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Abstract: The SARS-CoV-2 is a member of the coronavirus family, they are genetically diverse single-stranded RNA 
viruses that rapidly evolve and mutate, commonly infecting humans. Due to the current coronavirus outbreak, the 
present study aimed to carry out an extensive review of the virus evolution, as well as the mechanisms which lead to the 
development of SARS-CoV-2. For this research, 469 studies were first selected and submitted to eligibility analysis, 
later, 164 studies were selected for a more careful evaluation and, at the end of this process, 52 studies were chosen to 
be discussed following the PRISMA guidelines for systematic reviews. Recent studies have shown that SARS-CoV-2 
genome and the RaTG13 virus are more than 90% similar to each other, which indicates that the bat genome (Bat-SL-
CoVZC45 and Bat-SL-CoVZXC21) and the pangolins genome (pangolin-CoV GD/P1L and pangolin-CoV GD/P2S) share 
the same human genome ancestry, therefore, these animals are considered responsible for spreading the new virus to 
humans, this eliminates the theory that SARS-CoV-2 was a lab-made virus. The infection starts when the virus binds 
itself to the ACE2 cell receptor and proliferates to nasal mucosa epithelial cells and type II pneumocytes, resulting in an 
increased amount of cytokines (IL-6, IL-10, and TNF-α) and a decreased amount of lymphocytes (CD4 + and CD8 + T 
cells). 
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1. INTRODUCTION 

Coronaviruses (CoV) are spherical particles ranging 
from 100nm to 160nm with four structural proteins: 
spike (S), membrane (M), envelope (E), and 
nucleocapsid (N). The virus was named because of its 
crown-like appearance due to the presence of viral 
spikes (S proteins) on the surface of the cell 
membrane, similar to a crown of thorns [1-4]. They 
commonly infect humans, especially the Alpha 
coronavirus 229E and NL63 and Beta coronavirus 
OC43 and HKU1. These viruses may cause mild and 
moderate respiratory infections, similar to a common 
cold. There are also the SARS-CoV and MERS-CoV, 
these coronaviruses can cause severe respiratory 
problems known as severe acute respiratory syndrome 
and the Middle East respiratory syndrome [5,6]. 

Coronaviruses are made of a positive single-
stranded RNA-binding protein, ranging from 26kb to 
32kb, which folds like an oligosaccharide. This protein 
may explain the unique and complex replication 
process of the coronavirus [7,8]. It is important to 
highlight that coronaviruses are widely spread, 
genetically diverse, and are frequently recombining 
their genomes, also, the increased interactions 
between humans and animals contribute to its 
periodical reappearance [9]. 
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As a result, a new deadly coronavirus agent, SARS-
CoV-2, was discovered on December 31st, 2019 in 
Wuhan, China [10]. The World Health Organization 
(WHO) has named it as COVID-19, which stands for 
“Coronavirus Disease 2019” [11]. On 30 January, 2020, 
the WHO declared a Public Health Emergency of 
International Concern, the Organization's highest level 
of alert, as established by the International Health 
Regulations. On 11 March, 2020, the SARS-CoV-2 was 
declared a world-class pandemic [12]. In Brazil, until 
mid-September 2020, there were millions of confirmed 
cases (4.534.98) and thousands of deaths (136.651) 
[13] which worsened the economic crisis in Brazil. 
Given the global pandemic scenario and little 
consolidated knowledge of the pathogenicity of the 
virus, the present study conducted a systematic review 
on the new coronavirus evolution, as well as the 
mechanisms which lead to the development of SARS-
CoV-2. 

2. METHODOLOGY 

This paper proposes a systematic analysis 
conducted by collecting electronic scientific articles in 
the COCHRANE LIBRARY, PUBMED, and VIRTUAL 
HEALTH LIBRARY (VHL) databases, in addition to 
ordinances from the Ministry of Health, World Health 
Organization, Pan American Health Organization, and 
the National Health Surveillance Agency were 
searched using the keywords: coronavirus, COVID-19, 
genome, severity markers, pathogenicity, and 
phylogenesis, with the interposition of the Boolean 
operators “OR” and “AND”. 
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The inclusion criteria were as follows: articles 
written in English or Portuguese; published within the 
last five years; fully available for download; they had to 
describe the phylogenetic properties and aspects of the 
pathogenesis of the new coronavirus. Then, in the end, 
469 papers were submitted to eligibility analysis; 164 of 
those were selected for careful evaluation and 52 were 
included and discussed in this study, under the rules 
PRISMA guidelines (Figure 1) [14]. 

