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Abstract: Over the last few decades, there have been several global outbreaks of severe 
respiratory infections. The causes of these outbreaks were coronaviruses that had infected birds, 
mammals and humans. The outbreaks predominantly caused respiratory tract and gastrointestinal 
tract symptoms and other mild to very severe clinical signs. The current coronavirus disease-2019 
(COVID-19) outbreak, caused by the novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), is a rapidly spreading illness affecting millions of people worldwide. Among 
the countries most affected by the disease are the United States of America (USA), India, Brazil, 
and Russia, with France recording the highest infection, morbidity, and mortality rates. Since early 
January 2021, thousands of articles have been published on COVID-19. Most of these articles were 
consistent with the reports on the mode of transmission, spread, duration, and severity of the 
sickness. Thus, this review comprehensively discusses the most critical aspects of COVID-19, 
including etiology, epidemiology, pathogenesis, clinical signs, transmission, pathological changes, 
diagnosis, treatment, prevention and control, and vaccination. 
Keywords: recent advancements, COVID-19, pandemic infection, global outbreak, a 
comprehensive review

Introduction
The COVID-19 pandemic, first identified in December 2019 in Wuhan city, Hubei 
province, China and has spread to most world regions, is caused by the SARS-CoV-2.1 

The infection is efficiently transmitted from animal to human and from human to human 
through droplets or direct contact. Infected humans are either asymptomatic or may show 
mild, moderate, or severe symptoms.2 However, approximately 80% of patients’ present 
mild clinical signs and the overall case fatality rate from the infection at about 2.3%. The 
severity of the disease increased with age and the presence of comorbidities, including 
cardiovascular diseases, diabetes, chronic respiratory disease, hypertension, and cancer. 
The fatality rate of COVID-19 patients aged over 80 years was reported at 14.8%. There 
is no accurate estimate of the rate of asymptomatic carriers of the COVID-19.3,4

COVID-19 is similar to severe acute respiratory syndrome coronavirus 1 
(SARS-CoV-1) and Middle East respiratory syndrome coronavirus (MERS-CoV) 
infections with bats as the probable species from which the virus originates. The 
SARS-CoV shares 96% whole-genome identity with the bat, Rhinolophus affinis, 
CoV RaTG13.5,6 Similar to SARS-CoV and MERS-CoV, the SARS-CoV-2 first 
infects intermediate hosts, such as masked palm civets (Paguma larvata), before 
infecting humans.7 In April 2020, Chinese researchers discovered that the pangolin 
species are also the intermediate hosts of SARS-CoV-2. However, there is only 92% 
similarity in whole-genome genetic material between the pangolin coronavirus and 
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SARS-CoV-2, which is insufficient to suggest that the 
pangolins are the intermediate host for the human 
infection.8,9

Currently, the zoonotic repertoire of COVID-19 is not 
clearly established because of the variability in the beha-
viour of the infection in various animal species. Cats are 
susceptible, while dogs and ferrets only showed intermedi-
ate vulnerability to the disease. The virus does not repli-
cate well in dogs, pigs, chickens or ducks. It appears that 
the body temperatures of the host species determine the 
predilection of SARS-CoV-2 infection. The mean body 
temperatures of the human and cat hosts are lower than 
those of the more resistant hosts.10

It is now clear that like SARS-CoV-1, the SARS-CoV- 
2 infects humans through the cell membrane receptor, 
angiotensin-converting enzyme 2 (ACE2). ACE2 is 
usually highly expressed in the organs of humans, includ-
ing the respiratory and gastrointestinal tracts, blood ves-
sels, bone marrow, spleen, thymus, lymph node, liver, 
kidney, and brain. The receptor regulates cross-species 
and human-to-human transmissions through its interac-
tions with the viral S-glycoprotein S1 and S2 subunits.11,12

The median incubation period of SARS-CoV-2 is also 
similar to SARS-CoV-1, and 97.5% of patients develop 
symptoms within 14 days of infection. In infected patients, 
it is difficult to determine when SARS-CoV-2 conditions 
begin because the incubation periods vary with cases.13

Genomic Structure of SARS-CoV-2
Coronaviruses are a large group comprising alpha, beta, 
delta, and gamma coronaviruses. The SARS-CoV-2 is a 
beta coronavirus, an enveloped, positive-sense, single- 
stranded RNA virus belonging to Coronaviridae family.14 

Although the alpha and beta coronavirus are mainly found 
in bats, they can also infect other species, including 
humans, camels, and rabbits.15 The beta-coronaviruses, 
SARS-CoV-1, SARS-CoV-2, and MERS-CoV, are ende-
mic in humans, inducing fever and severe and potentially 
fatal respiratory tract infections. Among the beta corona-
viruses, SARS-CoV-2 showed the most significant infec-
tivity but with a lower rate of case fatality.16,17

Structurally, the SARS-CoV-2 is approximately 79% 
and 50% in identity with SARS-CoV-1 and MERS-CoV, 
respectively. The SARS-CoV-2 is more similar to 2 bat- 
derived SARS-like coronaviruses, SL-CoVZC45 and SL- 
CoVZXC21, with 87.9% and 87.2% sequence identity, 
respectively.18,19 The SARS-CoV-2 encodes two large 
structural polyproteins, the papain-like protease, PLpro, 

and 3-chymotrypsin-like protease, 3CLpro or protease- 
Mpro. These polyproteins are spike surface glycoproteins, 
matrix, small envelope, and nucleocapsid proteins that are 
essentially involved in the maturation, infectivity, and life- 
cycle of the virus.20 Spike proteins target host ACE2 
receptor-binding domains;21 thus, they are potential targets 
for antiviral drugs. The protease-Mpro is a potential target 
for the screening of COVID-19 drug candidates.22

Tropism
In infected humans, the SAR-CoV-2 has been isolated 
from the alveolar epithelial cells, macrophages, capillaries, 
renal glomerular endothelial cells, brain blood vessels, 
colonic mucosa, and the skin.23 In the lung, the SAR- 
CoV-2 infect ciliated, mucus-secreting, and club cells of 
the bronchial epithelium and type 1 pneumocytes.24

Incubation Period
Knowledge of the incubation period of coronaviruses is 
essential for epidemiological case definition, assessment of 
entry, screening, and contact tracing, and finally, to deter-
mine the appropriate duration of the quarantine.13,25–27 

There are variable reports on the incubation period of 
coronaviruses (Table 1).

