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Abstract In December 2019, Wuhan city in the Hubei

province of China reported for the first time a cluster of

patients infected with a novel coronavirus, since then there

has been an outburst of this disease across the globe

affecting millions of human inhabitants. Severe acute res-

piratory syndrome coronavirus type-2 (SARS-CoV-2), is a

member of beta coronavirus family which upon exposure

caused a highly infectious disease called novel coronavirus

disease-2019 (COVID-19). COVID-19, a probably bat

originated disease was declared by World Health Organi-

zation (WHO) as a global pandemic in March 2020. Since

then, despite rigorous global containment and quarantine

efforts, the disease has affected nearly 56,261,952 labora-

tory confirmed human population and caused deaths of

over 1,349,506 lives worldwide. Virus passes in majority

through respiratory droplets and then enters lung epithelial

cells by binding to angiotensin converting enzyme 2

(ACE2) receptor and there it undergoes replication and

targeting host cells causing severe pathogenesis. Majority

of human population exposed to SARS-CoV-2 having fully

functional immune system undergo asymptomatic infec-

tion while 5–10% are symptomatic and only 1–2% are

critically affected and requires ventilation support. Older

people or people with co-morbidities are severely affected

by COVID-19. These categories of patients also display

cytokine storm due to dysfunctional immune response

which brutally destroys the affected organs and may lead to

death in some. Real time PCR is still considered as stan-

dard method of diagnosis along with other serology, radi-

ological and biochemical investigations. Till date, no

specific validated medication is available for the treatment

of COVID-19 patients. Thus, this review provides detailed

knowledge about the different landscapes of disease inci-

dence, etiopathogenesis, involvement of various organs,

diagnostic criteria’s and treatment guidelines followed for

management of COVID-19 infection since its inception. In

conclusion, extensive research to recognize novel pathways

and their cross talk to combat this virus in precarious set-

tings is our future positive hope.
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Introduction

An outbreak of highly infectious novel coronavirus dis-

ease-2019 (COVID-19) emerged in December 2019 in

Wuhan city in the Hubei province of China which rapidly

spread across worldwide and was later declared pandemic

by WHO on March 11, 2020 [1]. The disease was caused

by a novel coronavirus, severe acute respiratory syndrome

coronavirus type-2 (SARS-CoV-2) classified on the same

day by International Committee on Taxonomy of Viruses

[2]. Since then, disease is continuously spreading and as

per the WHO report till 20th November, it has nearly tar-

geted 56,261,952 infected cases and cost over 1,349,506

human lives [3]. In India, first case of COVID-19 was

reported on January 30, 2020, which originated from
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China. According to Indian Council of Medical Research

(ICMR) and Ministry of Health and Family Welfare

(MOHFW), total 9,004,365 confirmed cases were repor-

ted, whereas 132,162 deaths occurred till November 20,

2020 [4, 5].

Shanghai Public Health Clinical Center and School of

Public Health researchers on January 7, 2020 jointly

revealed the origin of this coronavirus from a seafoodmarket

in Wuhan city [6]. Number of cases started increasing since

then, even in people not having any exposure to animal

market, and hence human-to-human transmission was also

reported to occur [7]. Coronavirus (CoVs) encompass a large

virus family affecting mainly humans and different animal

species including cats, cattles, camels and also bats [8]. Not

so often, but animal coronaviruses have also infected human,

recently introduced SARS-CoV2 has joined the list of mid-

dle east respiratory syndrome coronavirus (MERS-CoV) and

severe acute respiratory syndrome coronavirus (SARS-

CoV). SARS-CoV2, a beta coronavirus, has probably orig-

inated from bats just like MERS-CoV and SARS-CoV [9].

