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ABSTRACT

The Coronavirus disease 2019, identified by Chinese researchers to be the caused by a novel enveloped betacoronavirus,
Severe Acute Respiratory Syndrome Coronavirus- 2 which was first isolated in Wuhan, China has been declared a global
pandemic by the world health organization. The virus has several structural proteins that contributed to its pathogenesis
such as spikes, membrane, envelop and nucleocapsid protein facilitating its attachment, entry and cell-to-cell transmission.
The virus is readily transmitted through human-to-human contact and there is presently no approved vaccine for its
prevention. This study was carried out to review the epidemiology of Severe Acute Respiratory Syndrome Coronavirus- 2, its
host and reservoir, pathogenesis, transmission, clinical manifestation and potential treatment options for the infection.
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Introduction

Coronaviruses are enveloped single stranded positive
sense RNA viruses that are zoonotic in nature (1). The
coronaviruses genome is said to be the largest known RNA
virus genome with a genome size approximately 26-32
kilobases (2).

The coronavirus belongs to the order Nidovirales under
the family coronaviridae. The coronavirinae which is one
of the subfamilies of the coronaviridae family is further
subdivided into four groups; the Alpha, Beta, Gamma and
Delta coronaviruses. All coronaviruses have 16 non-
structural proteins (nsp1-nsp16) and 4 structural proteins
(3) except the betacoronaviruses with 5 structural
proteins (4). The four main structural proteins are spike
(S), membrane (M), envelope (E), and nucleocapsid (N)
proteins (3, 5).

Year 14, Issue 3 (May & June 2020)

The coronavirus disease 2019 (COVID-19) has been
identified to be caused by a novel enveloped RNA
betacoronavirus belonging to the orthocoronavirinae
subfamily (6, 7). As a result of the phylogenetic similarity
between the causal pathogen of COVID-19 and SARS-CoV,
the novel virus is currently called Severe Acute Respiratory
Syndrome Coronavirus- 2(SARS-CoV-2). This SARS-CoV-2 is
a strain of severe acute respiratory syndrome-related
coronavirus (SARSr-CoV) (8). The virus genome consists of
six open reading frames (ORFs) that are common to
coronaviruses and its genes shared more than 80%
nucleotide sequence identity to SARS-CoV. The disease
presents with complications such as severe pneumonia,
respiratory failure, acute respiratory distress syndrome
(ARDs) and cardiac injury including fatal outcomes (9, 10).
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This study was carried out to review the epidemiology of
SARS-CoV-2, its host and reservoir, pathogenesis,
transmission, clinical manifestation and potential
treatment options for the infection.

Materials and Methods
Strategies Used in Searching for Literatures

Literature search for the review was performed in
“Science direct”, “Google scholar”, “PubMed” and also
in “MDPI”, THE LANCET, “Bioxriv’, “JAMA” and
“NATURE” journals using the search terms; COVID-19,
SARS-CoV-2 and Coronavirus to find articles published
before April 13, 2020. Also, some published articles by
the WHO and Center for disease prevention and
control were included in the analysis. Studies were
excluded if data was old and were not pertinent to the
aim of the study.

Identification of Relevant Studies

Identification of studies meeting the inclusion
criteria was done by two review authors, who
screened the titles and abstracts of all retrieved
articles. After the selected articles were read, a
conclusive decision was made for each study. The
inclusion criteria include studies based on
experimental data, studies discussing either clinical
manifestation, treatment options of SARS-CoV-2 or
both, studies based on transmission and host reservoir
of SARS-CoV-2 and studies containing information on
epidemiology, pathogenesis and symptoms of SARS-
CoV-2

A total of 56 articles were screened based on the
inclusion criteria and 43 studies were selected and
used for the review.

Extraction of Data from Selected Studies

Data was extracted from all selected articles
independently by all four reviewers based on the main
research objectives; epidemiology, host and reservoir,
pathogenesis, transmission, clinical manifestation and
potential treatment options for COVID-19.

All findings and statements regarding the outbreak
in this study are based on published information as
listed in references.

