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ABSTRACT

Introduction. The occurrence of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has emerged as a global
pandemic with huge death tolls. Coronavirus disease 2019 (COVID-19) may progress from minimal infection to serious respira-
tory failure mandating treatment for a continuum of developed disease condition.

Aim. The purpose of this review is to summarize the findings related to epidemiology, clinical manifestations, modes of trans-
mission, diagnosis and the treatment modalities (both experimental and repurposed) for COVID-19.

Material and methods. Literature were searched using various search engines like PubMed, SCOPUS, EMBASE, J-Gate, Google
Scholar to look for review articles, randomized controlled trial results, prospective studies and, retrospective studies done on
COVID-19 for the purpose of this comprehensive review.

Analysis of the literature. The transmission seems to be occurring through droplet, fomite and aerosols (rarely). Currently there
is no specific/targeted vaccine available. Priority is highly placed to identify possible treatment approaches to circumvention
this disease.

Conclusion. Till we find a vaccine, we have to strategize to optimally use the existing evidence of the indirect effects of these
various available drugs for therapy and maintain a strict protocol for prevention and we must use triage system to admit only
those critically ill or having severe disease.

Keywords. clinical trials, respiratory infection, treatment strategies

Introduction

The trigger of coronavirus disease 2019 (COVID-19)
by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) has expanded all over the globe culmi-
nating in a pandemic. Coronaviruses are morphologi-
cally spherical or pleomorphic in nature, with a mean
diameter of approximately 80-120 nm having distinct
large (20 nm) “club-like” surface extensions, which are
the glycosylated spike proteins of the virus.! The rev-

elation of a novel human coronavirus, SARS-CoV-2,
has now become a global health issue that causes se-
rious human respiratory tract infections. Incubation
times between 2-10 days have been identified for hu-
man-to-human transmissions, facilitating their spread
through droplets, contaminated hands or surfaces.? On
inanimate surfaces, coronavirus continue to exist for up
to 9 days at room temperature while the related survival
of the viruses declines at a temperature of 30°C or higher
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and disinfectants like ethanol (62-71%), hydrogen per-
oxide (0.5%) or sodium hypochlorite (0.1%) can inacti-
vate the virus within 1 minute.?

It is pertinent to admonish readers that new data
specific for COVID-19 emerge around every hour
concerning clinical features, treatment choices and
therapeutic outcomes. Optimized support treatment
regimen remains the bedrock of intervention, and the
clinical effectiveness of subsequent treatments is still
being researched upon. So many of the preclinical and
clinical data on antiviral therapy are derived from the
research studies on other viruses such as severe acute
respiratory syndrome-1 coronavirus-1 (SARS-CoV-1),
Middle East coronavirus respiratory syndrome (MERS-
CoV) and non-coronavirus (Ebola). In addition, the
clinical prominence of in vitro anti-viral activity re-
mains uncertain given the lack of pharmacokinetic/
pharmacodynamic or clinical evidence equating realis-
tic doses to a treatment impact compared to such values.
Hence, it needs to be noted that in vitro details should
be appropriately evaluated across findings given the
possible variation in test methodologies that could af-
fect purported behavior.

Aim

This narrative review summarizes the epidemiology,
clinical manifestations, modes of transmission, diagno-
sis and the treatment modalities (both experimental and
repurposed) for COVID-109. It is an attempt that could
provide needful references for further research endeav-
ours.

Material and methods

Literature were searched using various search engines
like PubMed, SCOPUS, EMBASE, J-Gate, Google
Scholar to look for review articles, randomized con-
trolled trial results, prospective studies and, retrospec-
tive studies done on COVID-19 for the purpose of this
comprehensive review.

Viral structure in nutshell
The virus responsible for COVID-19, SARS-CoV-2, is
125 nm in size which is slightly larger than the influ-
enza, SARS and MERS viruses.? It shares the identical
morphology of “spike-protein” with other coronavirus-
es and this spike latch onto human cells, then fuses with
the cell membrane through structural change and, this
gives entry of the viral genes into the host cell to be cop-
ied, producing more viruses.* It is known to be a descen-
dant of a bat corona virus, the closest being originated
from the Rhinolophus bat which is >96% homologous
with stated one.?

