
REVIEW

Epidemiology, pathogenesis, clinical presentations, diagnosis and treatment of 
COVID-19: a review of current evidence
Sayeeda Rahman , Maria Teresa Villagomez Montero, Kherie Rowe, Rita Kirton and Frank Kunik Jr

School of Medicine, American University of Integrative Sciences (AUIS), Bridgetown, Barbados

ABSTRACT
Introduction: The COVID-19 pandemic has created a public health crisis, infected millions of people, 
and caused a significant number of deaths. SARS-CoV-2 transmits from person to person through 
several routes, mainly via respiratory droplets, which makes it difficult to contain its spread into the 
community. Here, we provide an overview of the epidemiology, pathogenesis, clinical presentation, 
diagnosis, and treatment of COVID-19.
Areas covered: Direct person-to-person respiratory transmission has rapidly amplified the spread of 
coronavirus. In the absence of any clinically proven treatment options, the current clinical management 
of COVID-19 includes symptom management, infection prevention and control measures, optimized 
supportive care, and intensive care support in severe or critical illness. Developing an effective vaccine 
is now a leading research priority. Some vaccines have already been approved by the regulatory 
authorities for the prevention of COVID-19.
Expert opinion: General prevention and protection measures regarding the containment and manage-
ment of the second or third waves are necessary to minimize the risk of infection. Until now, four 
vaccines reported variable efficacies of between 62–95%, and two of them (Pfizer/BioNTech and 
Moderna) received FDA emergency use authorization. Equitable access and effective distribution of 
these vaccines in all countries will save millions of lives.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is a highly contagious 
and infectious disease caused by the novel coronavirus, severe 
acute respiratory syndrome Coronavirus-2 (SARS-CoV-2) [1,2]. 
It is well documented that the initial cases of COVID-19 related 
infection were first reported in Wuhan, Hubei Province of 
China in December 2019, and were linked to the Huanan 
Seafood Market [3]. Since then, the infection has spread to 
over 216 countries and territories. The World Health 
Organization (WHO) announced that COVID-19 reached pan-
demic status on 30 January 2020 [4,5] and subsequently, 
declared a global pandemic in March 2020 [6]. It has since 
been referred to be ‘the most crucial global health calamity of 
the century and the greatest challenge that humankind faced 
since the 2nd World War’ [7]. As of 26 December 2020, there 
were approximately 80,500,000 confirmed COVID-19 cases 
worldwide, including 1,700,000 related deaths [8], with 
a case fatality rate of 2.2%. The case fatality rate varies 
among countries, estimated from 0 to more than 20% [9]. 
A second wave of COVID-19 infection has already been 
recorded in many countries, which may be due to premature 
relaxation of government-enforced lockdown rules in many 
parts of the world [10,11]. Several countries have reported 
a new rise in daily cases higher than the first wave in 
March 2020 [12,13]. Although there is no shortage of informa-
tion on this pandemic virus presented in everyday practice, 

this paper presents a comprehensive review of the latest 
information on SARS-CoV-2 highlighting the epidemiology, 
pathogenesis, and clinical aspects of SARS-CoV-2 infection.

2. Methods

We searched and reviewed literature published since 
November 2019, which focused on the epidemiology, patho-
genesis, diagnosis, treatment, and prevention of COVID-19. 
Original studies, reviews, editorials, commentaries, perspec-
tives, short or special communications, and position/policy 
papers on the COVID-19 pandemic were also searched. 
Information from websites of different professional associa-
tions and national or international organizations was 
extracted. Reference lists from the retrieved articles were also 
manually examined for relevant information. PubMed, Scopus, 
and Google Scholar were also searched using specific key-
words, including ‘SARS-CoV-2ʹ, ‘COVID-19 infection’, ‘epide-
miology’, ‘pathogenesis’, ‘diagnosis’, ‘treatment’, and 
‘prevention’.

3. Origin, history, and epidemiology of COVID-19

Coronaviruses are a large family of viruses that are common in 
humans and many different species of animals (e.g. cats, bats). 
Most people are infected with these viruses at some point in 
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their lives. Common human coronaviruses typically cause 
upper respiratory tract infections (URTIs) such as the common 
cold. However, some variants can cause mild influenza-like 
symptoms. Initially, cases related to SARS-CoV-2 were asso-
ciated with high mortality rates, especially in people with 
chronic diseases, such as diabetes and cardiovascular diseases 
[14,15].

There are four main genres of coronaviruses: alpha (α), beta 
(β), gamma (γ), and delta (δ). The first human coronaviruses 
were identified in the mid-1960s. Common variants that affect 
people around the world include 229E, NL63, OC43, and HKU1. 
Among them, 229E and NL63 are α-coronaviruses, and OC43 
and HKU1 are β-coronaviruses [16]. The usual signs and symp-
toms generated by these coronaviruses are similar to those of 
the common cold, accompanied by mild to moderate URTI. It 
is also of note that some coronaviruses that infect animals can 
undergo mutation and adaptation, thereby driving the co- 
evolution of coronaviruses that can become a new human 
coronavirus (HCoV) [17]. Therefore, these HCoV infections are 
zoonotic, and their symptoms are accompanied by more 
severe respiratory tract syndromes than those of the afore-
mentioned ones. Three recent examples of these are: (i) SARS- 
CoV-2 (the novel coronavirus, causing coronavirus disease in 
2019 or COVID-19), (ii) SARS-CoV (the β-coronavirus, causing 
severe acute respiratory syndrome, or SARS), and (iii) MERS- 
CoV (the β-coronavirus, causing Middle East respiratory syn-
drome, or MERS) [17,18].

COVID-19 was initially thought to be a zoonotic disease 
originating in bats, which may have undergone several cross- 
species events, first crossing the species barrier to pangolins 
and subsequently to humans. The outbreak appeared to have 
started from single or multiple zoonotic transmission events in 
the wet market in Wuhan [19]. As such, it was initially sus-
pected that direct contact with intermediate host animals or 
the consumption of wild animals was the main route of SARS- 

CoV-2 transmission [5]. Its epidemiological link was first 
demonstrated by the appearance of several reported cases 
of severe respiratory distress, which had a typical characteristic 
radiological pattern (e.g. initial chest images demonstrated 
multifocal airspace opacities and consolidation in 70–80% of 
coronavirus-infected patients [20]). SARS-CoV-2 is highly trans-
missible and preliminary reports have suggested that the 
reproductive number (R0) of people that an infected person 
could potentially infect is approximately 2.2 [21]. The R0 is 
used to reflect contagious disease, and the higher the number, 
the more infectious the disease. If SARS-CoV-2 is compared to 
influenza and other diseases, the high R0, which varies from to 
3–5, is representative of a more contagious infection [22,23] 
(Table 1). The number of COVID-19 cases increased at a rapid 
rate, partly due to the highly infectious nature of the virus as 
well as the lack of awareness and availability of diagnostic kits 
in the initial stages of the pandemic [24].

Mortality for COVID-19 appears to be higher than that for 
influenza, especially seasonal influenza. Early estimates relied 
heavily on genetic tests, which are the gold standard for 
diagnosing COVID-19, from either sputum or nose swabs 
from the back of the nose [25]. However, these tests only 
provide a clear picture of active infection; they are not an 
accurate reflection of possible past infective events. In addi-
tion to the genetic tests, serological studies are now also used, 
and can indicate whether the individual has been infected in 
the past, based on antibody response [26].

4. Structural and molecular features of SARS-CoV-2

SARS-CoV-2 belongs to the genus Betacoronavirus of the sub-
family Orthocoronavirinae in the family Coronaviridae, and the 
order Nidovirales [27–30]. The viral particle is pleomorphic, as 
confirmed by cryo-electron tomography, and possesses non- 
segmented, single-stranded, positive-sense ribonucleic acid 
(ssRNA+) as its genome [31,32]. A coronavirus contains four 
structural base proteins: spike (S), envelope (E), membrane (M), 
and nucleocapsid (N) [32,33]. Among them, the S protein plays 
the most important role in viral attachment, fusion, and entry 
[34]. Its 30 kb genome RNA is large enough to produce 
a positive sense to be read directly by ribosomes in the cell 
[33]. The genome is coated with an N protein, which forms 
a helical nucleocapsid [35]. The N protein-coated genome is 
enclosed in a lipid envelope, and the viral lipid envelope is 
speckled by viral proteins [35,36]. As viruses cannot make their 
own lipids, they use the host’s lipids for replication and 

Article highlights

• The COVID-19 pandemic has created a public health crisis, 
infected millions of people, and caused a large number of morbid-
ities and mortalities.

• COVID-19 transmits from person to person through several 
routes, mainly via respiratory droplets, which makes it difficult to 
contain its spread into the community.

• Currently, there is no effective antibody test available, and an 
effective, rapid, and sensitive serological test for COVID-19 is 
urgently needed for rapid diagnosis.

• In the absence of any clinically proven treatment options, the 
current clinical management of COVID-19 includes symptom man-
agement, infection prevention and control measures, optimized 
supportive care, and intensive care support for severe or critical 
illness, and general prevention and protection measures regarding 
the containment and management of the second or third waves 
are necessary to minimize the risk of infection.

• There is some promising news regarding COVID-19 vaccines as 
large-scale (Phase 3) clinical trials are in progress. As of 
24 November 2020, four vaccines were reported to be 62–95% 
effective. Equitable access and effective distribution of these vac-
cines in all countries will save millions of lives.

Table 1. Reproduction number (R0) of some selected viruses [22,23].

Viruses R0

Measles 12–18
Pertussis (Whooping cough) 12–17
Chickenpox 8–9
Rhinovirus (cold) 5–7
COVID-19 3–5
Smallpox 5–7
HIV/AIDS 2–5
SARS 2–5
1918 influenza 2–3
Seasonal influenza 1–2
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morphogenesis [37]. The N protein plays a crucial role in the 
morphogenesis phase of the viral life cycle during virion for-
mation [35]. In addition to the lipid envelope, coronaviruses 
have a membrane glycoprotein called the matrix protein on its 
outer layer [38]. This transmembrane protein has a significant 
C-terminal domain that makes contact with the N protein [39]. 
Another minor envelope protein, E, is also an important com-
ponent at the end of the viral life cycle [38].

Coronaviruses get their name from the characteristic fea-
ture of their S protein, which resembles a halo effect seen in 
solar eclipse or a crown-like appearance under an electron 
microscope [34]. The S protein has a roughly cylindrical 
shape and is heavily glycosylated [40], and encodes and pos-
sesses both receptor-binding and-fusion functions. 
Coronavirus uses its S protein, a main target for neutralizing 
antibodies, to bind with specific receptors and mediate mem-
brane fusion and virus entry. It is a trimeric protein [34], 
composed of three intertwined chains that have identical 
amino acid sequences, each of which is called a protomer. 
However, the protomers do not have identical three- 
dimensional conformations. The monomer of the trimeric 
S protein is approximately 180 kDa and contains two distinct 
functional subunits, S1 and S2, both necessary for mediating 
attachment and membrane fusion, respectively. In its struc-
ture, N- and C-terminal portions of the S1 fold are two inde-
pendent domains, the N-terminal domain (NTD) and 
C-terminal domain (CTD). Depending on the virus, either 
NTD or CTD can serve as the receptor-binding domain (RBD). 
The S protein induces successful infusion into the cell by first 
binding to the host receptor through the RBD of the S1 
subunit, resulting in viral genomic fusion; the second stage 
by S2 facilitates the fusion of the cell and host membranes, 
which contains amino acid sequences necessary for continu-
ing infiltration [41–43]. The RBD in the S protein is the most 
mutable part of the coronavirus genome and tends to be 
common for general viruses [44].

During viral replication, SARS-CoV-2 uses host protease 
enzymes to covalently attach sugars to asparagine side chains 
near the protein surface [45]. To achieve fusion, the S protein 
needs to be cleaved by proteases present in the host cell. The 
hosts own peptide bond breaking proteases cut the S protein 
at specific sites, and conformational changes enable fusion to 
occur [46]. Moreover, the availability of proteases on target 
cells largely determines whether coronaviruses enter cells 
through the plasma membrane or by endocytosis [47]. 
Proteolytic cleavage of the S glycoprotein also determines 
whether the virus can cross species, for example, from bats 
to humans [48]. The process is critical because it allows the 
fusion sequences to be exposed. The nature of the cell pro-
tease that cleaves the S glycoprotein varies according to the 
coronavirus [31]. Coronavirus proteins may be cleaved by one 
or several host proteases based on virus strains and cell types, 
including trypsin, cathepsins, transmembrane protease serine 
protease-2 (TMPRSS-2), TMPRSS-4, or human airway trypsin- 
like protease (HAT) [43,49]. However, the specific proteases 
that promote virus entry into SARS-CoV-2 remain elusive 
[43,49,50]. This cleavage is generally mediated by furin [50], 
an enzyme belonging to the subtilisin-like proprotein 

convertase family. It cleaves precursor proteins and facilitates 
their conversion to a biologically active state; thus, it plays 
a vital role in viral protein processing [51]. The S1/S2 cleavage 
site is the target site of furin during infection. The RBD of the 
S1 subunit contacts angiotensin-converting enzyme 2 (ACE2), 
which is facilitated by furin cleavage [52,53]. Furin proteases 
are found in significant amounts in the lungs. Therefore, 
viruses that attack the respiratory tract make use of this 
enzyme to convert and activate their own surface glycopro-
teins. Basically, it is like a lock-and-key mechanism, where viral 
glycoprotein and cellular receptor represent key and lock, 
respectively. Other influenza pathogens that have similar clea-
vage sites can also be acted upon by furin and other cellular 
proteases. The prevalent expression of cellular proteases 
across cell types increases the potential for the virus to suc-
cessfully infiltrate the host [53]. It should be mentioned here 
that all other β-coronaviruses, including SARS-CoV, which is 
the closest to the SARS-CoV-2 strain, do not contain this 
cleavage site [54]. A study showed that the S protein of SARS- 
CoV-2 is 10 to 20 times more likely to bind to human ACE2 
than the S protein of the early 2000s SARS-CoV strain [55]. The 
heightened affinity for a prevalent cellular receptor may be 
a factor that increases transmission [56].

5. Mechanism of SARS-Cov-2 transmission

5.1. Mechanisms of transmission

The transmissibility of an infection is determined by the basic 
R0, with a value above the threshold of 1 implies continuous 
and sustained human-to-human transmission [23,57]. The 
rapid spread of SARS-CoV-2 is due, in part, to the transmission 
mechanisms of the viral agent. An understanding of the trans-
mission dynamics of infectious spread is critical, providing 
insights into the epidemiologic spread, implementation of 
outbreak control measures, and determination of the efficacy 
of such control measures [23].

The transmission characteristics of SARS-CoV-2 are very 
similar to those of SARS-CoV and pandemic influenza. Riou 
et al. [57] stated that this was an indicator of the potential for 
sustained human-to-human transmission and the risk of global 
spread. More recently, a mean R0 range of 2.24 to 3.58 [58,59] 
was determined. With transmissibility on par with that of 
SARS-CoV, pandemic influenza, and HIV, but much lower 
than measles and chickenpox (Table 1), SARS-CoV-2 presented 
a moderate to severe infectious threat [57].

The first evidence of potential person-to-person transmis-
sion was reported by Chan et al. [60]. They investigated the 
transmission of the virus in a group of family members who 
had recently visited Wuhan. They had no history of contact 
with animals, visits to markets, or eating game meat, but 
stayed in the same hotel throughout their travel. With no 
direct zoonotic involvement, this was the first indication that 
the virus could be spread by human contact. These initial 
findings were subsequently confirmed with increasing evi-
dence demonstrating sustained human-to-human transmis-
sion [57,61].
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SARS-CoV-2 uses the same receptor, ACE2, as SARS-CoV, 
and mainly spreads through the respiratory tract [62]. As 
a respiratory infectious disease, the virus is transmitted pri-
marily by droplets, respiratory secretions, and direct contact 
[63]. However, viral particles have been isolated from fecal 
swabs and blood, implying several alternative routes for trans-
mission [64–66]. It is worth noting that the ACE2 protein is also 
expressed by enterocytes in the small intestine [67]. Previous 
Chinese reports have shown no evidence of vertical transmis-
sion of the virus by blood products or the fecal-oral route 
[64,68–70]. However, some recent studies from the United 
Kingdom (UK) and other countries have confirmed a low rate 
of vertical transmission due to COVID-19 [71–75].

5.2. Incubation period

The incubation period on average is 1–14 days, however, 
generally is 3–7 days. SARS-CoV-2 may be present in the throat 
or the nose a few days before symptom onset. Interestingly, 
completely asymptomatic subjects may have viral loads similar 
to those of symptomatic patients [76]. This implies that 
asymptomatic individuals may be possible sources of infec-
tion. After the incubation period, patients present with similar 
symptoms, including fever, cough, and malaise. A small per-
centage of patients also manifest gastrointestinal symptoms, 
such as diarrhea and vomiting. The elderly and those with 
underlying disorders rapidly develop acute respiratory distress 
syndrome (ARDS), septic shock, metabolic acidosis, and coa-
gulation dysfunction, which may ultimately lead to multiple 
organ failure and even death [5,77,78].

6. Clinical and pathological characteristics of 
COVID-19

SARS-CoV-2 targets the respiratory system, and transmission 
occurs via contact droplets and fomites from an infected 
person who may be symptomatic or asymptomatic [79]. 
During the incubation period, the virus triggers a slow 
response in the lungs. SARS-CoV-2 mainly invades alveolar 
epithelial cells, resulting in respiratory symptoms [80].

The S-glycoprotein on the surface of SARS-CoV-2 binds to 
ACE2 [80]. The receptor and the enzyme on the surface of type 
2 alveolar cells induce a conformational change in 
S-glycoprotein initiating proteolytic digestion by host cell pro-
teases (TMPRSS2 and furin), ultimately leading to internaliza-
tion of the virion [81]. This implies that SARS-CoV-2 has 
a pathogenesis similar to that of SARS-CoV [82]. 
Coronaviruses generally enter via endocytosis or direct fusion 
of the viral envelope with the host membrane. Once interna-
lized by the host cell, the viral particle is uncoated, and its 
genome enters the cell cytoplasm. Coronaviruses have an RNA 
genome from which they can directly produce their proteins 
and new genomes in the cytoplasm by attaching to the host 
ribosomes [83]. The host ribosomes translate viral RNA into 
RNA polymerase proteins. This RNA polymerase then reads the 
positive strand again to generate single-stranded, negative- 
sense RNA (ssRNA-) strands.

