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COVID-19: Virology, Pathogenesis and Potential Therapeutics
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Nowadays, the coronavirus epidemic
represents a major threat to the human
being, represented by great numbers of
deaths and wide world life disrupt.
COVID-19 virus, is not only representing
a threat to the life of human being, but
also to the economic activities that nearly
stopped in many countries due to the
partial to complete closure of life
activities in order to control the wide
spread of virus infections. In these
extraordinary and unprecedented critical
times of human being life, it is essential to
review and discus the virus epidemic in
trial to suggest an idea that might be
beneficial to researchers to find out an

INTRODUCTION
An outbreak of infectious disease
caused by a novel form of coronavirus
has been recognized for the first time
in December 2019. Therefore, it is
called Coronavirus Disease 2019 (or
COVID-19). It has been reported
firstly in Wuhan city, in Central Area
of China. Then, it widely spread all
over the world, nearly involving all
countries. The WHO announced it as
a pandemic in March 2020 [1]. The
virus infection is transmitted from one
person to another mainly through
droplet transmission via coughing or
sneezing. Infection also might be
transmitted from pregnant mother to
her child [2]. The fatality includes all
ages but more affecting old ages with
low immunities and patients with
other diseases such as respiratory or
cardiac disorders.
On the other hand, the previously
outbreak known as severe acute
respiratory
syndrome
(SARS)
accounted at 2002 to 2003 also started

exit from this dark tunnel and to prevent
as possible epidemic recurrence. Many
attempts of management protocols and
trials all over the world, nearly failed until
now to control the wide spread and the
high incidence of morbidity and mortality
of this viral infection. In this review, we
highlight the virology and pathogenesis of
epidemic and possible used therapeutics
in a simplified and concise form to be
easily understood and available for
healthcare members and even general
population. This might help in control and
eradication of the current epidemic.

Guangdong Province, China. The
causative virus, SARS-CoV also
belongs to coronavirus family [3]. The
WHO early warned the world in 2003
about
an
unexpected
severe
respiratory illness spreading out in
Vietnam, Hanoi and Hong Kong.
Then, SARS was reported from 32
countries with more than 900 deaths.
It was stated that SARS is less
infectious than normal influenzas;
most infections occur in persons in
close contact with patients including
healthcare workers. Most cases of
mortality were occurring in old ages
above 65 years [4]. Identification of
the genome of the virus could help in
its combating whether through an
identification of rapid method for its
diagnosis or finding a therapeutic and
immunization [5].
The current review aims to clarify the
nature of the virus and the available
trials in therapeutics.
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METHODS
The previous literature was searched at Google
Scholar, PubMed, Web of Science, Research
Gate, WHO websites and others scientific data
bases. We reviewed and discussed the most
recent papers regarding COVD-19 as well as
SARS viruses‟ outbreaks; in particular type of
viruses and possible therapeutics.

RESULTS and DISCUSSION
Virology:
The novel strain of coronaviruses (CoVs)
causing COVID-19 is termed SARS-CoV-2 to
distinguish it from the SARS-CoV (Severe Acute
Respiratory Syndrome Coronavirus) that
previously reported to cause SARS outbreak in
2003, and genetically related to it [6].
Coronaviruses
belong
to
family
of
Coronaviridae; representing its sole genus. The
virus is composed of a single enveloped
pleomorphic strand of RNA. Its size varies from
26 to 32 kilobases; and diameter of about 120160 nm, representing the largest of the known
RNA viruses [7]. It appears in electron
micrograph as crown-like structure so it derives
its name “corona”. Its surface is characterized by
spikes-shaped projections (Fig. 1). These
projections are composed of a high molecular
weight glycoprotein (Spike or S proteins); and
show specific antigens that easily removed by
protease enzyme. The S proteins are the most
variable genome sequence of the virus; and used
for host receptor binding and hence entry of the
virus [4,7]. The envelope surrounding the RNA
virus strand might protect it; allowing it to
survive for some times in the air of the patients‟
environment as well as on the surfaces.
Presence of the envelope surrounding the viruses
including human coronavirus keep the infections
possible on the surfaces for several days [8]. The
virus could be affected by the surrounding media
including heat and moisture. Drying and increase
of heat might have a reducing impact on the
survival of viruses [9]. Therefore, the infections
might be decreased in summer where the
environment temperature increases.
The coronaviruses include three groups; each has
an animal host [4]. Accordingly, COVID-19 also
has been suggested of animal origin. This is
because virus has the same homology with that
isolated from civet cats [3]. SARS coronavirus

