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Abstract

The coronaviruses are a group of RNA-containing agents known to cause
respiratory illnesses in humans and animals. This virus has caused two large-
scale pandemics in humans in the past two decades, SARS and Middle East
Respiratory Syndrome (MERS). A novel coronavirus (SARS-CoV-2) that causes
the disease Coronavirus Disease 2019 (COVID-19) has been isolated from in
a seafood and poultry market in the Chinese city of Wuhan in 2019. Cases
have been detected in most countries worldwide, and on March 11, 2020, the
World Health Organization characterized the outbreak as a pandemic. The
virus spreads from person-to-person via close contact, respiratory droplets,
or surface contact. The disease is mild in most people, yet may progress to
pneumonia, acute respiratory distress syndrome, multi-organ dysfunction, and
even death. Treatment is essentially supportive as the role of antiviral agents is
yet to be established. At the moment, is known relatively little about COVID-19,
except that it is a highly pathogenic and possibly zoonotic agent. Therefore, the
objective of this review paper is to summarize the current published evidence
on the genomic structure, pathogenesis, epidemiology, clinical characteristics,
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diagnosis, and prevention of SARS-CoV-2 (COVID-19).
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Background

Coronaviruses are a large family of viruses, which may cause
illness in humans and animals [1]. In humans, several coronaviruses
are known to cause respiratory infections ranging from the common
cold to more severe diseases such as Middle East Respiratory
Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS).
The most recently discovered coronavirus causes coronavirus disease
“COVID-19” and was unknown prior to the pandemic causing
outbreak in Wuhan, China on December 2019 [2-5]. The most
common symptoms of COVID-19 are fever, tiredness, and dry
cough, although respiratory disease, and ocular, gastrointestinal,
neurological,and dermatological manifestationsarebeing increasingly
recognized [6,7]. In a subset of patients, the disease can progress to
pneumonia, respiratory failure, and death within one week. The virus
is primarily spread between people during close contact, most often
via small droplets produced by coughing, sneezing, and talking [8-
11]. As of October 11, 2020 COVID-19 has been diagnosed in more
than 37,287,908 patients and associated with over 1,073,675 deaths.
Cases have been reported in more than 200 countries and territories.
The United States globally leads in COVID-19 cases at 7,718,947,
followed by 1,568,091 in Africa, 1,285,084 in Russia, 861,112 in Spain,
and 590,844 in the UK [12,13]. Although, in Africa the first case of
COVID-19 was reported on February 25%, nearly 1.2 billion people
remain at risk given the viruses pathogenicity [14,15]. Currently, there
is no treatment specifically approved for COVID-19, and no cure for
an infection, although treatments and vaccines are currently under
study. Thus, the ability to limit the devastating consequences of the
disease to rely on the implementation of effective preventative non-

pharmaceutical interventions. Therefore, the objective of this review
paper is to summarize the current published evidence on the genomic
structure, pathogenesis, epidemiology, clinical characteristics,
diagnosis, and prevention of SARS-CoV-2 (COVID-19).

Historical Background of Coronavirus

Coronaviruses were discovered in the early 1930s when an acute
respiratory infection of domesticated chickens was shown to be
caused by a virus now known as avian Infectious Bronchitis Virus
(IBV) [17]. The first Human Coronaviruses (HCoV) were discovered
in the 1960s. Research with human volunteers at the Common Cold
Unit near Salisbury, UK, showed that colds could be induced by
nasal washings that did not contain rhinoviruses. Subsequent in-
vitro experiments, where nasal swabs from these volunteers were
inoculated onto organ cultures of the respiratory tract, revealed the
presence of enveloped viruses with the characteristic morphology of
coronavirus. In 1968 the term coronavirus was adopted. The name
“coronavirus” is derived from the Greek Korona, meaning crown
[18,19]. In 1975, the Coronaviridae family was established by the
International Committee on the Taxonomy of Viruses. At the 10%
International Nidovirus Symposium in Colorado Springs, Colo., in
June 2005, it was proposed that the Coronaviridae family be divided
into two subfamilies, the Coronaviridae, and the toroviridae. Three
Epidemic incidents of human coronavirus have been reported in
world history. The first, In November 2002, a viral respiratory disease
(SARS-CoV) appeared in southern China and quickly spread to other
countries, leading to over 8,000 confirmed cases at the end of the
epidemic in 2004, with a mortality rate of ~9.6%. The second, MERS-
CoV has caused two major outbreaks in Saudi Arabia (2012) and
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South Korea (2015), with the global confirmed cases exceeding 2,000
and a mortality rate of ~35% (10). Similar to SARS-CoV, MERS-
CoV originated in bats, but it later adapted to dromedary camels as
intermediate hosts [20-22]. Currently, a novel and highly pathogenic
coronavirus (SARS-CoV-2) has caused an outbreak in Wuhan city,
Hubei province of China since December 2019, and soon spread
nationwide and spilled over to other countries around the world, and
it contributes to causing more than 37 millions of people to suffer and
more than one million people to die [23,24].

