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a b s t r a c t

The worldwide outbreak of COVID-19 disease was caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV 2). The existence of spike proteins, which allow these viruses to infect host
cells, is one of the distinctive biological traits of various prior viruses. As a result, the process by
which these viruses infect people is largely dependent on spike proteins. The density of SARS-CoV-2
spike proteins must be estimated to better understand and develop diagnostics and vaccines against
the COVID-19 pandemic. CT scans and X-rays have three issues: frosted glass, consolidation, and
strange roadway layouts. Each of these issues can be graded separately or together. Although CT scan
is sensitive to COVID-19, it is not very specific. Therefore, patients who obtain these results should
have more comprehensive clinical and laboratory tests to rule out other probable reasons. This work
collected 586 SARS-CoV 2 transmission electron microscopy (TEM) images from open source for density
estimation of virus spike proteins through a segmentation approach based on the superpixel technique.
As a result, the spike density means of SARS-CoV2 and SARS-CoV were 21,97 nm and 22,45 nm,
respectively. Furthermore, in the future, we aim to include this model in an intelligent system to
enhance the accuracy of viral detection and classification. Moreover, we can remotely connect hospitals
and public sites to conduct environmental hazard assessments and data collection.

© 2023 Elsevier B.V. All rights reserved.
1. Introduction

Coronavirus diseases (COVID-19) caused by SARS-CoV 2 are
preading rapidly around the world, infecting and killing millions
f people [1]. Like many worldwide disasters in human history,
he disease is wreaking havoc on multiple countries’ health and
conomic systems. As a result, the Centers for Disease Control
nd Prevention (CDC) have outlawed large gatherings throughout
he world, including all types of social activities, schools, and
estivals [2–4]. Many viruses pose a significant public health
isk, such as infected 8000 people with the severe acute res-
iratory syndrome coronavirus (SARS-CoV) between 2002 and
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2003, killing approximately 10% of them [5,6]. More than 1700
persons were infected with the Coronavirus of Respiratory Syn-
drome in the Middle East (MERS-CoV) in 2012, with a fatality
rate of roughly 36% [7,8]. In 2020, according to the last update
to the Johns Hopkins University Center for Systems Science and
Engineering, Coronavirus disease (COVID-19) caused 226,870,408
infections worldwide and 4,666,053 deaths [9]. These viruses
have a spike structure that protrudes from a spherical surface
[10], a strong affinity potential for cells and environmental mobil-
ity simultaneously. Biological and colloidal research has revealed
that the viral spikes protein of SARS-CoV-2 is responsible for the
entry, attachment and fusion of cells during viral infection [10].
In this study a strong relationship has been reported between
the D614G mutation in the SARS-CoV-2 spike protein and in-
creased infections and virion density [11]. Virus spikes enable
virus attachment to surfaces through receptor-specific interac-
tions (RSIs), facilitate membrane fusion, and define or alter viral

tropism. These structure-function correlations have important

https://doi.org/10.1016/j.asoc.2023.110210
https://www.elsevier.com/locate/asoc
http://www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2023.110210&domain=pdf
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://zenodo.org
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zen
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275742
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
https://doi.org/10.5281/zendo.4275769
mailto:p103537@siswa.ukm.edu.my
mailto:qussay.s.tawfeeq@uotechnology.edu.iq
mailto:yousif.mohammed@uoanbar.edu.iq
mailto:hadri@ukm.edu.my
mailto:saifuldzul@ukm.edu.my
mailto:ashrif@ukm.edu.my
mailto:noa@ukm.edu.my
https://doi.org/10.1016/j.asoc.2023.110210


B.A. Taha, Q. Al-Jubouri, Al Mashhadany et al. Applied Soft Computing 138 (2023) 110210

i
w
l
i
e
i
A
s
i
l
d
a
g
c
S
a
p
n
t
t
a
o
b
t
i
v
o
c
u
o
t
r
e
t
t
f
a
s
2

2

a
w
A

Fig. 1. Comparison between SARS-COV, MERS-COV, and SARS-COV 2.
mplications for creating virus-like particles and colloids, which
ill aid in the development of antiviral vaccines and drug de-