Human coronaviruses in majority causes respiratory and

enteric infections and SARS-CoV-2 infection causes flu like

symptoms ranging from fever, cough, headache, asthenia

etc. Once the virus reaches to respiratory epithelial cells, it

enters by binding to angiotensin converting enzyme-2

through its spike proteins and is then endocytosed inside the

host cells. Once inside the cells, the virus starts replicating

and targets variety of host cells thereby causing severe

pathologies. However, SARS-CoV-2 infection affects peo-

ple of all ages, in some high-risk individuals, such as older

people or those having co-morbidities, the virus might cause

severe infections such as interstitial pneumonia, acute res-

piratory distress syndrome (ARDS), progressing to multi

organ failure and ultimately causing respiratory failure

leading to death [10]. Cytokine storm is one of the charac-

teristics of COVID-19 infection majorly occurring in per-

sons having dysfunctional immune responses leading to

secretion of pro-inflammatory cytokines such IL-16, IL-1b,
TNF-a, IL-2, IL-7, MCP1, G-CSF, IP-10, IL-10, MIP1a and

others. This review, focusses on current incidence,

etiopathogenesis, clinical characteristics with multiorgan

involvements associated infections, diagnostic criteria’s, its

management and present and future prospects of clinical

trials to prevent, manage and control COVID-19.

Structural Aspects of Coronavirus

Coronavirus (CoVs) are the largest group of viruses belongs

to the Nidovirales order that comprises three families i.e.

arteriviridae, roniviridae and coronaviridae [11]. On the

basis of genome structure, coronaviridae comprises of four

genera- alpha coronavirus, beta coronavirus, gamma coro-

navirus and delta coronavirus. Alpha coronavirus and beta

coronavirus transmission are limited to mammals and in

humans they cause respiratory illnesses such as SARS and

MERS, whereas gamma coronaviruses and delta coron-

aviruses infect birds as well as mammals [12, 13]. Coron-

aviruses are 60 to 140 nm in diameter and have 26–32

kilobases positive sense single stranded RNA genome

connected to a nucleoprotein surrounded by capsid [14]. A

typical CoV has atleast six open reading frames (ORF) and

all proteins including structural and accessory are encoded

by a single guide RNA [15]. Two major overlapping open

reading frames (ORFs) i.e. ORF1a and ORF1b comprise of

two-third of the whole genome and the third ORF codes for

four structural proteins i.e. spike (S), envelope (E), mem-

brane (M), and nucleocapsid (N). SARS-CoV-2 genome

encodes, a very large polyproteins pp1ab, four structural

proteins and six accessory proteins (3a, 6, 7a, 7b, 8, and 10)

which is equivalent to the structure of SARS-CoV and

MERS-CoV [16, 17]. (Figs. 1 and 2).

The Spike (S) proteins has been divided into functional

subunits i.e. N-terminal S1 subunit and a C-terminal S2

subunit. The size of each monomer of S protein is 180 kDa

and is involved in attachment and membrane fusion.

Depending on the virus, both N and C terminal domain are

involved in the membrane attachment and entry of viral

genome inside the host cells. Apart from this, an additional

furin like cleavage site is present at the junction of S1 and

S2 subunits of S protein in SARS-CoV-2, which is absent

in the genome of SARS-CoV. This additional subunit has

been speculated to be involved in higher infectivity of

SARS-CoV-2 than SARS-COV [18]. Further, using phy-

logenetic tree investigation that SARS-CoV-2 genome

shares 79% genetic similarity with SARS-CoV [19]

whereas it demonstrates 98% genetic similarities with bat

coronavirus RaTG13 [20] and is 85.98% identical to pan-

golin-CoV genome [21] thereby suggesting its zoonotic

origin.

Further, whole genome sequencing analyses have

revealed that mutations occurring in the spike protein are

Fig. 1 Schematic representation of severe acute respiratory syn-

drome coronavirus type-2 (SARS-CoV-2)

4 Ind J Clin Biochem (Jan-Mar 2021) 36(1):3–22

123



important in the evolution of SARS-CoV-2. Phylogenetic

and alignment study of 591 novel coronaviruses of differ-

ent clades from Group I to Group V identified several

mutations and related amino acid changes and majority

were distributed over spike protein [22]. In a major study

involving investigation of 3617 available whole genome

sequence of SARS-COV-2 maintained in NCBI globally

identified that E protein possess several non-synonymous

mutations [23]. Additionally, from five different isolates

identified in the state of West Bengal (Eastern state of

India), India, two major mutations one at position 723 and

other at 1124 were identified in the S2 domain of Spike

(S) protein. Another mutation at 614 position in S1 domain

of S protein was also identified which is similar to mutation

found in the isolates of state of Gujarat (Western state of

India). These mutations were crucial in modulating the

affinity of receptor binding [24]. Thus, these whole genome

study revealed that SARS-CoV-2 is continuously evolving

virus with crucial mutation identified in the receptor

binding regions.

