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A B S T R A C T

Coronaviruses are a large group of viruses known to cause illnesses that vary between the common cold and
more severe diseases to include severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome
(MERS). A novel coronavirus was identified in December 2019 in Wuhan city, Hubei province, China. This virus
represents a new strain that has not been previously identified in humans. The virus is now known as the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and the resulting disease is called coronavirus disease
2019 (COVID-19). The World Health Organization (WHO) declared the novel coronavirus outbreak a global
pandemic in March 2020. Despite rigorous global containment and quarantine efforts, the incidence of COVID-
19 continues to rise, with more than 1,948,617 laboratory-confirmed cases and over 121,846 deaths worldwide.
Currently, no specific medication is recommended to treat COVID-19 patients. However, governments and
pharmaceutical companies are struggling to quickly find an effective drug to defeat the coronavirus. In the
current review, we summarize the existing state of knowledge about COVID-19, available medications, and
treatment options. Favilavir is an antiviral drug that is approved in Japan for common influenza treatment and is
now approved to treat symptoms of COVID-19 in China. Moreover, Chloroquine and hydroxychloroquine, drugs
used to treat malaria and arthritis, respectively, were recommended by the National Health Commission of the
People's Republic of China for treatment of COVID-19. Presently, chloroquine and hydroxychloroquine are under
investigation by the US Food and Drug Administration (FDA) as a treatment for COVID-19. The first COVID-19
vaccine is not expected to be ready for clinical trials before the end of the year.

1. Introduction

In the second week of December 2019, unknown viral infection was
identified in a small local fish and wild animal market in Wuhan city,
Hubei province in China (Lu et al., 2020). Since this time, the virus has
rapidly spread across mainland China, and now has reached other
countries (Li et al., 2020a; Chen et al., 2020a). In the early stages of this
virus spread, several cases of pneumonia of unknown etiology were
reported. Patients have been diagnosed with severe acute respiratory
infection symptoms and others with rapidly developing acute re-
spiratory distress syndrome, acute respiratory failure and other serious
complications leading to death (Nijuan et al., 2013). The Chinese
Center for Disease Control and Prevention (CCDC) identified this

infection as a novel coronavirus infection on Jan 7, 2020 and on Feb 11,
2020, the WHO announced a new name for the epidemic disease as
2019-new coronavirus disease (2019-nCoV and now known as COVID-
19) (Organization, W.H., 2020). Additionally, the International Com-
mittee on Taxonomy of Viruses named 2019-nCoV as severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2). COVID-19 has be-
come a major global health concern and the WHO declared the
coronavirus outbreak a global pandemic on March 2020 (Whitworth,
2020). As of April 14, 2020, COVID-19 has affected more than
1,948,617 patients in 210 countries and territories around the world
and two international conveyances and left around 121,846 deaths
worldwide.

Coronaviruses are belonging to the family Coronaviridae (order
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Nidovirales) and include viruses with a single-strand, positive-sense
RNA genome approximately 26–32 kilobases in size (Weiss and Navas-
Martin, 2005). The Coronaviridae family contains four genera to include
Alpha-coronavirus (alphaCoV), Beta-coronavirus (betaCoV), Delta-cor-
onavirus (deltaCoV) and Gamma-coronavirus (gammaCoV). Bats and
rodents are thought to be the reservoir for alphaCoV and betaCoV.
Currently, it is less clear which animals serve as the reservoir for del-
taCoV and gammaCoV. Coronaviruses are named according to their
appearance under the electron microscope, the viruses look like they
are covered with pointed structures that surround them like a corona or
crown due to the presence of spike glycoproteins on their envelope
(Fig. 1).

These viruses typically affect the respiratory tracts of birds and
mammals including humans. In general, the reservoir of these viruses is
in animals that infrequent spillover into humans, with intermediate
host species likely filling the gap. Among humans, CoVs mostly cause
insignificant respiratory infections to include those detected in the
common cold. Nevertheless, some recent CoVs can cause more serious
diseases, including severe acute respiratory syndrome (SARS-CoV) and
Middle East respiratory syndrome (MERS-CoV) (Zumla et al., 2016; Su
et al., 2016). SARS-CoV and MERS-CoV are caused by zoonotic cor-
onaviruses that belong to the betaCoV genus. In 2003, an outbreak of
SARS started in China and spread to other countries before ending in
2004 (Falsey and Walsh, 2003). A total of 8098 cases in 37 countries/
regions had probable SARS diagnoses globally resulting in 775 deaths
(case-fatality rate: 10–12%) with most of these cases of infection and
deaths occurring in mainland China and Hong Kong (Christian et al.,
2004). In contrast, a total of 1621 cases of MERS have been reported
resulting in 584 deaths (case-fatality rate: 36%). The initial known case
of MERS was in a 60-year-old patient who died from a severe re-
spiratory illness in Jeddah, Saudi Arabia, in 2012. MERS still spor-
adically manifests in several different countries (Raj et al., 2014). Upon
infection with SARS-CoV-2, the virus binds to a host cell's angiotensin-
converting enzyme 2 (ACE2) receptors. ACE2 is commonly expressed
on the epithelial cells of alveoli, trachea, bronchi, and bronchial serous
glands of the respiratory tract (Liu et al., 2011). The virus enters and
replicates in these cells. The new developed virions are then released
and infect new target cells. The life cycle and mechanism of patho-
genicity of SARS-CoV-2, from attachment to reproduction is shown in
Fig. 2.