Clinical Signs
The period from the onset of COVID-19 symptoms to 
death ranged from 6 to 41 days with a median of 14 
days. This period is dependent on the age of the patient 
and the status of the patient’s immune system, which is 
shorter among patients >70-years old than those <70-years 
old.28 The clinical signs among 80% of COVID-19 
patients ranged from mild to non-specific influenza-like 
symptoms.29 Generally, the clinical features of confirmed 
COVID-19 patients include fever and respiratory 

Table 1 Reported Incubation Period of Coronaviruses

Coronavirus Incubation Period Reference

Median/Day Range  
(95% CI)/Day

SARS-CoV-2 5.1 4.5–5.8 [13]

SARS-CoV-2 6.4 2.1–11.1 [25]

SARS-CoV-2 5.0 2.0–14.0 [139]

SARS-CoV-2 5.2 4.1–7.0 [118]

SARS-CoV-1 5.0 2.0–14.0 [26]

MERS-CoV (South Korea) 6.9 6.3–7.5 [27]

MERS-CoV (Saudi Arabia) 5.0 4.0–6.6 [27]
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symptoms, such as cough, dyspnea, shortness of breath, 
sore throat, sputum formation, myalgia, headache, nausea, 
abdominal pain, vomiting, diarrhoea, and hemoptysis.30,31 

These clinical signs are often not distinguishing features 
for COVID-19 because they largely overlap with those of 
other respiratory infections. However, symptoms like 
fever, cough, and shortness of breath are considered typi-
cal of COVID-19.32 These symptoms may progress to 
acute respiratory distress syndrome (ARDS) that requires 
intensive care.33

Cutaneous manifestations including urticarial rash, 
morbilliform–maculopapular, papulovesicular, chilblain- 
like, livedo reticularis/livedo racemosa like and purpuric– 
vasculitic lesions are now reported to be among the clin-
ical signs of COVID-19. These manifestations may be 
explained by the discovery of the SAR-CoV-2 spike pro-
tein in blood vessels and sweat gland epithelium of 
patients with acral purpuric lesions.34

Image Finding
At the beginning of this pandemic, thoracic radiology was 
often used to evaluate patients with COVID-19. However, 
it may not be sensitive to early or mild disease35,36 and 
regions of peak COVID-19 pandemic, CT was the better 
option.37,38 Some hospitalized patients may show bilateral 
lung ground-glass opacity (GGO) on CT. The GGO and 
consolidation, pleural effusion, calcifications, mediastinal 
lymphadenopathy and enlargement of pulmonary vessels 
in areas of new lung infiltrates are suggested to be good 
radiological predictors of lung impairment in patients 
severely infected with COVID-19. However, precautions 
should be taken when using CT for COVID-19 screening 
because this diagnostic technique is often fraught with 
false-negative and false-positive results.39,40

Disease Susceptibility
Susceptibility to COVID-19 seems to be associated with 
age, sex, and the presence of comorbidities. The disease is 
usually mild in young patients less than 19 years of age, 
with flu-like symptoms and rapidly resolving fever.41,42 

This is particularly true for those without underlying con-
ditions like impaired lung function or immunosuppression.

Age
Initially, most COVID-19 cases were among adults, with 
very few reported pediatric patients. However, a month 
into the epidemic, a novel multisystem inflammatory syn-
drome in children (MIS-C) emerged, and some studies 

suggested that MIS-C is a secondary consequence of 
SARS-CoV-2 infection in which over 70% of MIS-C 
patients test positive for serum antibodies against SARS- 
CoV-2 and test negative for the presence of viral RNA.43 

In this regard, a recent prospective cohort study showed 
that COVID-19 is not uncommon in paediatrics (especially 
among children aged 1–4 years). It presents as either 
primary, MIS-C or Kawasaki Disease (KD). Most deaths 
and ICU outcomes were related to MIS-C due to cardiac 
involvement (pericardial effusion and left ventricular 
dysfunction).44 Among the age groups, the elderly are 
most susceptible to COVID-19.45 Infected children usually 
present, at most, with mild symptoms and diagnosis of the 
diseases in this population often requires epidemiological 
clues about exposure.46 The reasons for the condition 
being mild COVID-19 in children are largely unknown.

Gender
Most studies supported that symptomatic COVID-19 is more 
prevalent in men than women. Among the factors that have 
been attributed to the sex differences in the susceptibility to 
COVID-19 include higher expression of ACE2 receptors, 
poorer immune response, and lack of maintaining responsible 
COVID-19 prevention lifestyle among men than women. The 
more rampant smoking and drinking habits among men than 
women are significant susceptibility factors for COVID-19.46 

On the other hand, it was found that elevated estrogen levels in 
female COVID-19 patients may reduce the severity and mor-
tality of deaths through an elevation in the innate and humoral 
response. Furthermore, pre-clinical studies suggest that ACE- 
2 expression may increase the susceptibility of COVID-19 in 
pregnant patients.47 However, a study reported that males and 
females have the exact prevalence of COVID-19, but male 
patients have a higher mortality rate than females due to the 
severity of the disease, independent of age.48

Comorbidity
A high number of individuals with COVID-19 have comor-
bidities, including poor immunity due to chronic illnesses 
such as hypertension, diabetes, hypercholesteraemia, malig-
nancy, obstructive sleep apnea, Parkinson’s disease, demen-
tia, and delirium, on long-term use of immune-suppressive 
agents, or had surgeries or organ failure/transplant. These 
groups of people are not only vulnerable to COVID-19 but 
also develop a severe disease that is not adequately respon-
sive to treatment and is often fatal.49–54 The susceptible 
population usually develops ARDS. Death ensues in 
approximately 61.5% of critically ill patients due to severe 
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complications like ARDS, septic shock, coagulation acci-
dents, acute respiratory failure, and multiple systems organ 
failure (MSOF). In this respect, several drugs to control the 
comorbidity provide benefits such as dipeptidyl peptidase 4 
(DPP4) inhibitor,55 glucagon-like peptide-1 receptor agonist 
(GLP-1RA),56 and ACE inhibitor/ARB.57

Blood Group
It has been suggested that there is a link between the blood 
type of patients and COVID-19 susceptibility and severity. 
Among patients of various blood groups, those with group 
O have low risk, while those with group A blood have the 
highest chance of acquiring COVID-1958 Individuals with 
Rh+ blood type are also at increased risk for COVID-19.59 

Hence, the results of a meta-analysis of twenty-one studies 
showed that there is no evidence to indicate the effect of 
the O type on disease severity in CoV-2 infection.60 On the 
contrary, a study in Iran showed no association between 
blood type and Rh type with COVID-19. However, there is 
an association between age and gender,61 and these study 
outcomes agree with the results of Levi et al., 2020.62

Sickle Cell Anaemia and Thalassemia
Anaemia, in general,63 and those resulting from sickle 
cell64 and thalassemia,65 leads to the high development 
of pulmonary embolism (PE). Thus, if with COVID-19, 
these patients are prone to develop fatal pulmonary infec-
tion. Sickle cell anaemia and thalassemia are more com-
mon among blacks and South Asian ethnic groups than 
Caucasians, suggesting that blacks and South Asians are 
more vulnerable to the acquisition of COVID-19 than 
Caucasians.66

Epidemiology
On December 30, 2019, a cluster of 27 pneumonia cases, 
including 7 severe cases of unknown origin in Wuhan city, 
Hubei province, China, were reported to the National Health 
Commission of China. In the early stages of this pneumonia, 
patients developed a severe acute respiratory infection, and 
some patients rapidly developed acute respiratory distress 
syndrome. Real-time polymerase chain reaction (RT-PCR) 
and deep sequencing analysis of lower respiratory tract sam-
ples identified SARS-CoV-2.67,68

By the end of January 2020, nearly 50,000 confirmed 
cases were reported in China, and among countries that 
showed the first confirmed cases were Thailand, Nepal, 
Republic of Korea, USA, Singapore, France, Vietnam, 
Canada, Australia, Malaysia, Germany, United Arab 