ivery applications [12,13]. Different virus detection results from
mage data shows that Spike proteins are critical morphological
lements for categorizing viral electron microscope images and
ndistinguishable spikes for similarities with background noise.
ccordingly, both SARS and COVID-19 contain highly infectious
pike proteins [14]. Recent results suggest that a mutation change
n COVID-19 is spreading across Europe and the United States,
eading to higher infectivity and stability of the virus. This trivial
ifference would significantly improve the spike receptors and
llow the virus to attach to and infect cells. In general, minor
enetic changes occur as viruses reproduce and spread, but these
hanges have minimal impact on fitness or competitiveness; This
ARS-CoV 2 mutation, missing during the first regional pandemic,
ppears to have taken control of most of the world [11]. Spiky
roteins are used to inactivate viruses and prevent infections, and
anoparticles with core lengths of around 120 nm and diame-
ers of approximately 30 nm are created. The creation of spiky
opography inhibitors improves the interactions between viruses
nd inhibitors [15]. According to a recent study, the probability
f virus size distribution without spikes is about 100 nm, and
oth viruses had a maximum spike length of 23 nm. However,
he number of spikes per virus particle in SARS-CoV was approx-
mately 30% more than in SARS-CoV 2 [15]. In contrast, another
ariant of the SARS-CoV virus is estimated to have an average
f 50,100 spikes per virion [16]. However, these images allow
linicians to better understand the internal structures and to
nderstand the dimensions, structure, density, texture, and shape
f the internal structures. Object recognition algorithms recognize
he occurrence of a certain type of object by combining the
etrieved properties using learning processes. However, feature
xtraction is the process of identifying and interpreting the things
hat are important to a particular situation and developing a
ool to recognize those features. A thorough knowledge of the
ramework or problem enables you to make informed decisions
bout which features could be useful in many situations. Fig. 1
hows the comparison with SARS-CoV, MERS-CoV, and SARS-CoV
.

. Research contribution

The coronavirus infection cycle begins with receptor binding
nd membrane fusion, which are critical. SARS-CoV 2 is covered
ith spike proteins. The S protein facilitates viral attachment to

CE2 as a cellular receptor during virus entry. The estimated

2

spike protein density of SARS-CoV 2 can provide a foundation
for understanding interactions between S and neutralizing anti-
bodies during infection or immunization [17]. In this paper, we
use transmission electron microscopy images of SARS-CoV 2 and
SARS-CoV to examine and extract features of the density spike
protein, allowing new insights into detection methods. Further-
more, as can be shown, it reduces the likelihood of a pandemic
spreading. The main contribution of the research is:

• Determine density of spike protein and comparing them to
SARS-CoV is important can contribute this feature to en-
abled diagnostic tools with artificial intelligence for identify
life cycle of virus, mutations and disease progression.

• Flow chart proposed of super-pixel segmentation algorithm
to estimate the density of SARS-CoV 2 spike proteins.

• We aim to combine this model with an intelligent system
in future work to improve the accuracy of viral identifi-
cation and detection on surfaces. This might enable us to
connect hospitals and public places in order to monitor
environmental dangers and gather data remotely [18–20].

3. Related studies

In recent years, super-pixels have grown increasingly useful
for computer vision applications. It can also adhere to picture
boundaries and speed, storage efficiency, and influence on seg-
mentation performance [21,22]. Iterative clustering, a method
based on simple linear iterative clustering, reduces the number
of cells necessary for thresholding and the time required to seg-
ment pictures (SLIC). Considering the split and merge levels may
accomplish numerous seeds and various seed point requirements
in practice [23]. A study shows a superpixel generation tech-
nique for automatic glioma segmentation based on simple linear
iterative clustering.