The viral membrane consists of four proteins: 1) the
spike (S) glycoprotein, 2) a small glycoprotein mak-
ing up the envelope (E), 3) a glycoprotein forming the

membrane (M), and 4) the nucleocapsid (N) protein.®
The membrane (M) glycoprotein, spanning the mem-
brane bilayer three times, is the most abundant one.®
A study performed next-generation sequencing from
samples of bronchoalveolar lavage fluid and found that
the ten 2019-nCoV genome sequences from these nine
patients were quite similar, almost in excess of 99.98%
for sequence similarity.” There was homology (88%)
to two bat-derived severe acute respiratory syndrome
(SARS)-like coronaviruses, bat-SL-CoVZC45 and bat-
SL-CoVZXC21 but found to be more distinct from
SARS-CoV and MERS-CoV by about 79% and 50%, re-
spectively.” Homology modeling prominently demon-
strated that 2019-nCoV had a receptor-binding domain
architecture close to that of SARS-CoV, given the differ-
ences in amino acids at some key residues.” The spike (S)
glycoproteins consist of two subunits, namely S1 and,
S2.7 Out of these two parts, Part S1 determines host virus
range and cellular tropism along with the formation of
receptor binding domain while S2 mediates virus fusion
and transmitting to host cells.®* Homotrimers of S pro-
teins make up the spikes on the viral surface which di-
rect the connection with the host receptors.” The most
important inducer of neutralizing antibody is the spike
protein. The dynamics of CoV pathophysiology and
virulence, including that of SARS-CoV-2, have ties to
the role of non-structural proteins (nsps) and structur-
al proteins. There are 16 nsps identified so far and they
play various roles like IFN signaling inhibition and host
innate immune response blockage by promotion of cel-
lular degradation and blockage of translation of host’s
RNA, protein binding prohibition, cytokine protein ex-
pression and viral polyprotein cleavage, contributing to
formation of transmembrane scaffold protein and many
others.’ Researches have shown that nsp can suppress
the innate immune response of the host.”

Epidemiology

According to the situation report-194 released by the
WHO, the entire world appears to have been infected by
the virus, but the influx of new outbreak trends has mi-
grated from China to the European countries drastically
and finally to encompass the Asian subcontinent also."

According to the WHO situation report-194, a sum-
mary of the outbreak in the different zones of the world
are presented in Table 1."

Some countries have adopted to test only the seri-
ously infected patients. This has eventually led to a false
statistics related to high death rate but it is a fact that the
actual burden of the disease can be measured only by
mass testing. South Korea took up massive testing from
the beginning of the outbreak and has a very low fatal-
ity rate and could bend the pandemic curve very early
while UK, Italy and France started late and the fatality
rates are disastrous now."
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Table 1. Summary of total confirmed cases and deaths as
per Situation Report-194

Area Confirmed Deaths due
COVID 19 cases to COVID 19
Global 17396943 675060
Western Pacific region 312771 8388
European region 3357465 212978
South-East Asia region 2072194 44900
Ezsgtiir: Mediterranean 1544994 40019
Region of the Americas 9320330 355217*
African Region 788448 13545

* highest contributing zone towards deaths from COVID
19; WHO, World Health Organisation

The proportion of the elderly population, health
care facilities and known co-morbidities also play a key
role in assessing the fatality rate as a result of this in-
fection, as the majority of older people with co-morbid
conditions suffer from serious disease."