Emirates (UAE), Finland, Italy, Cambodia, Sri Lanka, the 
Russian Federation, Spain, Sweden, India, and the 
Philippines.69

By the end of February 2020, most countries had begun 
reporting cases of COVID-19. The patients were aged 
between 30 and 80 years and usually showed mild infec-
tions (80%). The fatality rate among these patients was 
approximately 2%. On March 11, 2020, the World Health 
Organization declared the disease pandemic.70

Among European countries, Italy was the first to document 
many COVID-19 cases, with the region of Lombardy severely 
affected, a total of 17,713 people tested positive for SARS- 
CoV-2, and 1593 admitted to intensive care unit (ICU) 
between the end of February and the end of March 2020.71

By September 25, 2020, there were more than 
31,572,774 cases, 989,981 deaths, and 24,048,380 recov-
ered cases from COVID-19 worldwide. Approximately 
535,000 cases and more than 20,600 deaths were reported 
from the USA alone. The COVID-19 cases kept increasing 
from primary, secondary, tertiary and infections and 
reinfection.6,72

Up-to-date, approximately 2.5 × 108 infected COVID- 
19 cases are found with > 5 × 106 deaths and > 2.23 × 106 

recovered cases worldwide. The largest number of fatal-
ities from the disease is found in the USA, India, Brazil, 
UK, Russia, Turkey, and France. Among them, Alpha 
(B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta 
(B.1.617.2)-coronavirus have been reported.73

Pathophysiology and Pathogenesis
The COVID-19 virus enters target cells through the clea-
vage and activation of viral spike protein by the host cell 
protease, type II transmembrane serine protease 
(TMPRSS2).74 The virus spike subunits engage ACE2 as 
the cell-entry receptor (Figure 1). 75 The successful entry 
of the virus into the cell requires the co-expression on the 
cell surface of ACE2 and TMPRSS2.75

SARS-CoV-2 infections causing COVID-19 is facili-
tated by the following mechanisms; (1) direct virus- 
mediated cell damage, (2) dysregulation of the Renin- 
Angiotensin-Aldosterone System (RAAS) as a conse-
quence of down-regulation of ACE2 that leads to 
decreased cleavage of angiotensin I and angiotensin II, 
(3) endothelial cell damage and thrombo-inflammation, 
and (4) dysregulation of immune response and hyper- 
inflammation caused by the inhibition of interferon signal-
ling by the virus, T cell depletion, and the production of 
pro-inflammatory cytokines, particularly IL-6 and TNFα.75
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ACE2 is heavily expressed on ciliated airway epithelial 
cells and alveolar type 2 pneumocytes of the lungs. It is 
believed that SARS-CoV-2 undergoes hematogenous dis-
semination via infected pulmonary epithelium. The injured 
endothelium, while activating the coagulation cascade, 
also shows increased microvascular permeability. In an 
attempt to inhibit viral replication and dissemination, the 
host immune response mediates inflammation and cellular 
antiviral activity. However, if the immune response is 
excessive, the patient, especially the young, will show 
severe symptoms. COVID-19 patients, especially those 
requiring intensive care, were reported to have high levels 
of plasma cytokines,76 including IL-1β, IL-1RA, IL-2, IL- 
7, IL-8, IL-9, IL-10, basic FGF2, GCSF, GMCSF, IFNγ, 
IP10, MCP1, MIP1α, MIP1β, PDGFB, TNFα, and 
VEGFA.77

Transmission
Animal-to-Human Transmission
Although the infection is zoonotic, the mode of transmis-
sion of COVID-19 in humans is not clear.78 The bats are 
suggested to be the reservoir for the human SARS-CoV-2.79 

Based on codon similarities between the human SARS- 
CoV-2 and the Bungarus multicinctus snake coronavirus, 

it appears the snakes are also potential reservoirs for the 
infection.80 The Malayan pangolin (Manis javanica) is a 
natural reservoir of the SARS-CoV-2, and they are sug-
gested to play a significant role in the transmission of 
COVID-19 to humans.81–83

Human-to-Human Transmission
COVID-19 is known to exhibit human-to-human 
transmission,84 the primary mode of transmission in the 
current pandemic.85 COVID-19 patients spread the disease 
to those in close contact.86,87 However, since many 
COVID-19 patients are asymptomatic and can serve as 
carriers, they may have unknowingly transmitted the 
virus to others.88–90 This mode of transmission includes:

Horizontal Transmission
There are 3 main modes of horizontal transmission of 
COVID-19 in humans:67,91

Direct Contact 
This mode of transmission may occur through direct con-
tact with virus-contaminated objects or surfaces and 
infecting people through the mouth, nose, or eyes.92,93 In 
addition, a direct correlation between air pollution and 
COVID-19 was observed. Thus, exposure to indoor 

Figure 1 Pathophysiology of COVID-19 indicate virus entering the host cells through interaction of its spike protein with the entry receptor ACE2 in the presence of 
TMPRSS2. 
Notes: Reproduced by permission from: Gupta A, Madhavan MV, Sehgal K, et al. Extrapulmonary manifestations of COVID-19. Nature Medicine. 2020;26(7):1017–1032. 
doi:10.1038/s41591-020-0968-3.75 © Springer Nature America, Inc. 2020. This image is exlcuded from the Creative Commons license: Figure 1 is copyright protected and 
excluded from the open access license.
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polluted air is likely to be directly associated with the 
disease, especially among refugees and migrant workers 
who live in feeble conditions. However, home isolation for 
an infected population may be a potential factor to other 
health problems if the place where they are socially iso-
lated is not adequately ventilated. Therefore, an under-
standing of the consequences of the relationship between 
indoor air quality and the COVID-19 pandemic should be 
considered.94

Aerosol 
COVID-19 virus is primarily not airborne.95 Instead, the 
virus is present in the aerosols of expired air, coughs, and 
sneezes, which are the main media for virus spread42,96,97 

from COVID-19-positive people.89,98 The virus remains 
viable for at least 3 hours in aerosols and as long as 48 
to 72 hours on stainless-steel and plastic surfaces.99

Droplet 
Respiratory air typically contains an abundance of droplets 
of sizes <5 μm in diameter. Coughing and sneezing cause 
increased expulsion of these droplets from the oral cavity 
and respiratory tract. In COVID-19 patients, these droplets 
contain a virus that, if inhaled or ingested, will cause 
disease.1,99,100

Feces and Body Fluids 
COVID-19 transmission may also occur via feces, urine, tears, 
sweats, and conjunctival secretions.46,101–103 The role of feces 
in the transmission of COVID-19 is unclear.104 There are 
suggestions that the gastrointestinal system is an essential 
route for the spread of SARS-CoV-2.105 Incidentally, there 
are high expressions of ACE2 in the gastric glandular, colon, 
ileal, duodenal, and rectal cells, suggesting the virus may 
spread via the fecal-oral route.58,98 Unlike in the respiratory 
tract, where the clearance of the occurs within 2 weeks, the 
feces can remain positive for coronavirus RNA for longer than 
4 weeks, even after the patient no longer show symptoms of 
the disease.106

Vertical Transmission
It is believed that COVID-19 can potentially be trans-
mitted vertically due to the high expression of ACE2 
receptors in the human maternal–fetal interphase. This 
indicates that the COVID-19 pandemic puts pregnant 
women and fetuses at risk of being infected.107,108 At the 
beginning of the disease, cases of vertical COVID-19 
transmission were very few and mostly incidental. 