The new coronavirus, 2019-nCoV, is an enveloped, positive-sense,
single-stranded RNA virus and is in the betaCoV genus, which also in-
cludes SARS-CoV and MERS-CoV. The 2019-nCoV shares 89% nucleo-
tide identity with bat SARS-like CoVZXC21 and 82% identity with
human SARS-CoV (Chan et al., 2020). Therefore, the 2019-nCoV was
named SARS-CoV-2. Early studies reported possible animal-to-human
transmission of SARS-CoV-2, and human-to-human transmission
through droplets or direct contact (Li et al., 2020a). For prevention of

virus spread, some studies showed that the 2019-nCoV is sensitive to
ultraviolet light and heat like other CoVs. Moreover, CoVs can be
functionally inactivated by using different solvents to include ethanol
(70%), ether (75%), chlorine-containing disinfectants and others.

As of now, there is no specific antiviral medication available for
COVID-19 treatment, and also no vaccine is currently available. Health
care providers generally treat the symptoms by using oxygen therapy
for patients with severe infection. For severe acute cases, there may be
additional options for treatment, including research drugs and ther-
apeutics (Organization, W.H., 2020; Zumla et al., 2016). Currently, the
challenge for the WHO and many countries is finding an effective drug
to defeat the virus or a vaccine that can be used on healthy individuals
to prevent them from being infected. Since there is no effective drug or
vaccine, the best procedures as of now are to control the source of in-
fection, early diagnosis, isolation and supportive treatments. For in-
dividuals, good personal hygiene and avoiding crowded places will help
to prevent 19-nCoV infection. In this review, we summarize the current
state of knowledge surrounding COVID-19 and discuss the discovery
and development of new virus-based and host-based therapeutic op-
tions for COVID-19.

2. Origin and transmission

Although health officials are still tracing the exact source of the
2019 novel coronavirus, early hypotheses thought it may be linked to
the Huanan seafood wholesale market in Wuhan city where live ani-
mals are sold, to include snakes, marmots, birds, frogs and hedgehogs
(Zhang et al., n.d.). Some people who visited the market developed viral
pneumonia caused by the new coronavirus. This fact suggested that
animals initially transmitted the virus to humans. However, people with
a more recent diagnosis had no connections with or exposure to the
market, confirming that humans can pass the virus to each other. The
2019 novel coronavirus is a zoonotic virus, meaning the first patients
who were infected acquired these viruses directly from animals. Some
studies have shown that the bat is the possible species of origin of the
2019 novel coronavirus (SARS-CoV-2) because SARS-CoV-2 shows 96%
whole-genome identity with a bat CoV (BatCoV RaTG13) from Rhino-
lophus affinis (Zhou et al., 2020). Nevertheless, SARS-CoV and MERS-
CoV are generally transmitted into intermediate hosts to include
masked palm civets and camels, respectively, before jumping to humans
(Cui et al., 2019). A number of scientists pointed out that as a result of
the similarity of this new virus with SARS-CoV and MERS-CoV, SARS-
CoV-2 has probably moved from un unknown intermediate host to
humans or directly to humans (Zhou et al., 2020).

As of Jan 17, 2020, a Chinese team conducted an analysis and
compared the genetic sequences of 2019-nCoV and all other known
coronaviruses. They proposed that 2019-nCoV has most similar codon
usage bias with snakes (Ji et al., 2020). Snakes often hunt bats in the

Fig. 1. Structure of SARS-CoV-2. (A) Illustration of the SARS-CoV-2 virion created at the Centers for Disease Control and Prevention (CDC). The spikes on the outer
edge of the virus particles look like a crown, giving the disease its characteristic name. (B) Schematic representation of the structure of SARS-CoV-2. It has four
structural proteins, S (spike), E (envelope), M (membrane), and N (nucleocapsid) proteins; the N protein holds the RNA genome, and the S, E, and M proteins together
create the viral envelope. (C) An electron microscopic image of a thin section of SARS-CoV-2 within the cytoplasm of an infected cell, showing the spherical particles
and cross-sections through the viral nucleocapsid (Sohrabi et al., 2020).
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wild. Reports indicate that snakes were sold in the local seafood market
in Wuhan, raising the possibility that the 2019-nCoV might have
jumped from the host species, bats, to snakes and then to humans at the
beginning of this coronavirus outbreak. However, how the virus could
adapt to both cold-blooded and warm-blooded hosts remains a mystery
(Ji et al., 2020). Moreover, there is no reliable evidence that cor-
onaviruses live in hosts other than mammals and birds (Bassetti et al.,
2020). Therefore, there is probably a mammal intermediate host for
2019-nCoV (Zhang et al., 2020a). On March 19, 2020, a published ar-
ticle showed that the Pangolin-CoV genome exhibited 91% and 90.6%
nucleotide identity with SARS-CoV-2 and BatCoV RaTG13, respectively.
This study provides the first report of a potential closely related kin
(Pangolin-CoV) of SARS-CoV-2, which was discovered from dead Ma-
layan pangolins (Manis javanica), identifying the pangolin a possible
intermediate host of the 2019-nCoV (Zhang et al., n.d.; Zhang et al.,
2020a). Although current understanding mostly points to the pangolin
as the most likely intermediate host for the new coronavirus, it is
possible other animals as also may be intermediate hosts. Generally,
coronaviruses are well-known to have many intermediate animal hosts.
In 2003, studies showed that the palm civet (Paguma larvata) is the
major intermediate host of SARS-CoV, but other reports also suggest
that the raccoon dog (Nyctereutes procyonoides) and ferret badger (Me-
logale moschata) play a similar role as intermediate hosts (Guan et al.,
2003). Consequently, even with the uncovering of the Pangolin-CoV,
additional searching for other probable intermediate hosts should be
continued (Fig. 3).