Clinical features
Table 2. Summary of the characteristics of clinical
symptoms

of patients by the end of the first week. This phenomenon
has to do with a significant rise in inflammatory cyto-
kines namely IL2, IL7, IL10, TNFa, GCSE."* Patients with
COVID-19 usually experience the associated symptoms
such as mild respiratory problems and fever in a time pe-
riod of 5 to 6 days on an average after infection.'®

Table 3. Extra-pulmonary manifestations of COVID-19

System  Manifestations

Hemato- Low total white blood cell count (Lymphope-
logic nia) or even leukocytosis, increased neutro-
phil count or low platelet count. Elevated CRP,
ferritin, Interleukin-6, LDH, D-dimer, fibrino-

gen, P Time and partial thromboplastin time

Throm-  Arterial thrombotic complications: type 1 and
botic 2 Ml, ischemic variety of stroke, acute ischemia
of limb, and mesenteric ischemia; venous
thrombotic complications: deep vein throm-
bosis and PE; thrombosis related to catheter:
thrombosis found in venous and arterial cath-

eters, as well as in extracorporeal circuits

Immune Cytokine-release syndrome comprising of
system-re- high-grade fevers, hypotension requiring ino-
lated trope support and, multi-organ dysfunction

Cardiovas- Myocardial ischemia and type 1 and 2 Ml; myo-
cular carditis; new onset Arrhythmias - sinus tachy-
cardia as well as bradycardia, atrial fibrillation

Type of : .
clinical Characteristics and flutter, QTc prolongation (often associat-
symptoms ed with use of drugs) resulting in torsades de
— - pointes and even sudden cardiac death, PEA;
Mild Cllplcal S)./mptom.s pre§ent but there is no new onset cardiomyopathy resulting in biven-
evidence in chest imaging tricular or isolated right or left ventricular dys-
Moderate esPiratory problems with fever and positi- function and, even cardiogenic shock
ve chest imaging findings Renal Acute kidney injury; electrolyte abnormal-
If any of the criteria is satisfied then that ities such as hyperkalemia and, hypo or hy-
patient is designated to be suffering from pernatremia; urinary protein and blood loss;
severe dise‘ase: 1) Oxygen saturation < 93% metabolic acidosis
EiRuer;g3r0eiﬂ:gspgsrs;i2r1jt:c))lrgr;eHsisgc;]fel:rte:at: Gastroin— Piarrhga, nausea and/or vomitin.g,.abdorr‘w—
Severe 50% progression of the lesions in a time pe- testinal macll pain; rare ca.sesl ET m;.'.senterldc |s|chem|(a1
riod of 24-48 hours or, 4) Inspiration oxygen a.n gastrointestinal blee '”9 and, elevate
fraction <300 mm Hg but this should be ad- liver enzymes and low albumin
justed in the plateau region according to the Endocrinal Hyperglycemia in a patient of diabetes that
different atmospheric pressure to get the might lead to ketoacidosis, stress hypergly-
partial pressure arterial oxygen and fraction cemia (non-diabetic patient); ketosis with no
of inspired oxygen (PaO_/FiO, ratio)'® or minimal elevation in blood glucose level
If the patient satisfies any of these criteria: Neurologic Headache, dizziness; anosmia, loss of taste
Critically 1) Failure of organ needing ICU admission and oph- sensation (age‘usia), .anore>fia and feeling
severe followed by treatment, 2) Shock or, 3) Re- thalmo-  of extreme fatigue; ischemic stroke; acute

spiratory failure with a need for mechanical
ventilation

logic hemorrhagic necrotizing encephalopathy,
encephalitis, GBS, and, conjunctivitis

The clinical manifestations of COVID 19 are multifaceted
which varies from being asymptomatic to the precipita-
tion of acute respiratory distress syndrome to dysfunc-
tion of multiple organs. In general, mild or asymptomatic
variety comprises almost 80% of infections, 15% are se-
vere requiring oxygen, and 5% are critical who might
require ventilation." The disease might progress to pneu-
monia, respiratory failure and even death for a sub-group

MI, myocardial infarction; ESR, ESR erythrocyte
sedimentation rate; CRP, C-reactive protein; LDH, lactate
dehydrogenase; P Time, prothrombin time; PE, pulmonary
embolism; PEA, pulseless electrical activity; GBS, Guillain-
Barré syndrome

Clinically SARS-CoV-2 infection can be categorized
under the following sub-headings based on the symp-
toms shown by the patients (Table 2).”
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COVID-19 has shown to affect most of the systems
of the body and many extra-pulmonary manifestations
are also seen which are given in Table 3 below."