However, the potential for vertical transmission of 
COVID-19 has not been ruled out.

Pathology and Postmortem Changes
Lung 
The SARS-CoV-2 primarily targets the respiratory 
system.109 The pathological features of the affected tissues 
of patients who died with COVID-19 could provide addi-
tional information on the pathogenesis and the cause of 
clinical outcomes of the disease. Carsana et al system-
atically analyzed lung tissue samples from 38 patients in 
Northern Italy, who died of COVID-19 between February 
29 and March 24, 2020. They discovered that all cases 
showed exudative and proliferative diffuse alveolar 
damage with massive capillary congestion, pneumocytic 
necrosis, hyaline membranes, interstitial and intra-alveolar 
oedema, type 2 pneumocyte hyperplasia, and squamous 
metaplasia with atypia. They also discovered that plate-
let–fibrin thrombi in the small arterial vessels consistent 
with coagulopathy were common features in COVID-19 
patients. Inflammatory infiltrates in the alveolar lumina are 
composed mainly of macrophages and lymphocytes. 
Electron microscopy revealed that viral particles were 
predominantly located in the pneumocytes. The study 
also showed that 11% of the patients had bacterial 
abscesses, and 3% had a single fungal abscess, which 
was presumed to have formed after hospital admission.71

Postmortem showed that COVID-19 is associated with 
diffused alveolar damage. This observation was consistent 
with the histological changes in tissues obtained by trans-
thoracic needle biopsies from dead COVID-19 patients 
with GGO and respiratory failure.110 Lung tissues col-
lected by cryobiopsy from COVID-19 patients within 30 
minutes of death showed marked fibrotic lung parenchy-
mal remodelling, characterized by fibroblast proliferation, 
airspace obliteration, and micro-honeycombing.111 During 
lung lobectomies, edema, prominent proteinaceous exu-
dates, vascular congestion, and inflammatory clusters 
with fibrinoid material and multinucleated giant cells 
were discovered in two COVID-19 patients.112 It is sug-
gested that alveolar macrophage infiltration in COVID-19 
is the driver of the cytokine storm, causing damage to the 
pulmonary tissues, heart and lung, and leading to multiple 
organ failures.113

Liver 
The livers of patients that died of COVID-19 showed 
pathological lesions including myocardial hypertrophy, 
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atherosclerosis, general interstitial fibrosis, mild myocar-
dial edema, and atypical, minimal, focal, and perivascular 
interstitial fibrosis. Some patients showed low-grade inter-
stitial mononuclear cell infiltrations, lymphocytic myocar-
ditis, and endotheliosis. COVID-19 also causes liver 
disorder with changes including hepatic congestion, stea-
tosis, cirrhosis, patchy hepatic necrosis, Kupffer cell 
hyperplasia, mild sinusoidal dilatation, hepatic 
endotheliosis.114,115

Brain 
There are only a few studies on neuropathological changes 
in COVID-19 patients. One study showed that among the 
neuropathological manifestations in COVID-19 were 
microthrombi and acute infarcts, hypoxic changes with no 
specific pathology or perivascular lymphocytic infiltration 
in the brainstem.116 During the postmortem, the brain of 
COVID-19 patients revealed mild brain swelling and dis-
seminated hemorrhagic lesions throughout cerebral hemi-
spheric white matter, ranging from 1.0 mm to 1.0 cm in 
diameter, macrophage infiltration, and foci of intraparench-
ymal blood that disrupted the white matter.117 Other histo-
pathological changes in the brain include subarachnoid 
hemorrhages, hydrocephalus internus with acute hypoxic- 
ischemic encephalopathy of the hippocampus, and cerebral 
oedema.118 Viral RNA was detected in the olfactory bulb of 
the brain stem.119 COVID-19 patients also developed acute 
ischaemic stroke (4.6%) and intracerebral hemorrhage 
(0.5%), with the elderly at higher risk than young patients 
of developing cerebrovascular disease (CVD).120

Kidneys 
The kidneys of COVID-19 patients showed diffused prox-
imal tubule injury with the loss of brush border, non- 
isometric vacuolar degeneration, and frank necrosis. 
Hemosiderin granules and pigmented casts were present 
in their kidneys and erythrocyte aggregates, without plate-
let or fibrinoid material, obstructing the capillaries in some 
old patients. Using electron microscopy, clusters of coro-
navirus-like particles with distinctive spikes were demon-
strated in the proximal tubular epithelium and 
podocytes.109

Coagulation Abnormality 
Patients with severe COVID-19 are prone to develop 
thrombotic and/or thromboembolic events, such as PE, 
deep vein thrombosis (DVT),114 arterial thrombosis, 
hypercoagulable coagulopathy,121 and intracatheter 

thrombosis,122 as well as disseminated intravascular coa-
gulopathy (DIC).123 These conditions showed that 
COVID-19 patients are predisposed to thrombotic dis-
eases. However, the thrombotic risk is influenced by race 
and ethnicity, as evident by the fact that Chinese are at 
significantly lower risk for these manifestations of 
COVID-19 than Caucasians. Thrombosis occurs primarily 
in the pulmonary circulation due to in situ thrombi forma-
tion but without apparent embolism. Whether or not the 
formation of thrombi indicates COVID-19-related DIC is 
not clear.124

Diagnosis
Microbiological tests are mandatory in the diagnosis of 
COVID-19.125 Among people who should undergo testing 
include those who developed fever and/or respiratory symp-
toms or showed lower respiratory tract (LRT) infection. The 
likelihood of a person contracting COVID-19 is higher in 
individuals with travel history or those in contact with sus-
pected or confirmed cases of COVID-19.125 However, due to 
limitations in testing capacity, CDC126 and the Infectious 
Diseases Society of America (IDSA)127 had listed the patient 
priorities for COVID-19 testing, including symptomatic 
severely ill individuals, front-liners, and individuals with 
risk factors.

Investigations and Testing for 
COVID-19
Real Time-Polymerase Chain Reaction 
(RT-PCR) Test
The current tests used to diagnose COVID-19 cases are based 
on molecular viral and antiviral antibody assays.128,129 On 
January 7, 2020, Chinese researchers shared the entire genetic 
sequence of SARS-CoV-2 through the National Institutes of 
Health GenBank130 and the Global Initiative on Sharing All 
Influenza Data (GISAID)131 databases. A combination of viral 
RNA sequences was developed for the RT-PCR and used 
under the Food and Drug Administration (FDA).132 The 
most common sample used for detecting SARS-CoV-2 RNA 
is the upper respiratory tract (URT) or LRT specimens.133 

CDC recommended swab samples of URT, especially the 
nasopharyngeal specimen, as the best option for the initial 
diagnosis of COVID-19. Sample collection must be done 
with adequate precautions to avoid accidental transmission 
of the disease.80,134
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Types and Sites of Sample for RT-PCR
There are various types of samples and sites that are used 
for COVID-19 testing as follows:80