The results were highly consistent with expert delimitation
in all glioma grades, resulting in a simple and reliable method
for glioma segmentation [24]. Many studies use deep learning in
detection and classification [24–27]. Researchers also developed
a new SLIC-based superpixel algorithm that uses clustering of
k-means to generate superpixels efficiently [21]. A faster SLIC
superpixel segmentation technique that efficiently reduces the
number of candidate segments for each pixel by taking advantage
of the significant spatial redundancy in natural images. Results
were up to five times faster than SLIC, while achieving nearly
identical super-pixel segmentation performance in terms of sub-
segmentation errors and marginal memory [28]. A method for
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egmenting a brain tumor from multimodal MRI images has
een disclosed that uses the Walsh Hadamard Transform (WHT)
exture for super pixel-based spectral clustering. It provided high
uality segmentation results for brain tumor segmentation [29].
n one research, a two-step segmentation strategy was demon-
trated to recover cell features from high-resolution histopathol-
gy pictures of renal cell carcinoma. Using the SLIC technique, the
mage is first divided into super pixels. Second, utilizing state-of-
he-art clustering-based segmentation techniques, the produced
uper pixels are grouped to identify comparable super pixels that
ontain the cell nuclei [30]. Similarity coefficients of 0.92 and
igher were discovered by including an edge detector into a su-
erpixel algorithm and adapting it for multichannel images [31].
superpixel segmentation hierarchy uses algorithms that require
ifferent visual details. However, there is no technology that can
eliably synthesize all scales in real time [32,33]. But researchers
re able to identify object boundaries accurately and keep the reg-
lar shape based on the super-pixel segmentation algorithm [31].
ryo-EM imaging was used to examine the structures and distri-
utions of the spiking proteins of SARS-CoV 2 virion morphology
n intact virions. In terms of diameter, the mean and standard
eviation for each of the three preparations is 911, 949, and
28 nm, respectively [17]. Many studies described the length of
he viral spike protein, which was around (9–12) nm in length
nd gave virions the appearance of a solar corona. Furthermore,
he foundation design is comparable with the coronavirus family.
he presence of viral tips and membranes in cryo-EM images of
solated SARS-CoV-2 Surrounding 20% to 30% of virions contain
any spines around the membrane. In contrast, most other virus
articles have few spikes [34].

. Viruses spiked

The spike protein is essential in virus entry into a human host
o the receptor and cell membrane fusion. It is crucial to note
hat the SARS-CoV 2 spike proteins are made up of two functional
ubunits, the N-terminal S1 region and the C-terminal S2 region,
hich are found in the viral envelope. The S1 subunits of SARS-
oV and SARS-CoV 2 encompass the same as the use of the
ngiotensin converting enzyme 2 (ACE2) receptor in host cells as
n entry fusion receptor due to the spike in viral infection. S2 acts
s a transmembrane anchor during the endosomal journey and
llows the fusion of virus and host cell membranes. Cell surface
usion can nevertheless occur under certain conditions [10,35,36].
he spike protein SARS-CoV 2 is essential for cell penetration and
he main reason for the vaccine to grow. The research demon-
trated the mixture of cryo-electron tomography, averaging of
ub-tomograms, and simulations of molecular dynamics for struc-
ural depth analysis in situ. As a result, the S-stem domain has
een shown to have three joints, which gives the head unpre-
ictable flexibility of orientation. The three flexible hinges are
arked with the hip, knee and ankle [37]. Particles of the virus
ave been shown to be roughly or slightly pleiomorphic. Although
small proportion of spikes are known, most spikes occur in the

orm of nails, similar to the perfusion state in which the S1 spike
rotein is separated from S2. Cryoelectron tomography was used
o detect these spikes, which correlate extremely closely with the
eneral structure of the SARS-CoV spikes [38]. In addition, it has
een suggested that spike interacts with host factors to allow
nfection in addition to its role in cell entry [39]. It presented a
etailed in situ investigation of the SARS-CoV 2 spike utilizing
ryo-electron microscopy (Cryo-EM) to verify its various con-
irmations, orientations, and virion particle dispersions [40]. As
entioned earlier, the researchers used cryo-electron microscopy

cryo-EM) to uncover the intricacies of the spike protein structure
n the virion’s surface. It could serve as a focal point for vaccine
mmunogen design.
3

5. Mechanism of entry of the SARS-CoV 2 virus

The viral genome can penetrate the host cell to cause the fu-
sion when the virus membrane and the host cell membrane fuse.
Host proteases prevent the Spike protein SARS-CoV 2, consisting
of subunits S1 and S2 separated from the remaining covalent until
viral fusion occurs by splitting into S1 and S2 [38]. Consequently,
the S2 subunit must undergo two crucial conformational changes
during the attachment of the S1 subunit to receptors on host
cells to complete the fusion of the viral membrane with the cell
membrane. HR1 and HR2 are two of the S2 subunit’s heptad
repeat (HR) regions involved in coronavirus fusion. Therefore, it
is vital to understand how viruses enter cells to keep them out.
For example, human ACE2 and human proteases are utilized as
entrance receptors and activators for SARS-CoV 2, respectively.
As a result, the infection might spread more widely [41]. De-
pending on the virus type, a high glycoside content (between
1160 and 1400 amino acids) is essential for the penetration of
the S protein into host cells and the commencement of infection.
The presence of S proteins causes prickly protrusions on coron-
aviruses [42,43]. Fig. 2 illustrates possible mechanisms of spike
protein amplification of infection.