Morphological Structure of SARS-CoV-2

(COVID-19)

All known coronaviruses share a similar structure made of
four main structural proteins: Spike (S), Membrane (M), Envelope
(E), and Nucleocapsid (N) proteins. More recently, however, it has
become clear that some Coronavirus (CoVs) do not require the full
ensemble of structural proteins to form a complete, infectious virion,
suggesting that some structural proteins might be dispensable or
that these CoVs might encode additional proteins with overlapping
compensatory functions [6,25,26]. While the exact functions of
most accessory proteins are still currently being researched on, it is
recognized that the structural proteins aid the viral infection of host
cells and subsequent replication [27]. Individually, each protein
primarily plays a role in the structure of the virus particle, but they are
also involved in other aspects of the replication cycle. The S-protein
is responsible for attachment to host receptors, M protein helps
shape the virion particles and binding to nucleocapsid, E-protein
plays a role in the assembly and release of particles while N-protein
aids with the binding of the genome to a replication transcription
complex which is required for the replication of genomic material
[28,29]. Isolated from a COVID-19 pneumonia patient, a worker in
the Wuhan seafood market, the complete genome of Wuhan-Hu-1
coronavirus, one strain of SARS-CoV-2, is 29.9kb. While SARS-CoV
and MERS-CoV have positive-sense RNA genomes of 27.9kb and
30.1kb, respectively [26].

Genomic Structure of SARS-CoV-2

(COVID-19)

The genetic information of any life is protected in its genome,
and annotation is the initial step to interpret the sequence. The
genome of SARS-CoV-2 is a single-stranded positive-sense RNA
of 30kb (29891 nucleotides) encoding 9860 amino acids. G'C
content varies from 32 to 43% [30]. There are 12 functional Open
Reading Frames (ORFs) along with a set of nine sub genomic
mRNAs carrying a conserved leader sequence, nine transcription-
regulatory sequences, and 2 terminal untranslated regions [31]. The
genome of this virus lacks the haemagglutinin-esterase gene, which
is characteristically found in lineage a BCoV. Two-thirds of viral
RNA, mainly located in the first ORF translates two polyproteins,
ppla and pplab, and encodes 16 Non-Structural Proteins (NSP),
while the remaining ORFs encode accessory and structural proteins.
The 16 non-structural proteins include two viral cysteine proteases,
namely, NSP3 (papain-like protease) and NSP5 (main protease),
NSP12 (RNA-dependent RNA polymerase, NSP13 (helicase),
and other NSPs which are likely involved in the transcription and
replication of the virus The remaining portion of the viral genome
codes for four structural proteins E, M, S, and E along with a number