(SARS-CoV) is also not documented to circulate
in humans before its first outbreak; it has a
zoonotic origin [4]. The virus causing COVID19 is identical to SARS-CoV, and more closely
related to other bat coronaviruses [5]. It in
general propagates in same cells similar to that
needed for growing of SARS-CoV; but
flourishes better in epithelium of the human
respiratory airways [10].
SARS-CoV transmission doesn‟t occur from
asymptomatic or less infected persons with mild
signs except after inhabitation of the lower
respiratory and intrapulmonary air-ways. This in
contrary to SARS-CoV-2 which has error in
error-prone RNA-dependent RNA polymerases
that enables it for mutation and re-combination
[5]. These mutations and re-combinations
facilitate virus entering into the host cells
through affecting its spike proteins. Such
processes might affect controlling the virus; and
make it a constant threat to the human being
[11].
Infection is shown to be acquired by
transmission through the mucous membranes in
particular of the nose, mouth and eye
conjunctiva. Transmission occurs either by direct
exposure or contact with patients or indirectly
through touch or use of towels, fomites or
surfaces used by patients. Respiratory
transmission occurs through exposure to droplets
of variable sizes aired from patients for a
distance up to 1-1.5 meters. Airborne viruses in
small droplet particles (less than 5 μm in
diameter) might remain for a long time in
immediate environment of patients and infect
other persons. Indirect transmission might occur
through handling the contaminated objects then
touch the nose, mouth or eyes [12].
The disease takes a relatively short incubation
period of average 4–6 days might extend to 14
days in a small proportion of population; but a
long period of clinical presentation might occur
reaching many weeks to end by cure or even
death. The clinical manifestations were mostly
including fever, cough and body aches. There
may be headache, sore throat, diarrhea,
hemoptysis and/or sputum expectoration in some
patients. The cases also develop dyspnea and
respiratory difficulties within about one week
from the start of symptoms of illness. Pneumonia
occurs in all patients with acute respiratory
distress in some cases. The complications
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include acute cardiac injury, shock and acute

renal failure [13].

Figure (1): Diagram showing structure of SARS-CoV-2.
Pathogenesis:
As we mentioned before, COVID-19 virus is a
single stranded RNA with a reverse transcriptase
enzyme formed of two polyproteins pp1a and
pp1ab comprising 16 non-structural proteins
[14]. The virus binds to epithelial cells of upper
airway, through the receptor angiotensin
convertase enzyme 2 (ACE2) [15]. Then, the
virus gains double membranes from rough
endoplasmic reticulum (RER) of the host cell.
The viral nonstructural proteins rearrange the
gained membranes to form vesicles of virus in
which its replication and transcription take place
[14]. The virus replicates inside the cells for
about one week. In this period, viral tropism to
upper airway cells is responsible for viral
shedding and high infectivity of patients [16].
Then it either, or both reaches the lower
respiratory system and the blood stream. In the
lung, it invades type II pneumocytes carrying
ACE2 enzyme. The virus replicates within
pneumocyte leading to its destruction and
consequent loss of production of surfactant that
protects the lung from collapse [17].
When COVID-19 reaches the blood stream, it
invades B-lymphocytes, T-lymphocytes, and also
natural killer (NK) cells, evidenced by their
marked decrease in patients. Mechanism of
destruction of such cells induced by the virus is
still unclear [18]. However, it has been found a
decrease in CD4+ T-cells, but relatively increase
in CD8+ T-cells. We suggest that destruction of
these lymphocytes might evoke stormy response
of the immune system of the body. This could be
represented by a gush of cytokines including
interleukin-6 (IL-6), inflammatory markers such
as C-reactive protein (CRP) and increase
production of fibrinogen with hypercoagulability

of the blood. Such hypercoagulability might
induce multiple thrombi elsewhere in the body
including lungs and coronaries with potential
morbidity. The storm of cytokines, in addition to
low immunity caused by decrease of
lymphocytes and NK cells may be responsible
for severe pneumonia. We suggest that extensive
inflammatory responses, in addition to
destruction of type II pneumocytes, are
responsible for acute respiratory distress
syndrome (ARDS) that previously stated as a
serious complication for COVID-19 [19].
Several factors might contribute to the
coagulation disorder in COVID-19 patients. The
persistent inﬂammatory process in severe
COVID-19 cases acts as a crucial trigger for
coagulation cascade. Increased cytokines like IL6 could activate the coagulation and suppress the
ﬁbrinolytic system. Moreover, pulmonary and
peripheral endothelial cell injury occurring by
direct viral attack could be another trigger for
coagulation. Such dysfunctional coagulation also
could more potentiate the aggressive immune
reaction [16].
Hypercoagulability signed by prolonged
prothrombin time, elevated levels of D-dimer
and ﬁbrinogen, and near normal activated partial
thromboplastin time) could lead to disseminated
intravascular coagulation (DIC) and multiple
blood thrombi [20,21]. The thrombi in lungs
worsen ARDS, and in the coronaries might lead
to sudden death that occurs in some cases.
Some authors noticed at autopsies of COVID-19
cases a presence of deep venous thrombosis in
some cases with no past medical history of its
possibility [22]. Also, they found extensive
alveolar damage and presence of SARS-CoV-2
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in high concentration in the lung tissues and in
blood after postmortem investigation of bodies of
some cases.
COVID-19 also might invade ACE2-carrying
cells found in vascular endothelium, respiratory
epithelium, alveolar monocytes, renal tubular
cells and macrophages [23]. Therefore, COVID19 may be responsible for multi-organ failure.
Functional research aiming blockade of ACE2
protein that represents the route receptor for
entry of virus into human body is highly
recommended.
Therapeutics:
There are great challenges to find out therapeutic
for the existing disaster of coronavirus epidemic.
This might be due to its mutations; however,
there are some light seen in the research
community regarding specific treatment.
Due to similarity of the genome between SARS
and COVID-19 viruses, some scientists have
advised re-use of therapeutic given previously
for combating SARS in this current epidemic of
coronaviruses. These drugs included use of
ribavirin as well as glucocorticoids [24]. The
WHO has not recommended the use of
glucocorticoids for treatment of cases of
COVID-19 unless they are associated with
exacerbating obstructive airways [1].
Ribavirin is a nucleoside analog having broad
antiviral effects against both DNA and some
RNA viruses. It has been used for treatment of
hepatitis; and showed improvement of symptoms
without affecting virus load [25]. It is given for
treatment of hepatitis C virus (HCV) combined
with interferon. The HCV is of the RNA type of
viruses like coronaviruses. It could be
administered orally or by aerosol [4]. Moreover,
pre-clinical use in-vitro proved effectiveness
against COVID-19 [26]. These factors in
addition to its availability and low cost put the
ribavirin as a potential therapy for cure of
COVID-19. However, its use still needs further
clinical investigations [27].
Lopinavir and ritonavir which are protease
inhibitors were also used for management of
cases of SARS in 2003. They were noticed to
exhibit some better outcome in SARS patients
[28]. However, trials to use these drugs in
treatment of COVID-19 showed no better results
beyond the standard measures [27]. However, the
authors recommended further investigations to