Nasopharyngeal (NP) Swab
The NP swab is the most common sample recommended 
by the CDC.135 Other samples such as oropharyngeal 
(OP), nasal, and mid-turbinate swabs are used only when 
the NP swabs are not possible.133 The swabs to be used in 
sampling should be of synthetic fibre with a plastic shaft. 
Other types of swabs should be avoided because they may 
produce erroneous test results.133 For example, wood- 
shafted swabs may affect the viral activity and the accu-
racy of RNA detection using PCR. The NP swab should be 
inserted deep into the nostrils and left in position for some 
time to allow thorough absorption of the secretion before 
extraction.133

Oropharyngeal (OP) Swab
The OP swab is commonly used as an alternative to the 
NP swab in COVID-19 testing.133 In cases when both the 
OP and NP swabs are taken, these swabs should be placed 
together in the same viral transport medium (VTM) trans-
port tube to increase test sensitivity. The OP swab should 
be from the posterior pharynx and not the tongue.133 

Currently, there were insufficient data to determine 
whether the OP or NP swab is more sensitive for detecting 
the SAR-CoV-2.136,137

Nasal Mid-Turbinate (NMT) Swab or Anterior Nares 
Specimen
The NMT is collected by health care professionals using a 
flocked-tapered and round foam swab and transported in a 
VTM container.133

Nasopharyngeal Wash (Nasal Aspirate)
A sterile container or a screw cap sputum collection cup is 
used to collect a few milliliters of aspirate.133

Lower Respiratory Tract Aspirate (LRTA)
Broncho-Alveolar Lavage (BAL) and Endotracheal 
Aspirate (EA)
These sampling methods are among the most commonly 
used, especially in intubated patients under invasive venti-
lator treatment.133 LRTA, particularly BAL, by its high 
viral load, is more sensitive to the determination of 
COVID-19 than URT.80,134 In fact, COVID-19 tests on 
BAL and NP swab samples are more sensitive than those 

performed on the sputum or OP swab.80 NP would yield 
higher viral RNA yield than OP swabs.

Sputum 
A sputum sample is only used in COVID-19 patients with 
productive coughs. The expectorated sample should be the 
deep cough sputum. The induction sputum production is 
not recommended in patients without a cough.133 Sputum 
was shown to be 72% positive for COVID-19, which 
second only to BAL in terms of PCR-positive results.80

Blood 
Blood samples can be used in the diagnosis of COVID- 
19.138 However, in a study on 205 COVID-19 patients, 
SARS-CoV-2-positive serum samples were detected in 1% 
of all cases, suggesting that blood tests are only helpful to 
determine when the disease has become systemic.80 PCR- 
positive results from serum samples of COVID-19 patients 
may only become evident by day 7 of infection.139 To 
examine that COVID-19 has become systemic, blood sam-
ples may be analyzed twice during acute and recovery 
stages.138

Fecal and Anal Swabs 
COVID-19 can sometimes be detected in fecal140,141 and 
anal swabs.140 Currently, the frequency and duration of 
SARS-CoV-2 shedding in stool is unclear.138 For example, 
in blood, a stool sample may become positive for SARS- 
CoV-2 only after 7 days of infection.139 It is shown that 
29% of the fecal samples from COVID-19 patients were 
positive.80 Anal swabs may sometimes be positive for 
SARS-CoV-2, even when the oral swabs are negative.140

Urine 
It is not clear as to the rate and duration of viral shedding 
in urine.138 In 72 confirmed COVID-19 cases, none of 
their urine samples were positive for SARS-CoV-2.80 

Urine samples may be negative for the virus even when 
fecal samples show positive results.139

Clustered Regularly Interspaced 
Short Palindromic Repeats 
(CRISPR)
CRISPR is a rapid technique adapted for the detection of 
SARS-CoV-2. The method was first approved by USA- 
FDA, in early 2020, as an alternative test for COVID-19 
detection.142 The samples for the assay are similar to those 
used for RT-PCR. The assay, SARS-CoV-2 DETECTR, 
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performs simultaneous recombinase polymerase amplifica-
tion (RPA) and isothermal amplification using loop- 
mediated amplification (LMA) from the extracted RNA, 
followed by Cas12 detection.143 The benefit of the SARS- 
CoV-2 DETECTR assay over RT-PCR for the detection of 
COVID-19 is that it has a higher limit of detection, shorter 
assay reaction time and lesser amount of assay sample and 
does not require bulky instruments.144

Chest Imaging
Chest X-Ray and Computed Tomography 
(CT)
Both chest X-ray and CT scan were among the imaging 
techniques used to diagnose COVID-19 in the early stage 
of the disease when reliable test kits for microbial and 
molecular detection of the virus were not developed.145,146 

However, the American College of Radiology did not 
recommend CT in the diagnosis of COVID-19 cases, 
claiming that the chest CT findings do not confirm 
COVID-19 or otherwise.147 However, several studies 
have shown that there is an association between CT find-
ings and COVID-19.148–150 The sensitivity of chest CT 
chest was shown to be very high at 97%. The chest CT 
characteristics in COVID-19 cases are identical to pneu-
monia, with ground glass appearance, mainly bilaterally, 
with or without consolidation.151,152 The abnormalities 
were mainly in the lower lobes, peripheral tissues, and 
posterior section of the lungs.150 Other less common CT 
findings in COVID-19 include pleural effusion and thick-
ening, air bronchogram, and lymphadenopathy.146,148–150 

The timing of the development of abnormal chest CT 
changes varies with the patient. In some patients, the CT 
changes precede symptoms and positive COVID-19 RT- 
PCR test,40,151 while in others, the changes develop after 
approximately 10 days of the symptoms.150 Chest CT may 
be abnormal in asymptomatic patients.153 In COVID-19, 
RT-PCR analysis may remain negative until late into the 
infection. In suspected COVID-19 cases, the CT findings 
show features characteristic of viral pneumonia,40,146 

while RT-PCR tests remain negative.154

Computed tomography pulmonary angiogram (CTPA) 
has limited usefulness but is still used in patients with 
severe COVID-19.155 The scan is indicated in individuals 
with SARS-CoV-2 pneumonia, markedly elevated blood 
D-dimer values, and showing refractory or rapidly dete-
riorating hypoxemic respiratory failure.156

Lung Ultrasound
Lung ultrasound has been used as an alternative to chest 
X-Ray and CT to detect cases of COVID-19 pneumonia.157 

The lung ultrasound is easier, more economical, and safer 
than X-ray or CT for patients and health professionals. The 
technique can be used in suspected COVID-19 cases with 
negative RT-PCR tests or confirmed COVID-19 cases during 
management and follow-up.158,159 The ultrasonograph in 
COVID-19 cases may show bilateral abnormalities, includ-
ing an irregular pleural line with small pleural consolidations, 
areas of the white lung, and thick, confluent and irregular 
B-lines.157

Laboratory Findings
Table 2 lists some of the reported changes in hematologi-
cal and serum biochemical parameters in COVID-19 
patients. The most common findings or abnormalities in 
the blood of COVID-19 patients are neutrophilia with 
lymphopenia.160 These parameters may be used to deter-
mine the disease’s severity and review the consequences of 
the treatment regimen.161