of accessory proteins that interfere with the host immune response
(Figure 1A & Figure 2B) [32,33]. The organization of the coronavirus
genome is 5'-leader-UTR-replicase-S (Spike)-E (Envelope)-M
(Membrane)-N (Nucleocapsid)-3'UTR-poly (A) tail with accessory
genes interspersed within the structural genes at the 3’ end of the
genome [34,35]. Given the high sequence similarity between the
SARS-CoV-2 and the SARS-like bat CoV's from Hipposideros bats in
China, the natural host of the SARS-CoV-2 may be the Hipposideros
bat. The discovery that pangolin coronavirus genomes have 85.5 to
92.4% sequence similarity to SARS-CoV-2 suggests pangolins should
be considered as possible hosts in the emergence of SARS-CoV-2
[36,37]. SARS-CoV-2 is closer to the SARS-like bat CoVs in terms
of the whole genome sequence. However, mutations are observed
in NSP2, NSP3 and the spike protein, that play a significant role in
infectious capability and differentiation mechanism of SARS-CoV-2
strains, namely L-type and S-type. It was found that L lineage was
more prevalent than the S lineage within the limited patient samples
that were examined. The implication of these evolutionary changes
on disease etiology remains unclear. Coronavirus mainly recognizes
the corresponding receptor on the target cell through the S protein
on its surface and enters into the cell, then causing the occurrence of
infection. A structure model analysis shows that SARS-CoV-2 binds
ACE2 with above 10 folds higher affinity than SARS-CoV, but higher
than the threshold required for virus infection [38,39]. The detailed
mechanism about whether the SARS-CoV-2 would infect humans via
binding of S-protein to ACE2, how strong the interaction is for risk
of human transmission, and how SARS-CoV-2 causes pathological
mechanisms of organ damage remains unknown, which need more
studies to elaborate [24] (Table 1).

Pathogeneses of SARS-CoV-2 (COVID-19)

Angiotensin-Converting Enzyme 2 (ACE2), found in the lower
respiratory tract of humans, is known as cell receptor for SARS-
CoV-2 and regulates both the cross-species and human-to-human
transmission [46]. Isolated from the Bronchoalveolar Lavage Fluid
(BALF) of a COVID-19 patient has confirmed that the SARS-CoV-2
uses the same cellular entry receptor, ACE2, as SARS-CoV [47].
The virion S-glycoprotein on the surface of coronavirus can attach
to the receptor, ACE2 on the surface of human cells. S glycoprotein
includes two subunits, S1 and S2. S1 determines the virus-host range
and cellular tropism with the key function domain RBD, while S2
mediates virus-cell membrane fusion by two tandem domains, Heptad
Repeats (HR1) and HR2 [48,49]. After membrane fusion, uncoating
of the ribonucleocapsid to expose the positive-sense genomic RNA
which is translated by the host ribosomes to yield the viral replication
complex [50]. The viral replication complex continues with viral
transcription and genome replication and, with the aid of host
proteins such as hnRNPA1, yields a nested set of positive-sense sub-
genomic sized mRNAs as well as the full-length virus genome [20].
Sub-genomic sized mRNAs are translated by host ribosomes into
viral structural (S, E, M, N) and accessory proteins. The N protein
packages the positive-sense genomic RNA into a ribonucleocapsid
and is assembled into the virus particles with the help of 8-actin.
The newly formed virus particles undergo maturation when passing
through the Golgi and exit the host cell via exocytosis [51]. Viral RNA
localized to the bronchial and bronchiolar epithelium. Expression
of mRNA for angiotensin-converting enzyme 2, The SARS-CoV-2
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Table 1: Classification of human coronavirus.

Coronaviriniae Genera Strains Discovery Cellular Receptor Host References
HCoV-229E 1966 Human Aminopeptidase N (CD13) Bats [35,40]
Alpha-coronavirus
HCoV-NL63 2004 ACE2 Palm Civets, Bats [38,42]
HCoV-0C43 1967 9-O-Acetylatedsialicacid Cattle [43,44]
HcoV-HKU1 2005 9-O-Acetylated sialic acid Mice [40,45]
Beta-coronavirus SARS-CoV 2003 ACE2 Palm Civets, Bats [21,30]
MERS-CoV 2012 DPP4 Bats, Camels [20,22]
SARSCoV-2 (COVID-19) 2019 ACE2 Bats [37,38]

Table 2: SARS-CoV-2 (COVID-19) Situation update worldwide, as of 11October,
2020 [12].