With increasing cases of infection with 2019-nCoV, several studies
have proposed that human-to-human transmission is a probable route
for the COVID-19 outbreak. These studies are supported by the number
of infection cases that happened within families and among people who
did not visit the local animal market in Wuhan (Carlos et al., 2020). The
virus mainly spreads from one person to another, usually through close
contact or through respiratory drops produced when the infected
person coughs or sneezes, which is why it is important to keep more
than two meters (6 ft. 7 in) away from a sick person (Li et al., 2020a).

However, it is not just sneezing or coughing that is the source of
transmission of the coronavirus infection. There are other ways to
transmit the virus to include spreading from one person to another
through surfaces that have been touched by the infected person, espe-
cially after studies have demonstrated that the virus remains alive on
surfaces for possibly up to 9 days (Phan et al., 2020; Riou and Althaus,
2020). People can then develop COVID-19 disease when they come into
contact with these objects or surfaces and then touch their eyes, nose or
mouth. Moreover, studies to date indicate that 2019-nCoV is trans-
mitted primarily through contact with respiratory droplets rather than
through the air. A person who suffers from a mild cough and does not
feel ill can infect COVID-19. There is another way in which coronavirus
can spread among people through feces transmission, but this route of
infection is limited. According to recent research from the CCDC, the
virus may be present in feces in some infected cases, though; its spread
through this pathway is not a major feature of the outbreak (Xiao et al.,
2020; Gu et al., 2020). Nevertheless, given the risks involved, this is
another reason to maintain good hygiene after using the toilet and
before eating.

At this time, very little is known regarding the effect of 2019-nCoV
on pregnant women and infants and there are currently no special re-
commendations for pregnant women regarding the disease (Schwartz
and Graham, 2020). The CDC does not have any evidence indicating the
possibility of negative pregnancy outcomes for pregnant women with
COVID-19, although two of the other coronaviruses SARS-CoV and
MERS-CoV have been associated with more severe diseases and greater
mortality in pregnant women (Maxwell et al., 2017; Assiri et al., 2016).
A report by the China-WHO Joint Mission published in mid-February
2020 showed that in 147 pregnant women infected with 2019-nCoV,
8% of the cases were considered severe and 1% were critical (Chen
et al., 2020b). These numbers appear to be comparable with non-
pregnant infected cases. Another article published on March 7, 2020,
showed clinical data from nine pregnant women in China with con-
firmed COVID-19 pneumonia. The physical appearance of these pa-
tients with COVID-19 infection during pregnancy were similar to those

Fig. 2. The life cycle of SARS-CoV-2 in human lung cells. Coronavirus is most often transmitted by droplets while sneezing and coughing and its journey begins in the
first days after infiltration from the upper respiratory tract. The spike proteins of SARS-CoV-2 binds to ACE2 receptors. The virion then releases RNA genome into the
cell and translation of structural and non-structural proteins follows. ORF1a and ORF1ab are translated to produce pp1a and pp1ab polyproteins, which are cleaved
by the proteases that are encoded by ORF1a to yield non-structural proteins. This is followed by assembly and budding into the lumen of the ERGIC. Virions are then
released from the infected cell through exocytosis (Adnan Shereen et al., 2020). NSP, non-structural proteins; ACE2, Angiotensin-Converting Enzyme 2; Rough ER,
Rough Endoplasmic Reticulum; ERGIC, Endoplasmic Reticulum Golgi Intermediate Compartment.
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of non-pregnant adults with COVID-19. None of the nine patients de-
veloped severe pneumonia or died (Chen et al., 2020b). In the limited
number of available cases in which newborns were born from mothers
with 2019-nCoV, no children were infected with the virus. In addition,
the virus did not appear in samples of amniotic fluid surrounding the
fetus while in uterus. Furthermore, 2019-nCoV does not pass through
the placenta (Schwartz and Graham, 2020). No scientific studies have
been done on the 2019-nCoV and breast milk. A newborn in London has
tested positive for 2019-nCoV, just minutes after being born to a mother
who was also infected with the virus, according to news reports. This is
not the first case because the Chinese authorities confirmed that an
infant in Wuhan, China, had tested positive for the 2019-nCoV thirty
hrs after being born; the baby's mother was a COVID-19 patient. Reli-
able data is needed to understand how these infants are infected, and
whether transmission of the virus to the fetus occurs pregnancy or
sometime during or after delivery.