Radiological features

The prevailing CT outcomes included opacification, con-
solidation, bilateral involvement and peripheral and dif-
fuse distribution.”® A radiological reterospective study
involving patients with RT-PCR confirmed COVID-19
pneumonia admitted to one of two hospitals in Wuhan
were subjected to sequential chest CT scans and were fur-
ther divided into four treatment groups based on the mean
of the total involved lung segments: group 1 having 10-5 +
6-4,2-8 + 3-3% involvment, group 2 having 11-1 + 5-4% in-
volvement, group 3 having 13-0 +5-7% involvement, and
group 4 having 12-1 +5-9% involvement. Out of the total
849 affected segments, the principal types of abnormalities
noted were bilateral (79%) involvement, peripheral (54%)
involvement, ill-defined (81%) lesions and ground-glass
opacification (65%), which majorly involved the right low-
er lobes (27%).?' The study interpreted that COVID-19
pneumonia demonstrates abnormalities in chest CT im-
aging, also in asymptomatic patients, with rapid change
from focal unilateral to diffused bilateral ground-glass
opacities which progressed to or co-existed within 1-3
weeks. The pictorial representations of COVID-19 pneu-
monia were observed to be highly unspecific and were
most frequently bilateral with subpleural and peripheral
diffusion and varied from ground-glass opacities in mild-
er forms to more extreme consolidations.”

Predictors of severity
The results of a retrospective study conducted in chil-
dren in China stated that lower count of lymphocytes,
raised body temperature, and high concentrations
of procalcitonin, D-dimer and creatine kinase MB
were significantly associated with the presentation of
COVID-19 intensity.” All the enrolled subjects (chil-
dren) received interferon-a twice daily via aerosolisa-
tion, 14 (39%) received lopinavir - ritonavir syrup twice
daily and six (17%) required oxygen inhalation. In the
present study, it was observed that age was the predom-
inant factor for the incidence of increased risk of severe
illness and related death.* In a study by Xiaobo Yang
and colleagues done on 32 non-survivors from a group
of 52 patients in intensive care unit due to COVID-19, it
was found that Cerebrovascular diseases (22%) and dia-
betes (22%) were the dominant comorbidities.?
Another research study involving 1099 COVID-19
patients reported that 23.7% had serious disease with hy-
pertension comorbidities, 16.2% with diabetes mellitus,
5.8% had coronary heart disease while 2.3% suffered from
cerebrovascular disease.” Similar reports was also pub-
lished from another study conducted in Wuhan, China
showing 91 (48%) patients had some type of comorbid-

ity.”” This study found that hypertension was the most
common (30%) comorbidity and, was followed by diabe-
tes (19%) and coronary heart disease (8%). Immunosup-
pression was likely to be effective in hyperinflammatory
conditions. Re-analysis of results from a phase 3 random-
ized controlled trial of IL-1 blockade (anakinra) in sub-
jects with sepsis, demonstrated major survival benefits in
patients with hyperinflammation without elevated inci-
dence of adverse effects.”® A research indicated to evaluate
all patients with extreme COVID-19 to be screened for
hyperinflammation employing laboratory indicators such
as elevated levels of ferritin or declining platelet countsor
erythrocyte sedimentation rate as well as H-Score (which
creates a propensity of secondary haemophagocytic his-
tiocytosis) to classify the sub-group of patients for whom
immunosuppression would increase the mortality rate.”