Serological Test
The RT-PCR tests for the diagnosis of COVID-19 have 
several limitations, including the high occurrence of false- 
negative results. Serological tests are more rapid than the 
RT-PCR tests, allowing for earlier detection of the 
COVID-19 cases.162 The serological tests, based on the 
detection of serum antibody to SARS-CoV-2, are mainly 
performed on suspected COVID-19 patients showing 
symptoms consistent with COVID-19 but with negative 
RT-PCR test results.133,135 In this regard, in a small-scale 
survey in China, serological tests have shown that sus-
pected COVID-19 cases with negative RT-PCR tests and 
without symptoms showed positive serum anti-SAR-CoV- 
2 IgG and/or IgM levels, which highlights the importance 
of serological testing to achieve more accurate estimates of 
the extent of the COVID-19 pandemic.163 However, ser-
ological tests are plagued with cross-reactivity among 
coronaviruses.164

A point-of-care lateral flow immunoassay had shown 
promise with the capacity to simultaneously detect anti- 
SARS-CoV-2 IgG and IgM antibodies within 15 minutes.-
162 The tests showed high sensitivity and specificity and 
can determine the rate and extent of an outbreak 
retrospectively.
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Viral Sequencing
In June 2020, the US FDA issued an emergency use 
authorization for next-generation sequencing in diagnosing 
COVID-19. The technique also allows for determining 
mutations in the SARS-CoV-2, which is crucial in the 
fight against the infection.165

Viral Culture
Viral cultures are beneficial for the isolation and characteriza-
tion of the virus. However, for biosafety reasons, viral cultures 
are not recommended for the diagnosing of COVID-19.166

Testing for Other Pathogens
Other respiratory pathogens besides SARS-CoV-2 may 
present similar symptoms as COVID-19. Co-infections 
can also complicate the diagnosis of COVID-19.167,168 

Among the most common co-infecting pathogens, espe-
cially in the frail elderly COVID-19 patients include 
Staphylococcus aureus, Klebsiella pneumoniae, and 
human herpes virus.169

Differential Diagnosis
COVID-19 has many clinical and radiological character-
istics of pneumonia. Thus, it is imperative that during 

diagnosis, first rule out other respiratory viral infections 
that mimic COVID-19.97 A rapid molecular assay to dif-
ferentially diagnose COVID-19 has been developed.170 

The assay, QIAStat-Dx respiratory panel (QIAGEN, 
Milan, Italy)171 can detect several pathogens such as ade-
novirus, bocavirus, 4 other types of coronaviruses, influ-
enza, para-influenza viruses, human metapneumovirus, 
Bordetella pertussis, and other pneumonia-causing 
pathogens.170

Co- and Superinfections
The CDC suggested that when patients present with acute 
respiratory symptoms, clinicians should consider a differ-
ential diagnosis of COVID-19, influenza, and co- 
infections.172 Co-infections are uncommon at diagnosis 
in COVID-19 patients.173 However, it was reported that 
50% of non-surviving COVID-19 patients were co- 
infected with bacteria including Streptococcus pneumo-
niae, Staphylococcus aureus, Klebsiella pneumoniae, 
Mycoplasma pneumoniae, Chlamydia pneumonia, 
Legionella pneumophila and Acinetobacter baumannii; 
Candida species and Aspergillus flavus; and viruses such 
as influenza, coronavirus, rhinovirus/enterovirus, parain-
fluenza, metapneumovirus, influenza B virus, and human 
immunodeficiency virus.174

Table 2 Hematological and Serum Biochemical Changes in COVID-19 Patients

Parameter Pattern Reference

Leukocyte (WBC) Normal [189]
Leukopenia [185]

Leukocytosis [185]

Neutrophilia [195]
Lymphopaenia [195]

Thrombocyte Thrombocytopenia [189]

Serum biochemistry Elevated C-reactive protein (CRP) [1,203]
Decreased ferritin [248]

Elevated Lactate dehydrogenase (LDH) [181]

Elevated alanine transaminase (ALT) [161]
Elevated aspartate transaminase (AST) [161]

Elevate alkaline phosphatase (ALP) [161]

Elevated amylase [89]
Elevated creatine kinase [161]

Elevated blood urea nitrogen (BUN) [1]

Elevated creatinine [1]
Mostly normal procalcitonin [203]

Hyperfibrinogenemia [161]

Elevated D-dimer [156]
Decreased D-dimer [249]
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Superinfection in COVID-19 is associated with severe 
illness that may lead to poor outcomes due to circulatory 
and multiple organ failures.97 Among the most common 
causes of superinfections in COVID-19 are Acinetobacter 
baumannii, Staphylococcus aureus and Aspergillus 
fumigatus.175,176

COVID-19 Mimics and Chameleons
Some patients suspected of COVID-19 may not present 
signs and symptoms typical of the disease. In one report, a 
COVID-19 patient twice tested negative for SARS-CoV-2 
showed dyspnoea, coughs, and diffuse lung infiltrates first 
diagnosed to suffer from decompensated heart failure. This 
is an example of a “COVID-19 mimic”. Some severe cases 
of COVID-19 may be asymptomatic or presented with 
non-specific signs of weakness and fatigue, and this is an 
example of “COVID-19 chameleon”. These phenomena 
are common occurrences in COVID-19.177

Treatment
Antiviral Therapy
Although there are several compounds under development, 
there is no drug that is proven effective for treating 
COVID-19.1,178,179 Currently, the treatment for COVID- 
19 is mainly supportive. There are, however, some 
encouraging results from the use of certain broad-spectrum 
antiviral drugs like nucleoside analogues and HIV-protease 
inhibitors that could attenuate viral infections.180

Lopinavir/Ritonavir (LPV/r)
In a hospital in Wuhan, China, treatment with LPV/r pro-
duced minimal clinical improvement or decreased the fre-
quency of respiratory distress in COVID-19 patients.181,182 

However, LPV/r treatment might help shorten the duration of 
viral shedding.183 Patients treated with LPV/r showed 
unwanted side effects such as gastrointestinal symptoms.182 

Thus, further clinical trials are needed to evaluate LPV/r’s 
efficacy in treatment.184

Interferon Alpha (IFN-α)
IFN-α nebulizations and sprays are used in COVID-19 
treatment.185 IFN-α 2b, when used in combination with 
other antiviral drugs, has been shown to contribute to 
complete recovery for COVID-19.186,187 Subcutaneous 
injection of IFN-α 2b combined with LPV/r shortened 
the length of hospitalization and accelerated viral clear-
ance in COVID-19 patients.187 However, the IFN-α 2b 
treatment must be applied with precautions because 

overdoses can cause myelosuppression and affect the 
liver and renal functions.