Despite the wide spread of 2019-nCoV, it appears that children, in
general, well tolerate the virus presenting few complications (COVID-
19 in Children, 2020). Significantly, this pattern is similar to previous
CoV epidemic outbreaks, such as SARS-CoV and MERS-CoV, whose
symptoms did not widely appear in children. No child died during the
SARS-CoV epidemic in 2003 with the majority of the 800 deaths in
people over the age of 45 years (Kliegman et al., 2007). Furthermore, it
is not surprising that these viruses lead to only mild inflammation in
children and more serious diseases in adults. The most prominent ex-
amples of this in history is smallpox, which had a minor effect on
children but was catastrophic in adults (Lee et al., 2020; Zheng et al.,
2020). Children recover quickly and in general, completely while it
severe complications to include death result in adults (Ludvigsson,
2020). Adults may be more susceptible to the virus because they are
more likely to be infected with other diseases such as diabetes, high
blood pressure or heart disease, which weakens their ability to ward off
infection. In a large study, Chinese researchers examined the results of
infection with the 2019-nCoV in more than 2000 confirmed or sus-
pected childhood cases. It was found that just over half of the children
had mild cold-like symptoms or did not have symptoms at all (Lee et al.,
2020). Presently, children appear to be the least affected by the

consequences of the disease and the number of infected children (under
19 years old) has not exceed 2% of all infected people in the world and
there are no deaths under the age of 9 years (Zheng et al., 2020). Sci-
entists cannot fully explain this phenomenon but there are some med-
ical theories that may explain. Indeed, contrary to the general percep-
tion, a child's immune system is more efficient than adults. For
example, adults are 25 and 10 times more likely to die from chickenpox
and seasonal influenza than children, respectively (Zhou et al., n.d.).

SARS-CoV-2 is believed to be from the bat and is therefore primarily
able to survive and thrive in the internal organs of animals. The
transmission of SARS-CoV-2 from humans to pets has not yet been es-
tablished. However, a study has considered the opportunity of human-
transmission-animal. SARS-CoV was isolated from a pig during a survey
for probable ways of viral transmission after a SARS epidemic in 2003
in China. Sequence and epidemiology analyses proposed that the pig
was infected by a SARS-CoV of human origin (Chen et al., 2005).

3. Symptoms

If someone is infected with the 19-nCoV, the first symptoms usually
appear after five to six days, according to the WHO reports (Li et al.,
2020a). However, there are individual cases, in which the incubation
period of the virus can last for up to 40 days with a median incubation
period of 14 days (Wang et al., 2020a). The incubation period for severe
cases may be different compared to mild cases and depend on the age of
the patient and their immune response. This period tended to be shorter
among patients> 70 years (11.5 days) than those aged<70 years
(20 days) (Wang et al., 2020a). The symptoms of COVID-19 are usually
like a normal cold and influenza and do not become severe. However, it
is different for people suffering from underlying diseases such as dia-
betes, heart, lung and other diseases. In this case, the disease can take
on critical forms that sometimes lead to death. Some people have no
symptoms (mild pneumonia). The most common symptoms of COVID-
19 according to a recent WHO report that was done on more than
70,000 cases in China are the following: fever (in 88% of cases), dry
cough and sore throat (68%), fatigue (38%) and diarrhea (4%), which
were similar to SARS-CoV and MERS-CoV (Yang et al., 2020a; Wang

Fig. 3. The key reservoir and potential interspecies transmission routes of SARS-CoV, MERS-CoV and SARS-CoV-2. The ingesting of infected animal as a source of
food is the major cause of animal to human transmission of the virus and due to close contact with an infected person, the virus is further transmitted to healthy
persons. However, there are no documented cases of direct bat-human transmission. Solid black arrow represents the confirmed transfer while the broken line
denotes unknown intermediate host and suspected transmission.
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et al., n.d.). Furthermore, severe shortness of breath occurred in nearly
20% of cases and around 13% had a sore throat or severe headache.
Generally, 19-nCoV is a member of coronaviruses family that usually
attack the respiratory system. Some patients are disposed to various
complications to include acute respiratory distress syndrome, acute
heart injury and secondary infection with bacteria (Fig. 4) (Chen et al.,
2020c).

The virus first infects the lining cells of the throat, trachea and lung,
transforming these cells into virus factories that produce huge amounts
of viruses that infect more cells. The high temperature and feeling of
general malaise are caused by the response of the immune system to the
virus and sending signals to the body to release cytokines. However, the
virus disrupts the immune response and the body gets more in-
flammation than needed (Lei et al., 2020). Inside the lungs, oxygen
travels to the blood but in the case of severe pneumonia, the alveoli
begin to fill with water and may cause shortness of breath. In some
cases, this results in coughing with sputum, which is a thick mucus that
contains lung cells killed by the 19-nCoV. The problem may not be
limited to the lungs, as 19-nCoV attacks other important organs in the
body to include the kidneys, which may lead to organ failure (Li et al.,
2020b). A recent study found that the virus might affect renal tubular
cells and testicular cells due to the high expression of ACE2, which is
often found in the membranes of the lungs, kidneys cells and cells in
seminiferous ducts of the testis. Consequently, 19-nCoV may directly
bind to such ACE2 bearing cells and damage the kidney and testicular
tissue of patients (Fan et al., 2020). Nevertheless, incomplete evidence
is presented concerning the involvement of reproductive organs in pa-
tients infected with 2019-nCoV. Researchers have detected new symp-
toms of infection with the 19-nCoV, related to the digestive system,
such as loss of appetite, diarrhea, vomiting and major disorders of the
digestive system. Patients who had digestive problems related to the 19-
nCoV tended to worsen compared to patients without symptoms of the
digestive system. The 19-nCoV destroys the gastrointestinal bacteria
leading to these symptoms in the digestive system (Zhang and Xu,