The ssRNA- strands are then used as a template by RNA 
polymerase to make additional ssRNA+ strands. The small 

RNA strands are read by host ribosomes in the endoplasmic 
reticulum to make the structural components of the virus. 
These structural components are then transferred from the 
endoplasmic reticulum to the Golgi apparatus. Within the 
Golgi apparatus, ssRNA+ genomes are packaged in the 
nucleocapsids to create new virion particles. These progeny 
viruses are then released from the host cell via exocytosis 
through secretory vesicles. The replication of the virus in 
alveolar cells mediates damage and induces an inflammatory 
response in the tissues. Cellular entry of the virus triggers an 
inflammatory response by recruiting T-helper cells that pro-
duce interferon (IFN)-gamma (IFN-γ), interleukin (IL)-2, and IL- 
12 [84]. The injured alveolar cells also release interferons, 
cytokines, and other intracellular components. The subse-
quent recruitment of other inflammatory cells leads to the 
development of a ‘cytokine storm’ which can precipitate the 
organ damage and multi-organ failure seen in severe disease 
[84]. COVID-19 infected patients have shown higher concen-
trations of peripheral blood immune mediators [85]. IL-6, 
interferon gamma-induced protein (IP)-10, and IFN-γ were 
markedly elevated in all three highly pathogenic HCoV infec-
tions [3,85]. Interferons act in a paracrine manner and can 
have numerous effects on the surrounding cells, preparing 
them against viral infection [86]. The alveolar macrophages 
detect cell injury and respond to cytokines released by injured 
alveolar cells. The alveolar macrophages respond by secreting 
cytokines and chemokines [87]. The inflammatory process 
occurring within the lung parenchyma stimulates nerve end-
ings responsible for initiating the cough reflex, thus, people 
often present with an early dry cough [87]. Tumor necrosis 
factor (TNF)-α and IL-1β are proinflammatory cytokines that 
cause an increase in vascular permeability, increase in adhe-
sion molecule expression, and induce recruitment of more 
immune cells, including neutrophils and monocytes. They 
bind to adhesion proteins on the surface of tissues and 
enter the site of injury [88]. IL-8 recruits neutrophils, and 
other chemokines attract monocytes [89]. The increase in 
vascular permeability causes leakage of fluid into the inter-
stitial space and alveoli, resulting in interstitial and pulmonary 
edema. This can lead to dyspnea, impaired oxygenation, or 
hypoxemia. The clinicopathological characteristics of corona-
viruses are shown in Figure 1.

Neutrophils engulf viruses and other debris around the 
area, which can be detrimental because this activity also 
results in the release of chemical by-products that damage 
the surrounding tissue [90]. Consequently, when there are 
damaged alveolar cells all over, less surfactant is produced. 
The alveoli can easily collapse, resulting in impaired oxygena-
tion or hypoxemia [91] (Figure 1). White blood cells (WBCs) 
and damaged endothelial cells release other inflammatory 
mediators, including arachidonic acid metabolites, including 
leukotrienes and prostaglandins. Leukotrienes cause broncho-
constriction, leading to impaired ventilation, and subsequent 
hypoxemia [92]. Prostaglandins, IL-1, IL-6 and TNF-α are 
responsible for causing fever, a primary feature of COVID-19 
[93,94]. Decreased oxygen levels in the blood stimulate che-
moreceptors in the cardiopulmonary center in the brain, 
which causes an increased inspiratory rate to increase oxygen 
levels in the blood and also initiate the heart to pump faster to 
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deliver oxygen to the body [95]. For this, patients with hypox-
emia usually develop tachypnea and tachycardia [96]. 
However, some patients may be asymptomatic because their 
immune system keeps it in check or only minor symptoms, 
such as cough accompanied by shortness of breath and some 
fever. The alveolar macrophages can also detect the virus 
using its special toll like receptor-4 (TLR-4) receptors, which 
engulf viral particles through phagocytosis [97].

A common finding in COVID-19 is lymphopenia, which is 
assumed to be due to the release of interferons [98]. IL-6 stimu-
lates hepatocytes to produce acute phase reactants such as 
C-reactive protein (CRP), fibrinogen, and hepcidin [99]. CRP is 

a good inflammatory marker, and a high level in the blood is 
a marker of inflammation [100]. Therefore, the damaged alveolar 
tissue, accumulation of the fluid, ventilation/perfusion mis-
match, and hypoxemia, which are not related to heart function, 
leads to the presentation of ARDS, which is considered to be the 
leading cause of mortality in COVID-19 [101].

6.1. Clinical manifestations

Patients with COVID-19 experience varying degrees of severity, 
and 80% of them have mild infection [102]. Approximately 
15% of cases develop severe disease characterized by 

Figure 1. Viral replication of SARS-coV-2 in alveolar cells.
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dyspnea, hypoxia, and lung changes on imaging; 5% are 
critically ill, with respiratory failure from ARDS, shock, and/or 
multi-organ dysfunction [3,103,104]. As ACE2 is expressed not 
only in the lungs but also in the heart, endothelium, renal 
tubular epithelium, intestinal epithelium, and the pancreas, 
SARS-CoV-2 may possess the potential to invade these tissues, 
to proliferate and destroy these organs, causing multiple 
organ dysfunction syndrome (MODS) [105,106]. Excessive acti-
vation of lymphocytes and increased pro-inflammatory med-
iators in patients with COVID-19 promotes immune-mediated 
damage. The process causes a mild disease to increase in 
severity and single organ involvement to progress to MODS. 
In severe cases, the disease can lead to ARDS, septic shock, 
metabolic acidosis, coagulation dysfunction, and MODS. 
Elderly individuals with reduced immunity and comorbidities 
are more susceptible to severe infections [107].

The median age of individuals affected by severe complica-
tions related to COVID-19 ranges from 49 to 56 years of age 
[108]. As symptoms progress, patients may develop pneumo-
nia with ARDS, which requires intensive care. Children are 
typically asymptomatic or present with mild symptoms. Men 
and women have the same susceptibility to infection; how-
ever, male patients are more at risk for worse outcomes and 
death [109]. The symptoms include fever, fatigue, dry cough, 
anorexia, myalgia, dyspnea, and sputum production [110]. 
Mortality rate increases with age, with a significant increase 
above 80 years of age. The mortality rate also increased with 
comorbidities, including diabetes, heart disease, chronic kid-
ney disease, chronic lung disease, and other socio- 
demographic factors (Table 2). An increased risk of infection 
due to SARS-CoV-2 is also found to be associated with other 
comorbidities such as hypertension (27–30%), diabetes (19%), 
and coronary heart disease (6–8%) [104,111]. Studies have also 
demonstrated that patients with severe COVID-19 develop 
ARDS (67.3%), acute kidney injury (28.9%), abnormal hepatic 
function (28.9%), and cardiac injury (23.1%) [112]. An overview 
of the effect of COVID-19 on different pathophysiological 
conditions is presented in Table 2 [109,113–124].

7. COVID-19 diagnostic techniques

The rapid and accurate detection of COVID-19 has become 
vital for effective response and prevention of further spread in 
large populations. Contact tracing has also been shown to be 
of extreme importance. It has allowed the systematic encap-
sulation of specific points of caseload increase, giving govern-
ments the opportunity to protect the health of the population 
without completely shutting down their economies. The 
American Center for Disease Control and Prevention (CDC) 
has been utilized since the initial identification of SARS-CoV 
-2 molecular assays for its detection, mostly using real-time 
polymerase chain reaction (PCR) methods [125]. The PCR for 
COVID-19 can only diagnose whether a person is currently 
infected with this particular coronavirus. It cannot provide 
information on other diseases or symptoms [126] and could 
miss patients who have cleared the virus and recovered from 
the disease [126,127]. Serology tests are also important as they 
can help assess the immune response [128], follow up on the 
progression of the disease, and the length of immune 

protection present after patients have recuperated from 
COVID-19 [129]. The serologic test is an enzyme-linked immu-
nosorbent assay (ELISA)-based test that detects SARS-CoV-2 
antibodies (IgG and IgM) in serum or plasma. The ELISA used 
by the CDC utilizes purified SARS-CoV-2 S protein (no live 
virus) as an antigen [130]. The problem with serologic tests 
is that the cross-reactivity to antibodies generated by other 
coronaviruses cannot be completely ruled out [130]. 
Comparative information on the use of different diagnostic 
techniques for COVID-19 is presented in Table 3 [131–134].

8. Treatment and preventive measures

In the absence of any clinically proven treatment options, the 
treatment is symptomatic, and current clinical management 
includes infection prevention and control measures as well as 
supportive care [135]. Available therapeutic drugs include 
antiviral agents (e.g. remdesivir, hydroxychloroquine, chloro-
quine) and supporting agents (vitamin C, azithromycin, corti-
costeroids, IL-6 antagonists) [136,137]. Developing an effective 
COVID-19 vaccine is currently the world’s leading research 
priority [138]. Some vaccines have already been approved by 
the regulatory authorities for the prevention of COVID-19 
[139–141].

8.1. Public health and preventive measures

Public health and preventive approaches are the current stra-
tegies to curb the transmission of COVID-19 and focus on 
testing, case tracing, isolation, social distancing, and personal 
hygiene [142]. Important COVID-19 prevention and control 
measures in the community include hand hygiene, personal 
protective equipment (PPE), crowd avoidance, social distan-
cing, isolation, school measures/closures, workplace measures/ 
closures, quarantine, and travel restrictions [143,144].

A study conducted in Singapore recommended closing 
schools, maintaining effective social distancing in the work-
place, and adopting quarantine measures to contain the pan-
demic once community transmission had been established 
[145]. Such measures were also found to reduce infection, 
mortality, and intensive care unit (ICU) admissions 
[58,146,147]. Social distancing reduces interactions between 
people and is effective in preventing community transmission 
[142]. The use of face masks is strongly indicated to reduce 
COVID-19 transmission in potentially asymptomatic or pre- 
symptomatic people [148,149]. The widespread use of face 
masks has been found to be effective in preventing SARS- 
CoV-2 transmission in highly affected areas in Italy and 
New York City [150]. Studies have demonstrated that 
a surgical mask could reduce virus exposure by an average 
of six times (range: 1.1 to 55 times) and should be worn by the 
potentially infected subject [151]. The WHO recommended the 
use of PPE by health care workers as they are more likely to be 
increasingly exposed to the virus and should wear medical/ 
surgical masks, gowns, gloves, and face shields when treating 
infected patients or collecting samples [152].

Quarantine was found to be the most effective method for 
reducing the number of infected cases and decreasing 
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mortality rates [22,153,154]. A review of 29 COVID-19 related 
studies found that quarantine can decrease the rate of 
infected cases (from 81% to 44%) and mortality (from 61% 
to 31%) [155]. Travel restrictions and lockdown in the early 
phase of the pandemic in Australia [156] and China [157] 
helped to decrease transmission effectively. Testing, isolation, 
and contact tracing were found to be effective in controlling 
the spread of the virus in countries such as South Korea, 
Singapore, Taiwan, and Hong Kong [158–161]. In contrast, 
Italy witnessed a wider outbreak as the country failed to 
employ such preventive measures during the early phase of 
the pandemic [161].

8.2. Management strategies based on symptoms

Management strategies of COVID-19 patients depend on the 
severity of the symptoms of the patients [162,163]:

(1) Mild cases:

● SpO2 levels of 94%–97% in room air

● Home isolation
● Symptomatic treatment

● Hospital admission if condition deteriorates
● O2 therapy via nasal canula

(2) Moderate cases:

● SpO2 levels of 90%–94% in room air
● Hospital admission
● O2 therapy via nasal canula
● High-flow nasal oxygen (HFNO) therapy or noninva-

sive ventilation (NIV) in case of no improvement

(3) Severe cases:

● SpO2 levels ≤ 90% in room air or patients with ARDS
● Hospital admission
● O2 therapy via HFNO/NIV with helmet

Table 2. Effect of COVID-19 on different pathophysiological conditions.

Sources Pathophysiology Pathogenesis of COVID-19

Xu et al (2020) [113] 
Gąsecka et al. (2020) 
[114]

Respiratory 
diseases

● Endothelial barrier disruption, dysfunctional alveolar-capillary oxygen transmission, and impaired oxygen diffusion 
capacity are characteristic features of COVID-19 in the respiratory system.

● Early stage of SARS-CoV-2 infection targets the nasal and bronchial epithelial cells and pneumocytes.
● Later stage of infection SARS-CoV-2 infects pulmonary capillary endothelial cells, accentuating inflammatory 

response and triggering an influx of monocytes and neutrophils [Ref].
● In severe condition, fulminant activation of coagulation and consumption of clotting factors occur indicated as diffuse 

intravascular coagulation.

Qian et al (2020) [115] Renal diseases ● Acute kidney injury (AKI) induced by COVID-19 significantly increases the mortality rate.
● Detecting proteins and/or blood in urine labs is an early sign of kidney involvement in people with confirmed 

COVID-19.
● The virus shares the same functional receptor, ACE2 present in kidneys, mainly present in proximal tubules, afferent 

arterioles, collecting ducts, and the thick ascending limb of Helen.
● The SARS-CoV-2 induce acute tubular necrosis by infecting kidney tubules directly.
● The virus particles can directly infect the cytoplasm of renal proximal tubular epithelium and podocytes, which may 

induce AKI in COVID-19 patients.

Lippi et al (2020) [116] Hypertension ● Patients with hypertension have been found to be 2.5 times more likely to develop severe COVID-19.
● ACE inhibitors and ARBs are found to increase ACE2; as a result, increased soluble ACE2 in the circulation increase 

the binding of SARS-Cov-2 to the organ and its pathophysiological effects leading to greater injury.

Gamble et al (2020) 
[117] 
Fang et al (2020) 
[118]

Diabetes 
Mellitus

● Poor glycemic control is a significant contributor to COVID-19 severity. Impaired neutrophil chemotaxis and 
phagocytosis in diabetes predisposes to infections in general.

● Hyperglycemic events can lead to diabetes ketoacidosis, that interferes with the immune response to mitigate sepsis 
and recovery.

Tham et al (2019) [119] 
Memtsoudis et al 
(2020) [120] 
Antonia et al (2020) 
[121]

Obesity ● Obesity is related to a proinflammatory state that potentially predisposes patients to lung injury.
● As adipose tissue grows, it can receive a reduced blood supply and thus be subject to hypoxia, necrosis and 

subsequent inflammation.
● Inflamed adipose tissue, and visceral adiposity, secrete more adipokines such as leptin, resistin, retinol binding 

protein-4, and visfatin, as well as less adiponectin; these contribute to elevated, systemic levels of pro-inflammatory 
cytokines.

Vepa et al (2020) [122] Ethnicity ● Asians and Blacks ethnic minority are more predisposed to dyslipidaemia and hypertension, both of which are key 
cardiovascular risk factors, associated with chronic inflammation, more likely to develop severe COVID-19.

Jin et al (2020) [109] Gender ● Incidence among males and females was same; however, severe outcomes were more commonly reported among 
males.

● Men with COVID-19 infection are more at risk for worse outcomes and death, independent of age.

Rahman et al (2020) 
[123]

Age ● Reported severe outcomes increased with age e.g hospitalizations, ICU admissions. 

● Deaths were highest among persons aged ≥70 years, regardless of underlying conditions, and lowest among those 
aged ≤19 years.

Gérard et al (2020) 
[124]

Blood group ● People with type A blood group have higher risk of contracting COVID-19 and of developing severe symptoms than 
that of type O blood group population.
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● Transfer to ICU
● Invasive ventilation via endotracheal intubation for 

patients with ARDS in cases of falling SpO2 levels
● ARDS management

8.3. Pharmacological treatments

8.3.1. Antiviral agents
Extensive research is ongoing regarding antiviral therapies for 
the treatment of COVID-19. Although several antiviral thera-
pies are being investigated by scientists, no treatments have 
been shown to be effective in treating COVID-19 [164,165]. 
Preliminary results are available from The Adaptive COVID-19 
Treatment Trial (ACTT-1) from hospitalized COVID-19 patients. 
This double-blind randomized control trial (RCT) conducted in 
60 trial sites and 13 subsites (United States of America [USA] 
(45 sites), Denmark (8), UK (5), Greece (4), Germany (3), Korea 
(2), Mexico (2), Spain (2), Japan (1), and Singapore (1)] showed 
that remdesivir was associated with a shorter median recovery 
time compared with placebo (11 vs. 15 days) with evidence of 
lower respiratory tract infection [165]. The trial also showed 
a significant mortality benefit (remdesivir group 4.0% vs. con-
trol group 12.7%). A study conducted in China, prematurely 
terminated due to adverse events of remdesivir, found that 
COVID-19 patients, with symptom duration of ≤ 10 days, 
improved faster compared to that of the placebo group, but 
this finding was not statistically significant [166]. A study con-
ducted in the USA, Europe, and Canada showed clinical 
improvement among severe COVID-19 hospitalized patients 
(36 of 53 patients; 68%) who were treated with compassionate 
use of remdesivir [167]. Another RCT that included 584 
patients with moderate COVID-19 at 105 hospitals in the 
United States, Europe, and Asia found those who took 
a 5-day course of remdesivir compared with those randomized 
to standard care had a statistically better outcome [168]. 
However, the WHO Solidarity Trial [169], conducted in 30 
countries, found that remdesivir (including hydroxychloro-
quine, lopinavir/ritonavir, and interferon) had little or no effect 
on overall mortality, ventilation need, and duration of hospital 
stay.

Although the preliminary findings of the ACTT-1 study 
supported the use of remdesivir, the researcher recommended 
that remdesivir or any other antiviral drug alone is not effec-
tive, as the mortality rate is higher with the use of remdesivir. 
Another randomized, controlled, open-label trial with lopina-
vir/ritonavir treatment demonstrated no benefit compared to 
standard care [170]. Similarly, the UK RECOVERY (Randomized 
Evaluation of COVID-19 therapy) reported no benefit of lopi-
navir/ritonavir on survival, the clinical course, or the length of 
hospital stay [171]. After interim analysis of the trial results, the 
WHO SOLIDARITY and UK RECOVERY trials discontinued the 
lopinavir/ritonavir arms as the trials produced little or no 
reduction in the mortality of hospitalized COVID-19 patients 
in comparison to the standard of care [172,173]. Remdesivir 
received conditional marketing authorization by the European 
Commission on 3 July 2020, to treat COVID-19 patients [174]. 
Several anti-flu drugs, such as oseltamivir [175] and arbidol 

[176], have been used to treat COVID-19 patients and demon-
strated a certain efficacy. Although the WHO recommended 
against the use of remdesivir in COVID-19 patients [177], the 
U.S. Food and Drug Administration (FDA) approved remdesivir 
on 22 October 2020, for the treatment of COVID-19 patients 
requiring hospitalization [178]. Remdesivir (Veklury) was the 
first drug approved by the FDA and indicated ‘for the treat-
ment of COVID-19 disease in hospitalized adults and children 
aged 12 years and older who weigh at least 40 kg’ [178].