One of the researchers (LAS) selected the journals, 
after this, the abstracts were evaluated, and a new 
exclusion method was decided by the same 
researcher. A second researcher (RRR) decided on the 
conflicting points and made the final decision on 
choosing the articles. Data extraction was reviewed by 
both researchers (LAS and LES). 

3. LITERATURE REVIEW AND DISCUSSION 

A considerable amount of literature has been 
published on the qualitative and quantitative data of the 
natural animal reservoir, viral particles, stages of 
infection, mechanisms of transmission, age group 
epidemiology, genome, and markers for SARS-CoV-2 
(Figure 1). 

3.1. Origins and Viral Pathogenesis 

Previous studies revealed that coronaviruses are 
naturally related to bats, indicating that the SARS-CoV-
2 originated by a natural selection process and was 
transmitted to other animals and humans through the 
traffic of wild animals in the Huanan street market 
[15,16]. 

The infection usually occurs in three main stages. 
The first stage begins within 1 or 2 days when the virus 
binds itself to the epithelial cells in the nasal cavity and 
then replicates through the conductive airways by 
having a limited innate immune response. During the 
second stage, the individual is asymptomatic and has a 
relatively low viral load. In the following days (second 
phase), the virus spreads in the upper airway, causing 
a greater innate immune response. In the third stage, 
the virus infects type II cells causing cell apoptosis, 
which results in the release of particles, probably a self-
replicating pulmonary toxin, that infects adjacent type II 
cells [17]. 

The pathological result is diffuse alveolar damage 
with hyaline membranes rich in fibrin and some 
multinucleated giant cells. Also, scarring and 

 
Figure 1: Flowchart. 
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pulmonary fibrosis are more severe than other acute 
respiratory distress syndromes (ARDS). The recovery 
requires a strong, innate, and acquired immune 
response and epithelial regeneration [17]. 

3.2. Persistence of the Virus in Body Fluids, 
Seasonality, and Transmission of SARS-CoV-2 

The viral particles of SARS-CoV-2 can survive up to 
3 hours in the air, 4 hours on copper, 24 hours on 
cardboard, and 72 hours on plastics and stainless steel 
[18]. In this context, it is necessary to consider that 
people can become infected by touching those 
surfaces, whether they are at home or even in a 
hospital and, as a result, they are the source of 
spreading the virus. 

The studies conducted by Kampf et al. [19] indicate 
that the virus can survive on aluminum for 2 to 8 hours; 
on wood up to 4 days; on glass, metal, and ceramics 
for 5 days; on latex glove for 8 hours, and on a 
disposable apron for 2 hours. It is worth mentioning 
that the survival of the virus in these places depends 
on the type of surface, temperature, humidity [19]. 

Another aspect to highlight is the virus incubation 
period. In a study conducted by Qun et al. [20], the 
authors analyzed data from 425 patients and the 
findings suggested that the average incubation period 
is 5.2 days (95% CI, 4.1 to 7.0 days), with 95th 
percentile of distribution in 12.5 days. At the early 
stages, the epidemic doubled in size every 7.4 days, 
with an average serial interval of 7.5 days (95% CI, 5.3 
to 19 days), the estimated basic reproductive number 
was 2.2 (95% CI, 1.4 to 3.9) [20]. 

Another study analyzed 181 confirmed cases and 
estimated an average incubation period of 5.1 days 
(95% CI, 4.5 to 5.8 days), with 97.5% of those patients 
developing symptoms within 11.5 days (CI, 8.2 to 15.6 
days). Therefore, it is suggested that for every 1000 
cases, 101 developed symptoms after 14 days of 
active monitoring or quarantine [21]. It is important to 
remember that asymptomatic or minimally symptomatic 
people are potential sources of SARS-CoV-2 [22]. 

As for the seasonal aspect, it is important to 
emphasize that the new coronavirus is more active 
during the winter, according to Dr. McGraw, professor 
of infectious diseases in the state of Penn, the droplets 
spread more quickly in cold and dry places [23]. 
However, Amesh Adalja, an infectious disease 
specialist, disagrees by arguing that the virus is not 
seasonal, because the virus's infectivity was not 

observed in the spring nor the summer [24]. Due to the 
context, little is known about seasonality, and therefore, 
it is too early to tell whether the new coronavirus is 
seasonal or not. 