Pathogenesis and inflammatory cytokine
storm

The process of pathogenesis and initiation of inflamma-
tory cytokine storm are detailed as follow:

Entry and cellular replication

The virus enters into the host cell by a specific protein
known as corona virus S protein.*® In SARS-CoV-2, the
envelope spike glycoprotein binds to the cellular recep-
tor, ACE2.%* The viral RNA genome is transferred into
the cytoplasm as the virus enters the cell which is fur-
ther translated into two polyproteins and structural pro-
teins furthering to replication of the viral genome.*? The
newly shaped envelope of glycoproteins is introduced
into the endoplasmic reticulum or Golgi membrane, and
the nucleocapsid is developed by the fusion of genomic
RNA and nucleocapsid protein. The viral particles then
germinate into the intermediate reticulum-Golgi endo-
plasmic compartment (ERGIC) leading to the fusion of
the vesicles containing the virus particles with the plas-
ma membrane leading to the virus release.

Antigen presentation

When the virus reaches the cells, it will be presented to
the antigen presentation cells (APC), which is the fun-
damental anti-viral mechanism of immune system in
the body. The viral antigens are presented by the ma-
jor histocompatibility complex (MHC; or human leuko-
cyte antigen (HLA) in humans) followed by recognition
by virus-specific cytotoxic T lymphocytes (CTLs).*
Till date there are no reported evidence supporting
the same and some information can be retrieved from
the previous research work involving SARS-CoV so
MERS-CoV.* In SARS-CoV both MHC I and II helps
in antigen presentation.* HLA polymorphisms correlat-
ing to the susceptibility of SARS-CoV are HLA-Bx4601,
HLA-B+0703, HLA-DR B1%1202.%
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Role of immunity at humoral and cellular levels
Consequentially, antigen exposure activates the humor-
al and cellular immunity of the body, which is regulated
by the B and T cells unique to viruses. The antibody pro-
filing against SARS-CoV virus has a characteristic trend
of IgM and IgG levels, relative to common acute viral in-
fections.*® At the completion of week 12, the SARS-spe-
cific IgM antibodies vanish while the IgG antibody last
for alonger duration of time period, suggesting that IgG
antibodies would serve a defensive role.”” Approximate-
ly, 1.48% of antibody-secreting cells (ASCs) emerged in
the blood at the time of viral clearance on day 7 while on
day 8 it peaked to 6.91% in a patient with mild COVID
19 symptoms prompting hospitalisation. At day 7 (1.98
percent), the development of cTFH cells occurred si-
multaneously in blood, rising on day 8 (3.25 percent)
and day 9 (4.46 percent). The above analysis revealed
a prominent presence of both ASCs (4.54%) and ¢cTFH
cells (7.14%) during convalescence (day 20).%

Cytokine storm in COVID 19

Reports suggest acute respiratory distress syndrome
(ARDS) to be the most common immunopathologi-
cal incidence for SARS-CoV-2, SARS-CoV and MERS-
CoV infections and high concentrations of cytokines in
severely ill patients are a common finding indicating the

Fig. 1. COVID-19 pathogenesis in a nutshell

role of cytokine storm as a core driving factor for dete-
rioration.”” ARDS leads to damage of lung microvascu-
lature, interstitium, and alveolar space by accumulation
of neutrophils and the release of inflammatory cyto-
kines.** A hyperinflammatory syndrome called Second-
ary haemophagocytic lymphohistiocytosis (sHLH) has
the hallmark features of fulminant and hypercytokinae-
mia subsequently leading to fatal multiorgan failure."
A cytokine profile similar to sHLH is often identi-
fied with prevalence of COVID-109. It is characterized
by enhanced interleukin (IL)-2, IL-7, stimulating fac-
tor granulocytecolony, inducible protein 10, protein
monocyte chemoattractant 1, inflammatory protein 1-a
macrophage, and factor-a tumor necrosis. One of the
key mechanisms for ARDS is release of significant lev-
els of pro-inflammatory cytokines like interferon-alpha
(IFN-a), IL-12, etc. and chemokines like CCL2, CCL3,
etc. by immune effector cells.**** The cytokine storm
may also lead to ARDS and multiple organ failure, and
ultimately lead to death in serious cases of SARS-CoV-2
infection, as evidenced in SARS-CoV and MERS-CoV
infection.