6. Methodology

The aim of our study is to use superpixels as fundamental
components of visual feature recognition and learning to rep-
resent objects in a future study. To achieve this purpose, the
preferred approach should primarily meet the following crite-
ria. First, the approach should be fast enough to be used in
near-real-time applications. Second, clusters should have mini-
mal intra-cluster and high inter-cluster variance. Third, stability
of the cluster location in the imaging room. Fourth, the seg-
mented super-pixel boundary should match the appropriately
sized boundary and serve different pixels. Flowchart for extract-
ing the density spike protein from SARS-CoV 2 based on the
superpixel method, as shown in Fig. 3.

6.1. Data availability statement

A data set is a set of raw statistics and information obtained
from a research study. Datasets created by government agencies
or nonprofit groups are often available for free download. In
our study, we used seven data sets recorded on the Zenodo
website, a universal open access repository created under the Eu-
ropean Open-AIRE program and maintained by CERN. It enables
researchers to add research papers, data sets, research software,
reports, and other digital links to their research. Each contribution
is assigned a persistent digital object identification (DOI), which
makes the saved objects easy to cite. We have described the
collection of the data set, which includes Transmission Electron
Microscopy SARS-CoV 2 and SARS-CoV images, as shown in Ta-
ble 1. It comprises 586 transmission electron microscopy images
of ultrathin (60−70 nm) plastic sections through extracellular
virus particles in Vero cell cultures. Images captured with a res-
olution of 1376–1032 pixels and saved in 16-bit TIF format. In
addition, an image viewer can read 16-bit images for all images
in order to visualize the images (e.g. Irfan-View). Image files are
size calibrated and can be opened in ImageJ or Fiji using the
bioformats importer with the required size calibration.

6.2. Simple Linear Iterative Clustering (SLIC)

Super-pixel techniques are widely used in computer vision
applications. It uses set criteria to process all pixels randomly,
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Fig. 2. Potential mechanisms of amplification of infection by the SARS-CoV 2 spike protein.

Fig. 3. Flow chart to estimate the density spike protein of SARS-CoV 2 using the superpixel segmentation technique.

4
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Table 1
A description of the data sets that were used for the virus particles SARS-C0V2 and SARS-COV.
Data Location of virus isolation Virus categories Count of images File type Reference

Dataset 1 Germany/Frankfurt SARS-CoV 126 Tif, 16-bits https://doi.org/10.5281/zenodo.3985098
Dataset 3 Italy-INMI SARS-CoV 2 128 Tif, 16-bits https://doi.org/10.5281/zenodo.3985110
Dataset 6 Germany/Frankfurt SARS-CoV 111 Tif, 16-bits https://doi.org/10.5281/zenodo.3986526
Dataset 7 Italy-INMI SARS-CoV 2 134 Tif, 16-bits https://doi.org/10.5281/zenodo.3986580
Dataset 10 Italy-INMI SARS-CoV 2 66 Tif, 16-bits https://doi.org/10.5281/zenodo.4275769
Dataset 11 Germany/Frankfurt SARS-CoV 10 Tif, 16-bits https://doi.org/10.5281/zenodo.4275742
Dataset 12 Italy-INMI SARS-CoV 2 11 Tif, 16-bits https://doi.org/10.5281/zenodo.4275769
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resulting in unnecessary super-pixel boundaries and regular-
ity [44]. A super pixel is a series of pixels that overlap certain
features such as pixel intensity. It is becoming increasingly valu-
able to several image processing algorithms, including image
segmentation, semantic labeling, object recognition, and tracking,
for the following reasons: First, they provide more informa-
tion than pixels. Second, they are conceptual in that pixels that
correspond to the same superpixel have similar image charac-
teristics. Third, they describe images in an efficient and compact
approach that can be valuable for high-performance comput-
ing challenges [45,46]. A study shows the use of the super-
pixel method to analyze histogram-corrected medical images. The
two conceptual methodologies were used to determine whether
a grayscale image was equalization and histogram segmenta-
tion [47]. Segmentation of an image can be considered a set
of boundaries or a series of segments that span the full image.
For example, the color, brightness, and texture can be the same
for most of the segmented pixels, but differ dramatically be-
tween adjacent segments. Segment borders and edges tend to be
closely connected, because of the considerable brightness shifts
at the sections’ boundaries. Therefore, a different segmentation
technique is built on edge extraction methods using k-means
clustering, SLIC segmentation, to group nearby pixels. Generally,
the idea concept is to initialize the center of the superpixel by
sampling the location (N) location on the regular grid (A) in the
image plane and shifting them within S × S the SS neighborhood
to seed in the position with the lowest gradient. For each cluster
center mi, calculate the distance between mi and each pixel in
A)neighborhood of mi. Assign pixels to the cluster (i) if the
distance is better than before the value. Update the cluster as in
K-means. Repeat once until convergence. Optionally, replace the
colors of the pixels in each collection with the average.