SARS CoV-2 Transmission and Its Etiopathogenesis

Virus spreads mainly from person to person through res-

piratory droplets or bits of liquid, mostly through sneezing

or coughing [25–28]. According to National Institutes of

Health (NIH), SARS-CoV-2 virus is stable in aerosols and

on surfaces for several hours to days depending upon the

surface materials and also ambient environmental condi-

tions. Virus has been reported to be detectable up to three

hours in aerosols, up to four hours on copper, up to 24 h on

cardboard and up to two to three days on plastic and

stainless steel [29]. It has also been testified in stool and

may contaminate water supply possibly and subsequently

results in aerosol and/or feco-oral based route of trans-

mission [30]. Another study reported the presence of

SARS-CoV-2 virus in the tears and conjunctival secretions

[31].

Virus can pass through nasal and larynx mucous mem-

branes and enter into the lungs through respiratory tract.

First step of any viral infection is the binding of some viral

proteins with receptors expressed by host cells followed by

fusion with host cell membrane. ACE2 has been speculated

to be the ultimate target of spike protein of SARS-CoV-2.

Initial target of virus include lung epithelial cells, where

virus attach through its spikes to cellular angiotensin con-

verting enzymes 2 (ACE2) receptor [32].

ACE2 is a membrane bound metalloproteinase and was

discovered in 2000. It is a homolog of ACE, though its

activity cannot be stopped by angiotensin-converting

enzyme inhibitors (ACEIs) [33]. Further study reported

that SARS-CoV-2 has nearly 10–20 folds higher affinity

for ACE2 than SARS-CoV. ACE2 is also significantly

expressed in other tissues like heart, renal, and gastroin-

testinal tract [34, 35]. It is an important regulator of renin-

angiotensin system (RAS) and renin angiotensin aldos-

terone system (RAAS). RAS is an indispensable system of

human body which is regulated and counter-regulated by

two main pathways: classical RAS axis ACE-angiotensin

II- angiotensin I receptor pathway, and counter-regulatory

RAS axis ACE2- angiotensin 1–7- MasR-based pathway,

which plays a negative role in regulation [36, 37]. In

classical RAS pathway, angiotensinogen is cleaved into

angiotensin (Ang) by renin, which is then cleaved by ACE

into angiotensin II. This Ang II after binding to type 1

angiotensin II receptor (AT1R) mediate functions like

increases secretion of aldosterone and anti-diuretic hor-

mone, increases blood pressure by decreasing sensitivity to

baroreflex, increases vasoconstriction, decreases produc-

tion of nitric oxide (NO), increases fibrosis, reactive oxy-

gen species production and inflammation. Whereas ang II

can also be cleaved by ACE2 in counter-regulated pathway

into Ang-(1–9) and Ang-(1–7), Ang (1–9) which then -

binds to AT2R and triggers NO production thus mediating

vasodilation and reducing blood pressure. In addition to

that, it also reduces inflammation, fibrosis and cardiac

hypertrophy. Further, Ang-(1–7) binds to proto- oncogene

Mas receptor (MasR) and reduces the blood pressure and

reverses all its function performed during classical RAS

pathway.