8.3.2. Corticosteroids
Corticosteroids have received considerable attention for the 
treatment of COVID-19 [179,180] and were found to be bene-
ficial in several COVID-19-related conditions such as sepsis, 
pneumonia, and ARDS [181–183]. The RECOVERY trial found 
that dexamethasone reduced mortality by one-third in criti-
cally ill COVID-19 patients [184,185]. The medication was most 
helpful for patients on a ventilator or those who needed extra 
oxygen, but no benefit was noted for those with less severe 
symptoms. However, other studies reported conflicting results, 
with some showing benefits [186–188], while others demon-
strated potential harm [189,190]. A meta-analysis of 15 studies 
[191] identified an increased risk of mortality and multi-organ 
dysfunction, no mortality benefit, and possibly an increased 
risk of death with the use of corticosteroids among COVID-19, 
SARS, and MERS patients. A recent WHO report suggested that 
systemic corticosteroids likely reduced 28-day mortality in 
patients with critical COVID-19 but may have increased the 
risk of death in non-severe patients [174]. The report recom-
mended the use of systemic corticosteroid therapy for 7 to 
10 days in patients with severe and critical COVID-19 and no 
corticosteroid treatment for non-severe patients in whom it 
may cause harm.

8.3.3. Antiviral/immunomodulatory drugs
Chloroquine and hydroxychloroquine are usually used as 
immunomodulatory therapies. Both drugs are approved by 
the FDA for the treatment or prevention of malaria. Recently, 
the FDA has approved the use of chloroquine and hydroxy-
chloroquine to treat COVID-19 patients ‘only in hospitalized 
patients with COVID-19 when clinical trials are not available, or 
participation is not feasible, through an Emergency Use 
Authorization (EUA)’ [192]. According to ClinicalTrials.gov, 
212 hydroxychloroquine trials (179 randomized) and 38 chlor-
oquine trials (31 randomized trials) were registered until 
3 September 2020 [193].

However, the outcomes of treatment with chloroquine 
(500 mg every 12 h) and hydroxychloroquine are not encoura-
ging. The RECOVERY trial found that hydroxychloroquine did 
not reduce 28-day mortality when compared to the usual 
standard of care. In addition, patients who received hydroxy-
chloroquine had a longer median hospital stay and increased 
risk of progressing to invasive mechanical ventilation or death 
than those who received the standard of care [194]. In 
a multicenter, randomized, open-label, three-group, controlled 
trial involving hospitalized patients in Brazil, no positive out-
comes were reported with hydroxychloroquine alone or with 
hydroxychloroquine plus azithromycin among hospitalized 
patients with mild to moderate COVID-19 [195]. The 
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occurrence of an adverse event (e.g. elevation of liver enzyme 
levels, and prolongation of the QTc interval) was more fre-
quent among patients who received hydroxychloroquine or 
hydroxychloroquine plus azithromycin than among those who 
did not receive either agent [195]. Another open-label, rando-
mized clinical trial at 57 centers in Brazil involving hospitalized 
patients with severe COVID-19 also failed to show the effec-
tiveness of hydroxychloroquine plus azithromycin over hydro-
xychloroquine alone [196]. Large retrospective observational 
studies in hospitalized patients suffering from COVID-19 also 
showed no evidence of benefit for hydroxychloroquine with or 
without azithromycin [197,198]. However, a large, multicenter, 
retrospective, observational study in the USA reported that 
treatment with hydroxychloroquine alone and in combination 
with azithromycin reduced COVID-19 associated mortality 
[199]. Several randomized trials conducted among non- 
hospitalized patients with COVID-19 failed to demonstrate 
a clinical benefit of hydroxychloroquine treatment [200,201].

The COVID-19 Treatment Guidelines of National Institutes 
of Health, USA recommends against the use of high-dose 
chloroquine to treat COVID-19 due to severe toxicities, such 
as higher rates of mortality and QTc prolongation [202,203]. It 
has been warned that the combination of hydroxychloroquine 
and azithromycin should be used with caution as the combi-
nation is associated with QTc prolongation in patients with 
COVID-19 [204].

8.3.4. Immune-based therapy
The agents that modulate the immune response are used for 
the management of moderate to critical COVID-19, including 
human blood-derived products and immunomodulatory 
therapies. Human blood-derived products are collected from 
patients who have recovered from COVID-19 infection (e.g. 
convalescent plasma and immunoglobulin products) 
[205,206]. Other agents approved to treat other immune 
and/or inflammatory syndromes are also considered to treat 
COVID-19 patients, including corticosteroids (e.g. glucocorti-
coids) [207], interleukin inhibitors [208,209], interferons [210], 
and kinase inhibitors [211].

It has been suggested that convalescent plasma may help 
suppress the virus and modify the inflammatory response 
[205]. At present, there is limited evidence from clinical trials 
to evaluate the efficacy and safety of convalescent plasma for 
the treatment of COVID-19 [212]. A retrospective evaluation 
conducted by the FDA and the Mayo Clinic (USA) in >70,000 
patients who received COVID-19 convalescent plasma demon-
strated that plasma with high antibody titers may be more 
effective than low-titer plasma in non-intubated patients 

[213,214]. The FDA also evaluated 20,000 hospitalized patients 
with COVID-19 convalescent plasma and reported that trans-
fusion is safe in patients with COVID-19 and found low overall 
rates of serious adverse events (SAEs) [215]. It is important to 
note that the FDA approved EUA on 23 August 2020, to use 
convalescent plasma in hospitalized patients with COVID- 
19 [216].

Interferon β was found to be effective against corona-
viruses [217]. The WHO Solidarity Trial [169] found that inter-
feron had little or no effect on overall mortality, ventilation 
need, and duration of hospital stay. However, a randomized, 
double-blind, placebo-controlled phase 2 trial conducted in 
the UK [218] demonstrated that hospitalized patients infected 
with SARS-CoV-2 received inhaled nebulized interferon β-1a 
had significantly greater odds of clinical improvement and 
rapid recovery on the WHO ordinal scale for clinical improve-
ment [219]. Further studies should be conducted to evaluate 
the effectiveness of high-risk COVID-19 populations such as 
elderly, comorbid, or immunosuppressed patients [169,218].

8.3.5. Adjunctive therapy
Adjunctive therapies are used in patients with COVID-19, and 
some clinical trials are ongoing to identify the effects of these 
agents [202]. It was observed that COVID-19 patients were 
associated with a prothrombotic state and had a higher inci-

Table 4. COVID-19 vaccine candidates in phase III trials [231,235].

10 candidate vaccines
Vaccine 

platform Antigen**
Location of phase III 

studies

Sinovac Inactivated 
virus

S Brazil

Wuhan Institute of 
Biological Products/ 
Sinopharm

Inactivated 
virus

S United Arab Emirates

Beijing Institute of 
Biological Products/ 
Sinopharm

Inactivated 
virus

S China

University of Oxford/ 
AstraZeneca

Viral 
vector*

S USA

CanSino Biological Inc./ 
Beijing Institute of 
Biotechnology

Viral 
vector*

S Pakistan

Gamaleya Research 
Institute

Viral vector S Russia

Janssen Pharmaceutical 
Companies

Viral vector S USA, Brazil, Colombia, 
Peru, Mexico, 
Philippines, South 
Africa

Novavax Protein 
subunit

S UK

Moderna/NIAID RNA S USA
BioNTech/Fosun 

Pharma/Pfizer
RNA S USA, Argentina, Brazil

* Single dose schedule. ** S – Spike protein 

Table 5. Vaccines found to be effective in preventing COVID-19 [139,141,237,238].

Company Type of vaccine Doses Route* Effectiveness Storage

Oxford University-AstraZeneca Viral vector (genetically modified virus) 2 IM 62–90% Regular fridge temperature
Pfizer/BioNTech RNA 2 IM 95% −70°C
Moderna RNA (Part of virus genetic code) 2 IM 95% −20°C up to 6 months
Gamaleya 

(Sputnik V)
Viral vector 2 IM 92% Regular fridge temperature

*Intra-muscular 
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dence of venous thromboembolism [220,221]. A French pro-
spective multicenter study among ICU patients (n = 150) 
demonstrated that 16.7% of patients with ARDS secondary to 
COVID-19 developed life-threatening thrombotic complica-
tions despite prophylactic anticoagulation [221]. Another 
study conducted in the Netherlands found a 31% incidence 
of thrombotic complications in critically ill ICU patients with 
COVID-19 (n = 184) [222]. Therefore, patients with COVID-19 
admitted to the ICU should receive pharmacological thrombo-
sis prophylaxis [222].

Vitamin and mineral supplements are typically used to treat 
respiratory viral infections. Several studies have examined the 
effectiveness of vitamin and mineral supplements for the 
treatment and prevention of SARS-CoV-2 infection. High 
doses of vitamin C are recommended for the treatment of 
sepsis [223] and ARDS in patients with serious COVID-19. 
Several recent studies have examined the impact of vitamin 
D on COVID-19. One study of 489 people found that those 
who had a deficient vitamin D status were 1.77 times more 
likely to be infected with the virus than people with normal 
vitamin D status [224]. Despite the lack of evidence of whether 
vitamin D treatment may decrease the incidence of COVID-19, 
the use of vitamin D treatment is advocated due to its low risk 
and low cost [225,226]. Some clinical trials are ongoing with 
zinc supplementation alone or in combination with hydroxy-
chloroquine for the prevention and treatment of COVID-19 
[227–230]. A single-institution retrospective study in the USA 
showed ‘a lack of a causal association between zinc and 
survival in hospitalized patients with COVID-19’ [231].

8.4. A vaccine

Scientists are conducting research on the development of 
COVID-19 vaccines. At present, there are >100 COVID-19 vac-
cine candidates under development, some of which are in the 
human trial phase [138]. The WHO is working through the 
Access to COVID-19 Tools (ACT) accelerator to speed up the 
pandemic response and distribute vaccines via the COVID-19 
Vaccines Global Access (COVAX) [led by WHO, Global Alliance 
for Vaccines and Immunization (GAVI) and Coalition for 
Epidemic Preparedness Innovations (CEPI)] to facilitate equita-
ble access and distribution [138]. The WHO announced the 
launch of the WHO COVID-19 Solidarity vaccine trial on 
28 May 2020, which is an international, randomized controlled 
phase III trial of different vaccine candidates [232]. It is one of 
the largest trials that enrolled almost 280,000 patients from 
470 hospital sites in over 34 countries [232,233]. The trial aims 
to examine the efficacy of multiple vaccines (within a short 
period of vaccine introduction into the study), so that weakly 
effective vaccines are not deployed to treat patients with 
COVID-19 [232–235].

Until October 2020, there were 42 COVID-19 candidate 
vaccines in the clinical evaluation, of which 10 were in phase 
3 trials (Table 4) [232,236]. There are 151 candidate vaccines 
for preclinical evaluation [232]. So far, four vaccines have been 
reported to be effective for the prevention of COVID-19: Pfizer/ 
BioNtech, Moderna, Oxford, and Sputnik V vaccines. The 
details of these vaccines are presented in Table 4 [232,236] 
and Table 5 [139,141,237,238]. The first two vaccines received 

emergency approval for use in the prevention of COVID-19 
[139–141]. Whether these vaccines are effective against new 
strains of SARS-CoV-2, which were recently identified in the UK 
and other countries, needs further investigation.

8.4.1. Pfizer/biontech vaccine
On 9 November 2020, Pfizer and its German partner BioNTech 
announced that their experimental vaccine was found to be 
more than 90% effective in preventing COVID-19 in partici-
pants without evidence of prior SARS-CoV-2 infection, based 
on initial data from Phase 3 trials [239]. According to Pfizer, 
the vaccine prevented COVID-19 symptoms in 90% of 94 
patients who received the vaccine compared to the placebo. 
As of 8 November 2020, a total of 38,955 participants had 
received a second dose of the vaccine, of which 42% of global 
participants and 30% of U.S. participants had diverse racial and 
ethnic backgrounds [239]. Approximately 21% of the partici-
pants had at least one underlying comorbidity, that is, obesity, 
diabetes, or pulmonary disease [240]. On 16 November 2020, 
Pfizer released updated information concerning the observed 
efficacy of its vaccine in adults over 65 years of age, which was 
more than 94% [241]. On 11 December 2020, the FDA author-
ized the Pfizer/BioNTech vaccine for emergency use for indi-
viduals aged 16 years and older in the USA. This is the first 
COVID-19 vaccine approved by the FDA [139]. The European 
Medicines Agency (EMA) has also approved the Pfizer- 
BioNTech vaccine as the first COVID-19 vaccine to be used in 
EU countries [140].

The Pfizer/BioNTech vaccine is a messenger RNA (mRNA) 
vaccine, also known as BNT162b2, based on the SARS-CoV-2 
S glycoprotein antigen and formulated in lipid nanoparticles 
(LNPs) [240]. It is a highly purified single-stranded, 5ʹ-capped 
mRNA produced by cell-free in vitro transcription from the 
corresponding DNA templates [242]. Its mechanism of action 
consists of nucleoside-modified mRNA (modRNA) encoding 
the viral S glycoprotein of SARS-CoV-2, which is formulated 
in lipid particles. This allows the delivery of RNA into host 
immune cells to enable the expression of the SARS-CoV-2 
S antigen.

8.4.2. Moderna vaccine
On 16 November 2020, Moderna, Inc., a US pharmaceutical 
company, announced that its vaccine was 94.5% effective 
(Phase 3 COVE study) at preventing COVID-19 related illness, 
including severe cases, and is generally well tolerated [243]. 
An interim analysis of 95 cases (90 COVID-19 in the placebo 
group versus 5 cases in the mRNA-1273 group) demonstrated 
‘a point estimate of vaccine efficacy of 94.5% (p < 0.0001)’ 
[243]. The Coronavirus Efficacy and Safety (COVE) trial, 
a randomized and placebo-controlled study, recruited 30,000 
participants in the USA, aged 18 and above [243]. Unlike the 
Pfizer vaccine, it can be stored at standard refrigerator tem-
peratures, which are available in doctors’ offices, pharmacies, 
and hospitals [244]. On 18 December 2020, the FDA issued an 
EUA for the Moderna vaccine for use in individuals 18 years of 
age and older in the USA [141].

The Moderna vaccine also used a similar technology to 
Pfizer/BioNTech. The active ingredient of the Moderna vaccine 
is a synthetic mRNA encoding the pre-fusion stabilized 
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S glycoprotein of SARS-CoV-2. Both vaccines differ in their 
composition of LNP that encase the RNA; additionally, the 
RNA in both vaccines encodes a slightly modified form of 
the SARS-CoV-2 S protein [245]. Moderna’s formulation allows 
the vaccine to be stored at a higher temperature than Pfizer’s, 
which must be kept at −70°C, much colder than a normal 
freezer. Moderna’s vaccine can be stored in a − 20°C freezer 
for 6 months, and in a refrigerator (at approximately 4°C) for 
30 days [141,237].

8.4.3. Oxford vaccine
Another vaccine developed by the University of Oxford, UK, 
and another pharmaceutical giant AstraZeneca was found 
highly effective – two full doses gave 62% protection 
(n = 8,895), a half dose followed by a full dose 90% 
(n = 2,741). Overall, the trial showed 70% protection 
(n = 11,636) [246]. The trial participants (n = 23,000) were 
from the UK and Brazil. The vaccine is cheaper than Pfizer 
and Moderna and does not require an ultra-cold storage and 
transport system [247]. As the vaccine was found to be more 
effective in trial participants who received a lower dose, 
AstraZeneca is now planning to run a new global trial [247].

Unlike the mRNA vaccines of Pfizer-BioNTech and Moderna, 
this vaccine uses double-stranded DNA. The mechanism of the 
vaccine is based on its effect on the S protein of SARS-CoV-2. 
The Oxford-AstraZeneca team used a modified version of the 
cold-causing chimpanzee adenovirus, known as ChAdOx1. 
Adenovirus derived from chimpanzee with E1 and E3 deletions 
encoding full-length S protein with a tissue plasminogen acti-
vator signal peptide [248]. With the use of genetic engineering 
methods, a portion of the DNA that is used for viral replication 
was deleted, so the adenovirus can no longer replicate and 
cause infection in the human body [249].

8.4.4. Sputnik V vaccine
The Russian vaccine Sputnik V was developed by the 
Gamaleya Research Institute in coordination with the Russian 
Defense Ministry. It was administered to 18,794 volunteers 
who received both the first and second doses of the vaccine 
or placebo. It showed very high efficacy; higher than 95% 
[238]. It is an adenovirus vector-based vaccine that uses a two- 
shot model with two different human adenoviral vectors, Ad5 
and Ad26, for each shot [250]. When the first vaccine contain-
ing the vector with the S protein of SARS-CoV-2 is introduced 
into the human body, it synthesizes the S protein and initiates 
an immune response. After 21 days, the booster dose of the 
vaccine, based on another adenovirus vector unknown to the 
host cell, is administered. The body reacts by generating 
a further immune response that provides longlasting immu-
nity [251].

9. The ethics of epidemics: ethical and moral issues 
associated with COVID-19

When it comes to global pandemics such as COVID-19, there 
are numerous issues in medical ethics that must be addressed 
and adhered to in order to ameliorate the human condition 
[252,253]. One of the most important issues to consider is 
patient confidentiality [254]. While confidentiality must be 

maintained between physicians and patients during standard 
medical care, when it comes to the treatment of a patient 
diagnosed with COVID-19, an exception has to be made. Since 
COVID-19 is considered a reportable illness, the type of illness 
that poses a threat to another person, doctors must follow 
Tarasoff’s Law of duty to warn and protect [255]. In other 
words, physicians are required to report quarantine and fol-
low-up contact tracing [256].

Another ethical issue, autonomy, must be considered when 
a patient is diagnosed with COVID-19. A legally competent 
adult patient (18 years of age and older) may exercise their 
autonomous right to refuse treatment [257]. In such a case, 
a physician’s duty is to notify the patient about the possible 
health outcomes of refusing the treatment. However, COVID- 
19 is considered to be a quarantinable disease; thus, physi-
cians could detain infected individuals during the infectious 
period.