6.3. Distance measure

Initially, K uses the desired number of superpixels of ap-
proximately the same size. And in the case of an image with
N pixels, as a result, the approximate size of each superpixel
is N = K pixels. Every grid interval S =

√
N/k would have

super-pixel center for nearly equal sized superpixels. At the
eginning of our process, we select K super-pixel cluster centers
k =

[
lk, ak,bk,xk,yk

]T with k = [1, K ] at regular grid intervals
. Because the spatial span of every super-pixel is around S2,
e might assume that pixels associated with this cluster center

re located on the xy plane within a 2S × 2S radius around the
uper-pixel center. In contrast, this is the search region for pixels
losest to each cluster center. As a result, it represents the CIELAB
olor space and x; y pixel coordinates. The SLIC algorithm uses
he CIELAB color space because it is perceptually homogeneous
or tiny color differences. The distance Ds between two pixels I
nd j in SLIC is a composite of two distances, dc and ds, which
5

xpress color and spatial closeness, respectively, as shown below
n Eq. (1) [48].

c =

√(
li − lj

)2
+

(
ai − aj

)2
+

(
bi − bj

)2
s =

√(
xi − xj

)2
+

(
yi − yj

)2
=

√(
dc
m

)2

+

(
ds
S

)2

(1)

where Ds is the sum of the lab and xy plane distances normalized
y the grid spacing S. A variable m is introduced in Ds which
llows us to regulate the density of a super-pixel the greater the
alue of m, the greater the emphasis on spatial closeness and
he denser the cluster. We suggest that the pixel pitch metric be
iven an extra score. d′

s indicates the presence of edges between
wo pixels, implying that an object boundary will most likely fall
etween the two spots. Before beginning superpixel creation, an
dge detection algorithm produces a value pi for each pixel I ,
ndicating its likelihood of being on boundary. The distance de
between two pixels I and j and is then determined as the highest
edge probability over all pixels on the line connecting the pixels
I and j. The new distance is calculated as follows in Eq. (2).

′
c =

√(
ci − cj

)2
+

(
yi − yj

)2
+

(
ri − rj

)2
s =

√(
xi − xj

)2
+

(
yi − yj

)2 (2)

de = max pt

D′
=

√
(d′

c/m)2 + (ds/S)2 + α × (de)2

In super-pixel production, all of the super-pixels within the im-
age must be connected to form an edge. The chi-square (X2)
histogram distance [7] is the similarity metric used in our tech-
nique to judge whether two neighboring super-pixels should be
merged. X2 denote the distance between two histograms P and
Q is defined in Eq. (3).

X2 (P,Q ) =
1
2

∑
k

(Pk + Qk)
2

Pk − Qk
(3)

6.4. Segmentation based super pixel

Image segmentation is the process of splitting up a digital
image into a lot of small parts. This methodology seeks to sim-
plify and change the representation of the image to make it
easier to evaluate [49]. Conventional approaches frequently be-
gin with the manual selection of elements and boundaries such
as curves, lines, etc. The super-pixel approach has emerged as
the most cutting-edge method for automatic segmentation. The
implementation of the Simple SLIC algorithm results in a sig-
nificant decrease in processing resources compared to conven-
tional segmentation approaches and algorithms. The purpose of