Fig. 2 Schematic diagram of

genomic organization of SARS-

CoV, MERS-CoV, and SARS-

CoV-2
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SARS-CoV-2 attaches to the receptor of host cell

through S1 domains of its spike glycoprotein (S), and this

spike protein is proteolytically cleaved by transmembrane

serine protease 2 (TMPRSS2) into S1 and S2 subunits and

then S2 induces membrane fusion and virus internalization

by endocytosis [38]. S1 regulates virus-host range and

cellular tropism with the receptor binding domain (RBD),

where S2 helps in virus cell membrane fusion with the help

of two tandem domains, heptad repeats 1 and 2 (HR1 &

HR2) [39, 40]. After the fusion it releases viral genome

RNA into cytoplasm via endocytosis and replication and

transcription of virus occur in cytoplasm. Positive RNA

genome acts as a messenger RNA (mRNA). Once viral

genome enters into host cell, it translates into pp1a and

pp1ab, two large precursor polyproteins [41] and these

polyproteins by ORF 1a-encoded viral proteinases, 3C-like

proteinases (3CLpro) and papain-like proteinase (PLpro)

get processed into 16 mature nonstructural proteins (nsp1–

nsp16) [9, 42]. During viral RNA replication and tran-

scription these nonstructural proteins (nsps) perform vital

functions [43] (Fig. 3). This viral replication and cell to

cell transmission plays important role in the suppression of

ACE2 expression. This suppression of ACE2 leads to

decrease in Ang (1–7) synthesis and enhanced levels of

Ang II which drives the Ang II–AT1R dependent inflam-

matory pathways in the lungs and causes parenchymal

injury [44]. SARS-CoV-2 enhanced the apoptosis and p53

signaling pathways in lymphocytes thereby causing the

lymphopenic situation in COVID-19 patients [45]. Addi-

tionally, coagulopathy has also been observed in COVID-

19 infection, as elevated levels of plasmin(ogen) has been

observed in patients. This plasmin along with other pro-

teases might play an important role in the cleavage of furin

site in the S protein of SARS-CoV-2, thus increasing its

virulence and infectivity and is also associated with

hyperfibrinolysis [46]. Among the existing coronaviruses,

RNA recombination along with its potential proof-reading

capacity has been involved in the development and

occurrence of novel coronaviruses [47]. Organs presenting

higher ACE2 expression are presented as possible targets

Fig. 3 Replication cycle of SARS-CoV-2
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of SARS-CoV-2 virus infection such as lung being an

important and primary infection target organ. Further,

ACE2 expression and its organ wise distribution is sig-

nificantly associated with COVID-19 clinical symptoms

[25, 48]. (Fig. 4).

Symptoms And Etiological Factors Associated With

Pathogenesis

Nearly, 80% of the SARS-CoV-2 infected patients display

mild symptoms, whereas 15% cases come in severe cate-

gory and rest 5% fall under critical category requiring

ventilation support [49]. The course of infection of SARS-

CoV-2 spans from mild disease limiting itself to upper

respiratory, non-severe pneumonia, could be severe pneu-

monia involving ARDS, multiple organ failure and ulti-

mately death [50]. Common clinical symptoms include

fever, dry cough, headache, sore throat, breathlessness,

diarrhea, vomiting and abdominal pain [51, 52]. Olfactory

and taste desensitization have also been reported in

COVID-19 [53].

People who have some chronic medical comorbidities

such as cardiovascular disease, any lung problems or dia-

betes or who are older and have higher risk of severe

illness (charted out in Tables 1 and 2). Children who are

infected with SARS-CoV-2 generally display mild symp-

toms which might be due to altered ACE2 activity and

active innate immune response. Whereas adult patients

display suppressed adaptive immunity and dysfunctional

immune response. Further, it is also observed that women

are less vulnerable to viral infection compared to men

which may be due to incongruent immune system, steroid

hormone or sex chromosome associated factors. In the next

few paragraphs, we will observe that how infection with

SARS-CoV-2 affects different organs of the body and also

on the dysfunctional immune response.

Immune Response With Cytokine Storm in COVID-

19

Immune system of an individual is highly responsible to

depict asymptomatic or symptomatic clinico manifesta-

tions of COVID-19. Geriatric population with poor

immune function along with comorbidities is at increased

risk with more susceptibility to various viral and bacterial

infections due to less efficient, less coordinated and slower

immune response. Cytokine storm noted in critical cases of

COVID-19 is a response of an uncontrolled immune

Fig. 4 Schematic representation of SARS-CoV-2 binding to ACE2R decreases ACE2 levels that drives multiorgan pathogenesis through Ang II/

AT1R cross talk
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mechanism with an uncontrolled release of cytokines.