Results and Discussion
Epidemiology

Early cases of COVID-19 were found to have contact
history with the original seafood market, however,
human-to-human transmission has been identified as
disease progresses (11).The first four cases reported,
all linked to the Huanan (Southern China) seafood
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wholesale market, were identified by local hospitals
using surveillance mechanism for “pneumonia of
unknown etiology” on December 29, 2019 (12).
Laboratory-confirmed 2019-nCoV (COVID-19) cases
were identified in 41 admitted hospital patients in
Wuhan, China as at January 2, 2020. Most of these
patients were reported to have had recent exposure
to the Huanan seafood wholesale market, while, half
of these patients were reported to have underlying
diseases such as diabetes, hypertension and
cardiovascular diseases (9).

On January 7, 2020, a novel member of enveloped
RNA coronavirus was identified in samples of
bronchoalveolar lavage fluid from patients in Wuhan
and subsequently confirmed as the cause of COVID -
19 by the Chinese center for disease control and
prevention (China CDC) (11). Chinese researchers also
shared the full genetic sequence of the novel virus
through the national institute of health GenBank
database (NIHGD) (13) and the global initiation on
sharing all influenza data (GISAID) (14).

The spread of this disease from China to other
countries have been rapid with 210 countries and
territories having confirmed cases. The global count of
confirmed cases as of April 17, 2020, 08:56 (GMT) is
2,190,303 with 1, 489,604 active cases and 147,
027deaths

Hosts and Reservoir

Bats are natural hosts for a large variety of zoonotic
viruses with 47 different virus families detected from
bat fecal samples in a recent study (15). Generally, it
has been thought that Severe Acute Respiratory
Syndrome-related coronavirus (SARSr-CoV) -which is
mainly found in bats-could cause future disease
outbreaks (16, 17). Benvenuto and his colleagues
found that Bat SARS-like coronavirus was homologous
and genetically more similar to the novel coronavirus
(2019-nCoV) in comparison all other genomic
sequences including the SARS and MERS
coronaviruses represented in the phylogenetic tree
(18).

Analysis of the amino acid sequence of the seven
conserved replicase domains in Open Readind Frame
(ORF) 1ab used for CoV species classification showed
94.4% similarity between the 2019-nCoV and SARS-
CoV. Thus, suggesting that both viruses belonged to
same species, SARSr-CoV. Zhou and his colleagues
showed that 2019-nCoV genome was highly similar to
Bat coronavirus, BaTCoVRATG13 which was previously
detected in Rhinolophus affinis from Yuanan province,
with 96.2% genome sequence identity. The study
showed that RATG13 is the closest relative to 2019-
nCoV and they form distinct lineage from other SARSr-
CoVs (11).
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However, coronaviruses which are phylogenetically
related to SARS-CoV-2 have been detected in
Pangolins (19). High-throughput sequencing of RNA
gotten from samples of 18 malayan pangolins (Manis
javanica) obtained during anti-smuggling operations
performed by Guangxi customs revealed the presence
of coronaviruses that fall into the SARS-CoV-2 lineage
with similar genomic organization (20). In a study,
SARS-CoV-2 exhibits very high sequence similarity to
the Guangdong pangolin coronaviruses in the receptor
binding domain (RBD; 97.4% amino acid similarity. The
Guangdong pangolin coronavirus and SARS-CoV
possess identical amino acids at the five critical
residues of the RBD, whereas RaTG13 only shares one
amino acid with SARS-CoV-2 having only 89.2%
similarity (20).

Besides the SARS-CoV-2, SARS and MERS have
caused serious outbreaks in humans leading to
thousands of deaths in the last two decades (21, 22).
All three coronaviruses have been shown to be of bat
origin, SARS and MERS seemed to use different
intermediate host (16, 23). For example, masked palm
civet and dromendary camels are the intermediate
hosts for SARS CoV (24) and MERS-CoV (25)
respectively.Scientists had thought that bat
coronaviruses were not generally capable of infecting
humans. This observation is consistent with the fact
that ACE2 sequence similarity is higher between
humans and pangolins (84.8%) than those between
humans and bats (80.8%-81.4%; Rhinolophus sp.).