2020). The first two patients, who died in Wuhan, seemed to be in good
health although they had been smoking for a long time and this lead to
a weakening of their lungs. The first 61 years old patient had acute
pneumonia upon arrival at the hospital. He had acute respiratory dis-
tress syndrome despite the use of a respirator, his lungs failed, and his
heart stopped. He died after 11 days of being hospitalized. The second
patient, a 69-year-old man had acute respiratory distress syndrome. He
died as a result of acute pneumonia and septicemia (Huang et al.,
2020). More research is need to understand the causes of these symp-
toms.

The 2019-nCoV clinical diagnosis depends on the symptoms, travel
history to a country known to have the disease, and/or exposure to an
infected person. The WHO has published several testing procedures for
COVID-2019. The most common way of testing is using real-time re-
verse transcription polymerase chain reaction (RT-PCR) (Huang et al.,
2020). The test may be done on respiratory samples, which can be
obtain by several ways to include nasopharyngeal swab or sputum
samples. Generally, results are available within a few hours to two days.
Blood tests can be used but these require two blood samples taken two
weeks apart and the results have little immediate value. This technique
works in detecting the 19-nCoV by identifying the antibodies in the
patient blood. These antibodies are released shortly after infection, and
their presence confirms the presence of the virus regardless of symp-
toms. A study by a Chines team found that computed tomography (CT)
scans displayed ground-glass opacities in 56% of the cases but 18% had
no radiological results (Zu et al., n.d.). Bilateral and peripheral ground
glass opacities are the most typical CT findings. The use of lung x-rays is
only suitable for patients with severe symptoms, which means that this
technique is not suitable for diagnosing the disease in its early stages.
Therefore, several pharmaceutical companies and research organiza-
tions are racing to develop more effective and rapid test kits to detect
19-nCoV among people suspected with infection in few minutes and
without the need to transfer samples to central laboratories.

Fig. 4. The most common symptoms of COVID-19 according to the WHO.
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4. Epidemiology

The rapidly spreading 2019-nCoV outbreak continued to upend life
around the world as more countries tighten quarantine measures. On
March 11, the COVID-19 outbreak was characterized as a pandemic by
the WHO. The disease is still spreading around the world and the viral
infection has already reached small islands and African countries. In
December 8, 2019, SARS-CoV-2 was first reported in Wuhan, Hubei
province and spread to the rest of China (Cascella et al., 2020). As of
April 14, 2020, the number of COVID-19-diagnosed patients increased
to 1,948,617 cases in 210 countries and territories around the world
and two international conveyances. So far, the number of those re-
covering has reached about 460,541 while 121,846 have died from the
disease (case-fatality rate: 6.25%) (Fig. 5). Although, COVID-19 has
killed more people than other coronaviruses, the case fatality rate of
SARS-CoV-2 is less than that of SARS-CoV and MERS-CoV, which are
10–12% and 36%, respectively (Mahase, 2020).

The most up-to-date source for the epidemiology of this emerging
pandemic can be found at the WHO COVID-19 situation board.
Currently, the US has more COVID-19 cases than any other country
(588,465 cases, 23,711 deaths, case-fatality rate: 4.02%). The first case
of human-to-human transmission of COVID-19 was reported in the US
on January 30, 2020. Now, all 50 states have reported cases of COVID-
19. The other countries with the most cases are Spain (172,541 cases,
18,056 deaths, case-fatality rate: 10.5%), Italy (159,516 cases, 20,465
deaths, case-fatality rate: 12.8% the highest fatality rate among other
countries), France (136,779 cases, 14,967 deaths, case-fatality rate:
10.9%), Germany (130,694 cases, 3261 deaths, case-fatality rate: 2.5%
the lowest fatality rate), United Kingdom (93,873 cases, 10,107 deaths,
case-fatality rate: 10.7%), China mainland (82,249 cases, 3341 deaths,
case-fatality rate: 4.06%), and the Islamic Republic of Iran (74,877
cases, 4683 deaths, case-fatality rate: 6.25%) (Fig. 6).

Persons of any age can be infected by SARS-CoV-2, while adults of
middle age and older are most generally affected. In most studies of
hospitalized patients with clinically confirmed COVID-19, the average
age ranged from 48 to 58 years (Huang et al., 2020). In a case report
from the CCDC, which included 44,500 confirmed infections, 87% of
patients were between 30 and 79 years old. Older age was also asso-
ciated with increased mortality due to previous diseases, with case
fatality rates of 8–15% among those aged 70 to 80 years or older (Wu

and McGoogan, 2020). Similar results were found in Italy, with case
fatality rates of 12–20% among those aged 70 to 80 years or older
(Onder et al., 2020). A report of 460 COVID-19 patients who died in
Italy showed a number of previous diseases that might have increased
their risk of death. The median age of these patients was 79.5 years. Of
patients who died, 117 (25.4%) had ischemic heart disease, 126
(27.4%) had diabetes, 72 (15.7%) had cancer, 87 (18.9%) had atrial
fibrillation, 24 (5.2%) had dementia, and 34 (7.4%) had had a stroke
(Saglietto et al., n.d.). In the US, more than 3000 patients were diag-
nosed with COVID-19 between February 10 and March 15, 2020. Of
these 67% were aged ≥45 years. This is similar to reports from China
where mortality was highest among older individuals with 80% of
deaths occurring in those aged ≥65 years (http://dx.doi.org/10.
15585/mmwr.mm6912e2).