Multiple factors are involved in triggering cytokine storm

which includes virus, bacterial components, sepsis, super

antigens, toxins, chimeric antigen receptor T cells and

others [60]. It is a life threatening condition leading to

detrimental changes including capillaries leakage, edema,

tissue toxicity, organ failure and even shock. Increased

levels of IL-6 were significantly observed with clinical

manifestation in critical COVID-19 cases [61]. A trend has

been observed where, SARS-CoV-2 infection rapidly

activates CD4 ? T lymphocytes thereby forming patho-

genic T helper (Th1) cells and release various cytokines

including GM-CSF. This cytokine environment, induces an

inflammatory environment with production of CD14 ? ,

CD16 ? monocytes along with enhanced secretion of IL-

6. Finally, pathogenic T-cells along with monocytes enter

pulmonary circulation where monocytes induce to become

macrophages [62]. Acute respiratory distress syndrome

(ARDS) progression in SARS was generally manifested

along with increased circulatory levels of pro-inflamma-

tory cytokines including interleukin-1b (IL-1b), IL-6,

CXC-chemokine ligand 2 (CCL2) and CXCL10. COVID-

19 cases have been associated with increased plasma

levels of pro-inflammatory mediators, including IL1-b,
IL1RA, IL7, IL8, basic FGF2, IFNc, MCP1, MIP1a,
MIP1b, TNFa, and others. Studies have documented

levels of IL2, IL7, IL10, GCSF, IP10, MCP1, MIP1a, and
TNFa were associated with disease severity in COVID-19

[32, 63]. (Fig. 5).

Lung Injury in COVID-19

Coronavirus infection frequently occurs in patients with

pre-existing lung disease such as asthma and COPD

[64, 65]. Lung tissue has high renin-angiotensin system

(RAS) activity which is chief site of Ang II synthesis. Ang

II is an effective pulmonary vasoconstrictor [66]. Ang II

over activity also promotes pulmonary edema and impairs

lung function [67]. Acute respiratory distress syndrome

(ARDS) is the most severe form of acute lung injury.

ACE2 expression is very high in lung tissue and is asso-

ciated with protection of lung tissue injury induced by

sepsis [67]. Decreased expression of ACE2 is inversely

correlated with angiotensin II levels thereby enhanced its

production. Further, this angiotensin II stimulates its type

1a receptor, which then enhances lung vascular perme-

ability and leads to its pathological phenotype [14].

Single-cell RNA sequencing data of 43,134 human lung

cells reported that only 0.64% of total cells expressed

ACE2 and out of which 83% of total ACE2 expression was

present on type II apical surface of epithelial cells (AT2)

[41]. Other cellular types including type I epithelial cells,

airway epithelial cells, endothelial and others also expres-

ses ACE2 but at levels considerably lower than AT2 cells

[68]. Thus, these results indicated AT2 cells as primary

targets of SARS-CoV-2 in lungs. Hypoxia is one of the

clinical symptoms associated with various pulmonary dis-

eases. During initial phase of hypoxia, enhanced expression

of ACE2 was determine in pulmonary smooth muscle cells

whereas during later phase. Hypoxia-Inducible Factor-1a
(HIF-1a), induces ACE expression (one of the targets of

HIF-1a) with concomitant decreased in the expression of

ACE2 [69].

Kidney Injury in COVID-19

Kidneys are presented as another major targets of SARS-

CoV-2 viral infection as virus was detected in the urine

samples of few COVID-19 positive cases [25]. In these

patients, acute kidney injury is presented as a critical

Table 1 Biochemical and hematological findings of evidenced based studies of COVID-19

Author Biochemical investigation results Hematological reports References

Zhe Xu Increased values of D-dimer, Blood urea and Creatinine

Inflammatory factors Interleukin (IL-6, IL-10) and Tumor Necrosis Factor-alpha (TNF-

a)

High neutrophil count,

Decrease lymphocyte

counts

[54]

Yingxia

Liu

Hypoalbuminemia,

Elevated C-reactive protein (CRP) and Lactate dehydrogenase (LDH)