Transmission from animal to human is rare, but, 
given the circumstance, it is possible to happen. The 
virus mainly spreads from human to human through 
respiratory droplets from coughing, sneezing, and 
talking [25]. 

SARS-CoV-2 starts when some viral and structural 
proteins bind to porphyrin, shortly after, the proteins 
ORF1ab, ORF10 and ORF3a attack the heme on the 
1-beta hemoglobin chains causing iron dissociation. 
Such an attack reduces the amount of hemoglobin, 
which carries oxygen, making lung cells toxic and 
inflammatory, causing symptoms such as respiratory 
distress and ground-glass opacification, and severe 
acute respiratory syndrome [26,27]. 

According to Hoffmann et al. [28], the binding of 
SARS-CoV-2 to the cell receptor ACE2 (angiotensin-
converting enzyme 2) is activated by the human 
transmembrane serine protease II (TMPRSS2) on the 
cell surface. This link is explained by the S1 subunit of 
the S protein (spike protein) on the surface of host 
cells. In addition, cleavage of protein S happens on the 
S1/S2 and S2', resulting in the fusion between viral and 
cellular membranes. The hypothesis is that the SARS-
CoV-2 targets cells depending on the ACE2 receptor 
and enzymes, which break down amino acids peptide 
bonds [28]. 

3.3. Pathogenic Comorbidities and Morbidities for 
Different Age Groups 

The mortality rate of SARS-CoV-2 is higher in older 
age groups, because of underlying medical conditions 
[29]. It should be noted that children with hematological 
tumors are amenable to coronavirus infection due to 
immunosuppression and special therapeutic 
characteristics [30]. 

However, patients in advanced age and with a 
medical history of comorbidities, cancer, 
immunosuppression, and/or high ACE2 gene 
expression are at a greater risk of dying from SARS-
CoV-2. Most of the infectivity occurs due to the virus 
interacting with ACE2, an enzyme highly expressed in 
human tissues. In China, the mortality rate of patients 
infected with SARS-CoV-2 is 2.3%, the rate in cancer 
patients is 28.6%, therefore, they are 3.5 times more 
likely to need mechanical ventilation or to be admitted 
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to the Intensive Care Unit, when compared to the 
general population [31]. 

Cancer patients have multiple risk factors that 
increase the chances of infections since they are 
immunocompromised from underlying malignancy or 
antineoplastic therapy [32]. A study conducted by Dai 
et al. [33] analyzed 105 cancer patients and 536 
cancer-free patients of the same age, who were 
positive for SARS-CoV-2, the findings indicated that 
cancer patients have more risks. Also, individuals with 
hematological, lung, or metastatic cancer (stage IV), 
have a higher severity rate [33]. 

3.4. Genome and Severity Markers 

When comparing the SARS-CoV-2 genome with 
typical CoVs, they present at least ten similar open 
reading frames (ORFs); both SARS-CoV-2 and SARS-
CoV use ACE2 to enter the host cell, however, MERS-
CoV binds itself to DPP4 [4]. 

The studies conducted by Guo et al. [34] compared 
the sequencing of the SARS-CoV-2 genome to the 
RaTG13 and found a 96.2% of similarity, this suggests 
that the bat genome (Bat-SL-CoVZC45 and Bat-SL- 
CoVZXC21) [35] and the human genome may share a 
common ancestor. In addition, by aligning protein 
sequences and phylogenetic analysis, it was observed 
similar receptor residues in many species, indicating 
that there is a possibility of alternative intermediate 
hosts, such as turtles, pangolins, and snakes. Another 
important factor is that SARS-CoV-2 ranges from 85.5 
to 92.4% of genomic similarity in pangolins (pangolin-
CoV GD / P1L and pangolin-CoV GD / P2S), which is 
sold illegally in China (2,34,36). 

The severity of SARS-CoV-2 is related to markers 
such as high levels of cytokines (IL-6, IL-10, and TNF-
α) known as “cytokine storm”, lymphopenia (in CD4 + 
and CD8 + T cells ), and reduced expression of IFN-γ 
in CD4 + T cells [37]. 