It is becoming apparent that SARS-CoV-2 may also discriminate by
sex with men more likely to test positive and more likely to die from the
disease. This trend was first seen in China where one analysis found a
fatality rate of 2.8% in men compared with 1.7% in women (Guan et al.,
2020). Since then, the pattern has been mirrored in France, Germany,
Iran, Italy, South Korea and Spain. At this point in time, most theories
about why the virus might be hitting men harder than women are
speculative. In many countries, and especially in China, men are more
likely to smoke than women, which is a risk factor for developing more
severe forms of COVID-19. Moreover, Females generally having greater
or more robust immune responses than males (Yang et al., 2020b).

5. Therapeutics and available treatment options

Unfortunately, no medicine or anti-virus vaccine has yet been offi-
cially approved to treat COVID-19-associated pathologies. At present
clinical management includes infection prevention, control measures
and supportive care including supplementary oxygen and mechanical
ventilation when indicated. While many countries are working toward a
vaccine against SARS-CoV-2, it is almost certain that there will be no
vaccine available before the end of this year. Therefore, pressure has
built to find another drug to effectively counter the virus. This effort has
mostly focused on repurposing existing medicines. Health officials from
the WHO have noted many drugs that demonstrated efficacy in treating
the 2019-nCoV infection. The main treatment so far for this virus is
using antivirals, which weaken the ability of viruses to enter cells and

Fig. 5. Global confirmed COVID-19 cases and associated deaths from January 11 to April 14, 2020. Inserted Pie chart shows the distribution of confirmed cases in
each continent.
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prevent them from multiplying or moving from infected cells to others.
Antibiotics have no role in treating COVID-19 patients, but they can be
used in the case of a secondary bacterial infection.

Since the disease first appeared in December 2019 in China, this
country has begun to test the effectiveness of different types of drugs
used previously to treat other diseases to include malaria and HIV
drugs, antivirals, blood plasma derivatives and arthritis drugs (Li and
De Clercq, 2020). China has relied on the use of the anti-viral drug
Favilavir to treat the symptoms of COVID-19. This medication was in-
itially developed by Toyama Chemical to treat nose and throat infec-
tions (Li et al., n.d.). Although the results of the study have not yet been
published, it is assumed that the drug has proven effective in treating
symptoms of COVID-19 in a clinical trial of more than 70 patients with
minimal side effects. Favilavir is an antiviral drug that was approved in
Japan in 2014 to treat influenza. It currently also has been approved for
treating COVID-19 in these countries (Elfiky, 2020). Favilavir is not
currently approved by the U.S. Food and Drug Administration (FDA) (Li
and De Clercq, 2020). Another anti-virus drug, Remdesivir showed ef-
ficacy by resisting two viruses similar to Covid-19, SARS-CoV and
MERS-CoV, in animals (Wang et al., 2020b). Remdesivir (GS-5734) is a
broad-based antiviral drug originally designed to target Ebola and was
developed by Gilead Sciences. It inhibits viral replication through
premature termination of RNA transcription, which disrupts the virus's
ability to reproduce (Li et al., n.d.). China announced that clinical trials
of remdesiver, have officially started in a number of hospitals in Wuhan
to test its efficacy against COVID-19. Moreover, one clinical trial has
also been approved by the FDA in the United States. On January 19,
2020, remdesiver was given to a 35-year-old man in Washington State.
He has recovered from COVID-19 (Holshue et al., 2020). However, the
efficacy and safety of remdesiver in patients with 2019-nCoV infection
still need to be further confirmed by clinical studies.

Chloroquine and Hydroxychloroquine are drugs used to treat ma-
laria, as well as chemoprophylaxis; and certain inflammatory condi-
tions to include rheumatoid arthritis, lupus and the blood disorder
porphyria cutanea tarda, respectively. They have been approved by the

FDA to be tested against COVID-19 (Dong et al., 2020a). Researchers
have found that both drugs have in vitro activity against SARS-CoV and
SARS-CoV-2, with hydroxychloroquine having relatively higher po-
tency against SARS-CoV-2. Based on these results, chloroquine and
hydroxychloroquine are currently recommended for treatment of hos-
pitalized COVID-19 patients in several countries, including in the U S. A
Chinese study showed that when chloroquine was tested on more than
100 patients, it had superior results compared to a control drug in-
hibiting the exacerbation of pneumonia, improving lung-imaging
findings, promoting a virus negative conversion and shortening the
disease course (Zhonghua Jie He He Hu Xi Za Zhi, 2020; Gao et al.,
2020). However, both chloroquine and hydroxychloroquine are never
used to prevent COVID-19 because there are frequent side effects as-
sociated with their uses, such as worsening vision, nausea, digestive
disorders and more severe cases can lead to heart failure.. A man in
Arizona died and his wife was in critical condition after taking chlor-
oquine prophylactically to prevent SARS-CoV-2 infection.