In addition, informed consent is not required in the case of 
an emergency, such as in the case of a life-saving procedure 
for a patient diagnosed with COVID-19. Another example of an 
exception to obtaining informed consent is when the COVID- 
19 patient waived his or her right receiving information 
related to COVID-19 [254]. If a physician has to treat 
a patient diagnosed with COVID-19 who is incapacitated 
because he or she is either psychotic, unconscious, suicidal/ 
homicidal, or under the influence, obtaining informed consent 
is not necessary [257]. Furthermore, physicians can invoke 
therapeutic privilege if physicians agree that the COVID-19 
patient is unable to make good decisions for himself or herself. 
In this case, beneficence trumps the adult patient’s autonomy; 
hence, informed consent is not required during treat-
ment [255].

In the case of minor health care (persons younger than 
18 years of age), legally competent adult caregivers give con-
sent for treatment [256]. Thus, when it comes to treating 
a minor diagnosed with COVID-19, the same rule applies as 
in the case of an adult patient. While physicians must always 
obtain informed consent from legal guardians when treating 
a minor, lifesaving treatment is always an exception [234]. 
Hence, legally competent adult guardians cannot refuse the 
lifesaving treatment of COVID-19 minors. On the other hand, 
when it comes to legally competent emancipated minors who 
are diagnosed with COVID-19, the physician must apply 
Tarasoff’s Law of duty to warn and protect [256]. In other 
words, the physicians must report, and quarantine emanci-
pated minors diagnosed with COVID-19 since they pose 
a threat to another person and community. Furthermore, 
physicians could override their autonomous rights to refuse 
therapy by invoking therapeutic privileges, just in the case of 
adult patients [257].

10. Conclusion

The COVID-19 pandemic is the greatest global public health 
crisis since the pandemic influenza outbreak of 1918. Since its 
origin in Wuhan, the COVID-19 pandemic has now spread 
around the world, causing significant morbidity and mortality. 
Direct person-to-person respiratory transmission has rapidly 
amplified the spread of the virus, making it difficult to contain 
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its spread within the community. Moreover, some patients are 
completely asymptomatic with a mild influenza-like illness 
and a positive swab test, and some present with serious 
symptoms that require immediate hospitalization. Currently, 
there is no effective antibody test available, and an effective, 
rapid, and sensitive serological test for COVID-19 is urgently 
needed for rapid diagnosis. Moreover, there is no effective 
approved therapy for COVID-19. Personal hygiene is funda-
mental for preventing transmission. Current treatment and 
management are mainly supportive of oxygen therapy, anti-
virals, steroids, hydroxychloroquine, immunomodulators, and 
plasma exchange therapy. We need to keep a close eye on 
human clinical trials for optimistic news on vaccine 
development.

10.1. Limitations

The information presented in this review paper must be con-
sidered in the context of potential limitations. There has been 
an overwhelming amount of information published since the 
outbreak of COVID-19, and most of the journal papers pub-
lished, mainly in the early phase of pandemics, were not based 
on clinical/scientific research. The evidence-based information 
garnered for this review was obtained after careful review of 
currently published journal papers, reports, policy guidelines.

Another drawback of this paper is its narrative nature, 
which may limit the critical analysis of the information. 
A systematic review using appropriate protocols [258] of the 
current literature would help to draw reliable and accurate 
scientific information, improve the generalizability and consis-
tency of findings, and increase the precision of the conclusion 
presented to formulate policy guidelines. However, the pre-
sent review covers the most updated information on the 
anniversary of the COVID-19 pandemic, and such documenta-
tion is necessary for keeping readers, researchers, scientists, 
and policymakers appraised of the current status of the pan-
demic [259].

11. Expert Opinion

The COVID-19 pandemic has created a public health crisis, 
taking an enormous toll on humanity, disrupting lives and 
livelihoods [4,77,259]. The scale and severity of COVID-19 is 
unprecedented, and millions of people have been infected 
with large numbers of morbidities and mortalities [4,57]. 
Genetic sequencing suggests that the virus belongs to the 
family Coronaviridae and genus Betacoronavirus, which is clo-
sely linked to the SARS virus [27–30]. Epidemiological and 
virologic studies have reported that COVID-19 usually trans-
mits from person to person through several routes, mainly via 
respiratory droplets [260–263]. Evidence of virological assess-
ment of transmission of infection from people with presymp-
tomatic stage is limited due to the lower number of samples 
collected [264,265]. Some infected persons can be contagious 
during the presymptomatic phase, from to 1–3 days before 
symptom onset [266,267]. For individuals, transmission risk is 
found to be greatest on the day of symptom onset in sympto-
matic patients [264,265,268,269]. Ferretti et al. analyzed five 
datasets and demonstrated that approximately 10% of 

transmissions may occur two days before the manifestation 
of symptoms [270]. Another review identified that 31% of 
infected individuals remain asymptomatic [271].

While most people with COVID-19 show only mild (40%) or 
moderate (40%) symptoms, approximately 15% of patients exhi-
bit severe symptoms (requiring oxygen therapy), and 5% 
develop critical disease with complications (e.g. respiratory fail-
ure, ARDS, sepsis, septic shock) [135]. The WHO reported that the 
crude mortality ratio (the number of reported deaths divided by 
the reported cases) is 3–4%; however, the true mortality of 
COVID-19 will take some time to determine [271]. Elderly people, 
smokers, and patients with comorbid diseases (such as diabetes, 
hypertension, cardiac disease, chronic lung disease, and cancer) 
have an increased risk of severe disease and death [272,273].

The host response to SARS-CoV-2 is a key factor in the pre-
sentation of disease severity; however, variations in viral strain 
phenotypes, specifically those associated with the glycoprotein 
components of the virus, have contributed to the efficient 
transmission of the virus during the current pandemic [274].

Although the sequence diversity of SARS-CoV-2 is low, its 
global spread has resulted in several thousand viral variants 
due to mutations in the native strain over time [259,275]. The 
most notable of these, as first documented by Korber et al. [277], 
is a viral variant with an amino acid substitution in the 
S glycoprotein spike. The mutation, which causes 
a substitution of the amino acid aspartate (D-biochemical sym-
bol), at the 614th amino acid position of the spike protein with 
glycine (G), has overtaken the native SARS-CoV-2 virus as the 
most prevalent infective strain [277]. This variant, termed D614G, 
is associated with increased transmissibility and higher viral 
loads in COVID-19 patients, has not been demonstrated to 
cause an increase in disease severity [276,278]. The substitution 
enhances viral replication within the respiratory tract of infected 
individuals and affects neutralization susceptibility [274].

Compared with other highly mutable viruses, such as HIV, 
SARS-CoV-2 has a low mutation rate; however, as pandemics 
progress, it is possible that antigenic drift events, which slowly 
accumulate mutations over time, can lead to increased fitness as 
well as immunological and drug resistance [279]. This is a key 
consideration for current and future vaccine development.

Case detection, contact tracing, surveillance, infection preven-
tion and control, physical distancing, and clinical management 
are effective strategies used to contain COVID-19 cases [280,281]. 
Early detection and reporting can prove to be useful, and contact 
tracing is a widely used surveillance system to fight the ongoing 
epidemic of COVID-19 [282]. Contact tracing provides informa-
tion that also helps to better understand the transmission and 
epidemiology of COVID-19 [158,281]. Moreover, some countries 
are now experiencing the ‘second’ or ‘third’ waves of corona-
viruses [283]. Scientists have proposed using app-based contact 
tracing to keep the epidemic in control as an alternative [284]. 
A digital technological system, called ‘proximity tracking ’ is now 
a widely used surveillance system for COVID-19 [285].

Currently, PCR, the gold standard for detecting SARS-CoV-2, 
is used to detect the virus in specialized laboratories 
[2,125,127,286]. The test has high sensitivity and specificity for 
the detection of viral ribonucleic acid (RNA) [2,286]. The high 
volume of samples could lead to a shortage of reagents and may 
increase the turn-around time of the tests. Alternatively, rapid 
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antigen tests provide multiple benefits, including ease of use, 
quick results (10 to 30 minutes), low cost, and can be performed 
both in the laboratory and at the point of patient care [280]. 
Although rapid antigen testing has a lower sensitivity, the WHO 
recommends the use of this test where PCR is unavailable or 
where reduced turnaround-time is clinically necessary [287]. 
Antigen tests are immunoassays that are used to determine if 
the person has an active disease [288], whereas a positive anti-
body test indicates that the patient is likely infected with COVID- 
19 at some time in the past [289]. Antibody tests can be con-
ducted in laboratory settings (e.g. enzyme-linked immunosor-
bent assays, chemiluminescence immunoassays) or point of care 
(e.g. Abbott SARS-CoV-2 assay, Roche Elecsys assay) [290].

To date, no effective specific drug therapy or vaccine has 
been found to limit the spread of this pathogen. Infection pre-
vention and control measures, supportive needs, and intensive 
care support are the main strategies for clinical management of 
COVID-19 infection [136]. General prevention and protection 
measures regarding the containment and management of 
the second or third waves are necessary to minimize the risk 
of infection. There is some promising news regarding COVID-19 
vaccines. Several phase 3 clinical trials are in progress or are 
being planned in some countries. As of 24 November 2020, four 
vaccines were reported to be 62–95% effective (Table 5) 
[139,141,237,238]. These promising results have fueled optimism 
around the world, as we may be a step closer to defeating this 
deadly virus. Certainly, there is light at the end of the tunnel. 
Equitable access and effective distribution of these vaccines in 
all countries will save millions of lives.

ABBREVIATIONS 
COVID-19 - Coronavirus disease 2019
SARS-CoV-2 - Severe acute respiratory syndrome coronavirus-2
WHO - World Health Organization
CVD - Cardiovascular diseases
UTI - Upper respiratory tract infections
HCoV - Human coronavirus
SARS - Severe acute respiratory syndrome coronavirus
MERS - Middle East Respiratory Syndrome
ACE2 - Angiotensin-converting enzyme 2
RBD - Receptor-binding domain
NTD - N-terminal domain
R0 - Reproduction number
ARDS - Acute respiratory distress syndrome
PRRs - Pattern recognition receptors
TLRs - Toll-Like Receptors
CRP - C-Reactive Protein
MODS - Multiple organ dysfunction syndrome
CDCs - Centres for Disease Control and Prevention
PCR - Polymerase Chain Reaction
LAMP - Loop-mediated isothermal amplification
EAU - Emergency Use Authorization
ELISA - Enzyme-Linked Immunosorbent Assay

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial or other 
relationships to disclose.

Funding

This paper was not funded.

Declaration of interest
The authors have no relevant affiliations or financial involvement with any 
organization or entity with a financial interest in or financial conflict with 
the subject matter or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or options, expert 
testimony, grants or patents received or pending, or royalties.

ORCID
Sayeeda Rahman http://orcid.org/0000-0002-7005-8801

References

Papers of special note have been highlighted as either of interest (•) or of 
considerable interest (••) to readers.

1. WHO. Coronavirus disease (COVID-19) pandemic. [Cited 2021 
March 19]. Available from: https://www.who.int/emergencies/dis 
eases/novel-coronavirus-2019

2. CDC. 2019 Novel Coronavirus, Wuhan, China. CDC. [Cited 2021 
March 19]. Available from: https://www.cdc.gov/coronavirus/2019- 
ncov/about/index.html

3. Huang C, Wang Y, Li X, et al. Clinical features of patients infected 
with 2019 novel coronavirus in Wuhan China. Lancet. 2020;395 
(10223):497–506. .

4. Mahase ECOVID-19. WHO declares pandemic because of “alarming 
levels” of spread, severity and inaction. BMJ. 2020;368:M1036.

5. Yan-Rong G, Qing-Dong C, Zhong-Si H, et al. The origin, transmis-
sion and clinical therapies on coronavirus disease 2019 (COVID-19) 
outbreak-an update on the status. Mil Med Res. 2020;7:11.

•• This study reported the epidemiological characteristics of the 
COVID-19 outbreak

6. WHO. WHO Director-General’s opening remarks at the media brief-
ing on COVID19. [Cited 2021 March 19]. Available from: https:// 
www.euro.who.int/en/health-topics/health-emergencies/corona 
virus-covid-19/news/news/2020/3/who-announces-covid-19- 
outbreak-a-pandemic

7. Chakraborty I, Maity P. COVID-19 outbreak: migration, effects on 
society, global environment and prevention. Sci Total Environ. 
2020;728:138882.

8. Worldometer COVID-19 Coronavirus Pandemic. [Cited 2021 March 
19]. Available from: https://www.worldometers.info/coronavirus/

9. Sorci G, Faivre B, Morand S. Explaining among-country variation in 
COVID-19 case fatality rate. Sci Rep. 2020;10(1):18909.

10. Xu S, Li Y. Beware of the second wave of COVID-19. Lancet.2020. 
395:1321–1322.

11. Cacciapaglia G, Cot C, Sannino F. Second wave COVID-19 pan-
demics in Europe: a temporal playbook. Sci Rep. 2020;10(1):15514.

12. New Scientist. Europe’s second covid-19 wave is here but is it 
bigger than the first. [Cited 2021 March 19]. Available from: 
https://www.newscientist.com/article/2255612-europes-second- 
covid-19-wave-is-here-but-is-it-bigger-than-the-first/

13. World Health Organization. Weekly epidemiological update - 1 
December 2020. [Cited 2021 March 19]. Available from: https:// 
www.who.int/publications/m/item/weekly-epidemiological-update 
—1-december-2020.

14. CDC. Human infection with 2019 novel coronavirus person under 
investigation (PUI) and case report form. Atlanta, GA: US 
Department of Health and Human Services, CDC. [Cited 2021 
March 19]. Available from: https://www.cdc.gov/coronavirus/2019- 
ncov/downloads/pui-form.pdf

15. Madjid M, Safavi-Naeini P, Solomon SD, et al. Potential Effects of 
Coronaviruses on the Cardiovascular System: a Review. JAMA 
Cardiol. 2020;5(7):831–840. .

•• This study discussed the interaction of Coronavirus with the 
cardiovascular system.

14 S. RAHMAN ET AL.

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.cdc.gov/coronavirus/2019-ncov/about/index.html
https://www.cdc.gov/coronavirus/2019-ncov/about/index.html
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic
https://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic
https://www.worldometers.info/coronavirus/
https://www.newscientist.com/article/2255612-europes-second-covid-19-wave-is-here-but-is-it-bigger-than-the-first/
https://www.newscientist.com/article/2255612-europes-second-covid-19-wave-is-here-but-is-it-bigger-than-the-first/
https://www.who.int/publications/m/item/weekly-epidemiological-update---1-december-2020
https://www.who.int/publications/m/item/weekly-epidemiological-update---1-december-2020
https://www.who.int/publications/m/item/weekly-epidemiological-update---1-december-2020
https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf
https://www.cdc.gov/coronavirus/2019-ncov/downloads/pui-form.pdf


16. CDC. Human Coronavirus Types. [Cited 2021 March 19]. Available 
from: https://www.cdc.gov/coronavirus/types.html

17. Ye ZW, Yuan S, Yuen KS, et al. Zoonotic origins of human 
coronaviruses. Int J Biol Sci. 2020;16(10):1686–1697.

18. Li H, Liu SM, Yu XH, et al. Coronavirus disease 2019 (COVID-19): 
current status and future perspectives. Int J Antimicrob Agents. 
2020;55(5):105951.

19. Mackenzie JS, Dw S. COVID-19: a novel zoonotic disease caused by 
a coronavirus from China: what we know and what we don’t. 
Microbiol Aust. 2020;MA20013. DOI:10.1071/MA20013

20. Hosseiny M, Kooraki S, Gholamrezanezhad A. Reddy S and Myers 
L. Radiology Perspective of Coronavirus Disease 2019 (COVID-19): 
lessons From Severe Acute Respiratory Syndrome and Middle East 
Respiratory Syndrome. AJR. 2020;214(5):1078–1082.

21. Liu Y, Gayle AA, Wilder-Smith A, et al. The reproductive number of 
COVID-19 is higher compared to SARS coronavirus. J Travel Med. 
2020;27(2):taaa021. .

•• The study discussed the reproductive number of COVID-19 and 
compared with other diseases.

22. Pan A, Liu L, Wang C, et al. Association of Public Health 
Interventions With the Epidemiology of the COVID-19 Outbreak 
in Wuhan, China. JAMA. 2020;323(19):1915–1923.

23. Atkins P, Biermann R, Chemist’s A. Guide to the COVID-19 
Outbreak. Cannabis Sci Tech. 2020;3(5):39–45.

24. Nuccetelli M, Pieri M, Grelli S, et al. SARS-CoV-2 infection serology: 
a useful tool to overcome lockdown? Cell Death Discov. 2020;6 
(1):38. .

25. Udugama B, Kadhiresan P, Kozlowski HN, et al. Diagnosing 
COVID-19: the Disease and Tools for Detection. ACS Nano. 
2020;14(4):3822–3835. .

26. CDC. Test for Past Infection. [Cited 2021 March 19]. Available from: 
https://www.cdc.gov/coronavirus/2019-ncov/testing/serology- 
overview.html

27. Paules CI, Marston HD, Fauci AS. Coronavirus Infections-More Than 
Just the Common Cold. JAMA. 2020;323(8):707–708.

28. Pal M, Berhanu G, Desalegn C, et al. Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2): an Update. Cureus. 
2020;12(3):e7423.

29. Wang Q, Qiu Y, Li JY, et al. Cleavage Site Predicted in the Spike 
Protein of the Novel Pneumonia Coronavirus (2019-nCoV) 
Potentially Related to Viral Transmissibility. Virol Sin. 2020;35 
(3):337–339.

30. Lan J, Ge J, Yu J, et al. Structure of the SARS-CoV-2 spike 
receptor-binding domain bound to the ACE2 receptor. Nature. 
2020;581(7807):215–220. .

31. Millet JK, Whittaker GR. Host cell proteases: critical determinants of 
coronavirus tropism and pathogenesis. Virus Res. 
2015;202:120–134.

32. Wang N, Shang J, Jiang S, et al. Subunit Vaccines Against Emerging 
Pathogenic Human Coronaviruses. Front Microbiol. 2020;11:298.

33. Kim D, Lee JY, Yang JS, et al. The Architecture of SARS-CoV-2 
Transcriptome. Cell. 2020;14(181):914–21.e10.

34. Duan L, Zheng Q, Zhang H, et al. The SARS-CoV-2 Spike 
Glycoprotein Biosynthesis, Structure, Function, and Antigenicity: 
implications for the Design of Spike-Based Vaccine Immunogens. 
Front Immunol. 2020;11:576622.

35. Ke Z, Oton J, Qu K, et al. Structures and distributions of SARS-CoV-2 
spike proteins on intact virions. Nature. 2020;588(7838):498–502. .

36. Walls AC, Park YJ, Tortorici MA, et al. Function, and Antigenicity of 
the SARS-CoV-2 Spike Glycoprotein. Cell. 2020;181(2):281–292.e6.