Remdesivir
Remdesivir is a nucleotide analogue broad-spectrum anti-
viral agent. An early study showed that remdesivir was 
effective in shortening the recovery time in adults hospita-
lized with COVID-19.188,189 However, human clinical trials 
have shown that the drug is ineffective, fails to prevent death 
in severe COVID-19 patients, and has side effects.190 

Subsequently, the WHO issued a recommendation against 
the use of remdesivir in hospitalized COVID-19 patients, 
citing that there is no clear evidence on the effectiveness of 
the drug in improving the outcome of these patients.191 

However, a very recent study showed that remdesivir is 
more effective and safer than standard care of treatment for 
the COVID-19 because it is associated with faster time to 
clinical improvement, reduction in mortality rate, and fewer 
incidence of serious adverse events.192

Ribavirin
Ribavirin is a guanosine analogue antiviral compound that 
has been used to treat infections caused by respiratory 
syncytial and hepatitis C viruses and viral hemorrhagic 
fever. However, there is no clear evidence that Ribavirin 
is beneficial in the treatment of COVID-19. Ribavirin 
reduces hemoglobin concentrations, an undesirable side 
effect in patients with respiratory disorders, compromising 
its potential as an antiviral against COVID-19.193

Chloroquine and Hydroxychloroquine
There are conflicting reports regarding the efficacy of 
chloroquine and hydroxychloroquine in the treatment of 
COVID-19. In vitro studies have shown that chloroquine 
is effective in inhibiting COVID-19 viral replication. 
Chloroquine or hydroxychloroquine block viral infections 
by interfering with the glycosylation of cellular receptors 
for the virus.194 The mechanism of action of chloroquine 
and hydroxychloroquine on SARS-CoV-19 are the same; 
however, hydroxyl-chloroquine may be more effective 
than chloroquine in reducing viral load.195 The antiviral 
effect of hydroxychloroquine is reinforced by the use of 
azithromycin.196

Arbidol
Arbidol is a potent broad-spectrum antiviral agent with 
activity against enveloped and non-enveloped viruses. 
Arbidol exerts its antiviral effect by blocking viral fusion 
with cells and inhibiting viral entry.197 Arbidol is used in 

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S339475                                                                                                                                                                                                                       

DovePress                                                                                                                      
10361

Dovepress                                                                                                                                                         Rahman et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the treatment of COVID-19 with variable results. In fact, 
Arbidol is shown to be superior to LPV/r in the treatment 
of COVID-19.198

Favipiravir
Favipiravir is an RNA-dependent RNA polymerase 
(RdRp) inhibitor. The favipiravir derivative, ribofuranosyl 
triphosphate, targets the influenza RdRP.199 In moderately 
severe, nonventilated COVID-19 patients, Favipiravir 
improved time to clinical recovery and decreased mortality 
rate.200

Glucocorticoids
Early use of low-dose corticosteroids, especially dexa-
methasone, prednisone, and methylprednisolone, for a 
short duration was found to be useful in improving symp-
toms of COVID-19.201,202 However, there is no published 
evidence that corticosteroid treatment is effective against 
this disease. Corticosteroids have immunosuppressive 
properties and are thus not recommended for use to treat 
COVID-19 unless indicated.203

Immunoglobulin and Hyper- 
Immune Serum
Serum antibodies are effective against MERS and SARS 
coronavirus infections. Immunoglobulins have the advan-
tage of providing protection against common infections, 
large donor pool, and commercial availability, while 
hyper-immune serums provide targeted immunity.204

Teicoplanin
Teicoplanin, a glycopeptide antibiotic routinely used to 
treat bacterial infections, was found to produce in vitro 
anti-SARS-CoV-1 effect. The compound is among a list 
of alternative or complementary molecules used as ther-
apeutic agents for COVID-19.205 Teicoplanin inhibits 
cleavage of viral spike protein by cathepsin L at the 
late stage of viral life cycles, thus, preventing the 
release of viral genomic RNA and curbing viral 
replication.206 The drug appears to have similar effects 
on SAR-CoV-2, making it a potential compound in the 
treatment of COVID-19.207

Heparin
COVID-19 patients at high risk of thromboembolic 
disease.208 The hypercoagulability state associated with 
the disease requires additional therapeutic interventions 

like the use of heparin.209 However, the use of prophylac-
tic heparin in COVID-19 is still contentious.210 There are 
other anticoagulants and antiplatelet agents that can be 
used as alternatives to address the hypercoagulability 
state in COVID-19.211

Aspirin
Aspirin, an anti-inflammatory and antiplatelet agent, can 
prevent the development of a hypercoagulability state and 
reduce the risk of thromboembolic incidence in COVID- 
19 patients.212 The drug also reduces the risk of death in 
patients with severe COVID-19.213,214

Ivermectin
Ivermectin is an oral anthelmintic that is used to paralyze 
and kill gastrointestinal parasites. Recently, ivermectin 
was shown to inhibit SARS-CoV-2 replication in vitro.215 

The drug inhibits viral replication by inhibiting viral pro-
tein movement within the cell. Based on the in vitro data, 
the equivalent dose required to produce antiviral effects in 
the human body exceeds the recommended therapeutic 
dose, thus, not practical for human use.216 However, very 
recently, a meta-analysis of randomized clinical trial stu-
dies suggests that ivermectin may offer beneficial effects 
towards COVID-19 outcomes.217

Inflammatory Cytokine Inhibitors
Inflammatory cytokine storm is a common manifestation 
in COVID-19. In severely ill patients, the concentration of 
pro-inflammatory cytokines, such as IL-6, tended to be 
high. High cytokine levels indicate a poor prognosis in 
COVID-19.218 Thus, among the complementary therapeu-
tic approaches in COVID-19 is the management of the 
inflammatory responses. Among the anti-inflammatory 
drugs shown to reduce the risk of hospitalization in 
COVID-19 patients are colchicine,219 prostaglandins non- 
steroidal and anti-inflammatory drugs,220 except 
ibuprofen.221 Carprofen, a human and celecoxib, a veter-
inary anti-inflammatory drug, also inhibited a crucial 
enzyme in the replication and transcription of SARS- 
CoV-2.

Respiratory Support
The most critical support for patients with respiratory 
distress and/or hypoxemia is oxygenation. Convention 
oxygen therapy may not be sufficient in adults COVID- 
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19 patients with acute hypoxemic respiratory failure. In 
these patients, depending on severity, oxygenation may be 
supplied either by high-flow nasal cannula, endotracheal 
intubation, or invasive mechanical ventilation. The target 
for optimal oxygen saturation in adults with COVID-19 is 
92% to 96%. In cases of severe lung failure, extracorpor-
eal membrane oxygenation (ECMO) is used to re-establish 
pulmonary gas exchange.222 The estimated mortality in 
patients with severe COVID-19 who received ECMO is 
<40%.223

Circulatory Support
Severe COVID-19 is associated with circulatory and car-
diac involvement, which can be fatal.224,225 Venovenous 
extracorporeal membrane oxygenation (VV-ECMO) sup-
port is often instituted in patients with COVID-19-related 
acute hypoxaemic respiratory failure. This treatment is 
only appropriate in patients with cardiac disease. In 
COVID-19 patients with heart failure and decreased car-
diac output, it is necessary to institute extracorporeal life 
support (ECLS).222

Blood Purification Treatment
Blood purification treatment comprising plasma exchange, 
perfusion, absorption, and blood/plasma filtration226 can 
be applied during the cytokine storm at the early and 
middle stages of COVID-19. The treatment removes 
inflammatory factors that could potentially cause damage 
and death to severely ill COVID-19 patients.227

