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ABSTRACT
After a year of hard battling with the novel coronavirus SARS Cov-2, the COVID-19 pandemic continues had a 
catastrophic effect on society and health worldwide. This pandemic has changed labor and economic relations in 
almost every country in the world, and the investment that has been made in the development of new treatment 
protocols and the creation of vaccines has been enormous. Important laboratories, hospitals and research centers 
around the world have been fighting against SARS-Cov-2, and within these researches computer vision has played a 
prominent role. The main aim of this work is to carry out a reflection on the enhancement of the microscopic images 
of the novel coronavirus SARS-Cov-2 from the results obtained and published. We will analyze the effectiveness of 
the algorithms proposed to highlight the S-spikes, and we will detail why deep learning, despite the popularity 
achieved, in this case was not beneficial. 
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INTRODUCTION

The world has been battling the novel SARS-Cov-2 coronavirus for 
more than a year and, however, the COVID-19 pandemic continues 
had a catastrophic effect on society and health everywhere. This 
pandemic has changed labor and economic relations in almost 
every country in the world, and the investment that has been made 
in the development of new treatment protocols and the creation of 
vaccines has been enormous. Important laboratories, hospitals and 
research centers around the world have been fighting against SARS-
Cov-2, and within these researches computer vision has played a 
prominent role [1-5].

Indeed, Computer Vision (CV) has had an outstanding impact 
in various areas of knowledge; and in the field of medicine, and 
particularly in bio-images, due to their non-invasive nature, the 
use of these techniques is already essential. However, it is striking 
that when a new problem arises in the world of bio-images, many 
researchers want to solve it with the most current state of the art 
in CV, as is now the case of Deep Learning (DL), and many times, 
researchers apply DL without taking into account its advantages 
and disadvantages [6].

Electron Microscopy (EM) is a widely used technique in viral 
analysis, which allows fast morphological identification and a 
diagnosis of infectious elements contained in a specimen without 

the need for special considerations and reagents, and many times, 
it is often sufficient for the physician recognizes an unknown 
infectious agent [7].

However, as was pointed out in [1, 2], microscopic images 
present some blurring, due to physical problems inherent 
in electron microscopes, which usually occur, even, in high 
performance microscopes and high-resolution images. Some of 
these phenomenons are, scattering, out-of-focus, imperceptible 
vibrations, voltage disturbances, among others, which causes 
certain blurring in the microscopic images, and often makes it 
difficult to analyze correctly to them [8,9].

In this case, of the novel coronavirus SARS-Cov-2, we need to 
highlight the S-spikes and visualizing those areas that show a high 
density, which are related to active zones of viral germination 
and major spread of the virus. In addition, the S-spikes are high 
frequency information, and have a random spatial distribution; 
that is, they do not have a certain pattern.

From what was expressed in the previous paragraph, one can note 
the importance of studying these SARS-Cov-2 high-resolution 
microscopy images before applying any technique or algorithm, this 
issue being the essence of the published [1,2]. Thus, the obtained 
algorithms have better performance.

The main aim of this work is to carry out a reflection on the 
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enhancement of the microscopic images of the novel coronavirus 
SARS-Cov-2 from the results obtained and published [1,2]. We will 
analyze the effectiveness of the algorithms proposed to highlight 
the S-spikes, and we will detail why deep learning, despite the 
popularity achieved, in this case is not beneficial.

We organized the rest of paper as follows: a Section on the materials 
and methods is given. We proposed a Section on some algorithmic 
aspects and its relationship with the characteristics of microscopic 
images. Later, another Section contains some obtained results and 
discussion by using other SARS-Cov-2 micro-images. Finally, we 
describe our conclusions.

LITERATURE REVIEW

As was pointed out in, we captured the samples from 
nasopharyngeal swabs collected from Cuban individuals with 
COVID-19 symptomatic and positive for SARS-CoV-2, and we 
treated to them (samples) with an aldehyde solution and processed 
by Scanning Electron Microscopy (SEM) [1,2,10]. In, we offered a 
comprehensive explanation of the importance of SEM [1,2]. Here, 
we will present in Figures 1-3 some typical SARS-Cov-2 coronavirus 
images (Figures 1-3).

We in carried out a study and analysis of some of the characteristics 
of these microscopic images of SARS-Cov-2 novel coronavirus [1]. 
One can observe that the most interesting in those micro-images 
are in their blurred appearance, where the S-spikes do not look 
well defined. On the other hand, these S-spikes, in addition to 
being information of high spatial frequencies, are hyper-dense areas 
(brighter points) and have a random spatial distribution (that is, 
S-spikes do not have a certain pattern).

In, we highlighted the importance of the study and characterization 
of the micro-images before applying any type of algorithm [1]. In this 
case, much more important when it comes to a novel coronavirus 
that information about the same did not exist. This helps one to 
develop algorithms much more adapted to the problem one want 
to solve, in this case, the enhancement of S-spikes or S-proteins, 
which allow the virus to fuse with the host cell membrane [11]. It 
is known that a high density of S-spikes is related to active zones of 
viral germination and major spread of virus [10].