On a different study, Liu et al. [38] analyzed 
complete blood counts from 12 patients, seven of them 
were over 60 years and infected with 2019-nCov, six of 
them had hypoalbuminemia (below 40g/L), 
lymphopenia (CD4 - 2 patients below 34 counts µ/L), 
low lymphocytes count (LYM - 6 patients below 
1.10×109/L) and neutrophils (NEU - 8 patients below 
3.8×109/L), high reactive C protein (CRP - 2 patients 
below 10mg/L) and lactate dehydrogenase (LDH - all 
patients above 240 U/L) and low CD8 count (7 patients 
were below 21 counts t µ/L). In one of these patients, 

with severe lung disease, a higher viral load was 
detected. It is, therefore, possible to assume that all the 
conditions mentioned above contribute to higher 
pathological severity [3]. 

Another important factor to highlight was that people 
with SARS-CoV-2, confirmed by PCR test, presented 
seroconversion two weeks after being infected. In 
addition, the ELISA IgA test has sensitivity results 
when compared to ELISA IgG [39]. So far, coronavirus 
can be tested by using genetic material (RNA) or virus 
antigens (RT-PCR - Reverse Transcription - 
Polymerase Chain Reaction), antibodies such as IgM 
and IgG, blood, serum, plasma, and/or secretions from 
the respiratory tracts of nasopharynx and oropharynx 
[40]. 

3.5. A Brief Report on Liver Injury 

Recent studies have found evidence of SARS-CoV-
2 on stool and blood samples, suggesting a possibility 
of viral exposure in the liver [41]. The expression of 
ACE2 in the liver (cholangiocytes and hepatocytes) 
suggests that the SARS-CoV-2 can bind itself directly 
to cholangiocytes with ACE2 in the liver parenchyma, 
compromising its function [42]. Therefore, it possible to 
assume that patients infected with SARS-CoV-2 may 
also develop liver damage. 

Regarding the aspects of liver injury, it is important 
to highlight that it is a complex disease, with 
characteristics associated with drug-induced liver injury 
(DILI) [43] and herb-induced liver injury (HILI) [44]. It is 
also worth mentioning that these conditionals also have 
an intrinsic and idiosyncratic background. 

The pathogenic aspects related to idiosyncratic liver 
injury occur regardless of the dose (drugs and herbs) 
applied, and are very difficult to predict, on the other 
hand, an intrinsic liver injury does not share these 
characteristics [45-48]. Chen et al. [49] suggest two 
mechanistic features of idiosyncratic liver damage, the 
first being inflammation caused by drug-induced 
cytotoxicity, and the other is the immune response via 
antigen-presenting cells and / or auxiliary T cells. In 
addition, other properties and factors may play a 
fundamental role in different functional pathways, 
individual susceptibility, and clinical phenotype [49]. 

Clinically speaking, liver injury can be analyzed by 
many kinds of biochemical tests. However, it is 
important to highlight the Roussel Uclaf Causality 
Assessment Method (RUCAM). Danan and Teschke 
[43] recommend the use of RUCAM to assess cases of 
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DILI and HILI. The authors explain that RUCAM takes 
into account all the essential elements of hepatotoxicity 
induced by drugs and plants. They also report that this 
is a well-known and validated method for hepatotoxin 
chemicals and essential in assessing liver injuries, by 
quantifying the strength of association between a liver 
injury and the medication implicated as the cause of 
the injury. 

It is also necessary to consider RUCAM as an 
assessment tool of liver injury in patients infected with 
COVID-19, analyzing whether the injury is caused by 
the virus, other factors, or by potentially hepatotoxic 
substances. Since acute respiratory syndrome is a 
serious condition, SARS-CoV-2 may be associated 
with liver dysregulation and liver injury [44,50-52]. 

4. CONCLUSION 

After genomic comparisons, it is possible to 
conclude that SARS-CoV-2 is related to the CoV found 
in bats (CoVZC45 and CoVZXC21) and pangolins 
(GD/P1L and GD/P2S). Transmission from animal to 
human is rare, however, it is much more frequent from 
human to human, it can spread by coughing, sneezing, 
and talking. The infection starts after the virus binds 
itself to the ACE2 cell receptor and sequentially 
proliferates to the nasal cavity epithelial cells and type 
II pneumocytes, resulting in an increased amount of 
cytokines (IL-6, IL-10, and TNF-α) and a reduced 
amount of lymphocytes (CD4 + and CD8 + T cells). 
The risk of severity is higher in elderly patients and 
patients presenting a history of comorbidities, cancers, 
immunosuppression, and/or high ACE2 gene 
expression. 
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