https://doi.org/10.5281/zenodo.3985098
https://doi.org/10.5281/zenodo.3985110
https://doi.org/10.5281/zenodo.3986526
https://doi.org/10.5281/zenodo.3986580
https://doi.org/10.5281/zenodo.4275769
https://doi.org/10.5281/zenodo.4275742
https://doi.org/10.5281/zenodo.4275769
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Fig. 4. Virus identification based on super pixel Segmentation using MATLAB software 2020: A. SARS-CoV 2: Dataset_08_SARS-CoV-2_006. B. SARS-CoV:
ataset_06_SARS-CoV_011.
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his algorithm can be characterized as grouping image pixels in
he combined five-dimensional color and picture plane space to
roduce compact, almost uniform superpixels successfully [50].
egments often correlate with different types of tissue, tissues,
llnesses, or structural forms that are physiologically relevant in
edical imaging. This type of lung cancer segmentation is shown
ith low contrast increasing noise factors and other imaging

ocations with ambiguity. As a result, various computer-aided
egmentation approaches for medical picture analysis have been
eveloped. In this domain, sampling procedures are used; nev-
rtheless, their application is dependent on the doctors’ specific
kills in the relevant methodology [51,52]. SLIC segmentation
rovides the same compactness; additionally, the user can specify
he needed values for all super-pixels in an image. SLIC produces
mooth super-pixels with regular soft sections in texturing re-
ions, although these super-pixels are highly erratic. It is only
ossible if certain portions of the image fade, while others are
ery textured. Finding the best settings for each image can be
hallenging [22]. Fig. 4 shows an example of the detection of the
ARS-CoV 2 virus based on the SLIC algorithm with MATLAB 2020.
t can automatically choose the optimal number of super-pixels
or an image, resulting in fewer super-pixels better suited to the
egion of interest (ROI) limits. Similarly, we generate a training
et for each super-pixel by calculating its statistical texture, cur-
ature, and fractal features. Also included is classification using
lustering and segmentation.

.5. Clustering based on K-mean

Clustering based on the K-Mean strategy of unsupervised
earning was used to optimize target recognition functional-
ty [53]. The advantages of K-mean clustering are that it is
 p

6

straightforward, adaptable, and easy to learn and run. Further-
more, the disadvantages of the K-mean clustering require that
the number of clusters be determined in advance [53]. An ap-
proach showed a text clustering technique with multiple objec-
tives based on the K-mean algorithm. The results show that the
proposed method outperforms the other measures in terms of
text clustering performance, as measured by two standard clus-
tering measures, accuracy and F-measure [49]. The super-pixel
method is based on clustering and provides performance and
analysis results for a data set. As a result, the boundary detection
between the super-pixel boundary and the image boundary has
been improved [54,55]. However, the idea of K-mean clustering
gathers N-D data into natural cluster use cluster K , the algorithm
works as follows:

• specifying an initial set of cluster center m1 . . . . . .mk ∈ IRn.
• For each xi ∈ IRn in the dataset, assign it to closet cluster

xi ∈ cluster j if
xi − mj

 < ∥xi − mk∥ k ̸= j.
• Update the means mj equal average value of all x in cluster

j =
1

|CJ |

∑
xi∈Cj

x, j = 1, . . . , k.

• Keep alternating 2 and 1 until mj stop changing.

.6. SLIC extraction feature

We represent images at the super-pixel rather than the pixel
evel to reduce complexity and increase the matching accuracy.
uper-pixels are images that have been over-segmented as a
esult of the pixel clustering process. They can reflect reality
ore organically and more meaningfully perceptually [56]. It

s able identify objects in an image with heterogeneous super-
ixels and deep fold features through relationship analysis. It is
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hown that it is possible to learn super-pixel properties using
apsules and that performing image analysis can be useful in
his organized approach. This unique deep learning architecture
s assessed in the context of an image classification problem,
mphasizing that the decision making of the network is explicitly
nterpretable [53,57]. Assume a pixel set V that is split into
umerous discontinuous sections and contains all of the pixels of
n image x. Each discontinuous region is assigned an aggregate
alue across region R, resulting in a super pixel representation of
he feature space using Eq. (2) [58].