In 2003, protease inhibitors lopinavir/ritonavir (anti-retroviral
drugs) showed activity against SARS-CoV and was associated with im-
provement in some patients (Chu et al., 2004; Chan et al., 2003). Lo-
pinavir/ritonavir are sold under the name Kaletra by AbbVie and are
designed to treat HIV (AIDS). To evaluate the efficacy of lopinavir/ri-
tonavir for SARS-CoV-2 infection, 99 patients with positive infections
were treated with lopinavir/ritonavir. No benefit was observed with
lopinavir/ritonavir treatment compare to standard care (Cao et al.,
2020). However, in South Korea, a 54-year-old man was given a com-
bination of these two medications and had a significant and substantial
decrease in the levels of the β-coronavirus (Lim et al., 2020). According
to the WHO, there may be benefits to using lopinavir/ritonavir with
other drugs such as interferon-β, oseltamivir or ribavirin (Elfiky, 2020).

Several studies have also exposed some other drugs may have
probable efficiency in treatment of COVID-19 patients. In China, the use
of Tocilizumab for the treatment of severe complications related to
SARS-CoV-2 has been approved. Tocilizumab, marketed as Actemra,
has been used to treat patients with moderate to severe rheumatoid

Fig. 6. Global COVID-19 outbreak map, April 14, 2020. US now has more COVID-19 cases than any other country.
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arthritis to lower inflammation. An initial clinical trial in China used
tocilizumab on 20 acute COVID-19 patients. Nineteen patients (95%)
were cured and discharged from hospital within two weeks (Zhang
et al., 2020b). The FDA has officially approved a phase 3 trial of Ac-
temra in severe COVID-19 patients. Darunavir is another anti-retroviral
HIV-1 protease inhibitor. In vitro study was done in February 2020, by
Chinese researchers has showen darunavir significantly inhibited SARS-
CoV-2 replication and its inhibition efficacy was more than that in the
untreated group by 280-fold (Dong et al., 2020b). An anti-parasitic drug
called ivermectin has been shown to be effective against the SARS-CoV-
2 virus in an in-vitro study by researchers at Monash University in
Melbourne, Australia (Caly et al., 2020). Further clinical trials need to
be completed to confirm the effectiveness of the drug in humans with
COVID-19.

The FDA has approved the using of blood plasma from patients who
have recovered from COVID-19 with a high neutralizing antibody titer
and they may be a valuable donor source of convalescent plasma (CP)
(Chen et al., 2020d). CP is a classic adaptive immunotherapy, has been
applied to the prevention and treatment of many infectious diseases for
more than one century. This plasma therapy may be more effective if it
is given to COVID-19 patients early to eliminate the virus before it
causes serious damage in their lungs. This procedure was used during
the deadly influenza outbreak in 1918, and also as a treatment for
measles in the 1930s. In recent years, plasma therapy has been used for
Ebola, SARS and H1N1 victims (Van Griensven et al., 2016; Cheng
et al., 2005). Some studies indicate that plasma has had some success in
reducing symptoms and deaths in previous epidemics. During the SARS
epidemic in 2003, a study of 80 patients in Hong Kong showed that they
had a chance to recover within two weeks of symptoms following CP
therapy as compared to other patients (Cheng et al., 2005). As there is a
similarity between SARS and COVID-19, CP therapy might be a hopeful
treatment option for COVID-19 patients. After studies conducted in
China to measure the effectiveness of CP therapy, and their impact on
the condition of those treated and recovered from infection with the
2019-nCoV, hospitals in New York City are preparing to use the plasma
blood of those recovering from the 2019-nCoV as a potential antidote to
the disease (Duan et al., 2020; Jawhara, 2020). However, there is a
small possibility of risk of using CP therapy by transmission of some
blood-borne pathogen to include human immunodeficiency virus (HIV),
hepatitis B virus (HBV), or hepatitis C virus (HCV) (MacLennan and
Barbara, 2006).At least 10 proposed drugs/vaccines for SARS-CoV-2 are
under development. Researchers hope to start the first stage of clinical
trials within 4 weeks. These will be small trials that are first conducted
on healthy people to ensure the safety of the vaccine. Second stage trials
start within approximately 8months, during which the effectiveness of
the vaccine will be tested in a large group of people. It is estimated that
it may take around 12–18months before a vaccine becomes available.
Healthcare biotechnology company Entos Pharmaceuticals is devel-
oping a DNA vaccine for the prevention of COVID-19 infections using
its Fusogenix naomedicine platform. Fusogenix, a proprietary proteo-
lipid vehicle (PLV) for genetic medicines, enables the formulation of
effective DNA vaccines that can be administered like the flu vaccine.
The vaccine payload will be plasmid DNA encoding multiple antigens
from key SARS-CoV-2 proteins to promote maximum protection. AT-
100, a recombinant form of human surfactant protein-D (rhSP-D), was
developed by Airway Therapeutics as a treatment for COVID-19. It has
been shown to be effective in preclinical studies in reducing in-
flammation and infection in the lungs, while also generating an immune
response against various respiratory diseases (Crouch, 2000). Canada's
Medicago has successfully produced a Virus-Like Particle (VLP) of the
SARS-CoV-2 just 20 days after obtaining the SARS-CoV-2 gene. This is
an important step in developing a usable vaccine. VLP-like particles are
multiprotein structures that resemble native viruses but do not contain
the viral genome and thus, are safe. They can be used to stimulate a
body's ability to produce antibodies and stimulate cellular immunity
with the aim of responding to the virus without the risk of infection

