza virus, particularly HA. HA was desired
for the influenza subtype HIN1 (swine flu) and validated
for digital health monitoring. The results obtained by the
Gaussian noise channel algorithm fit well with the data
from IDE sensing. With the combination of IDE sensing
and the IoT-assisted algorithm, this strategy achieves a
good alignment. This study uses HIN1 from influenza A,
as it is one of the subtypes caused a severe pandemic.

Gaussian noise channel analysis with regard to sensitivity. Detected on aptamer—-GNP. HA concentrations (10 fM to 100 pM)

There are several subtypes under influenza A cause infec-
tions, which makes the importance of this study, whereas
influenza B has been noticed to be comparatively infect
less with only two different lineages. A proven model for
the surveillance of different viruses has emerged over the
past 10 decades, including the recent threat, the so-called
“COVID-19,” to society. This model study can be set up
for precautionary surveillance to monitor viral/pathogenic
spread by discriminating the subtypes in order to preserve
human life and the economy. In general, with any sensing
platform along with high-throughput analyses, there is a
false positive due to the involvement of several samples.
The current strategy is shown here to overcome this issue
by proper calculations with neglecting the noticed prob-
lems in the past.
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