i =

∑
p∈Rj x(p)⏐⏐Rj

⏐⏐ (4)

where R was chosen to account for the part-to-whole connections
of the image, features are restructured to account for
substructures, thereby increasing structural awareness. The re-
lationship between the vectors of the feature space and their
placement in the image is retained with this rearrangement.
There are four types of segmentation algorithms: region-based,
edge-constrained, classification or clustering, and some hybrid
approaches [59]. Finally, the idea of K clustering means that it
accepts n-dimensional data in natural clusters, in which case the
user chooses k, from the cluster. In addition, we can categorize
the area of the virus shape based on the color segmentation of
the super pixels. The segmentation result is obtained by repeat-
edly adding adjacent to the cluster centers using a similarity
score. Region growth algorithms are a typical representation of
region-based approaches, with the essential aspects being the
construction of comparable measurements and growth crite-
ria [59]. This type of segmentation applies clustering to categorize
arbitrary areas and trains classifiers based on the properties
obtained from each super-pixel [60]. However, the brightness
distance at the edge position is considerable in super-pixel clus-
tering. As a result, the edge is positioned in the high brightness
zone, making the segmentation results more accurate.

7. Results and discussion

Coronaviruses are responsible for the spread of epidemics such
as SARS, MERS, and COVID-19. Spike proteins work in the same
way as shape-changing lockpicks. It can change shape by interact-
ing with a receptor on the surface of human cells. Spike proteins
help the virus attach to and access a cell [61]. On the other hand,
the cryo-electron microscopy (cryo-EM) structure of the SARS-
CoV 2 spike showed that its RBD lies mainly in it, which is related
to poor receptor binding. Moreover, contradictory results on the
binding affinities of hACE2 for SARS-CoV 2 and SARS-CoV spikes
have been published [62,63]. However, the continued rapid trans-
mission and worldwide spread of COVID-19 has led to fascinating
questions as to whether synonymous mutations, deletions and/
or substitutions affect the development and adaptation of SARS-
CoV-2 [64]. Recently, an approach proposed by Zunlong et al.
which takes advantage of the structures, conformations, and dis-
tributions of spikes in virions, was used to understand how spike
proteins function and interact with the immune system. On the
virion surface, we use cryo-EM techniques to study the structure
of S-trimers in situ. However, the methods lack validation and
are not helpful since COVID-19 disease requires highlights such
as automated identification to estimate the peak protein density,
rapid diagnosis and remote control. Deep learning models are
used in medical imaging approaches to extract features automat-
ically or through pre-trained networks. After several layers have
been removed, a pre-trained neural network is converted into a
feature extraction technique. This redesigned network is used to
configure a learning transfer process. Learning transfer expands
a new challenge of machine learning by transferring knowledge
7

from a previously perfected equivalent [17,65]. In this paper, we
proposed to estimate the density of SARS-CoV and SARS-CoV 2
spike proteins using a superpixel method. First, we calculate the
superpixel of the images. Second, identify the median color of
each superpixel region in the plane distances color space. Third,
find cluster the color feature of each superpixel using image
segmentation and k- means function. Image segmentation is the
process of dividing an image into groups of linked regions that are
homogeneous and cohort of pixels or superpixels. Orange, blue,
and yellow, for example, are made up of various clustering and
segmentation sizes. The ability of the method to process a wide
range of cell sizes and morphologies in TEM images recommends
that it could help assess COVID-19 outbreaks. Fig. 5, Illustrate
samples that were taken for each image tested in this study based
on super-pixel segmentation techniques to estimate the density
of spikes protein for SARS-CoV 2, and SARS-CoV using MATLAB
software 2020.

The entire image is divided into regions containing essential
elements or objects. The resulting things make it easier to reduce
the appearance to its necessary features, making it easier to iden-
tify boundaries and objects like curves and lines. For example,
superpixels are brighter and more uniformly colored regions of an
impression than normal pixels, found in the polygonal portion of
the image of the digital image. Therefore, computability is a cru-
cial advantage of using superpixels [66]. Removing the highlight
and shadow improves the efficiency of both image properties
and features. In comparison to pixel representation, superpixel
representation reduces the number of image independences. Fur-
thermore, superpixel segmentation provides excellent support for
computing regions that rely on image features, while changing
the image representation to be more significant and easier to
analyze [45]. The Gaussian distribution is used to estimate the
density of the SARS-CoV 2 spike protein. This enables virus devel-
opment to be identified using the standard deviation and width
of the Gaussian. Many studies show that the mutation of a virus
occurs in the spike protein [67,68]. Therefore, it is important for
biologists to understand the rate of change in the peak of the
spike protein. Additionally, it helps to improve the accuracy of
the classification of the virus family. According to the variables of
the probability density function, µ is mean, σ 2 variance (standard
eviation), definitive covariance matrix. A multivariate Gaussian
istribution represents each of the input objects that we are in-
erested in a grouping. It is possible to estimate the contradiction
etween two Gaussians by comparing their relative entropy to
epresent the relative differential complexity between the two
ultivariate Gaussians, as an expression in Eq. (3). [69].