Region | Total Confirmed case Total death | Case Fatality Rate (CFR)
Globally 37 287 908 1073675 2.88%
Americas 17 971 661 592 222 3.30%
Asia 11 670 553 210 313 1.80%
Europe 6 041 693 232 281 3.84%
Africa 1568 091 37 849 2.41%
Oceania 35214 1003 2.85%
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Figure 1: A) Schematic diagram of genomic organization of SARS-CoV,
MERS-CoV and SARS-CoV-2. B) Schematic structure of virion of SARS-
CoV, MERS-CoV, and SARS-CoV-2 and its major structural proteins [32].

receptor was detected in the lung following infection [34]. The host
innate immune response is a coordinated series of signaling pathways
in all nucleated cells that function to thwart an invading pathogen’s
replication and disease potential. From Interferon (IFN) induction
and secretion to the recruitment of macrophages and DCs to sites of
infection, the system functions to restrict tissue tropism and spread,
dampen virus replication efficiency, and eliminate virally infected
cells [52,53]. In addition to IFN Regulatory Factor 3 (IRF3) in the IFN
pathway, another critical signaling protein for the innate immune
response is a nuclear factor of kappa light polypeptide gene enhancer
in B cells (NF-kB). NF-kB is activated during viral infection from

the sensing of viral replication products and via cytokine secretion
from macrophages and DCs [54]. This leads to a broad induction of
the innate immune response while also fine-tuning the response to
remove the virus while not harming the cells. Virus-host interaction,
therefore, represents an ongoing evolutionary arms race perfected at
the molecular and cellular levels. Evidently, every step of the human
Coronavirus including the SARS-CoV-2 replication cycle engages
certain host factors and dramatic alterations in cellular structure and
physiology activate the host stress response, autophagy, apoptosis,
and innate immunity [22,55] (Figure 2).

Epidemiology of SARS-CoV-2 (COVID-19)

The ability of Coronavirus to obtain mutations which facilitate
the transmission between animal to humans has made it a
zoonotic pathogen of concern. In fact, the recent emergence of
human Coronavirus capable of causing respiratory failure, such
as SARS-CoV, MERS-CoV and SARS-CoV-2 have had the origins
traced back to animals such as bats [56-58]. SARS-CoV-2 is a new
virus responsible for an outbreak of respiratory illness known as
COVID-19, which has spread to several countries around the world.
The disease was first identified in December 2019 in Wuhan, the
capital of China’s Hubei province, and has since spread globally,
resulting in the ongoing 2019-20 coronavirus pandemic [59,60]. As
of 11 October, 2020, more than 37,287,908 cases and 1,073,675 deaths
have been reported across 200 countries and territories (Table 2) [12-
14].This virus belongs to the B-coronavirus family, a large class of
viruses that are prevalent in nature. Similar to other viruses, SARS-
CoV-2 has many potential natural hosts, intermediate hosts, and final
hosts. This poses major challenges for the prevention and treatment
of viral infection [40]. Understanding of the transmission risk is still
incomplete. Epidemiologic investigation in Wuhan at the beginning
of the outbreak identified an initial association with a seafood market
that sold live animals, where most patients had worked or visited and
which was subsequently closed for disinfection [61,24]. However,
as the outbreak progressed, person-to-person spread became the
main mode of transmission. But the exact mode of person-to-person
spread is unclear. It is thought to occur mainly spread between people
during close contact, often via small droplets produced by coughing,
sneezing, or talking. While these droplets are produced when
breathing out, they usually fall to the ground or onto surfaces rather
than remain in the air over long distances. People may also become
infected by touching a contaminated surface and then touching their
eyes, nose, or mouth [5,11]. The interval during which an individual
with COVID-19 is infectious is uncertain. It appears that SARS-
CoV-2 can be transmitted prior to the development of symptoms and
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Table 3: African countries most affected by COVID-19, as of 11 October 2020

[14].
gzr::t:;f Total S:Sr:irmed Total death Case Izgt;g;y Rate
South Africa 690 896 17 673 2.56%
Morocco 146 398 2530 1.73%
Egypt 104 387 6 040 5.79%
Ethiopia 83429 1277 1.53%
Nigeria 60 103. 1115 1.86%
Algeria 52940 1795 3.39%
Ghana 47005 306 0.65%
Libya 41686 623 1.49%
Kenya 41158 760 1.85%
Tunisia 31259 456 1.46%

throughout the course of illness [62,63]. The virus is highly contagious
and threatens everybody in terms of its infectiousness. That said, there
are some groups that are particularly vulnerable to developing serious
complications such as older adults (over 65), and people who have
chronic medical conditions like HIV, heart disease, diabetes, and
lung disease may have a higher risk of complications from COVID-19
[64,65]. Front-line health workers can be initially at risk and infected
when they examine and treat patients who present with a respiratory
infection; if hand washing or other infection prevention and control
measures are not in place, these health workers are at great risk of
infection and become the inadvertent carriers to patients who are in
hospital for other diseases and treatments, family members, and the
community [2] (Table 2).