The repeated occurrence of infections with SARS-
CoV-2 related coronaviruses in Guangxi and
Guangdong provinces suggests that this animal may
play an important role in the community ecology of
coronaviruses (20). However, the role of pangolin as
intermediate host has not been proven.

Pathogenesis

Coronaviruses have different proteins that
contribute to its pathogenesis. One of them is the
coronavirus spike protein, which is a type |
glycoprotein that forms peplomers on the virus.
Coronaviruses attach specifically to cellular receptors
via the spike protein. The attachment leads to a
conformational change of the viral spike protein, and
this facilitates fusion of the viral and cellular
membranes. The spike protein therefore ensures
entry of the virus, cell-to-cell spread of the virus, and
it also determines tissue tropism. Coronavirus entry in
general, is not said to be pH dependent. The host
range of coronaviruses is very low, as their ability to
replicate in a host depends on their ability to interact
with its receptors (2).

Another protein responsible for its pathogenesis is
the Hemagglutinin-esterase protein, which is peculiar
to betacoronaviruses (4). The Hemagglitinin-esterase
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protein has two domains, a catalytic (esterase)
domain and another one that binds to sialic acid-
containing receptors. The binding activity helps in the
spread of the virus from cell to cell. The acetyl-
esterase activity becomes important in places like the
respiratory tract where it may need to pass through
mucus. It also facilitates S (spike) protein-meditated
cell entry of the virus (2, 4).

The membrane protein is important in viral
assembly and virus-host interaction. The nucleocapsid
is a structural protein that is involved in transcription
and pathogenesis. Mutation of structural proteins
could be responsible for the higher ability to infect and
enhanced pathogenicity that the bat-like SARS
coronavirus (18).

Transmission

Being a respiratory virus, human-to-human
transmission is primarily through respiratory droplets
from coughs and sneezes of symptomatic people
within a range of 1.8meters (6ft) (26). Human-to-
human transmission has been confirmed during the
SARS-CoV-2 pandemic (27). The SARS-CoV-2 have
been found as aerosols floating in air and can cause
infection in healthy people (28), however, RNA
samples of SARS-CoV-2 have been detected in faecal
samples of 2-10% confirmed patients (29).

The incubation period of the virus, which is the time
between exposure of the virus (becoming infected)
and symptom onset, is on average of 5-6 days,
although it can take up to 14 days (30). During this
period, also known as “pre-symptomatic” period,
some people can be contagious. Pre-symptomatic
transmission has been has been documented through
contact tracing and enhanced investigation of clusters
of confirmed cases (30, 31).

Clinical Manifestation

Symptoms such as fever, cough, myalgia or fatigue,
pneumonia and complicated dyspnea have been
reported as the most common symptoms, while,
headache, diarrhea, hemoptysis, runny nose and
phlegm- producing cough are less commonly reported
symptoms (9, 10). Patients with severe cases
experiences progressive respiratory failure as a result
of alveolar damage whereas, patients with mild
symptoms have been reported to recover after 1 week
(12).

SARS-CoV-2 has been detected in upper and lower
respiratory tract, in fecal samples and in blood
samples. Laboratory diagnosis is based on a positive
reverse transcriptase polymerase chain reaction (RT—
PCR) test (32).

Radiologic assessments include chest radiography
or computed tomography. According to the data
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compiled by Guan and his colleagues, glass-ground
opacity was the most common radiologic finding when
chest computed tomography (CT) was carried out. No
radiographic or CT abnormality was found in 157 of
877 patients (17.9%) for noncritical cases, and in 5 of
173 patients (2.9%) for critical cases. The imaging
patterns found on chest CT performed on the case
patients were majorly ground-glass opacity (56.4%)
and bilateral patchy shadowing (51.8%). Other
imaging patterns included local patchy shadowing and
intestinal abnormalities. Also, lymphocytopenia was
found 83.2% of the patients, thrombocytopenia in
36.2% and leukopenia in 33.7% (24). There is
however, a reported case of acute necrotizing
hemorrhagic encephalopathy associated with COVID-
19 (33).