37. Sternberg A, Naujokat C. Structural features of coronavirus 
SARS-CoV-2 spike protein: targets for vaccination. Life Sci. 
2020;257:118056.

38. Schoeman D, Fielding BC. Coronavirus envelope protein: current 
knowledge. Virol J. 2019;16:69.

39. Chang CK, Hou MH, Chang CF, et al. The SARS coronavirus nucleo-
capsid protein--forms and functions. Antiviral Res. 2014;103:39–50.

40. Pavithran G, Anusha VH. Praveena B Covid-19 (Corona virus 
disease-2019) WJPMR. 2020;6:285–294.

41. Liu S, Xiao G, Chen Y, et al. Interaction between heptad repeat 1 
and 2 regions in spike protein of SARS-associated coronavirus: 
implications for virus fusogenic mechanism and identification of 
fusion inhibitors. Lancet. 2004;363(9413):938–947.

42. Tai W, He L, Zhang X, et al. Characterization of the receptor-binding 
domain (RBD) of 2019 novel coronavirus: implication for develop-
ment of RBD protein as a viral attachment inhibitor and vaccine. 
Cell Mol Immunol. 2020;17(6):613–620. .

43. Li F, Li W, Farzan M, et al. Structure of SARS coronavirus spike 
receptor-binding domain complexed with receptor. Science. 2005 
Sep 16;309(5742):1864–1868.

44. Robson B. COVID-19 Coronavirus spike protein analysis for syn-
thetic vaccines, a peptidomimetic antagonist, and therapeutic 
drugs, and analysis of a proposed achilles’ heel conserved region 
to minimize probability of escape mutations and drug resistance. 
Comput Biol Med. 2020;121:103749.

45. Watanabe Y, Bowden TA, Wilson IA, et al. Exploitation of glycosyla-
tion in enveloped virus pathobiology. Biochim Biophys Acta Gen 
Subj. 2019;1863:1480–1497.

46. Barile E, Baggio C, Gambini L, et al. Potential Therapeutic Targeting 
of Coronavirus Spike Glycoprotein Priming. Molecules. 2020;25 
(10):2424.

47. Tang T, Bidon M, Jaimes JA, et al. Coronavirus membrane fusion 
mechanism offers a potential target for antiviral development. 
Antiviral Res. 2020;178:104792.

48. Menachery VD, Dinnon KH3, Jr YBL, et al. Trypsin Treatment 
Unlocks Barrier for Zoonotic Bat Coronavirus Infection. J Virol. 
2020 Feb 14;94(5):e01774–19.

49. Park JE, Li K, Barlan A, et al. Proteolytic processing of Middle East 
respiratory syndrome coronavirus spikes expands virus tropism. 
Proc Natl Acad Sci U S A. 2016 Oct 25;113(43):12262–12267.

50. Millet JK, Whittaker GR. Host cell entry of Middle East respiratory 
syndrome coronavirus after two-step, furin-mediated activation of 
the spike protein. Proc Nat Acad Sci USA. 2014;111 
(42):15214–15219.

51. Coutard B, Valle C, De Lamballerie X, et al. The spike glycoprotein 
of the new coronavirus 2019-nCoV contains a furin-like cleavage 
site absent in CoV of the same clade. Antiviral Res. 
2020;176:104742. .

•• This study highlighted the detailed structure of coronavirus.
52. Shang J, Wan Y, Luo C, et al. Cell entry mechanisms of SARS-CoV-2. 

Proc Natl Acad Sci U S A. 2020;117:11727–11734.
53. Hoffmann M, Kleine-Weber H, Pöhlmann S, et al. Site in the Spike 

Protein of SARS-CoV-2 Is Essential for Infection of Human Lung 
Cells. Mol Cell. 2020;78(779–84.e5):779–784.e5.

54. Hayashi T, Ura T, Abiko K, et al. Reasons why new coronavirus, 
SARS-CoV-2 infections are likely to spread. J Genet Med Gene Ther. 
2020;3(1):001–003.

55. Wrapp D, Wang N, Corbett KS, et al. Cryo-EM structure of the 
2019-nCoV spike in the prefusion conformation. Science. 2020;367 
(6483):1260–1263. .

56. National Institutes of Health. Novel Coronavirus Structure Reveals 
Targets for Vaccines and Treatments. [Cited 2021 March 19]. 
Available from: www.nih.gov/news-events/nih-research-matters 
/novel-coronavirus-structure-reveals-targets-vaccines-treatments

57. Riou J, Althaus CL. Pattern of early human-to-human transmission 
of Wuhan 2019 novel coronavirus (2019-nCoV), December 2019 to 
January 2020. Euro Surveill. 2020;25(4):2000058.

58. Zhao S, Lin Q, Ran J. Preliminary estimation of the basic reproduc-
tion number of novel coronavirus (2019-nCoV) in China from 2019 
to 2020. A data driven analysis in the early phase of the outbreak. 
Int J Infect Dis. 2020;92:214–217.

59. Zhou T, Liu Q, Yang Z, et al. Preliminary prediction of the basic 
reproduction number of the Wuhan novel coronavirus 2019-nCov. 
J Evid Based Med. 2020;13(1):3–7. .

60. Chan JF, Yuan S, Kok KH, et al. A familial cluster of pneumonia 
associated with the 2019 novel coronavirus indicating person-to- 
person transmission: a study of a family cluster. Lancet. 2020;395 
(10223):514–523. .

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 15

https://www.cdc.gov/coronavirus/types.html
https://doi.org/10.1071/MA20013
https://www.cdc.gov/coronavirus/2019-ncov/testing/serology-overview.html
https://www.cdc.gov/coronavirus/2019-ncov/testing/serology-overview.html
http://www.nih.gov/news-events/nih-research-matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments
http://www.nih.gov/news-events/nih-research-matters/novel-coronavirus-structure-reveals-targets-vaccines-treatments


61. Pilailuk O, Rome B, Siripapom P, et al. Early transmission patterns of 
coronavirus disease 2019 (COVID-19) in travellers from Wuhan to 
Thailand January 2020. Euro Surveill. 2020;25(8):2000097.

62. Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak associated 
with a new coronavirus of probable bat origin. Nature. 2020;579 
(7798):270–273. .

63. Li Q, Guan X, Wu P, et al. Early transmission dynamics in Wuhan, 
China of novel coronavirus-infected pneumonia. N Engl J Med. 
2020;382(13):1199–1207. .

64. Zhang Y, Chen C, Zhu S. Isolation of 2019-nCoV from a stool speci-
men of a lab confirmed case of the coronavirusdisease 2019 
(COVID-19). China CDC Weekly. 2020;2(8):123–124. .

65. Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in Different 
Types of Clinical Specimens. JAMA. 2020;323(18):1843–1844. .

66. Zhang W, Du RH, Li B, et al. Molecular and serological investigation 
of 2019-nCoV infected patients: implication of multiple shedding 
routes. Emerg Microbes Infect. 2020;9(1):386–389. .

67. Hamming I, Timens W, Bulthuis ML, et al. Tissue distribution of 
ACE2 protein, the functional receptor for SARS coronavirus. A first 
step in understanding SARS pathogenesis. J Pathol. 2004;203 
(2):631–637.

68. Karimi-Zarchi M, Neamatzadeh H, Dastgheib SA, et al. Vertical 
Transmission of Coronavirus Disease 19 (COVID-19) from Infected 
Pregnant Mothers to Neonates: a Review. Fetal Pediatr Pathol. 
2020;39(3):246–250. .

69. Alzamora MC, Paredes T, Caceres D, et al. during Pregnancy and 
Possible Vertical Transmission. Am J Perinatol. 2020;37(8):861–865. .

•• This study discussed the transmission of COVID-19 during 
Pregnancy

70. Berghella V (2020, May 13). Coronavirus disease 2019 (COVID-19): 
pregnancy issues. [Cited 2021 March 19]. Available from: https:// 
www.uptodate.com/contents/coronavirus-disease-2019-covid-19- 
pregnancy-issues

71. Kalyanasundaram S, Krishnamurthy K, Sridhar A, et al. Novel Corona 
Virus Pandemic and Neonatal Care: it’s Too Early to Speculate on 
Impact! SN Compr Clin Med. 2020;1–7. DOI:10.1007/s42399-020- 
00440-8

72. Martínez-Perez O, Vouga M, Cruz Melguizo S, et al. Association 
Between Mode of Delivery Among Pregnant Women With 
COVID-19 and Maternal and Neonatal Outcomes in Spain. JAMA. 
2020;324(3):296–299.

73. Dong L, Tian J, He S, et al. Possible vertical transmission of 
SARSCoV-2 from an infected mother to her new born. JAMA. 
2020;323(18):1846–1848. .

74. Chen Y, Peng H, Wang L, et al. Infants born to mothers with a new 
coronavirus (COVID-19). Front Pediatr. 2020;8:104.

75. Arnaez J, Montes MT, Herranz-Rubia N, et al. The impact of the 
current SARS-CoV-2 pandemic on neonatal care. Front Pediatr. 
2020;8:247.

76. Zou L, Ruan F, Huang M, et al. SARS-CoV-2 Viral Load in Upper 
Respiratory Specimens of Infected Patients. N Engl J Med. 2020;382 
(12):1177–1179.

77. Jin YH, Cai L, Cheng ZS, et al. A rapid advice guideline for the 
diagnosis and treatment of 2019 novel coronavirus 
(2019-nCoV) infected pneumonia (standard version). Mil Med 
Res. 2020;7:4.

78. Habas K, Nganwuchu C, Shahzad F, et al. Resolution of corona-
virus disease 2019 (COVID-19). Expert Rev Anti Infect Ther. 
2020;4:1–11.

79. Jefferson T, Spencer EA, Pliuddemann A, et al. Analysis of the 
Transmission Dynamics of COVID-19: an Open evidence review. 
[Cited 2021 March 19]. Available from: https://www.cebm.net/evi 
dence-synthesis/transmission-dynamics-of-covid-19/

80. Yi Y, Lagniton PNP, Ye S, et al. what has been learned and to be 
learned about the novel coronavirus disease. Int J Biol Sci. 2020;16 
(10):1753–1766.

81. Hoffmann M, Kleine-Weber H, Krüger N, et al. The novel corona-
virus 2019 (2019-nCoV) uses the SARS-coronavirus receptor 2 ACE2 
and the cellular protease TMPRSS2 for entry into target cells. 
Preprint;2020. DOI:10.1101/2020.01.31.929042 bioRxiv

82. Lin L, Lu L, Cao W, et al. Hypothesis for potential pathogenesis of 
SARS-CoV-2 infection-a review of immune changes in patients with 
viral pneumonia. Emerg Microbes Infect. 2020;9(1):727–732.

83. Astuti I, Ysrafil. Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2): an overview of viral structure and host response. 
Diabetes Metab Syndr. 2020;14(4):407–412.

84. Liu J, Zheng X, Tong Q, et al. Overlapping and discrete aspects of 
the pathology and pathogenesis of the emerging human patho-
genic coronaviruses SARS-CoV, MERS-CoV, and 2019-nCoV. J Med 
Virol. 2020;92(5):491–494.

85. Wu Y, Huang X, Sun J, et al. Immune Injury Mechanisms in 71 
Patients with COVID-19. mSphere. 2020;5(4):e00362–20.

86. Coccia EM, Battistini A. Early IFN type I response: learning from 
microbial evasion strategies. Semin Immunol; 27(2):85–101. 
2019.

87. Hu G, Christman JW. Editorial: alveolar Macrophages in Lung 
Inflammation and Resolution. Front Immunol. 2019;10:2275.

88. Fahey E, Doyle SL. IL-1 Family Cytokine Regulation of Vascular 
Permeability and Angiogenesis. Front Immunol. 2019;10:1426.

89. Moore BB, Kunkel SL. Attracting Attention: discovery of IL-8/CXCL8 
and the Birth of the Chemokine Field. J Immunol. 2019;202(1):3–4.

90. Felsenstein S, Herbert JA, McNamara PS, et al. Immunology and 
treatment options. Clin Immunol. 2020;215:10.

91. Gonzales JN, Lucas R, Verin AD. The Acute Respiratory Distress 
Syndrome: mechanisms and Perspective Therapeutic Approaches. 
Austin J Vasc Med. 2015;2(1):1009.

92. Abdulkhaleq LA, Assi MA, Abdullah R, et al. The crucial roles of 
inflammatory mediators in inflammation: a review. Vet World. 
2018;11(5):627–635.

93. Robb CT, Goepp M, Rossi AG, et al. Non-steroidal anti-inflammatory 
drugs, prostaglandins, and COVID-19. Br J Pharmacol. 2020;177 
(21):4899–4920.

94. Costela-Ruiz VJ, Illescas-Montes R, Puerta-Puerta JM, et al. SARS- 
CoV-2 infection: the role of cytokines in COVID-19 disease. Cytokine 
Growth Factor Rev. 2020;54:62–75.

95. Brinkman JE, Sharma S. Physiology, Respiratory Drive. StatPearls. 
Treasure Island, Florida, USA): StatPearls Publishing LLC.; 2020.

96. Marshall JM. Chemoreceptors and cardiovascular control in acute 
and chronic systemic hypoxia. Braz J Med Biol Res. 1998;31 
(7):863–888.

97. Cascella M, Rajnik M, Cuomo A, et al. Features, Evaluation and 
Treatment Coronavirus (COVID-19): Treasure Island, Florida, USA: 
StatPearls Publishing LLC.; 2020.

98. Jafarzadeh A, Nemati M, Saha B, et al. Protective Potentials of Type 
III Interferons in COVID-19 Patients: lessons from Differential 
Properties of Type I- and III Interferons. Viral Immunol. 2020. 
DOI:10.1089/vim.2020.0076

99. Effenberger M, Grander C, Grabherr F, et al. Systemic inflammation 
as fuel for acute liver injury in COVID-19. Digestive Liver Dis. 
2020;53(2):158–165.

100. Chen LD, Zhang ZY, Wei XJ, et al. Association between cytokine 
profiles and lung injury in COVID-19 pneumonia. Respir Res. 
2020;21(1):201.

101. Bansal H, Mittal R. COVID-19: a global health emergency (an 
outbreak). IJRAR. 2020;7:436–460.

102. Michelen M, Jones N, Stavropoulou C In patients of COVID-19, what 
are the symptoms and clinical features of mild and moderate cases. 
[Cited 2021 March 19]. Available from: https://www.cebm.net/ 
covid-19/in-patients-of-covid-19-what-are-the-symptoms-and- 
clinical-features-of-mild-and-moderate-case/

103. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill 
patients with SARS-CoV-2 pneumonia in Wuhan, China: a 
single-centered, retrospective, observational study. Lancet Respir 
Med. 2020;8(5):475–481.

104. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: 
a retrospective cohort study. Lancet. 2020;395(10229):1054–1062. .

105. Chai X, Hu L, Zhang Y, et al. Specific ACE2 expression in cholangio-
cytes may cause liver damage after 2019-nCoV infection. bioRxiv; 
2020. 10.1101/2020.02.03.931766

16 S. RAHMAN ET AL.

https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-pregnancy-issues
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-pregnancy-issues
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-pregnancy-issues
https://doi.org/10.1007/s42399-020-00440-8
https://doi.org/10.1007/s42399-020-00440-8
https://www.cebm.net/evidence-synthesis/transmission-dynamics-of-covid-19/
https://www.cebm.net/evidence-synthesis/transmission-dynamics-of-covid-19/
https://doi.org/10.1101/2020.01.31.929042
https://doi.org/10.1089/vim.2020.0076
https://www.cebm.net/covid-19/in-patients-of-covid-19-what-are-the-symptoms-and-clinical-features-of-mild-and-moderate-case/
https://www.cebm.net/covid-19/in-patients-of-covid-19-what-are-the-symptoms-and-clinical-features-of-mild-and-moderate-case/
https://www.cebm.net/covid-19/in-patients-of-covid-19-what-are-the-symptoms-and-clinical-features-of-mild-and-moderate-case/
https://doi.org/10.1101/2020.02.03.931766


106. Zhao Y, Zhao Z, Wang Y, et al. RNA expression profiling of ACE2, 
the putative receptor of Wuhan 2019-nCov. bioRxiv. 2020. 
doi:10.1101/2020.01.26.919985.

107. Xie P, Ma W, Tang H, et al. Severe COVID-19: a Review of Recent 
Progress With a Look Toward the Future. Front Public Health. 
2020;8:189.

108. McIntosh K Coronavirus disease 2019 (COVID-19): clinical features. 
[Cited 2021 March 19]. Available from: https://www.uptodate.com/ 
contents/coronavirus-disease-2019-covid-19-clinical-features? 
topicRef=126981&source=see_link

109. Jin JM, Bai P, He W, et al. Gender Differences in Patients With 
COVID-19: focus on Severity and Mortality. Front Public Health. 
2020;8:152.

110. Singhal TA. Review of Coronavirus Disease-2019 (COVID-19). Indian 
J Pediatr. 2020;87(4):281–286.

111. Wu C, Chen X, Cai Y, et al. Risk Factors Associated with Acute 
Respiratory Distress Syndrome and Death in Patients With 
Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA 
Intern Med. 2020;180(7):1–11. .

112. Yang X, Yu Y, Xu J, et al., Clinical course and outcomes of critically 
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single 
centered, retrospective, observational study. Lancet Respir Med. 8 
(5): e26. 2020.

•• This study described the clinical features and outcomes of 
COVID-19 patients with pneumonia.

113. Xu Z, Shi L, Wang Y, et al. Pathological findings of COVID-19 
associated with acute respiratory distress syndrome. Lancet Respir 
Med. 2020;8(4):420–422. .

114. Gasecka A, Borovac JA, Guerreiro RA, et al. Complications in 
Patients with COVID-19: pathophysiological Mechanisms, 
Diagnosis, and Treatment. Cardiovasc Drugs Ther. 2020 Oct 19:1– 
15.

115. Qian J. -Y, Wang B, Liu B, -C: acute Kidney Injury in the 2019 Novel 
Coronavirus Disease. Kidney Dis. 2020;6(5):318–323.

116. Lippi G, Wong J, Henry BM. Hypertension in patients with corona-
virus dis-ease 2019 (COVID-19): a pooled analysis. Pol Arch Intern 
Med. 2020;130:304e9.

117. Gamble A, Pham Q, Goyal S, et al. The Challenges of COVID-19 for 
People Living With Diabetes: considerations for Digital Health. JMIR 
Diabetes. 2020;5(2):e19581. .