(x, µ, σ ) =
1

√
2πσ

exp
[
−

1
2

(x − µ)2 /σ 2
]

(5)

We examined the spike distribution of the SARS-CoV and SARS-
CoV-2 virus particles using TEM images and electron tomography
in Vero cell cultures. Both virus isolates, SARS-CoV Frankfurt 1
and SARS-CoV-2 Italy-INMI1, were almost comparable in terms
of ultrastructure and particle size distribution [70,71]. As a result,
the putative processes responsible for mutations and the life cycle
of the virus are revealed. The size distribution and median derived
from measuring virus particle profiles in conventional ultra-thin
slices may be skewed due to an overrepresentation of virus
slice profiles of a particular virus particle size and undetected
deformed particles. As a result, deformed virus particles (not
circular/oval) were eliminated. Fig. 6 show estimates of the distri-
butions of spikes protein using TEM images on the virion surfaces
and comparisons of the distributions of density of spike proteins
between SARS-CoV-2 and SARS-CoV. The results of this analysis
were 21.97 nm and 22.45 nm for the mean density of SARS-CoV 2
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Fig. 5. Extraction density of spikes based on superpixel segmentation: A. SARS-CoV 2 and B. SARS-CoV.
M

nd SARS-CoV spike protein, sequentially. The spike protein den-
ity of SARS-CoV-2 is actually lower when compared to SARS-CoV,
hich means that SARS-CoV spike protein has more spikes per
irion. The standard deviation after distribution showed 6.44 nm
f SARS-CoV 2 and 6.83 nm of SARS-CoV. Finally, our study was
esigned to guide ultrastructural work on virus-infected embed-
ed cells. Due to their close relationship in taxonomy, showed
striking similarity in appearance and size. In contrast to non-
nveloped viruses, which tend to be more uniform in size and
hape, the size distribution of the two coronaviruses examined
as strikingly comparable. Finally, for implicit detection, this
ork focuses on the super-pixel plane rather than the pixel-
rid plane. It represents homogeneous regions by combining local
ntensity and position information; therefore, features extracted
t the superpixel level can better describe the differences in local
egions. In addition, super pixels preserve the image boundaries
s their boundaries closely match the actual image.

. Conclusion

The COVID-19 disease pandemic began in Wuhan and spread
o almost every country. With high transmission rates and a ma-
or threat of serious disease and death among high-risk popula-
ions such as the elderly or immunosuppressed, several countries
ave been forced to impose rigorous measures to prevent the dis-

ase from spreading. Furthermore, this included mandatory face B

8

masks, closing public venues, and even full lockdown for staying
at home. However, rapid and effective detection is required to
estimate the SARS-CoV 2 spike protein density to develop diag-
nostics and vaccines. In this study, the results provide insight into
intervention options that target cell entry mechanisms and esti-
mate the density of spike proteins. Consequently, spikes density
means of SARS-CoV2 and SARS-CoV were 21.97 nm and 22,45 nm,
respectively. These findings give information on the determined
average of Spike density for both viruses on the virion and offer a
foundation for understanding interactions between S and neutral-
izing antibodies during infection or vaccination, identifying the
virus’s life cycle, mutations, and disease progression. In future
work, we plan to establish an optical sensor based on Virus Image
- Corroborated by Features Extraction to virus diagnostic. In ad-
dition, linking between hospitals and public places to provide an
early warning system remotely and improve health care quality
in the environment.
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Fig. 6. Distribution of average density of spike (S) protein on the virion surfaces in TEM images: A1. density of spike protein in SARS-CoV-2, A2. Gaussian distribution
of SARS-CoV-2, B1. density of spike protein in SARS-CoV, B2. Gaussian distribution of SARS-CoV.
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Syndrome Coronavirus
MERS-COV Middle East Respiratory Syndrome
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RSIs Receptor-Specific Interactions
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