Potential Therapeutic Medications for the
Treatment Covid-19

At present, there are no antiviral drugs or vaccines
approved to cure or prevent infection by SARS-CoV-2.
Owing to this, the best measures to control human
coronaviruses remain a strong public health
surveillance system and also rapid diagnostic testing
and quarantine when necessary. Several studies
demonstrate several drugs and the ameliorating
effects they proffer, there is no putative prophylactic
drug or vaccine proven to prevent infection or cure
infection.

Toxilizumab and Siltuximab

In a study described by Tao and his colleagues (33),
most patients with COVID-19 demonstrated higher
circulating levels of interleukin-6 (IL-6) after diagnosis.
Its mechanism observed to be shared with other
cytokine mediated lung injury perpetrated by
infectious agents. The use of the IL-6 inhibitors
(monoclonal antibodies), siltuximab and tocilizumab
which targets both IL-6 and IL-6 receptors may
alleviate cytokine-storm related symptoms of COVID-
19 cases (34) as these have been used to treat
cytokine release syndrome following CAR-gaT
therapy.

Thalidomide

In similar case, in Wenzhou city, China, a 45-year-old
woman with COVID-19 was treated with thalidomide
with low dosage glucocorticoid. In previous outbreaks
such as the SARS and MERS corona virus outbreak,
high dosage of glucocorticoid was used to suppress
cytokine storms. However, it was associated with
adverse side effects such as osteoporosis, secondary
bacterial infection amongst others. But in low dosage,
coupled with thalidomide, pulmonary effusion
symptoms and elevated inflammatory cytokines were
significantly reduced. In addition, its efficacy is
attributed to its ability to activate T cell receptors and
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T cells to enhance immune functions, thus
ameliorating organ injury by impeding cytokine
storms as well as improving the immune system’s
potential to fight secondary bacterial infection. It also
possesses sedative and antiemetic activities that
calms anxious patient, thus reducing oxygen
consumption, improving digestive symptoms such as
vomiting and promotes relief of lung exudation
possibly by impeding the growth of new blood vessels
(35).

Oseltamivir  and  abidolhydrochloride, = methyl-

prednisolone, moxifloxacin

Other drugs have shown immense potential at
ameliorating COVID-19 related symptoms as seen in
Wuhan, China, a couple with COVID-19 were treated
with methylprednisolone 40mg (once), human gamma
globulin 10g changed later on to 5g. Also, drugs used
to treat atypical pathogens such as moxifloxacin for
mycoplasma and chlamydia, oseltamivir and
abidolhydrochloride for influenza virus and a Chinese
patent medicine Tanreqing was administered for
adjunctive therapy. The patients showed normal
condition after being re-examined for all indication of
inflammation. These medications were administered
before retrospective studies showed positive results
to COVID-19 caused by SARS-CoV-2. Since the patients
exhibited no underlying health conditions, recovery
could also be attributed to a competent immune
system. Nevertheless, these holds promise in
alleviating COVID-19 related inflammations (36).

Lopinavir/Ritonavir

In another study, Lim and his colleagues (37)
reported lopinavir/ritonavir to be successful in the
treatment of 54-year old patient with COVID-19. This
was administered day 10 of iliness; 2 tablets (lopinavir
200mg, ritonavir 50mg). Clinical results show a
decrease in B-coronavirus load with no detectable
titre since it was administered. However, speculations
pose that improved conditions could be a synergistic
effect of natural healing process and the medications
or either. Further experiments would be necessary to
establish reproducible effects of these medications.

Chloroquine and Hydroxychloroquinone

Chloroquine and hydroxychloroquinone were
reported to be effective at preventing escalation of
COVID-19 associated pneumonia. Clinical trial showed
that chloroquine could block COVID-19 infection at
low micromolar (uM) concentrations with half
maximal effective concentration of 1.13uM and a half
cytotoxic concentration greater than 100uM. In
addition, it has also been proven to lung imaging
findings, promote a virus negative conversion and
shorten the disease course. Its antiviral activity is
attributed to its potential to increase endosomal pH
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required for virus/cell infusion as well as interfere with
glycosylation of cellular receptors of SARS-CoV. In
addition to its antiviral properties, it also has anti-
inflammatory properties which render it a suitable
choice for COVID-19 related pneumonia (38).