118. Fang L, Karakiulakis G, Roth M. Are patients with hypertension and 
diabetes mellitus at increased risk for COVID-19 infection? Lancet 
Respir Med. 2020;8(4):e21.

119. Tham KW, Lee PC, Lim CH. Weight management in obstructive 
sleep apnea: medical and surgical options. Sleep Med Clin. 
2019;14(1):143–153.

120. Memtsoudis SG, Ivascu NS, Pryor KO, et al. Obesity as a risk factor 
for poor outcome in COVID-19-induced lung injury: the potential 
role of undiagnosed obstructive sleep apnoea. Br J Anaesth. 
2020;125(2):e262–e263.

121. Antonia P, Keno B, Jakob A, et al. Obesity and COVID-19: the role of 
visceral adipose tissue. medRXiv. 2020 doi: 10.1101/ 
2020.05.14.20101998.

122. Vepa A, Bae JP, Ahmed F, et al. COVID-19 and ethnicity: a novel 
pathophysiological role for inflammation [published online ahead 
of print, 2020 Jun 30]. Diabetes Metab Syndr. 2020;14 
(5):1043–1051.

123. Rahman S, Singh K, Dhingra S, et al. The Double Burden of the 
COVID-19 Pandemic and Polypharmacy on Geriatric Population - 
Public Health Implications. Ther Clin Risk Manag. 
2020;16:1007–1022.

124. Gérard C, Maggipinto G, Minon JMCOVID-19. and ABO blood 
group: another viewpoint. Br J Haematol. 2020;190(2):e93–e94.

125. LabCorp. Accelerated Emergency Use Authorization (EUA) 
Summary COVID-19 RT-PCR Test (Laboratory Corporation of 
America); [Cited 2021 March 19]. Available from: https://www.fda. 
gov/media/136151/download

126. Bustin SA, Mueller R. Real-time reverse transcription PCR (qRT-PCR) 
and its potential use in clinical diagnosis. Clin Sci (Lond). 2005 
Oct;109(4):365–379.

127. Tang YW, Schmitz JE, Persing DH, et al. Laboratory Diagnosis of 
COVID-19: current Issues and Challenges. J Clin Microbiol. 2020;58 
(6):e00512–e00520.

128. Peeling RW, Wedderburn CJ, Garcia PJ, Boeras D, Fongwen N, 
Nkengasong J, Sall A, Tanuri A, Heymann DL. Serology testing in 
the COVID-19 pandemic response. Lancet Infect Dis. 2020;20(9): 
e245–e249. .

129. Anawa Biomedical Services and Products. SARS-CoV-2 (Covid-19): 
Diagnosis by IgG/IgM Rapid Test. [Cited 2021 March 19]. Available 
from: https://www.anawa.ch/read/newsletter-26/sars-cov-2-covid- 
19-diagnosis-by-2264.html

130. Freeman B, Lester S, Mills L, et al. Validation of a SARS-CoV-2 spike 
protein ELISA for use in contact investigations and 
sero-surveillance. Thornburg bioRxiv. 2020;04:24.057323.

131. Alcoba-Florez J, Gil-Campesino H, Artola DG, et al. Sensitivity of 
different RT-qPCR solutions for SARS-CoV-2 detection. Int J Infect 
Dis. 2020;99:190–192.

132. Peto J, Hunter DJ, Riboli E, et al. Unnecessary obstacles to COVID-19 
mass testing. Lancet. 2020;396(10263):1633.

133. Lisboa BM, Tavaziva G, Abidi SK, et al. Diagnostic accuracy of 
serological tests for covid-19: systematic review and 
meta-analysis. BMJ. 2020;370:m2516.

134. Nicol T, Lefeuvre C, Serri O, et al. Assessment of SARS-CoV-2 
serological tests for the diagnosis of COVID-19 through the evalua-
tion of three immunoassays: two automated immunoassays 
(Euroimmun and Abbott) and one rapid lateral flow immunoassay 
(NG Biotech). J Clin Virol. 2020;129:104511.

135. WHO. Clinical management of COVID-19. Interim guidance. World 
Health Organization: Geneva; 2020. p.18.

136. CDC. Information for Clinicians on Investigational Therapeutics for 
Patients with COVID-19. [Cited 2021 March 19]. Available from: 
https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic- 
options.html

137. Wu R, Wang L, Kuo HD, et al. An Update on Current Therapeutic 
Drugs Treating COVID-19. Curr Pharmacol Rep 2020 1–15 10.1007/ 
s40495-020-00216-7

138. WHO. The push for a COVID-19 vaccine. [Cited 2021 March 19]. 
Available from: https://www.who.int/emergencies/diseases/novel- 
coronavirus-2019/covid-19-vaccines

139. FDA. Pfizer-BioNTech COVID-19 Vaccine. [Cited 2021 March 19]. 
Available from: https://www.fda.gov/emergency-preparedness-and 
-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid 
-19-vaccine.

140. European Medicines Agency (EMA). EMA recommends first 
COVID-19 vaccine for authorisation in the EU. [Cited 2021 March 
19]. Available from: https://www.ema.europa.eu/en/news/ema- 
recommends-first-covid-19-vaccine-authorisation-eu.

141. FDA. Moderna COVID-19 Vaccine. [Cited 2021 March 19]. Available 
from: https://www.fda.gov/emergency-preparedness-and-response 
/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine

142. Wilder-Smith A, Freedman DO. Isolation, quarantine, social distan-
cing and community containment: pivotal role for old-style public 
health measures in the novel coronavirus (2019-nCoV) outbreak. 
J Travel Med. 2020;27(2):taaa020.

143. Güner R, Hasanoglu I, Aktas F. COVID-19: prevention and control 
measures in community. Turk J Med Sci. 2020;50(SI–1):571–577.

144. Cirrincione L, Plescia F, Ledda C, et al. COVID-19 pandemic: pre-
vention and protection measures to be adopted at the workplace. 
Sustainability. 2020;12(9):3603. .

145. Koo JR, Cook AR, Park M, et al. Interventions to mitigate early 
spread of SARS-CoV-2 in Singapore: a modelling study. Lancet 
Infect Dis. 2020;20(6):678–688. .

146. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, 
et al. Clinical, laboratory and imaging features of COVID-19: 
a systematic review and meta-analysis. Travel Med Infect Dis. 
2020;34:101623.

147. Shim E, Tariq A, Choi W, et al. Transmission potential and severity 
of COVID-19 in South Korea. Int J Infect Dis. 2020;93:339–344.

148. European Centre for Disease Prevention and Control. Using face 
masks in the community reducing COVID-19 transmission from 

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 17

https://doi.org/10.1101/2020.01.26.919985
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-clinical-features?topicRef=126981%26source=see_link
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-clinical-features?topicRef=126981%26source=see_link
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-clinical-features?topicRef=126981%26source=see_link
https://doi.org/10.1101/2020.05.14.20101998
https://doi.org/10.1101/2020.05.14.20101998
https://www.fda.gov/media/136151/download
https://www.fda.gov/media/136151/download
https://www.anawa.ch/read/newsletter-26/sars-cov-2-covid-19-diagnosis-by-2264.html
https://www.anawa.ch/read/newsletter-26/sars-cov-2-covid-19-diagnosis-by-2264.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html
https://doi.org/10.1007/s40495-020-00216-7
https://doi.org/10.1007/s40495-020-00216-7
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/covid-19-vaccines
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/covid-19-vaccines
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/pfizer-biontech-covid-19-vaccine
https://www.ema.europa.eu/en/news/ema-recommends-first-covid-19-vaccine-authorisation-eu
https://www.ema.europa.eu/en/news/ema-recommends-first-covid-19-vaccine-authorisation-eu
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/moderna-covid-19-vaccine


potentially asymptomatic or pre-symptomatic people through the 
use of face masks or presymptomatic people through the use of 
face masks ECDC Technical Report [online]. [Cited 2021 March 19]. 
Available from: https://www.ecdc.europa.eu/en/publications-data 
/using-face-masks-community-reducing-covid-19-transmission

149. CDC. How to Protect Yourself & Others. [Cited 2021 March 19]. 
Available from: https://www.cdc.gov/coronavirus/2019-ncov/pre 
vent-getting-sick/prevention.html

150. Zhang R, Li Y, Zhang AL, et al. Identifying airborne transmission as 
the dominant route for the spread of COVID-19. Proc Natl Acad Sci. 
2020;117(26):14857–14863.

151. Booth CM, Clayton M, Crook B, et al. Effectiveness of surgical masks 
against influenza bioaerosols. J Hosp Infect. 2013;84(1):22–26.

152. WHO. Advice on the use of masks in the context of COVID-19. 
[Cited 2021 March 19]. Available from: https://www.who.int/publi 
cations/i/item/advice-on-the-use-of-masks-in-the-community- 
during-home-care-and-in-healthcare-settings-in-the-context-of-the 
-novel-coronavirus-(2019-ncov)-outbreak

153. Bavli I, Sutton B, Galea S. Harms of public health interventions 
against covid-19 must not be ignored. BMJ. 2020;371:m4074.

154. Iwasaki A, Grubaugh ND. Why does Japan have so few cases of 
COVID-19? EMBO Mol Med. 2020;12(5):e12481.

155. Nussbaumer-Streit B, Mayr V, Dobrescu AI, et al. Quarantine alone 
or in combination with other public health measures to control 
COVID-19: a rapid review. Cochrane Database Syst Rev. 2020 Apr 
8;4(4):CD013574.

156. Costantino V, Heslop DJ, MacIntyre CR. The effectiveness of full and 
partial travel bans against COVID-19 spread in Australia for travel-
lers from China during and after the epidemic peak in China. 
J Travel Med. 2020;27(5):taaa081.

157. Wilder-Smith A, Chiew CJ, Lee VJ. Can we contain the COVID-19 
outbreak with the same measures as for SARS? Lancet Infect Dis. 
2020;20(5):e102–e107.

158. Salathe M, Althaus CL, Neher R, et al. COVID-19 epidemic in 
Switzerland: on the importance of testing, contact tracing and 
isolation. Swiss Med Wkly. 2020;150:w20225.

•• This study highlighted the importance of case detection, con-
tact tracing, surveillance, infection prevention and control in 
relation to coronavirus

159. Lee VJ, Chiew CJ, Khong WX. Interrupting transmission of 
COVID-19: lessons from containment efforts in Singapore. J Travel 
Med. 2020;27(3):taaa039.

160. Sjodin H, Wilder-Smith A, Osman S, et al. Only strict quaran- € tine 
measures can curb the coronavirus disease (COVID-19) outbreak in 
Italy, 2020. Euro Surveill. 2020;25(13):2000280. .

161. Boccia S, Ricciardi W, Ioannidis JPA. What other countries can learn 
from italy during the COVID-19 pandemic. JAMA Intern Med. 
2020;180(7):927.

162. Soy M, Keser G, Atagündüz P, et al. Cytokine storm in COVID-19: 
pathogenesis and overview of anti-inflammatory agents used in 
treatment. Clin Rheumatol. 2020;39(7):2085–2094. .

163. Parasher A. COVID-19: current understanding of its pathophysiol-
ogy, clinical presentation and treatment. Postgrad Med J. 2020; 
postgradmedj-2020-138577

164. Bimonte S, Crispo A, Amore A, et al. Potential Antiviral Drugs for 
SARS-Cov-2 Treatment: preclinical Findings and Ongoing Clinical 
Research. Vivo. 2020;34(3 Suppl):1597–1602.

165. Beigel JH, Tomashek KM, Dodd LE. Remdesivir for the Treatment of 
Covid-19 - Preliminary Report.N Engl J Med. 2020;383(10):992-993.

166. Wang Y, Zhang D, Du G, et al. Remdesivir in adults with severe 
COVID-19: a randomised, double-blind, placebo-controlled, multi-
centre trial. Lancet. 2020;395(10236):1569–1578. .

167. Grein J, Ohmagari N, Shin D, et al. Compassionate Use of 
Remdesivir for Patients with Severe Covid-19. N Engl J Med. 
2020;382(24):2327–2336. .

168. Spinner CD, Gottlieb RL, Criner GJ, et al. Effect of Remdesivir vs 
Standard Care on Clinical Status at 11 Days in Patients with 
Moderate COVID-19: a Randomized Clinical Trial. JAMA. 2020;324 
(11):1048–1057. .

169. WHO Solidarity Trial Consortium, Pan H, Peto R, Am H-R, et al. 
Repurposed Antiviral Drugs for Covid-19 - Interim WHO 
Solidarity Trial Results. N Engl J Med. 2020;384(6): 
NEJMoa2023184.

170. Cao B, Wang Y, Wen D, et al. A Trial of Lopinavir-Ritonavir in Adults 
Hospitalized with Severe Covid-19. N Engl J Med. 2020;382 
(19):1787–1799. .

171. University of Oxford. Randomised Evaluation of COVID-19 Therapy 
(RECOVERY). Statement from the Chief Investigators of the 
Randomised Evaluation of COVid-19 thERapY (RECOVERY) Trial on 
lopinavir-ritonavir. [Cited 2021 March 19]. Available from: https:// 
www.recoverytrial.net/files/lopinavir-ritonavir-recovery-statement 
-29062020_final.pdf

172. WHO. “Solidarity” clinical trial for COVID-19 treatments. [Cited 2021 
March 19]. Available from: https://www.who.int/emergencies/dis 
eases/novel-coronavirus2019/global-research-on-novel-coronavirus 
-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments

173. University of Oxford. Randomised Evaluation of COVID-19 Therapy 
(RECOVERY). No clinical benefit from use of lopinavir-ritonavir in 
hospitalised COVID-19 patients studied in RECOVERY. [Cited 2021 
March 19]. Available from: https://www.tropicalmedicine.ox.ac.uk/ 
news/no-clinical-benefit-from-use-of-lopinavir-ritonavir-in- 
hospitalised-covid-19-patients-studied-in-recovery

174. European Commission. Daily News 03 / 07 / 2020: european 
Commission authorises first treatment against COVID-19. [Cited 
2021 March 19]. Available from: https://ec.europa.eu/commission/ 
presscorner/detail/en/mex_20_1266

175. Wang Z, Yang B, Li Q, et al. Clinical Features of 69 Cases with 
Coronavirus Disease 2019 in Wuhan, China. Clin Infect Dis. 2020;71 
(15):769–777.

176. Wang X, Cao R, Zhang H, et al. The anti-influenza virus drug, arbidol 
is an efficient inhibitor of SARS-CoV-2 in vitro. Cell Discov. 2020;6 
(1):28. .

177. WHO. WHO recommends against the use of remdesivir in COVID-19 
patients. [Cited 2021 March 19]. Available from: https://www.who. 
int/news-room/feature-stories/detail/who-recommends-against-the 
-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recom 
mends%20against%20the%20use%20of%20remdesivir%20in% 
20COVID%2D19%20patients,-20%20November%202020&text= 
WHO%20has%20issued%20a%20conditional,other%20outcomes% 
20in%20these%20patients.

178. Food and Drug Administration. FDA Approves First Treatment for 
COVID-19. [Cited 2021 March 19]. Available from: https://www.fda. 
gov/news-events/press-announcements/fda-approves-first- 
treatment-covid-19

179. WHO. Corticosteroids for COVID-19. Living guidance 2. [Cited 2021 
March 19]. Available from: https://www.who.int/publications/i/ 
item/WHO-2019-nCoV-Corticosteroids-2020.1

180. Angus DC, Derde L, Al-Beidh F, et al. Effect of Hydrocortisone on 
Mortality and Organ Support in Patients With Severe COVID-19: the 
REMAP-CAP COVID-19 Corticosteroid Domain Randomized Clinical 
Trial. JAMA. 2020;324(13):1317–1329. .

181. Annane D, Bellissant E, Bollaert PE, et al. Corticosteroids for treating 
sepsis in children and adults. Cochrane Database Syst Rev. 2019 
(12):CD002243

182. Ewald H, Raatz H, Boscacci R, et al. Adjunctive corticosteroids for 
Pneumocystis jiroveci pneumonia in patients with HIV infection. 
Cochrane Database Syst Rev. 2015(4):CD006150.

183. Ye Z, Wang Y, Colunga-Lozano LE, et al. Efficacy and safety of 
corticosteroids in COVID-19 based on evidence for COVID-19, 
other coronavirus infections, influenza, community-acquired 
pneumonia and acute respiratory distress syndrome: 
a systematic review and meta-analysis. CMAJ. 2020;192(27): 
E756–E767. .

184. Ledford H. Coronavirus breakthrough: dexamethasone is first drug 
shown to save lives. Nature. 2020;582(7813):469.

185. RECOVERY Collaborative Group, Horby P, Lim WS, et al. 
Dexamethasone in Hospitalized Patients with Covid-19 - 
Preliminary Report. N Engl J Med. 2020:384(8):693-704.

18 S. RAHMAN ET AL.

https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.ecdc.europa.eu/en/publications-data/using-face-masks-community-reducing-covid-19-transmission
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/prevention.html
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.recoverytrial.net/files/lopinavir-ritonavir-recovery-statement-29062020_final.pdf
https://www.recoverytrial.net/files/lopinavir-ritonavir-recovery-statement-29062020_final.pdf
https://www.recoverytrial.net/files/lopinavir-ritonavir-recovery-statement-29062020_final.pdf
https://www.who.int/emergencies/diseases/novel-coronavirus2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.tropicalmedicine.ox.ac.uk/news/no-clinical-benefit-from-use-of-lopinavir-ritonavir-in-hospitalised-covid-19-patients-studied-in-recovery
https://www.tropicalmedicine.ox.ac.uk/news/no-clinical-benefit-from-use-of-lopinavir-ritonavir-in-hospitalised-covid-19-patients-studied-in-recovery
https://www.tropicalmedicine.ox.ac.uk/news/no-clinical-benefit-from-use-of-lopinavir-ritonavir-in-hospitalised-covid-19-patients-studied-in-recovery
https://ec.europa.eu/commission/presscorner/detail/en/mex_20_1266
https://ec.europa.eu/commission/presscorner/detail/en/mex_20_1266
https://www.who.int/news-room/feature-stories/detail/who-recommends-against-the-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recommends%20against%20the%20use%20of%20remdesivir%20in%20COVID%2D19%20patients,-20%20November%202020%26text=WHO%20has%20issued%20a%20conditional,other%20outcomes%20in%20these%20patients
https://www.who.int/news-room/feature-stories/detail/who-recommends-against-the-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recommends%20against%20the%20use%20of%20remdesivir%20in%20COVID%2D19%20patients,-20%20November%202020%26text=WHO%20has%20issued%20a%20conditional,other%20outcomes%20in%20these%20patients
https://www.who.int/news-room/feature-stories/detail/who-recommends-against-the-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recommends%20against%20the%20use%20of%20remdesivir%20in%20COVID%2D19%20patients,-20%20November%202020%26text=WHO%20has%20issued%20a%20conditional,other%20outcomes%20in%20these%20patients
https://www.who.int/news-room/feature-stories/detail/who-recommends-against-the-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recommends%20against%20the%20use%20of%20remdesivir%20in%20COVID%2D19%20patients,-20%20November%202020%26text=WHO%20has%20issued%20a%20conditional,other%20outcomes%20in%20these%20patients
https://www.who.int/news-room/feature-stories/detail/who-recommends-against-the-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recommends%20against%20the%20use%20of%20remdesivir%20in%20COVID%2D19%20patients,-20%20November%202020%26text=WHO%20has%20issued%20a%20conditional,other%20outcomes%20in%20these%20patients
https://www.who.int/news-room/feature-stories/detail/who-recommends-against-the-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recommends%20against%20the%20use%20of%20remdesivir%20in%20COVID%2D19%20patients,-20%20November%202020%26text=WHO%20has%20issued%20a%20conditional,other%20outcomes%20in%20these%20patients
https://www.who.int/news-room/feature-stories/detail/who-recommends-against-the-use-of-remdesivir-in-covid-19-patients#:~:text=WHO%20recommends%20against%20the%20use%20of%20remdesivir%20in%20COVID%2D19%20patients,-20%20November%202020%26text=WHO%20has%20issued%20a%20conditional,other%20outcomes%20in%20these%20patients
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-covid-19
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-covid-19
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-covid-19
https://www.who.int/publications/i/item/WHO-2019-nCoV-Corticosteroids-2020.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-Corticosteroids-2020.1


186. Kolilekas L, Loverdos K, Giannakaki S, et al. Can steroids reverse the 
severe COVID-19 induced “cytokine storm”? J Med Virol. 2020;92 
(11):2866–2869.