Evading the immune response
Due to lack of research data related to SARS-CoV-2,
the emergence to extrapolate the available data on

Reprinted by permission from Nature: Springer Nature, Nature Medicine, Aakriti Gupta et al, Extrapulmonary manifestations

of COVID-19 © 2020
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SARS-CoV and MERS-CoV is highly needful. The
pattern recognition receptors (PRRs) can identify the
evolutionarily preserved microbial structures called
pathogen-associated molecular patterns (PAMPs).
Nonetheless, SARS-CoV and MERS-CoV may induce
the development of double-membrane vesicles that
lack PRRs and further replicate in these vesicles, thus
preventing the detection of their dsSRNA by host.** The
antigen presentation could be suitably affected by the
coronavirus as exemplified by gene expression in re-
lation to down regulation of antigen presentation fol-
lowing MERS-CoV infection.* The process of virus
attachment and proposed mechanisms for COVID-19
caused by infection with SARS-CoV-2 are beautifully
depicted in Figure 1.%

Transmission

The fact that this virus attaches to the human cell sur-
face receptors called angiotensin-converting enzyme 2
(ACE2) 10 to 20 times more than the previous SARS
virus in 2002, might have increased the spreading po-
tential of SARS-CoV-2 from person to person than the
earlier virus.* The cause of increased transmissibility
of this virus has been reported by Korber et al. to be
highly linked to the mutation seen in the amino acid
sequence of the spike protein D614G.* The key frame-
work for the transmission of the disease was perceived
to be transmission from animal to human, given the
case of the initial straight forward contact with the Hua-
nan Seafood Wholesale Market, Wuhan. Still, there was
no connection between this responsiveness phase and
subsequent events. Mode of transmission was also sus-
pected to be from human to human, and that the most
prevalent cause of COVID-19 transmission are the
symptomatic individuals.”*® The probability of trans-
mission seems infrequent before symptoms occur but it
cannot be excluded.® Data shows that the best way to
control this outbreak is “self-isolation”* Transmission
through coughing and sneezing is presumed to occur by
respiratory droplets. Infections of the respiratory tract
can be transmitted by various sized droplets. When the
particles of the droplets exceeds5-10 um in diameter are
termed as droplet particles when they are < 5 ym in di-
ameter, they are called droplet nuclei.”*

Airborne transmission is distinct from droplet
transmission as it corresponds to the inclusion of mi-
crobes within droplet nuclei, which has the ability
to stay in the air for long periods of time, and can be
transmitted over distances greater than 1 metre.”> Re-
ports suggest that infection with COVID-19 can cause
intestinal infection and the virus can be found in the
feces as shown by one Chinese study which cultured
COVID-19 virus from a specimen of stool.>

Diagnosis

Diagnosis of SARS-COV-2 infection is generally done
by a combination of molecular, serological and radio-
logical findings in a patient having typical symptoms de-
scribed above or by a combination of molecular testing
with radiological help in asymptomatic individuals.*
Amongst the nucleic acid detection technologies, Re-
al-time quantitative polymerase chain reaction (RT-qP-
CR) and high-throughput sequencing are the most
widely used for COVID-19.>>3* As the latter approach
is expensive and burdensome, hence RT-qPCR is pri-
marily used for viral RNA detection.” The validity of
use of real time RT-PCR test has been questioned by a
study from Wuhan, China, as they found high false neg-
ative results with this method only and suggested to in-
clude clinical features and radiological parameters to
be taken into consideration for diagnosis.** The sam-
ples used for SARS-CoV were nasopharyngeal aspirate,
throat swab, urine and stool and almost similar speci-
mens were used for SARS-CoV-2 but bronchoalveolar
lavage, endotracheal aspirate and tissue from biopsy or
autopsy including from lung have also been approved
by WHO for SARS-CoV-2.”" % Studies suggest that the
viral RNA yield varies from patient to patient depend-
ing on the day of collection after symptom onset, site
of collection, technical errors associated with sample
collections and the methods applied for detection.” A
nasopharyngeal swab gives a better yield than an oro-
pharyngeal swab collection but the yield is always high-
est with the bronchoalveolar lavage collection.®® While
considering serological assays like IgM and IgG for diag-
nosing SARS-COV-2 infection, we must remember that
IgM is notoriously non-specific and both takes almost 2
week time to reach highest levels.®” ¢ Neither RT-PCR,