Lymphopenia and

Neutropenia with

Decreased CD8 count

[55]

Chaolin

Huang

Elevated serum AST

Increased IL1B, IL1RA, IL7, IL8, IL9, IL10, basic FGF, GCSF, GMCSF, IFNc, IP10,
MCP1, MIP1A, MIP1B, PDGF, TNFa, and VEGF

High hs-Troponin I

Leucopenia, lymphopenia

High prothrombin time and

D-dimer

[7]

Chen High AST, ALT, Creatinine, Creatine kinase, LDH, CRP, Ferritin

Decreased Albumin levels

Leucocytosis, Leucopenia,

lymphopenia

[56]

Robyn

Ralph

Elevated serum Creatinine, High Lactate Dehydrogenase (LDH) levels Lymphopenia, leukopenia,

thrombocytopenia

[28]
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Table 2 An evidenced based association of SARS-CoV-2 in COVID-19 with systemic organs

S.

no

Author Country Sample

size

Disease and symptoms Study outcomes References

1 Zhu 2019 China Patients with pneumonia Human airway epithelial cells were used

to isolate a novel coronavirus, because

they appear to be a valuable research

tool for analysis of human respiratory

pathogens. Study showed that initial

propagation of human respiratory

secretions onto human airway epithelial

cell cultures, followed by transmission

electron microscopy and whole genome

sequencing of culture supernatant, was

successfully used for visualization and

detection of new human coronavirus

[57]

2 Guan 2019 China Common symptoms were fever (43.8% on

admission and 88.7% during

hospitalization) and cough (67.8%).

Diarrhea was uncommon (3.8%).

Lymphocytopenia was present in 83.2%

Patients often presented without fever,

and many did not have abnormal

radiologic findings

[25]

3 Huang 2019 Wuhan,

China

41 Common symptoms fever (40 of 41

patients), cough (31), and myalgia or

fatigue (18); less common symptoms

were sputum production (11 of 39),

headache (three of 38), haemoptysis

(two of 39), and diarrhoea (one of 38)

Complications included acute respiratory

distress syndrome (12 [29%]),

RNAaemia (six [15%]), acute cardiac

injury (five [12%]) and secondary

infection (four [10%]). 13 (32%)

patients were admitted to an ICU and six

(15%) died. Compared with non-ICU

patients, ICU patients had higher plasma

levels of IL2, IL7, IL10, GSCF, IP10,

MCP1, MIP1A, and TNFa

[7]

4 Chen 2020 China 99 Patients had clinical manifestations of

fever (82 [83%] patients), cough (81

[82%] patients), shortness of breath (31

[31%] patients), muscle ache (11 [11%]

patients), confusion (nine [9%]

patients), headache (eight [8%]

patients), sore throat (five [5%]

patients), rhinorrhoea (four [4%]

patients), chest pain (two [2%] patients),

diarrhoea (two [2%] patients), and

nausea and vomiting (one [1%] patient)

Characteristics of patients who died were

in line with the MuLBSTA score, an

early warning model for predicting

mortality in viral pneumonia.74 (75%)

patients showed bilateral pneumonia, 14

(14%) patients showed multiple

mottling and ground-glass opacity, and

one (1%) patient had pneumothorax. 17

(17%) patients developed acute

respiratory distress syndrome and,

among them, 11 (11%) patients

worsened in a short period of time and

died of multiple organ failure

[56]

5 Dawei Wang

2020

Wuhan,

China

138 Common symptoms included fever (136

[98.6%]), fatigue (96 [69.6%]), and dry

cough (82 [59.4%]). Lymphopenia

(lymphocyte count, 0.8 9 109/L

[interquartile range {IQR}, 0.6–1.1])

occurred in 97 patients (70.3%),

prolonged prothrombin time (13.0 s

[IQR, 12.3–13.7]) in 80 patients (58%),

and elevated lactate dehydrogenase (261

U/L [IQR, 182–403]) in 55 patients

(39.9%).bilateral patchy shadows or

ground glass opacity in the lungs of all

patients

Most patients received antiviral therapy

(oseltamivir,124 [89.9%]), and many

received antibacterial therapy

(moxifloxacin,89 [64.4%]; ceftriaxone,

34 [24.6%]; azithromycin, 25 [18.1%])

and glucocorticoid therapy (62

[44.9%]). In 41% of patients, 26% of

patients received ICU care, and

mortality was 4.3%

[48]
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complication targeting renal intrinsic cells including

proximal tubular epithelial cell thus leading to kidney

dysfunction. Kidney expresses very high levels of ACE2,

which is very high especially in the renal cortex [70].