187. Fadel R, Morrison AR, Vahia A, et al. COVID-19 Management Task 
Force. Early Short Course Corticosteroids in Hospitalized Patients 
with COVID-19. Clin Infect Dis. 2020;71(16):2114-2120.

188. So C, Ro S, Murakami M, et al. High-dose, short-term corticosteroids 
for ARDS caused by COVID-19: a case series. Respirol Case Rep. 
2020;8(6):e00596.

189. Yuan M, Xu X, Xia D, et al. Effects of Corticosteroid Treatment for 
Non-Severe COVID-19 Pneumonia: a Propensity Score-Based 
Analysis. Shock. 2020;54(5):638–643.

190. Lu X, Chen T, Wang Y, et al. Adjuvant corticosteroid therapy for 
critically ill patients with COVID-19. Crit Care. 2020;24(1):241.

191. Yang Z, Liu J, Zhou Y, et al. The effect of corticosteroid treatment 
on patients with coronavirus infection: a systematic review and 
meta-analysis. J Infect. 2020;81(1):e13–e20.

192. US-FDA. MedWatch: the FDA Safety Information and Adverse Event 
Reporting Program. [Cited 2021 March 19]. Available from: https:// 
www.fda.gov/safety/medical-product-safety-information/hydroxy 
chloroquine-or-chloroquine-covid-19-drug-safety-communication- 
fda-cautions-against-use

193. ClinicalTrials.gov. [Cited 2021 March 19]. Available from: https:// 
clinicaltrials.gov/

194. Horby P, Mafham M, Linsell L, et al. Effect of hydroxychloroquine in 
hospitalized patients with COVID-19: preliminary results from a 
multi-centre, randomized, controlled trial. medRxiv. 2020. doi:  
10.1101/2020.07.15.20151852.

195. Cavalcanti AB, Zampieri FG, Rosa RG, et al. Hydroxychloroquine 
with or without Azithromycin in Mild-to-Moderate Covid-19. 
N Engl J Med. 2020;383(21):2041-2052

•• The study discussed the effectiveness of hydroxychloroquine 
and other drugs in treating COVID-19 patients

196. Furtado RHM, Berwanger O, Fonseca HA, et al. Azithromycin in 
addition to standard of care versus standard of care alone in the 
treatment of patients admitted to the hospital with severe 
COVID-19 in Brazil (COALITION II): a randomised clinical trial. 
Lancet. 2020;396(10256):959–967. .

197. Geleris J, Sun Y, Platt J, et al. Observational Study of 
Hydroxychloroquine in Hospitalized Patients with Covid-19. 
N Engl J Med. 2020;382(25):2411–2418.

198. Rosenberg ES, Dufort EM, Udo T, et al. Association of Treatment 
With Hydroxychloroquine or Azithromycin With In-Hospital 
Mortality in Patients With COVID-19 in New York State. JAMA. 
2020;323(24):2493–2502.

199. Arshad S, Kilgore P, Chaudhry ZS, et al. Henry Ford COVID-19 Task 
Force. Treatment with hydroxychloroquine, azithromycin, and com-
bination in patients hospitalized with COVID-19. Int J Infect Dis. 
2020;97:396–403.

200. Skipper CP, Pastick KA, Engen NW, et al. Hydroxychloroquine in 
Nonhospitalized Adults With Early COVID-19: a Randomized Trial. 
Ann Intern Med. 2020;173(8):623–631. .

201. Mitjà O, Corbacho-Monné M, Ubals M, et al. Hydroxychloroquine 
for Early Treatment of Adults with Mild Covid-19: a 
Randomized-Controlled Trial. Clin Infect Dis 2020 ciaa1009  
10.1093/cid/ciaa1009

202. National Institutes of Health (NIH). COVID-19 Treatment Guidelines 
Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. 
[Cited 2021 March 19]. Available from: https://www.covid19treat 
mentguidelines.nih.gov/

203. Borba MGS, Val FFA, Sampaio VS, et al. Effect of high vs low doses 
of chloroquine diphosphate as adjunctive therapy for patients 
hospitalized with severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection: a randomized clinical trial. JAMA Network 
Open. 2020;3(4):e208857. .

204. Institute for Safe Medication Practices. Special Edition: Medication 
Safety Alert! [Cited 2021 March 19]. Available from: https://ismp. 
org/acute-care/special-edition-medication-safety-alert-april-9-2020/ 
covid-19

205. Wang X, Guo X, Xin Q, et al. Neutralizing Antibodies Responses to 
SARS-CoV-2 in COVID-19 Inpatients and Convalescent Patients. Clin 
Infect Dis. 2020;71(10):2688-2694.

206. Mair-Jenkins J, Saavedra-Campos M, Baillie JK, et al. The effective-
ness of convalescent plasma and hyperimmune immunoglobulin 
for the treatment of severe acute respiratory infections of viral 
etiology: a systematic review and exploratory meta-analysis. 
J Infect Dis. 2015;211(1):80–90. .

207. Horby P, Lim WS, Emberson J, et al. Effect of dexamethasone in 
hospitalized patients with COVID-19: preliminary report. medRxiv. 
Published online June 22, 2020. doi:10.1101/2020.06.22.20137273: 
24.

208. Shakoory B, Carcillo JA, Chatham WW, et al. Interleukin-1 receptor 
blockade is associated with reduced mortality in sepsis patients 
with features of macrophage activation syndrome: reanalysis of 
a prior Phase III trial. Crit Care Med. 2016;44(2):275–281. .

209. Xu X, Han M, Li T, et al. Effective treatment of severe COVID-19 
patients with tocilizumab. Proc Natl Acad Sci U S A. 2020;117 
(20):10970–10975.

210. Zhou Q, Chen V, Shannon CP, et al. Interferon-a2b Treatment for 
COVID-19. Front Immunol. 2020;11:1061.

211. Cao Y, Wei J, Zou L, et al. Ruxolitinib in treatment of severe 
coronavirus disease 2019 (COVID-19): a multicenter, single-blind, 
randomized controlled trial. J Allergy Clin Immunol. 2020;146 
(1):137–146.e3. .

212. Convalescent Plasma NIH. [Cited 2021 March 19]. Available from: 
https://www.covid19treatmentguidelines.nih.gov/immune-based- 
therapy/blood-derived-products/convalescent-plasma/.

213. Food and Drug Administration. Convalescent plasma letter of 
authorization. [Cited 2021 March 19]. Available from: https://www. 
fda.gov/media/141477/download.

214. Food and Drug Administration. EUA 26382: emergency Use 
Authorization (EUA) decision memo. [Cited 2021 March 19]. 
Available from: https://www.fda.gov/media/141480/download

215. Joyner MJ, Bruno KA, Klassen SA, et al. Safety Update: COVID-19 
Convalescent Plasma in 20,000 Hospitalized Patients. Mayo Clin 
Proc. 2020;95(9):1888–1897. .

216. Food and Drug Administration. FDA Issues Emergency Use 
Authorization for Convalescent Plasma as Potential Promising 
COVID–19 Treatment, Another Achievement in Administration’s 
Fight Against Pandemic. [Cited 2021 March 19]. Available from: 
https://www.fda.gov/news-events/press-announcements/fda- 
issues-emergency-use-authorization-convalescent-plasma-potential 
-promising-covid-19-treatment

217. Sallard E, Lescure F-X, Yazdanpanah Y, et al. Type 1 interferons as 
a potential treatment against COVID-19. Antiviral Res. 2020: 
178:104791.

218. Monk PD, Marsden RJ, Tear VJ, et al. Safety and efficacy of 
inhaled nebulised interferon beta-1a (SNG001) for treatment of 
SARS-CoV-2 infection: a randomised, double-blind, 
placebo-controlled, phase 2 trial. Lancet Respir Med. 2020;9(2): 
S2213-2600(20)30511–7. .

219. Peiffer-Smadja N, Yazdanpanah Y. Nebulised interferon beta-1a for 
patients with COVID-19. Lancet Respir Med. 2020;9 
(2):30523–30533.

220. Llitjos JF, Leclerc M, Chochois C, et al. High incidence of venous 
thromboembolic events in anticoagulated severe COVID-19 
patients. J Thromb Haemost. 2020;18(7):1743–1746.

221. Helms J, Tacquard C, Severac F, et al. High risk of thrombosis in 
patients with severe SARS-CoV-2 infection: a multicenter prospec-
tive cohort study. Intensive Care Med. 2020;46(6):1089–1098. .

222. Klok FA, Kruip MJHA, Van Der Meer NJM, et al. Incidence of throm-
botic complications in critically ill ICU patients with COVID-19. 
Thromb Res. 2020;191:145–147.

•• The study reported the complications in critically ill patients 
with COVID-19

223. Wei XB, Wang ZH, Liao XL, et al. Efficacy of vitamin C in patients 
with sepsis: an updated meta-analysis. Eur J Pharmacol. 
2020;868:172889.

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 19

https://www.fda.gov/safety/medical-product-safety-information/hydroxychloroquine-or-chloroquine-covid-19-drug-safety-communication-fda-cautions-against-use
https://www.fda.gov/safety/medical-product-safety-information/hydroxychloroquine-or-chloroquine-covid-19-drug-safety-communication-fda-cautions-against-use
https://www.fda.gov/safety/medical-product-safety-information/hydroxychloroquine-or-chloroquine-covid-19-drug-safety-communication-fda-cautions-against-use
https://www.fda.gov/safety/medical-product-safety-information/hydroxychloroquine-or-chloroquine-covid-19-drug-safety-communication-fda-cautions-against-use
https://clinicaltrials.gov/
https://clinicaltrials.gov/
https://doi.org/10.1101/2020.07.15.20151852
https://doi.org/10.1101/2020.07.15.20151852
https://doi.org/10.1093/cid/ciaa1009
https://doi.org/10.1093/cid/ciaa1009
https://www.covid19treatmentguidelines.nih.gov/
https://www.covid19treatmentguidelines.nih.gov/
https://ismp.org/acute-care/special-edition-medication-safety-alert-april-9-2020/covid-19
https://ismp.org/acute-care/special-edition-medication-safety-alert-april-9-2020/covid-19
https://ismp.org/acute-care/special-edition-medication-safety-alert-april-9-2020/covid-19
https://doi.org/10.1101/2020.06.22.20137273
https://www.covid19treatmentguidelines.nih.gov/immune-based-therapy/blood-derived-products/convalescent-plasma/
https://www.covid19treatmentguidelines.nih.gov/immune-based-therapy/blood-derived-products/convalescent-plasma/
https://www.fda.gov/media/141477/download
https://www.fda.gov/media/141477/download
https://www.fda.gov/media/141480/download
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment
https://www.fda.gov/news-events/press-announcements/fda-issues-emergency-use-authorization-convalescent-plasma-potential-promising-covid-19-treatment


224. Meltzer DO, Best TJ, Zhang H, et al. Association of Vitamin D Status 
and Other Clinical Characteristics With COVID-19 Test Results. 
JAMA Network Open. 2020;3(9):e2019722.

225. Medical societies advise on vitamin D in midst of COVID-19. 
Medscape. [Cited 2021 March 19]. Available from: https://www. 
medscape.com/viewarticle/933715

226. CDC. National Center for Immunization and Respiratory Diseases 
(NCIRD), Division of Viral Diseases. CDC diagnostic tests for 
COVID-19. [Cited 2021 March 19]. Available from: https://www. 
cdc.gov/coronavirus/2019-ncov/lab/testing.html

227. ClinicalTrials.gov. A Study of Hydroxychloroquine and Zinc in the 
Prevention of COVID-19 Infection in Military Healthcare Workers. 
[Cited 2021 March 19]. Available from: https://ClinicalTrials.gov/ 
show/

228. ClinicalTrials.gov. Coronavirus 2019 (COVID-19)- Using Ascorbic 
Acid and Zinc Supplementation. [Cited 2021 March 19]. Available 
from: https://clinicaltrials.gov/ct2/show/NCT04342728

229. ClinicalTrials.gov Hydroxychloroquine and Zinc with Either 
Azithromycin or Doxycycline for Treatment of COVID-19 in 
Outpatient Setting. [Cited 2021 March 19]. Available from: https:// 
clinicaltrials.gov/ct2/show/NCT04370782

230. ANZCTR.org.au High-Dose Intravenous Zinc (HDIVZn) As Adjunctive 
Therapy in COVID-19 Positive Critically Ill Patients: a Pilot 
Randomized Controlled Trial. [Cited 2021 March 19]. Available 
from: at: https://www.anzctr.org.au/Trial/Registration/TrialReview. 
aspx?id=379579&isReview=true

231. Yao JS, Paguio JA, Dee EC, et al. The Minimal Effect of Zinc on the 
Survival of Hospitalized Patients With COVID-19: an Observational 
Study. Chest. 2020;159(1):S0012-3692(20)31961–31969.

232. WHO. What we know about COVID-19 vaccine development. [Cited 
2021 March 19]. Available from: https://www.who.int/docs/default- 
source/coronaviruse/risk-comms-updates/update37-vaccine- 
development.pdf?sfvrsn=2581e994_6

233. WHO. An international randomised trial of candidate vaccines 
against COVID-19. Cited 2021 March 19]. https://www.who.int/pub 
lications-detail/an-international-randomised-trial-of-candidate- 
vaccines-against-covid-19

234. WHO. Criteria for COVID-19 vaccine prioritization. [Cited 2021 
March 19]. Available from: https://www.who.int/who-documents- 
detail/criteria-for-covid-19-vaccine-prioritization

235. Krause P, Fleming TR, Longini I, et al. for the World Health 
Organization Solidarity Vaccines Trial Expert Group COVID-19 vac-
cine trials should seek worthwhile efficacy. Lancet. 2020;396 
(10253):741–743.

236. Ophinni Y, Hasibuan AS, Widhani A, et al. Vaccines: current Status 
and Implication for Use in Indonesia. Acta Med Indones. 2020 
Oct;52(4):388–412.

237. BBC. COVID vaccine update: When will one be ready? [Cited 2021 
March 19]. Available from: https://www.bbc.com/news/health- 
51665497

238. Newsroom SV. [Cited 2021 March 19]. Available from: https://sput 
nikvaccine.com/newsroom/pressreleases/second-interim-analysis- 
of-clinical-trial-data-showed-a-91-4-efficacy-for-the-sputnik-v-vac 
cine-on-d/

239. Pfizer. Pfizer And Biontech announce vaccine candidate against 
COVID-19 achieved success in first interim analysis from Phase 3 
study. [Cited 2021 March 19]. Available from: https://www.pfizer. 
com/news/press-release/press-release-detail/pfizer-and-biontech- 
announce-vaccine-candidate-against

240. FDA. Vaccines and Related Biological Products Advisory Committee 
Meeting 2020 Dec 10. FDA Briefing Document. Pfizer-BioNTech 
COVID-19 Vaccine. [Cited 2021 March 19]. Available from: https:// 
www.fda.gov/media/144245/download

241. Pfizer. Pfizer and BioNTech Conclude Phase 3 Study of COVID-19 
Vaccine Candidate, Meeting All Primary Efficacy Endpoints. [Cited 
2021 March 19]. Available from: https://www.pfizer.com/news/ 
press-release/press-release-detail/pfizer-and-biontech-conclude- 
phase-3-study-covid-19-vaccine

242. GOV.UK. Summary of the Public Assessment Report for Pfizer/ 
BioNTech COVID-19 vaccine. [Cited 2021 March 19]. Available 
from: https://www.gov.uk/government/publications/regulatory- 
approval-of-pfizer-biontech-vaccine-for-covid-19/summary-public- 
assessment-report-for-pfizerbiontech-covid-19-vaccine

243. Moderna. Moderna’s COVID-19 Vaccine Candidate Meets its 
Primary Efficacy Endpoint in the First Interim Analysis of the 
Phase 3 COVE Study. [Cited 2021 March 19]. Available from: 
https://investors.modernatx.com/news-releases/news-release- 
details/modernas-covid-19-vaccine-candidate-meets-its-primary- 
efficacy

244. WebMD. Moderna: data Shows COVID Vaccine 94.5% Effective. 
[Cited 2021 March 19]. Available from: https://www.webmd.com/ 
lung/news/20201116/moderna-data-shows-covid-vaccine-945- 
effective?ecd=wnl_cvd_111620&ctr=wnl-cvd-111620_nsl- 
L e a d M o d u l e _ c t a & m b = W p J E 7 A a 1 j H K 7 V S A G E 2 j g 2 %  
40faLGpgfBwNCWIRkz0Eil4%3d

245. Nature. Moderna COVID vaccine becomes second to get US 
authorization. [Cited 2021 March 19]. Available from: https://www. 
nature.com/articles/d41586-020-03593-7

246. AstraZeneca. AZD1222 vaccine met primary efficacy endpoint in 
preventing COVID-19. [Cited 2021 March 19]. Available from: 
https://www.astrazeneca.com/media-centre/press-releases/2020/ 
azd1222hlr.html

247. The Guardian. Oxford/AstraZeneca vaccine to undergo new global 
trial. Cited 2021 March 19]. Available from: https://www.theguar 
dian.com/world/2020/nov/26/scrutiny-grows-over-oxford- 
universityastrazeneca-vaccine

248. Folegatti PM, Ewer KJ, Aley PK, et al. Safety and immunogenicity of 
the ChAdOx1 nCoV-19 vaccine against SARS-CoV-2: a preliminary 
report of a phase 1/2, single-blind, randomised controlled trial. 
Lancet. 2020;396(10249):467–478. .