Fig. 2. Timing of applicability of various diagnostic tests for
SARS-CoV-2
Adapted from Biorender.com °©

nor computed tomography (CT) thorax should be used
solely for COVID-19 diagnosis purpose since both have
their own limitations and imaging facilities can be used
to aid diagnosis of early and missed, suspicious, symp-
tomatic cases when RT-PCR might come as false nega-
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tive but CT aids in diagnosis by generating the typical
findings seen in COVID-19 pneumonia like peripher-
al, subpleural ground-glass opacities, often in the lower
lobes.” The cycle threshold (Ct) value of RT-PCR can
help in detecting patients who are infectious and who
are not, since one study found that a Ct value of more
than or equal to 34 seems to be non-infective.® The
stages of appearance and waning of viral RNA material
and antibodies are depicted in figure 2.5

Treatment

There is currently no clinically approved, appropri-
ate vaccine available for the treatment of COVID-19.
Few drugs have been approved recently depending on
the disease severity like remdesivir, favipiravir, and,
dexamethasone.**¢>% The most effective management
technique remains supportive care, including oxygen
therapy, fluid control and use of wide spectrum antibi-
otics to mitigate secondary bacterial infections. Several
therapeutic interventions are still under evaluation, and
further research is anticipated. The details of available
treatment modalities which are mostly on basis of com-
passionate use in emergency condition and trial purpos-
es are illustrated in Table 4.

Potential vaccines

There is comprehensive work in the advancement of vac-
cine development for COVID 19 as it is believed to be the
only viable effective prevention technique like all other
viral epidemics to improve the community’s herd immu-
nity and thereby limit the spread. According to the WHO
draft (dated 20 March 2020), there were 2 vaccines in the
clinical evaluation phase (Phase 1-ChiCTR2000030906;
Phase 1-NCT04283461) with 42 more candidate vaccines
in the pipeline of pre-clinical research evaluation.” The
various constituents that can be used for vaccine devel-
opment are depicted in figure 3.

Fig. 3. Concept of potential SARS-CoV-2 vaccine
development
Reproduced from: Biorender.com ®©

Table 5. Vaccine candidates with sponsor names and trial
phase

Trial

Candidate Sponsor phase

The University of Oxford;  Phase

AZD1222 AstraZeneca; IQVIA 2/3

BBV152 Covid vac- t?ohna;f Ei?r:(i)tt:g(!grf)r-r;\iz- Phase
cine (Covaxin)* ! 2/3

tional Institute of Virology

Institute of Biological
Inactivated vac-  Products (Wuhan); Nation- Phase
cine al Pharmaceutical Group 3
(Sinopharm)

CoronaVac Sinovac Ph;ase
mRNA-1273 Moderna Ph?a:se
BNT162 Pfizer, BioNTech ng;e

Gamaleya Research Insti-
tute, Acellena Contract Phase

Gam-COVID-Vac Drug Research and Devel-  1/2,3

opment
Ad26COVS] Janssen Pharmfaceutlcal Phase
Companies 1/2,3
Full length recom-
binant SARS CoV-2
lycoprotein Phase
g p. Novavax 1/2,
nanoparticle vac-
. . 2b, 3
cine adjuvanted
with Matrix M.
. . . Phase
Ad5-nCoV CanSino Biologics 5

Adjuvant recom-

: ) Anhui Zhifei Longcom Phase
binant vaccine

Biopharmaceutical, IMCAS 2

candidate
Beijing Institute of Bio-
logical Products; China Phase
BBIBP-CorV National Pharmaceutical 1/2
Group (Sinopharm)
. Phase
GX-19 Genexine 12
ZyCoV-D Zydus Cadila Phase
172
Self-amplifying . Phase
RNA vaccine Imperial College London 1/2