During acute kidney disease [71] and other models of

chronic kidney diseases, ACE2 expression levels are

severely compromised which then deregulated the home-

ostasis of RAS and causes debilitating pathological chan-

ges in the kidneys [72].

Table 2 continued

S.

no

Author Country Sample

size

Disease and symptoms Study outcomes References

6 Xi Jin

2020

China 651 analysd 74

confirmed

COVID-19

cases with GI

symptoms

74 (11.4%) presented with at least one

GI symptom (nausea, vomiting or

diarrhoea). COVID-19 with GI

symptoms, 29 (39.19%), 23

(31.08%), 8 (10.81%) and 16

(21.62%) had significantly higher

rates of fever[ 38.5 �C, fatigue,
shortness of breath and headache,

respectively

Sputum production and increased

lactate dehydrogenase/glucose levels

were risk factors for severe/critical

type. Bioinformatics showed

sequence mutation of SARS-CoV-2

with m6A methylation and changed

binding capacity with ACE2

[57]

7 Lin L

2020

China 95 58 cases exhibited GI symptoms of

which 11 (11.6%) occurred on

admission and 47 (49.5%) developed

during hospitalisation. Diarrhoea

(24.2%), anorexia (17.9%) and

nausea (17.9%) were the main

symptoms with five (5.3%), five

(5.3%) and three (3.2%) cases

occurred on the illness onset,

respectively

Patients with GI symptoms were

subjected to endoscopy, revealing

oesophageal bleeding with erosions

and ulcers in one severe patient.

SARS-CoV-2 RNA was detected in

oesophagus, stomach, duodenum and

rectum specimens for both two severe

patients. In contrast, only duodenum

was positive in one of the four non-

severe patients. GI tract may be a

potential transmission route and

target organ of SARS-CoV-2

[58]

8 Zhenyu

Fan

2020

Shanghai,

China

148 Patients had clinical manifestations of

fever (70.1%), cough (45.3%),

expectoration (26.7%) at admission.

75 patients (50.7%) showed abnormal

liver functions at

admission. Numbers of CD4 ? and

CD8 ? T cells were significantly

lower, and utilization rate of

lopinavir/ritonavir significantly

higher in abnormal liver function

group than those in normal liver

function group

SARS-CoV-2 may cause the liver

function damage and the Lopinavir/

ritonavir should be applied carefully

for the treatment of COVID-19

[59]

Fig. 5 Diagrammatic

representation of Systemic

Inflammatory Response

Syndrome (SIRS) mediated by

SARS-CoV-2
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Gastrointestinal Tract (GIT) in COVID-19

Some COVID-19 patients have depicted gastrointestinal

symptoms like diarrhea, vomiting and abdominal pain.

Previously reported studies suggested relation between

coronavirus and gastrointestinal tract tropism [60]. In

coronavirus infection, tropism of gastrointestinal may

explain an incidence of diarrhea. SARS-CoV RNA might

be detected in SARS patients stool specimens [73]. SARS-

CoV-2 detected in fecal samples was most likely due to

virus entering the blood from lungs and then traveling from

blood to intestines [74]. This infected fecal sample can

promote fomites-based transmission, especially because of

generation of infectious aerosol from toilet plume. Litera-

ture has reported very high expression of ACE2 receptor in

GIT, particularly in small and large intestines [75, 76].

Positive staining of viral nucleocapsid was detected in

cytoplasm of gastric, duodenal and rectal epithelium cells

[77]. These evidences provided indispensable information

about mode of entry of virus into host cells and further

unveiled the possible route of transmission. Some studies

reported viral RNA presence in the stool of COVID-19

patients [78–80]. In another study of 73 COVID-19

patients, 39 (53.4%) were positive for SARS-CoV-2 RNA

in stool, where duration of viral positivity ranged from 1 to

12 days. Even more, 17 (23.3%) patients that were nega-

tive for respiratory samples showed positive results with

viral RNA in stool [75].