249. Why Oxford’s CE. positive COVID vaccine results are puzzling 
scientists. Nature. 2020;588(7836):16–18.

250. American Association for the Advancement of Science. With 
record-setting speed, vaccinemakers take their first shots at the 
new coronavirus. [Cited 2021 March 19]. Available from: https:// 
www.sciencemag.org/news/2020/03/record-setting-speed-vaccine- 
makers-take-their-first-shots-new-coronavirus

251. Sputnik V. Vaccine: general information. [Cited 2021 March 19]. 
Available from: https://sputnikvaccine.com/about-vaccine/

252. Mannelli C. Whose life to save? Scarce resources allocation in the 
COVID-19 outbreak. J Med Ethics. 2020;46(6):364–366.

253. Wilkinson D. ICU triage in an impending crisis: uncertainty, 
pre-emption and preparation. J Med Ethics. 2020;46(5):287–288.

254. Fadem B. BRS Behavioral Science. 8th ed. Philadelphia, USA: 
Wolters Kluwer; 2020.

255. Akunyili A, Gonzalez-Mayo A, Tyler-Lloyd M, et al. (editors). USMLE 
Step1 Lecture Notes 2019: behavioral Science and Social Sciences. 
New York: Kaplan Medical, 2019. p.255

256. USMLE Step 3 Lecture Notes 2019-2020: internal Medicine, 
Psychiatry, Ethics. Lieber JJ, Noto FP, Castro MA, et al., editors. 
New York: Kaplan Medical. 2019. p.484

257. Le T, Bhushan V, Sochat M, et al. First Aid for the USMLE Step 1. 
13th ed. New York: McGraw-Hill Education; 2020. p.265

258. Higgins JPT, Thomas J, Chandler J, et al. (editors). Cochrane 
Handbook for Systematic Reviews of Interventions version 6.1 
(updated September 2020). Cochrane, 2020. [Cited 2021 March 
19]. Available from: www.training.cochrane.org/handbook.

259. Mishra SK, Tripathi T. One year update on the COVID-19 pandemic: 
where are we now? Acta Trop. 2020;214:105778. .

•• This paper discussed the scientific progress made in the 
past year in understanding of SARS-CoV-2 pathogenesis, diag-
nosis, prevention and management.

260. Burke RM, Midgley CM, Dratch A, et al. Active Monitoring of 
Persons Exposed to Patients with Confirmed COVID-19 - United 
States, January-February 2020. MMWR Morb Mortal Wkly Rep. 
2020;69(9):245–246. .

20 S. RAHMAN ET AL.

https://www.medscape.com/viewarticle/933715
https://www.medscape.com/viewarticle/933715
https://www.cdc.gov/coronavirus/2019-ncov/lab/testing.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/testing.html
https://ClinicalTrials.gov/show/
https://ClinicalTrials.gov/show/
https://clinicaltrials.gov/ct2/show/NCT04342728
https://clinicaltrials.gov/ct2/show/NCT04370782
https://clinicaltrials.gov/ct2/show/NCT04370782
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=379579%26isReview=true
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=379579%26isReview=true
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update37-vaccine-development.pdf?sfvrsn=2581e994_6
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update37-vaccine-development.pdf?sfvrsn=2581e994_6
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update37-vaccine-development.pdf?sfvrsn=2581e994_6
https://www.who.int/publications-detail/an-international-randomised-trial-of-candidate-vaccines-against-covid-19
https://www.who.int/publications-detail/an-international-randomised-trial-of-candidate-vaccines-against-covid-19
https://www.who.int/publications-detail/an-international-randomised-trial-of-candidate-vaccines-against-covid-19
https://www.who.int/who-documents-detail/criteria-for-covid-19-vaccine-prioritization
https://www.who.int/who-documents-detail/criteria-for-covid-19-vaccine-prioritization
https://www.bbc.com/news/health-51665497
https://www.bbc.com/news/health-51665497
https://sputnikvaccine.com/newsroom/pressreleases/second-interim-analysis-of-clinical-trial-data-showed-a-91-4-efficacy-for-the-sputnik-v-vaccine-on-d/
https://sputnikvaccine.com/newsroom/pressreleases/second-interim-analysis-of-clinical-trial-data-showed-a-91-4-efficacy-for-the-sputnik-v-vaccine-on-d/
https://sputnikvaccine.com/newsroom/pressreleases/second-interim-analysis-of-clinical-trial-data-showed-a-91-4-efficacy-for-the-sputnik-v-vaccine-on-d/
https://sputnikvaccine.com/newsroom/pressreleases/second-interim-analysis-of-clinical-trial-data-showed-a-91-4-efficacy-for-the-sputnik-v-vaccine-on-d/
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-vaccine-candidate-against
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-vaccine-candidate-against
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-announce-vaccine-candidate-against
https://www.fda.gov/media/144245/download
https://www.fda.gov/media/144245/download
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-conclude-phase-3-study-covid-19-vaccine
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-conclude-phase-3-study-covid-19-vaccine
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-and-biontech-conclude-phase-3-study-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/summary-public-assessment-report-for-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/summary-public-assessment-report-for-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/summary-public-assessment-report-for-pfizerbiontech-covid-19-vaccine
https://investors.modernatx.com/news-releases/news-release-details/modernas-covid-19-vaccine-candidate-meets-its-primary-efficacy
https://investors.modernatx.com/news-releases/news-release-details/modernas-covid-19-vaccine-candidate-meets-its-primary-efficacy
https://investors.modernatx.com/news-releases/news-release-details/modernas-covid-19-vaccine-candidate-meets-its-primary-efficacy
https://www.webmd.com/lung/news/20201116/moderna-data-shows-covid-vaccine-945-effective?ecd=wnl_cvd_111620%26ctr=wnl-cvd-111620_nsl-LeadModule_cta%26mb=WpJE7Aa1jHK7VSAGE2jg2%40faLGpgfBwNCWIRkz0Eil4%3d
https://www.webmd.com/lung/news/20201116/moderna-data-shows-covid-vaccine-945-effective?ecd=wnl_cvd_111620%26ctr=wnl-cvd-111620_nsl-LeadModule_cta%26mb=WpJE7Aa1jHK7VSAGE2jg2%40faLGpgfBwNCWIRkz0Eil4%3d
https://www.webmd.com/lung/news/20201116/moderna-data-shows-covid-vaccine-945-effective?ecd=wnl_cvd_111620%26ctr=wnl-cvd-111620_nsl-LeadModule_cta%26mb=WpJE7Aa1jHK7VSAGE2jg2%40faLGpgfBwNCWIRkz0Eil4%3d
https://www.webmd.com/lung/news/20201116/moderna-data-shows-covid-vaccine-945-effective?ecd=wnl_cvd_111620%26ctr=wnl-cvd-111620_nsl-LeadModule_cta%26mb=WpJE7Aa1jHK7VSAGE2jg2%40faLGpgfBwNCWIRkz0Eil4%3d
https://www.webmd.com/lung/news/20201116/moderna-data-shows-covid-vaccine-945-effective?ecd=wnl_cvd_111620%26ctr=wnl-cvd-111620_nsl-LeadModule_cta%26mb=WpJE7Aa1jHK7VSAGE2jg2%40faLGpgfBwNCWIRkz0Eil4%3d
https://www.nature.com/articles/d41586-020-03593-7
https://www.nature.com/articles/d41586-020-03593-7
https://www.astrazeneca.com/media-centre/press-releases/2020/azd1222hlr.html
https://www.astrazeneca.com/media-centre/press-releases/2020/azd1222hlr.html
https://www.theguardian.com/world/2020/nov/26/scrutiny-grows-over-oxford-universityastrazeneca-vaccine
https://www.theguardian.com/world/2020/nov/26/scrutiny-grows-over-oxford-universityastrazeneca-vaccine
https://www.theguardian.com/world/2020/nov/26/scrutiny-grows-over-oxford-universityastrazeneca-vaccine
https://www.sciencemag.org/news/2020/03/record-setting-speed-vaccine-makers-take-their-first-shots-new-coronavirus
https://www.sciencemag.org/news/2020/03/record-setting-speed-vaccine-makers-take-their-first-shots-new-coronavirus
https://www.sciencemag.org/news/2020/03/record-setting-speed-vaccine-makers-take-their-first-shots-new-coronavirus
https://sputnikvaccine.com/about-vaccine/
http://www.training.cochrane.org/handbook


261. Ong SWX, Tan YK, Chia PY, et al. Personal Protective Equipment 
Contamination by Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) From a Symptomatic Patient. JAMA. 2020;323 
(16):1610–1612.

262. Lauer SA, Grantz KH, Bi Q, et al. The Incubation Period of 
Coronavirus Disease 2019 (COVID-19) From Publicly Reported 
Confirmed Cases: estimation and Application. Ann Intern Med. 
2020;172(9):577–582.

263. Liu Y, Yan LM, Wan L, et al. Viral dynamics in mild and severe cases 
of COVID-19. Lancet Infect Dis. 2020;20(6):656–657.

264. He X, Lau EHY, Wu P, et al. Temporal dynamics in viral shed-
ding and transmissibility of COVID-19. Nat Med. 2020;26 
(5):672–675. .

265. Savvides C, Siegel R. Asymptomatic and presymptomatic transmis-
sion of SARS-CoV-2: a systematic review. medRxiv [Preprint]. 
2020:2020.06.11.20129072. DOI:10.1101/2020.06.11.20129072

266. Wei WE, Li Z, Chiew CJ, et al. Presymptomatic Transmission of 
SARS-CoV-2 - Singapore, January 23-March 16, 2020. MMWR Morb 
Mortal Wkly Rep. 2020;69(14):411–415. .

•• The study discussed the different types of transmission of 
coronavirus.

267. Chun JY, Baek G, Kim Y. Transmission onset distribution of 
COVID-19. Int J Infect Dis. 2020;99:403–407.

268. Furuse Y, Sando E, Tsuchiya N, et al. Clusters of Coronavirus Disease 
in Communities, Japan, January-April 2020. Emerg Infect Dis. 
2020;26(9):2176–2179.

269. Ferretti L, Ledda A, Wymant C, et al. The timing of COVID-19 
transmission. MedRxiv [Preprint]. 2020;

270. Buitrago-Garcia D, Egli-Gany D, Counotte MJ, et al. Occurrence and 
transmission potential of asymptomatic and presymptomatic 
SARS-CoV-2 infections: a living systematic review and 
meta-analysis. PLoS Med. 2020;17(9):e1003346.

271. WHO. Coronavirus disease 2019 (COVID-19) Situation Report – 46. 
[Cited 2021 March 19]. Available from: https://www.who.int/docs/ 
default-source/coronaviruse/situation-reports/20200306-sitrep-46- 
covid-19.pdf?sfvrsn=96b04adf_4

272. Alqahtani JS, Oyelade T, Aldhahir AM, et al. and Mortality asso-
ciated with COPD and Smoking in patients with COVID-19: a Rapid 
Systematic Review and Meta-Analysis. PLoS One. 2020;15(5): 
e0233147.

273. WHO. Tobacco use and COVID-19. 11 May 2020 Statement. [Cited 
2021 March 19]. Available from: https://www.who.int/news-room 
/detail/11-05-2020- who-statement-tobacco-use-and-covid-19

274. Plante JA, Liu Y, Liu J, et al. Spike mutation D614G alters SARS-CoV- 
2 fitness. Nature. 2020. DOI:10.1038/s41586-020-2895-3.

275. Fauver JR, Petrone ME, Hodcroft EB, et al. Coast-to-Coast Spread of 
SARS-CoV-2 during the Early Epidemic in the United States. Cell. 
2020;181(5):990–996.e5. .

276. Korber B, Fischer WM, Gnanakaran S, et al. Tracking Changes in 
SARS-CoV-2 Spike: evidence that D614G Increases Infectivity of the 
COVID-19 Virus. Cell. 2020;182(4):812–827.e19. .

277. Padhi AK, Can TT. SARS-CoV-2 Accumulate Mutations in the 
S-Protein to Increase Pathogenicity? ACS Pharmacol Transl Sci. 
2020 September 8;3(5):1023–1026.

278. Volz E, Hill V, McCrone JT, et al. Evaluating the Effects of SARS-CoV- 
2 Spike Mutation D614G on Transmissibility and Pathogenicity. Cell. 
2020 November 19;184(1):S0092-8674(20)31537–3.

279. Callaway E. Making sense of the coronavirus mutations. Nature. 
2020;585(7824):174–177.

280. European Centre for Disease Prevention and Control. Options for 
the use of rapid antigen tests for COVID-19 in the EU/EEA and the 
UK. 2020 Nov 19. ECDC: Stockholm; 2020.

•• The report highlighted the options of lab tests of COVID-19.
281. European Centre for Disease Prevention and Control. Contact tracing: 

public health management of persons, including healthcare workers, 
who have had contact with COVID-19 cases in the European Union – 
third update, 2020 Nov 18. Stockholm: ECDC; 2020

282. WHO. Global Surveillance for human infection with coronavirus 
disease (COVID-19). [Cited 2021 March 19]. Available from: 
https://www.who.int/publications/i/item/global-surveillance-for- 
human-infection-with-novel-coronavirus-(2019-ncov)

283. Novel Coronavirus Pneumonia Emergency Response Epidemiology 
Team. The epidemiological characteristics of an outbreak of 2019 
novel coronavirus diseases (COVID-19) – China. China CDC Weekly. 
2020;2(8):113–122.

284. Abeler J, Bäcker M, Buermeyer U, et al. Contact Tracing and Data 
Protection Can Go Together. JMIR Mhealth Uhealth. 2020 Apr 20;8(4): 
e19359.

285. Parker MJ, Fraser C, Abeler-Dörner L, et al. Ethics of instantaneous 
contact tracing using mobile phone apps in the control of the 
COVID-19 pandemic. J Med Ethics. 2020;46(7):427–431.

286. Johns Hopkins Bloomberg School of Public Health. Center for Health 
Security. Serology testing for COVID-19. [Cited 2021 March 19]. 
Available from: https://www.centerforhealthsecurity.org/resources/ 
COVID-19/COVID-19-fact-sheets/200228-Serology-testing-COVID.pdf

287. WHO. Antigen-detection in the diagnosis of SARS-CoV-2 infection 
using rapid immunoassays: interim guidance. [Cited 2021 March 
19]. Available from: https://www.who.int/publications/i/item/anti 
gen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid- 
immunoassays

288. WHO. WHO supplies rapid antigen detection tests for COVID-19 
response. [Cited 2021 March 19]. Available from: https://www.who. 
int/srilanka/news/detail/09-11-2020-who-supplies-rapid-antigen- 
detection-tests-for-covid-19-response

289. CDC. Using Antibody Tests for COVID-19. [Cited 2021 Marc h 19]. 
Available from: https://www.cdc.gov/coronavirus/2019-ncov/lab/ 
resources/antibody-tests.html

290. Watson J, Richter A, Deeks J. Testing for SARS-CoV-2 antibodies. 
BMJ. 2020 Sep;8(370):m3325.

•• In this article, an approach to antibody testing was discussed 
in individuals with and without symptoms suggestive of cur-
rent or past SARS-CoV-2 infection.

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 21

https://doi.org/10.1101/2020.06.11.20129072
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200306-sitrep-46-covid-19.pdf?sfvrsn=96b04adf_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200306-sitrep-46-covid-19.pdf?sfvrsn=96b04adf_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200306-sitrep-46-covid-19.pdf?sfvrsn=96b04adf_4
https://www.who.int/news-room/detail/11-05-2020-
https://www.who.int/news-room/detail/11-05-2020-
https://doi.org/10.1038/s41586-020-2895-3
https://www.who.int/publications/i/item/global-surveillance-for-human-infection-with-novel-coronavirus-(2019-ncov
https://www.who.int/publications/i/item/global-surveillance-for-human-infection-with-novel-coronavirus-(2019-ncov
https://www.centerforhealthsecurity.org/resources/COVID-19/COVID-19-fact-sheets/200228-Serology-testing-COVID.pdf
https://www.centerforhealthsecurity.org/resources/COVID-19/COVID-19-fact-sheets/200228-Serology-testing-COVID.pdf
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://www.who.int/publications/i/item/antigen-detection-in-the-diagnosis-of-sars-cov-2infection-using-rapid-immunoassays
https://www.who.int/srilanka/news/detail/09-11-2020-who-supplies-rapid-antigen-detection-tests-for-covid-19-response
https://www.who.int/srilanka/news/detail/09-11-2020-who-supplies-rapid-antigen-detection-tests-for-covid-19-response
https://www.who.int/srilanka/news/detail/09-11-2020-who-supplies-rapid-antigen-detection-tests-for-covid-19-response
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests.html

	Abstract
	1.  Introduction
	2.  Methods
	3.  Origin, history, and epidemiology of COVID-19
	4.  Structural and molecular features of SARS-CoV-2
	5.  Mechanism of SARS-Cov-2 transmission
	5.1.  Mechanisms of transmission
	5.2.  Incubation period

	6.  Clinical and pathological characteristics of COVID-19
	6.1.  Clinical manifestations

	7.  COVID-19 diagnostic techniques
	8.  Treatment and preventive measures
	8.1.  Public health and preventive measures
	8.2.  Management strategies based on symptoms
	8.3.  Pharmacological treatments
	8.3.1.  Antiviral agents
	8.3.2.  Corticosteroids
	8.3.3.  Antiviral/immunomodulatory drugs
	8.3.4.  Immune-based therapy
	8.3.5.  Adjunctive therapy

	8.4.  Avaccine
	8.4.1.  Pfizer/biontech vaccine
	8.4.2.  Moderna vaccine
	8.4.3.  Oxford vaccine
	8.4.4.  Sputnik Vvaccine


	9.  The ethics of epidemics: ethical and moral issues associated with COVID-19
	10.  Conclusion
	10.1.  Limitations

	11.  Expert Opinion
	Reviewer disclosures
	Funding
	Declaration of interest
	References