Blood Serum

In previous outbreaks known to have ravaged the
world, blood plasma from convalescents have been
proven to be antidotalin the treatment of Severe
Acute Respiratory Syndrome (SARS) and Ebola has
shown significant success. This treatment method
dates back to the 1918 H1IN1 influenza virus where
more than 1700 people received blood serum
survivors. In 2002-2003, during the SARS outbreak, a
study was carried out on 80 persons in Hongkong with
convalescent serum. Clinical reports revealed that
people treated within two weeks of showing
symptoms had a higher chance of recuperating and
being discharged from the hospital than those who
weren’t treated. Likewise blood sera from Ebola
survivors have been tested on at least two outbreaks
of Ebola in Africa with measurable success (39). Test
trials using convalescent serum plasma to treat 13
people critically ill with COVID-19 virus in China,
revealed the cessation of circulation of the virus within
the patients. Though their conditions continued to
deteriorate indicating disease progression too far
along for the therapy to be effective (Liang VYu,
Zhejiang University School of Medicine in China). In
spite of this, this treatment holds great potential to
abate spread of infection to forestall immense
mortality that could arise from delay in the
manufacture of a suitable drug/vaccine.

Remdesivir

Remdesivir is a prodrug of a nucleoside analogue
which is metabolized intracellularly to adenosine
triphosphate which impedes viral RNA polymerase
activity, thus hindering translation of viral genetic
material. It has broad spectrum activity against
notable viruses which includes filoviruses such as
Ebola and corona viruses (Severe Acute respiratory
Syndrome Coronavirus (SARS-CoV) and Middle East
Respiratory Syndrome Coronavirus (MERS-CoV)).
Studies have shown that it possesses some activity
against SARS CoV-2 causative agent of COVID-19
illness. More so, remdesivir has shown to prophylactic
and therapeutic efficacy in non-clinical models of
these coronaviruses (40).

The data of the study showed that gender, region of
enrollment, coexisting condition and duration of
symptoms before the treatment, was not very
significant in measurement of clinical improvement of
the 68% of patients that showed improvement with
the treatment, 13%including 18% of patients on
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invasive ventilation, died after completion of
remdesivir treatment.

Although shown to be somewhat effective, the
safety of this medication has not yet been ensured as
60% of patients exposed to this treatment reported
adverse effects in the follow up (40). The most
frequent includes: increased hepatic enzymes,
diarrhea, rash, renal impairment and hypotension. In
some cases, severe adverse effects were reported.
Most common includes: multiple organ-dysfunction
syndrome, septic shock, acute kidney injury, and
hypotension. These adverse effects were more
common in patients receiving invasive ventilation.

Conclusion

Several studies have demonstrated the use of
certain drugs to combat infection as some of which
target impediment of cytokine-storms which
contributes to inflammation (toxilizumab, siltuximab,
thalidomide in addition to its sedative, antiemetic and
lung exudation relief properties), viral RNA
polymerase activity that function in translation of
genetic material (remdesivir) and interfere with
glycosylation of cellular receptors of SARS-CoV
(chloroquinone and hydroxychloroquinone).
Phylogenetic studies suggest the novel virus to be
closely related to the BaTCoVRATG13 virus and
Guangdong pangolin coronavirus and predicted the
SARSr-CoV to be of potential harm in the near future.
Since bats have been known to be the main reservoir
for coronaviruses that have plagued the world, a
recurrent surge of another coronavirus of zoonotic
origin might occur. Perhaps early identification and
characterization of coronaviruses peculiar to bats and
pangolins might be a potential solution to the
dilemma of drug/vaccine synthesis designed to
combat future infections. A major harbinger to the
development of novel coronavirus-related infections
is the unpredictable wave of genetic mutations
supported by natural selection which have been
known to confer greater virulence to this group of
viruses, bridging the inter-specie barrier between
humans and bats. The novel coronavirus SARS-CoV-2,
although known to be lethal has been reported to be
combatable.
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