Biologicals
Tocilizumab is a humanized monoclonal antibody against 
the IL-6 receptor. IL-6, a pro-inflammatory cytokine impli-
cated in the pathogenesis of many diseases. Although 
recommended for use in COVID-19 patients to reduce 
lung tissue inflammation,228 tocilizumab did not appear 
to be effective in preventing death in moderately ill hospi-
talization patients.229 However, a very recent meta-analy-
sis study showed that tocilizumab treatment is associated 
with a reduction of mortality rate from COVID-19 but did 
not alter the severity of the disease and length of hospital 
stay; thus, it does not support the routine use of tocilizu-
mab for COVID-19 patients.230

Convalescent Plasma
The COVID-19 convalescent plasma (CP) is a source of 
anti-SARS-CoV-2 antibodies. It can potentially induce 
passive immunization in the COVID-19 patients231 to 

improve viral clearance and destroy virus-infected cells 
through cell-mediated cytotoxicity.232 CP treatment may 
be used in hospitalized patients with rapid disease 
progression.233 The treatment was shown to increase 
lymphocyte counts, inflammation markers, and enzymes 
of inflammation like C-reactive protein (CRP), alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST). However, CP treatment did not reduce the pro-
gression of COVID-19 while showing potential for 
adverse transfusion events, circulatory overload, and 
anaphylaxis.234

Vaccine
Six efficacious vaccines for COVID-19, by Pfizer Inc. and 
BioNTech SE, Moderna, Oxford-AstraZeneca, Gamaleya 
Research Institute, Sinopharm, and Sinovac are now 
available.

BNT162b2
The Pfizer-BioNTech BNT162b2 (generic name tozina-
meran, brand name Comirnaty) mRNA vaccine encapsu-
lated in lipid nanoparticles with an efficacy rate of 95% 
requires refrigeration at −70°C for transportation.

mRNA-1273
The Moderna vaccine, mRNA-1273, is also an mRNA 
vaccine encapsulated in lipid nanoparticles. The mRNA- 
1273 has an efficacy rate of 94.1% and is stable for 6 
months while requiring less stringent transportation con-
ditions at −20°C than BNT162b2.235

AZD1222 (ChAdOx1 nCoV-19)
The Oxford-AstraZeneca AZD1222 vaccine, also known 
as ChAdOx1 nCoV-19 vaccine, uses a vector, the modified 
chimpanzee adenovirus ChAdOx1. The AZD1222 is stable 
below the average refrigerator temperature.190

Gam-COVID-Vac
The Gamaleya Research Institute of Epidemiology and 
Microbiology, Russia, developed the Gam-COVID-Vac, 
trade-name Sputnik V, primarily approved for use in 
Russia.236 Sputnik V is a viral two-vector vaccine based 
on two human common cold adenoviruses formulated as 
frozen (storage temperature −18°C) and freeze-dried (sto-
rage temperature 2–8°C) dosage forms.237,238
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BBIPI-Cor-V and BBIBP-Cor-V
The Chinese Sinopharm BBIBP-Cor-V and Sinovac 
CoronaVac vaccines are conventional inactivated vaccines. 
The efficacy of BBIBP-Cor-V is 79.34%. Based on the 
Turkish clinical trial, the efficacy rate of the CoronaVac 
vaccine is 91.25%. Both the BBIBPI-Cor-V and 
CoronaVac vaccine can be transported and refrigerated at 
2–8°C.190

Supportive Care
Vitamin D
Several dietary supplements and drugs have been recom-
mended to enhance immunity and reduce the risk of 
acquiring COVID-19.239 Vitamin D is recommended for 
COVID-19 patients because the level of this vitamin is 
markedly low in severe COVID-19 patients, while vitamin 
D-deficient patients show high inflammatory responses.240 

Vitamin D as an anti-inflammatory supplement offers ben-
eficial effects241 that suppresses viral replication, reduces 
the development of pneumonia,242 and reduces mortality 
in COVID-19.243

Vitamin C
Vitamin C (ascorbic acid) is a water-soluble vitamin that is 
believed to have beneficial effects in patients with severe and 
critical illnesses.244 Vitamin C plays a role in the prevention 
and treatment of viral infections by scavenging free oxygen 
radicals, reducing the accumulation of pro-inflammatory 
cytokines, and enhancing antimicrobial ability.245,246 There 
is insufficient data to consider vitamin C as a complementary 
treatment for COVID-19.244 However, vitamin C is sug-
gested to be administered to severe cases of COVID-19 
because of its safety profile, low cost, and potential for 
rapid upscaling of production.247,248 In this regard, Hiedra 
et al in the USA found a significant decrease in inflammatory 
markers (ferritin and D-dimer) and a trend to decrease FiO2 
requirements after intravenous vitamin C administration in 
seventeen COVID-19 patients.249

Zinc
The trace mineral zinc is hypothesized to prevent viral 
attachment to the nasopharyngeal mucosa and inhibit 
viral replication. One study showed that zinc inhibits 
RNA polymerase and plays a central role against corona-
virus infections.250 Zinc is essential in preserving tissue 
barriers, such as the respiratory epithelium that prevents 

entry of pathogens into cells, the immune and redox sys-
tem and prevents progression of COVID-19.206

Famotidine
Famotidine is a histamine-2 receptor antagonist (H2RA) 
that is used to prevent gastrointestinal ulceration. H2RA 
was found to inhibit HIV replication.251 Thus, the drug 
was suggested as an optional prophylactic medication in 
COVID-19. In a recent retrospective study, among hos-
pitalized COVID-19 patients, the use of famotidine was 
linked to the reduction in disease deterioration.252 This 
may suggest that the effect of H2RA is beyond anti-acid 
activity but also has a potential complementary drug in 
COVID-19 since it improves clinical outcomes in non- 
hospitalized patients.253

Conclusion
Although some drugs are being investigated, there is cur-
rently no effective treatment for COVID-19. Fortunately, 
several newly developed vaccines have proven to be 
highly efficacious for the disease. However, until sufficient 
herd immunity is achieved in the population, precautions, 
such as wearing masks, avoiding crowds, social distan-
cing, and regular washing of hands, are still imperative to 
prevent the further spread of the disease.

There are many risk factors associated with COVID- 
19 infection and its severity, including age, sex, socio-
demographic behavior, comorbidities, and the psycholo-
gical condition of the patient. Older adults and 
healthcare workers are particularly susceptible to the 
COVID-19. For that reason, these people were among 
the first groups scheduled to receive the vaccine. 
Although COVID-19 is primarily a pulmonary disease, 
it is also associated with cardiac, dermatologic, haema-
tological, hepatic, neurological, and renal complications. 
The critically COVID-19 patients are particularly at 
high risk for thromboembolic events. Although the 
immediate clinical manifestations of the COVID-19 are 
generally clear, the long-term effect of the disease is 
still unknown. The role of vertical transmission in neo-
nates and the incidence of COVID-19 in children is not 
clear. However, immunocompromised children and those 
with underlying cardiovascular disorders are at risk of 
acquiring the severe disease.

The emergence of a new strain of SARS-CoV-2 is 
causing concern. The new strain appears to spread quickly 
but does not seem to cause anymore severe COVID-19. 
The current vaccines appeared to be efficacious in the 
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prevention of infection by the new SARS-CoV-2 strain. 
However, the data are still preliminary, and the long-term 
effect of disease by the new SARS-CoV-2 strain is still 
unknown.
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