clarify its benefits in protocol of management in
the future.
Remdesivir (GS-5734) that is nucleoside analog
and previously used for treatment of Ebola virus
has been also investigated against SARS with
some benefits. Moreover, preclinical study
showed great significance against coronaviruses
[1,29]. Therefore, GS-5734 has been suggested
for management of patients of COVID-19. In this
respect, clinical trial showed some benefits for
the patients [26].
On the other hand, chloroquine „antimalarial‟ has
been found to be of some significance in
treatment of patients with emerging COVID-19.
Hydroxychloroquine „analogue of chloroquine‟
is also an antimalarial drug but used mainly for
autoimmune disorders such as rheumatoid
arthritis and lupus [30]. Both chloroquine and
hydroxychloroquine could inhibit in-vitro SARS
viruses [31]. It also has been tested for treatment
of HCV indicating modest effect [32].
Azithromycin like chloroquine is also suggested
to have a potential role in management of
emerging COVID-19. However, the two drugs
need further investigations to confirm their
efficiency [33].
Based on the postmortem findings as well as the
possibility of occurrence of hypercoagulability,
some
authors
recommend
prophylactic
thromboembolic therapeutic measures [34]. The
low molecular weight heparin (LMWH) and
anticoagulants have been used as a prophylactic
therapy for patients with COVID-19 [35]. Full
medication protocol of anticoagulants is
indicated for severe cases; and was noticed to be
associated with reduced mortality rate [20].
Convalescent plasma (CP) has been tried to
control the COVID-19 infections. It has been
shown to have a promising role in neutralization
of viremia and improvement of clinical outcome,
but also it needs further studies to establish
protocol of management [36]. However, the
frequent mutation of this strain of viruses make
the treatment with CP and even immunization to
prevent its occurrence in the future more or less
difficult.
No medication has been so far shown to
effectively lessen the mortality from this
epidemic in all published researches. All such
medications are still under testing and not yet
totally approved. All measures taken from the
health authorities of the different countries have
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been focused on reducing the risk of infection
through physical distancing between individuals
in addition to adoption of self-protection such as
wearing face-masks and strict washing of hands
before touch of face, nose, eyes and mouth.
Moreover, detection of cases and their isolation
with symptomatic and supportive medications,
follow-up of contacts and quarantines‟ measures
have been taken [37].

CONCLUSION
COVID-19 is a major health challenge
threatening the life of humans all over the world.
It is caused by infection with a novel subtype of
RNA viruses “SARS-CoV-2” belonging to
coronaviruses. The virus has an envelope that
enables it to survive and infect more cases. It
also has the ability of frequent mutations so its
control through drugs and immunization needs
further researches and might take a long time.
Many drugs and attempts have been tested,
including drugs used before for management of
viruses particularly SARS and HCV as well as
convalescent plasma, but there is no consensus
regarding the management and control of the
current epidemic up till now. Until achievement
of such progress, universal precautions for
avoiding infections transmissions should be
taken into consideration. Control efforts should
include all countries and societies at the same
time. Physical distancing of individual from
others is essential to break the closed circle of
infection spread. Every one may know that selfprotection is a very important job for the person
and for the whole world. This is essential as
survival of viruses for the next winter in any spot
of world even with little cases might represent a
potential source of new infection outbreaks and
more aggressive global challenge.
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