COVID-19 in African Countries

Africa is expected to be greatly impacted by COVID-19 despite
the late arrival of the pathogen to the continent. Egypt was the first
African country to experience COVID-19, on February 25%, followed
by Algeria on the 27" [66]. South Africa (690,896 cases and 17,673
death), Morocco (146,398 case and 2,530 death), and Egypt (104,387

case and 6,040 death) continue to have the most confirmed cases and
deaths in the continent (Table 3). Just like other countries, Ethiopia
is also suffering from this pandemic. As the Ethiopian Minister of
Health report should that till October 11, 2020 83,429 confirmed cases,
and 1,277 death is recorded. The Ethiopian government has instituted
several control measures, limiting large gatherings and closing several
facilities, in an attempt to mitigate further spread of COVID-19.
However, cases continue to raise and may be underrepresented due
to limited testing capacities. The true epidemiology of COVID-19
on the continent continue to be challenging to predict due to these
limitations [16]. In general, due to inadequate testing capacity for
COVID-19, the true number of cases may remain undetected, which
makes it challenging to predict or conclude the true epidemiology of
COVID-19 on the continent. Certainly, several major factors, such as
late arrival of the pandemic, weak diagnostics including inadequate
COVID-19 testing, lack of essential medical supplies, and a largely
susceptible population will significantly affect and change the
epidemiology of COVID-19 in the continent [67,68] (Table 3).

Clinical Characteristics of SARS-CoV-2

(COVID-19)

The clinical features of COVID-19 are varied, ranging from an
asymptomatic state to acute respiratory distress syndrome and multi-
organ dysfunction. Common clinical features include fever, cough,
sore throat, headache, fatigue, headache, myalgia, and breathlessness.
In a subset of patients, by the end of the first week, the disease can
progress to pneumonia, respiratory failure, and death [69]. The
median time from symptom onset to the development of pneumonia
is approximately 5 days, and the median time from symptom onset
to severe hypoxemia and ICU admission is approximately 7 to 12
days. Acute hypoxemic respiratory failure with severe hypercapniad
from Acute Respiratory Distress Syndrome (ARDS) is the most
common complication (in 60 to 70% of patients admitted to the
ICU), followed by shock (30%), myocardial dysfunction (20 to 30%),
and acute kidney injury (10 to 30%) [70]. Common CT findings are
ground-glass opacities and consolidation. Hematological findings
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include lymphocytopenia, thrombocytopenia, and leukopenia.
Most of the patients had elevated levels of C-reactive protein; less
common were elevated levels of alanine aminotransferase, aspartate
aminotransferase, creatine kinase, and d-dimer. Patients with severe
disease had more prominent laboratory abnormalities (including
lymphocytopenia and leukopenia) than those with non-severe
disease [71]. Mortality has been found to be markedly higher in
patients with elevated troponin T levels (TnT) levels than in patients
with normal TnT levels (59.6% vs. 8.9%). 27 Exuberant elevation of
IP-10, MCP-3, and IL-1ra during SARS-CoV-2 infection is associated
with disease severity and fatal outcome [72]. Patients infected with
SARS-CoV-2 can present with symptoms of conjunctivitis, including
eye redness, ocular irritation, foreign body sensation, tearing, and
chemosis. These symptoms have more commonly affected patients
with severe systemic symptoms of COVID-19, though they can rarely
present as an initial manifestation of the disease. [73]. Researcher’s
analyzed data collected from 116 SARS-CoV-2 patients at Stanford
Health Care who tested positive for the coronavirus gastrointestinal
symptoms were reported by 31.9% of the patients. The majority of
that group described the symptoms as mild. Twenty-two percent said
they experienced a loss of appetite, 22% had nausea and vomiting,
and 12% had diarrhea. In one national registry of 125 patients
with COVID-19 and neurological or psychiatric disease reported
over a 3-week period, 39 (31%) patients had altered mental status,
which included 16 (13%) with encephalopathy, and 23 (18%) with
a neuropsychiatric diagnosis [74]. Cutaneous manifestations of the
COVID-19 pandemic gain increasing attention since they might be
useful in the early diagnosis, triage of COVID-19-positive patients,
and their risk stratification. Chilblain-like acral eruptions and
purpuric and erythema multiforme-like lesions have been associated
with children and young adult patients who are either asymptomatic
or develop the mild disease. In contrast, acro-ischemic lesion and a
maculopapular rash are often seen among adult patients who run a
more severe course. Urticaria with pyrexia has diagnostic significance
since this combination is an early symptom of an otherwise not
confirmed SARS-CoV-2 infection [75].