(Roldao et al., 2010). I-Mab Biopharma is developed TJM2, a neu-
tralizing antibody, as a treatment for cytokine release syndrome
common in patients suffering from a severe infection of SARS-CoV-2.
TJM2 targets the human granulocyte-macrophage colony stimulating
factor (GM-CSF), which is responsible for acute and chronic in-
flammation (Shimabukuro-Vornhagen et al., 2018). TZLS-501 is de-
veloped by Tiziana Life Sciences as a monoclonal antibody to treat
COVID-19. It is a human anti-interleukin-6 receptor antibody, which
helps prevent lung damage and elevated levels of IL-6 during the dis-
ease. Early tests have shown that this treatment rapidly depletes cir-
culating levels of IL-6 in the blood (Rayner et al., 2020). ChAdOx1
nCoV-19 is a vaccine currently being investigated for prophylaxis
against SARS-CoV-2. The ChAdOx1 viral vector was developed at the
University of Oxford and originally developed against MERS-CoV. The
ChAdOx1 nCoV-19 vaccine, produced in a partnership between The
University of Oxford's Jenner Institute and Italian pharmaceutical
manufacturer Advent Srl, consists of an attenuated adenovirus capable
of producing the spike (S) protein of SARS-CoV-2, allowing for the
formation of endogenous antibodies against these proteins and, conse-
quently, against SARS-CoV-2 (Alharbi et al., 2017).

Currently, there is no conclusive evidence that ibuprofen and other
anti-inflammatory drugs increases the risk of serious complications or
of acquiring the virus that causes COVID-19. There is also no conclusive
evidence that taking anti-inflammatory drugs is harmful for other re-
spiratory infections (Sodhi and Etminan, 2020).

6. Guidelines to prevent the spread of SARS-CoV-2 infection

Vaccine development takes time. Thus, for now it remains extremely
important to follow guidance on social separation, frequent hand
washing and disinfecting your homes and workplaces (Xiao et al., n.d.).
Several reports show that SARS-CoV-2 may spread more easily and
cause life-threatening illness compared to other CoV viruses. Like other
coronaviruses, it can survive in the air for up to 3 h and may stay on
plastic for 72 h, 48 h on stainless steel, 24 h on cardboard and 4 h on
copper (van Doremalen et al., 2020). However, SARS-CoV-2 multiplies
fastest in the body even when an infected person does not show
symptoms, and can be passed to other. The Prophet of Islam Mohamed
(peace and blessings of Allah be upon him) recommended hygiene and
quarantine during a pandemic, more than 1440 years ago. Hadiths of
the Prophet (Sayings and Teachings) in this context, one of which is: If
you heard about plague in a land, do not enter it, and if it occurred in a
land while you are there, do not leave it. The WHO and other organi-
zations have issued some basic guidelines to prevent COVID-19 in-
cluding (i) washing your hands frequently and carefully, especially after
contact with infected people or their environment; (ii) avoid touching
your face including mouth, nose and eyes; (iii) cover your mouth and
nose when coughing and sneezing; (iv) take social distancing seriously
by keeping a distance of 6 ft from other people; and (v) self-quarantine
if sick and wear a mask when you need medical care (Jin et al., 2020;
Wang et al., 2020c). Furthermore, the WHO announced a document
regarding the laboratory biosafety guidance related to the 2019-nCoV.
Healthcare providers and researchers must wear FFP3 or N95 masks
and other protective gear when around COVID-19 patients (Wang et al.,
2020c). For healthy people wearing a mask may not be the best way to
prevent getting an infection. 2019-nCoV may likely be susceptible to
disinfectants with proven activity against enveloped viruses, including
bleach (sodium hypochlorite), 70% ethanol, 0.5% hydrogen peroxide,
quaternary ammonium compounds and phenolic compounds, if used
according to manufacturer's recommendations. Other biocidal agents
such as 0.05–0.2% benzalkonium chloride or 0.02% chlorhexidine di-
gluconate can be less effective (Infection Prevention and Control of
Epidemic- and Pandemic-Prone Acute Respiratory Infections in Health Care,
2014; Rabenau et al., 2005).

Although some evidence suggests that warmer weather may slow
the spread of the virus (Wang et al., 2020d), the WHO continues to
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recommend the following of all official guidelines. It is still too early to
know how SARS-CoV-2 interacts with hot weather but the spread of
other coronaviruses were slowed in warmer environments.

7. Conclusion

The outbreak of COVID-19 spread across China rapidly and has
spread to 199 countries/territories/areas outside of China as of March
29, 2020. Drug discovery against SARS-CoV-2 is a challenging process
but is vital. Furthermore, anti-virus vaccine development is also sig-
nificant to counter this epidemic. Therefore, more structural biology
details and details about the 2019-nCoV life cycle are needed. These
likely will accelerate the development of drugs and/or vaccine against
SARS-CoV-2. Likewise, it is very important to continue to follow the
WHO guidelines to prevent the spread of COVID-19 until acceptable
drugs and vaccines have been developed.
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