IMCAS, Institute of Microbiology of the Chinese Academy
of Sciences

For now, a nasal vaccine for COVID 19 has been
developed by Bharat Biotech® which has presented to be
safe and effective in phase I and phase II of the clinical
trials and will be further rendered by introducing gene
sequences from SARS-CoV-2 into M2SR (influenza vi-
rus self-limiting version) so that the new developed vac-
cine can also trigger immunity against coronavirus.” In
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addition, on April 22020, the University of Pittsburgh
unveiled a possible SARS-CoV-2 vaccine that can be
administered through a fingertip patch which generates
SARS-CoV-2-specific antibodies in amounts consid-
ered adequate to neutralize the virus.”' A recent epide-
miological research has shed some light on the usage
of BCG vaccination to lower down COVID 19 related
wellness and risk of death.” Few of the vaccines which
are in phase 1/2 or phase 3 with their sponsor are list-
ed in Table 5 below which are being adopted from the
WHO vaccine landscape.®

Existing treatment protocol in adults with
COVID-19 as per severity

The treatment protocol varies marginally from one
country’s guideline to the other, but the essential com-
ponents of addressing the underlying pathology and
critically ill intervention remain unchanged. The sum-
mary of existing treatment protocol has been summa-
rized in figure 4.9

Fig. 4. Summary of treatment protocol as per disease
severity
Created with Biorender.com °©

New learning points from this review

COVID-19 related publications have reached a magni-
tude of 23000, 5898, and 5393 publications in PubMed,
Elsevier, and RG (research gate), respectively, over a few
months.” Review articles have highlighted the impor-
tance of hand-hygiene, travel restrictions, mask use,
and physical distancing continuously. Rapid diagnostic

assays, effective therapeutic strategies, and prevention
through the rapid development of vaccines are the most
important step in our battle against this virus.*®*” Trav-
els, both international and national, should be restrict-
ed only for medical emergency purposes with screening
at all levels and self-reporting of the passengers’ symp-
toms. Quarantining of suspected people and their close
contacts, increasing public awareness of the non-spe-
cific symptoms of the disease, and maintaining proper
personal hand hygiene and mitigating social gatherings
all have been suggested to play crucial roles in prevent-
ing this virus from spreading.®® This review attempts to
summarize the epidemiology, pathogenesis, clinical fea-
tures, mode of transmission, diagnostic tests with their
correct interpretation, available treatment modalities,
and on-going vaccine research for COVID-19.

Conclusion

COVID-19 is a pandemic similar to the HIN1 outbreak
in 2009 and appropriate action should be taken to cur-
tail the spread of the virus, especially when consider-
ing the high-risk population comprising of children,
elderly population and the healthcare professionals.
The outbreak began in mainland China, with a region-
al concentration at Wuhan City, Hubei, thereby spread-
ing its arm in rest of the world at an alarming rate with
an increased incidence when compared to the epicenter.
Clinical research suggest that patients routinely exhib-
it symptoms consistent with viral pneumonia with the
commencement of COVID-19, sore throat, cough, my-
algia, fatigue and fever being the common ones. Esti-
mated 80 percent of documented hospitalized patients
had mild to moderate form of the stated disease, which
happened to involve cases of non-pneumonia and pneu-
monia, and 13.8 percent of the population presented
with serious illness. In such a complex scenario, com-
pelling multifarious intervention against COVID-19
should be imposed to initiate the deceleration phase of
the disease. Promoting social isolation, avoiding crowds,
wearing mask and gloves along with washing hands
with soap and water needs to be advocated to limit the
exponential spread. Because asymptomatic patients
may spread the disease, studies about its transmission
needs to be explored. The current treatment initiatives
are geared towards symptomatic diagnosis and oxygen
therapy. However, prophylactic vaccination is the need
of the hour, which would help to avoid COV-related ep-
idemics or pandemics in the future.
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