Diagnosis of SARS-CoV-2 Infected Patients

Coronavirus Disease-2019 tracking and diagnostic testing are
critical to understand the epidemiology, inform on case management,
and to suppress transmission. The United States Centers for Disease
Control and Prevention has developed criteria to use for a person
under investigation. Ideally, if an individual is under investigation,
immediate control and management measures are commenced [76].
Simultaneously, clinical factors are utilized to evaluate the necessity for
testing. This involves close interaction with a disease-confirmed client
within fourteen days of symptoms. Also, it may include travel history
to an infected region within fourteen days of symptoms beginning
[77]. RNA tests can confirm the diagnosis of COVID-19 cases with
real-time RT-PCR or next-generation sequencing. At present, nucleic
acid detection techniques, like RT-PCR, are considered an effective
method for confirming the diagnosis in clinical cases of COVID-19.
When the test outcome shows positive, it is suggested to repeat the test
for the purpose of verification. On the other hand, if the test confirms
negative, these warrants repeat testing. Also, chest X-ray and CT
imaging are used to identify COVID-19 in suspect individuals with
adverse molecular diagnosis [78].

Treatment and Prevention of SARS-CoV-2
(COVID-19)

Currently, there are no proven therapies for the treatment
of COVID-19 [79,80]. There are ongoing trials on remdesivir,
chloroquine, Hydroxychloroquine (HCQ),
intravenous immunoglobulin, convalescent plasma, tocilizumab,
favipiravir, and traditional Chinese medicines. No peer-reviewed,
published safety data is available for SARS-CoV-2 on HCQ though
it continues to be widely used [81,82]. Prone Ventilation is suggested
for patients with refractory hypoxemia due to progressive COVID-19
pneumonia. Extracorporeal membrane oxygenation is suggested for
patients with refractory hypoxemia due to progressive COVID-19
pneumonia if prone ventilation fails [83,84]. There is a large global
effort to develop vaccines for protection against COVID-19 and at
least ten vaccine candidates have, as of early June 2020 entered clinical
trials, including phase II trials [85,86]. Safety and immunogenicity
data have been reported in the scientific literature for the first-in-
human trial assessing a vector-based SARS-CoV-2 vaccine candidate
conducted in China and merit further studies [87,88]. The European
Medicines Agency (EMA) has been in discussion with developers of
33 potential SARS-CoV-2 vaccines since May 26, 2020. However, the
EMA expects that it may take at least one year before a vaccine is
approved and available for widespread use in the EU/EEA [89,90].
Thus, since at this time there are no approved treatments and vaccines
for this infection, prevention is crucial. The best way to prevent the
transmission of infection is to avoid or limit contact with people who
are showing symptoms of COVID-19 or any respiratory infection.
The next best thing you can do is practice good hygiene and physical
distancing to prevent viruses from being transmitted [91].

lopinavir-ritonavir,

Conclusion

The current COVID-19 pandemic is clearly an international
public health problem. The disease has caused millions of infections
and deaths. The virus is primarily spread between people during
close contact, most often via small droplets produced by coughing,
sneezing, and talking. Elderly and immunocompromised patients are
at the greatest risk of fatality. Due to rapid transmission, countries
around the world should increase attention to intense surveillance
and isolation protocols to prevent further transmission. Although
many treatments have been proposed, there are currently no
specific options for treating COVID-19 or preventing 2019-nCoV
infection. Thus, individuals need to take measures such as isolation,
proper ventilation, hand hygiene, and the use of personal protective
equipment.
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