Some algorithmic aspects and its relationship with the 
micro-images

As we pointed out, the study and characterization of the micro-
images is an important step for the development of new 
algorithms. One must carry out this procedure before applying 
any algorithm, and the study must be deep and effective [12]. In 
image classification, Deep Learning (DL) has dominated this field 
due to a substantially better performance compared to traditional 
methods. However, as good was explained in, DL is not making 
traditional CV techniques obsolete, and it will not solve all the 
problems that arise in this mega-field [6]. In CV, there are many 
problems where traditional techniques with global features are a 
better solution [6]. This is the case when the problem to be solved 
is not framed in the image classification field, or the objects to be 
processed do not have a certain pattern. In this sense, S-spikes of 
the SARS-Cov-2 novel coronavirus have this behavior.

However, the current trend of many researchers is to apply DL to 
all the problems that arise in CV, without taking into account the 
advantages and disadvantages of DL [6]. Nevertheless, published 
works applying DL for the enhancement or segmentation of 
S-spikes of the SARS-Cov-2 novel coronavirus do not appear, as 
was reflected in Table presented in [2].

The CV works by using DL have been fundamentally applied to 
detect COVID-19 from chest CT radiography Digital Images [2]. 
This may be motivated by the fact that the chest radiographs of 
patients affected with COVID-19 present a certain pattern that 
differs from those who do not have the disease.

In Figure 4, we present two examples from chest CT radiography of 
patients with COVID-19 (Figure 4). 

Figure 1: (a), (b), (c) and (d), some examples of original microscopic 
images of the SARS-Cov-2 novel coronavirus.

Figure 2: (a), (b), (c) and (d), other examples of original microscopic 
images of the SARS-Cov-2 novel coronavirus.

Figure 3: (a), (b), (c) and (d), examples of original microscopic images 
of the SARS-Cov-2 novel coronavirus.

Figure 4: Chest CT radiography digital images. (a) and (b) patients 
with COVID-19 (c) and (d), uninfected patients.
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One can observe the tendency to the formation of certain patterns 
(which one can use as training) unlike the images of uninfected 
patients, where one can see cleaner chest images. In a near future, 
we will publish these studies.

Although nowadays, in CV the transfer learning is being used 
increasingly, one of the problems that persists in DL is the 
computational cost in the training, besides the need of big data 
[13]. Nevertheless, DL has proven to be sufficient and easy solution 
for ad-hoc problems, but once that the system is trained and 
optimized; the framework is a black box [14].

What we expressed in the previous paragraph means that the 
change of meta-parameters to adapt the system to a new problem 
in DL is not trivial, and a new training is necessary. Many times, 
while more complex a task becomes, one requires more flexibility 
in algorithms and a global tuning, which will be a better solution.

It is today known that the SARS-Cov-2 novel coronavirus is mutating 
in different countries, and this mutation can result in a change 
in its morphology and spatial distribution of S-spikes. Algorithms 
presented in are easy to adapt with simple global adjustments in 
case of need to enhancement the microscopic images of the novel 
virus strains [2]. In addition, these algorithms are simple of using to 
study, without need of training, micro-images of new bacteria and 
virus. Carrying out this task with DL is not trivial.

Therefore, as far as possible to carry out a study of characteristics 
of the micro-images and of their physical environment, one will be 
in better conditions of developing or applying algorithms that best 
suit the problem to be solved. This is what we name: algorithmic 
aspects and its relationship with the microscopic images or study 
images [2].

Other obtained results and discussion using the proposed 
algorithms

In this Section, we will carry out other enhancement of the 
microscopic images from Figures 1-3 by using of Algorithm No. 3 
presented [2] In Figures 5-8, we show the obtained results.

One can note in the obtained results that S-spikes were remarkably 
improved, and in some microscopic images the S-spikes appear to 
be practically segmented (very light S-spikes) on a dark background 
(Figures 5-8).

DISCUSSION

The most important of these results is that we processed all the 
micro-images with the same value of the h parameter, which 
denotes the stability of this algorithm for image databases captured 
under the same boundary conditions (microscope, illumination, 
among others).

As we expressed in, the h parameter is who determines the 
expression of final result in the processed micro-image (improved 
S-spikes or segmented) [2]. The selection of one or the other result 
will depend of the aim of specialists (virologist, bacteriologist, 
biologist, or other).

Other examples of processed micro-images of patients with the 
SARS-Cov-2 virus appear. In this case, for one to be able to see 
better the result of the enhancement and visually to contrast, we 
will place the original micro-imagen to the left, and the improved 
one to right. We used a value of parameter h=100 for all processed 
microscopic images. One can see that S-spikes were practically 
isolated, and the intensity value of background was equal to zero. 
Of this result, one can denote the importance of this unique 
parameter.

CONCLUSION

We carried out, from the papers published in, a reflection about 
enhancement of high-resolution microscopic images of the SARS-
Cov-2 novel coronavirus. In addition, in this work, we made a 
broad explanation of the importance of DL, and we analyzed their 
disadvantages too. We explained that in the case of enhancement 

Figure 5: Enhanced micro-images applying the algorithm No. 3 with 
h=80. Original microscopic images from Figure 1 (a), (b),

Figure 7: Enhanced micro-images applying the algorithm No. 3 with 
h=80. Original microscopic images from Figure 3. (a), (b), (c) and (d).

Figure 8: Obtained results of applying the Algorithm No. 3 with 
h=100. Original microscopic images to the left. See that S-spikes were 
well highlighted.

Figure 6: Enhanced micro-images applying the algorithm No. 3 with 
h=80. Original microscopic images from Figure 2. (a), (b), (c) and (d).
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of S-spikes is not convenient to use DL. Finally, we carried out an 
extensive experimentation with our Algorithm, and discussed the 
results.
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