Liver Injury in COVID-19

Patients with COVID-19 have been reported to have high

levels of serum Alanine Transaminase (ALT) and Aspartate

Transaminase (AST) [48, 77]. In a study, 56 COVID-19

patients, 54% patients have high levels of serum Gamma-

Glutamyl Transferase (GGT) [81]. Chai et al. stated that

ACE2 expressed in both liver cells and bile duct cells [82].

Nevertheless, expression of ACE2 in bile duct cells was

higher as compared to liver cells. Epithelial cells of bile duct

play important roles in liver regeneration and immune

response [83]. According to these results in COVID-19,

patient’s liver injury occurred may be due to damage of bile

duct cells, but not liver cells by virus infection.

Cardiovascular Diseases Associated with COVID-19

Respiratory failure is the main cause of death from

COVID-19 patients, mostly in older adults and those who

have weaker immune system [84, 85]. Most common car-

diovascular (CV) complication is acute myocardial injury.

SARS-CoV-2 enters human cells through ACE2 receptor.

In normal healthy and in various disease conditions, ACE2

helps in neurohormonal regulation of CV system. When

SARS-CoV-2 binds with ACE2R it alters the ACE2 sig-

nalling pathways that can lead to acute myocardial and

lung injuries [86]. Roughly, 8–12% cases of acute

myocardial injury reported significant elevation of cardiac

troponin I (cTnI) [86]. In a meta-analysis from China

[66, 87], incidences of acute cardiac injury were reported to

be 8%; however, in another study, they included only those

patients who were discharged from hospital or dead and

found 17% incidence of cTnI elevation [88]. Clinical

investigations suggested that patients with heart diseases,

hypertension or diabetes who were treated with ACE2

increasing drugs including inhibitors and blockers showed

increased expression of ACE2 and these were at higher risk

of getting SARS-CoV-2 infection [89] (Table 3).

Diabetes Mellitus Associated with COVID-19

ACE2 modifies neutral amino acid transporters expression

on epithelial cells surface and growth of pancreatic islet

cells along with insulin secretion by pancreatic b-cells [70].
A study involving a mice model of adenovirus mediated

human ACE2 expression showed enhanced production of

insulin along with decreased apoptosis of pancreatic islets

[96]. In addition to that, ACE2 also improves the overall

endothelial function of pancreatic islet microvascular unit

[97]. Some studies stated that diabetes mellitus (DM) was

associated with more severe disease, acute respiratory

distress syndrome and increased mortality [25, 98]. In a

study by Guan et al., patients with DM showed higher

disease severity (16.2%) in contrast, patients without DM

showed lesser disease severity (5.7%) [25]. Further, an

obvious conclusion was made, where patients having DM

higher in age was compared to non-Diabetes mellitus

patients. Thus, as age advances it emerged as crucial

prognostic factor in determining course of COVID-19

disease. Simultaneously, patients with DM showed lowered

ACE2 expression possibly due to glycosylation, which

explained increased comorbidity with severe lung injury

and ARDS in COVID-19 patients [99, 100]. COVID-19

patients with diabetes as coexisting disorders had a worse

clinical outcome.

Diagnosis of COVID-19 Infection

Currently, multiple approaches are efficiently being used

for the diagnosis of COVID-19 infection [101]. Two

broadly classified techniques include, Real time reverse

transcriptase polymerase chain reaction (rRT-PCR) based

detection and serology-based detection. RT-PCR technique

involves conversion of viral RNA genome into DNA,

which is further amplified using specific primers set against

defined targeted regions of viral genome. Major targeted

regions of SARS-CoV-2 genome include nucleocapsid
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Table 3 Studies highlighting the role of ACE2 receptor in the pathogenesis of COVID-19

S.

no

Author Study Objective Finding References

1 Peng

Zhou 2020

Identification and characterization of a new

coronavirus (2019-nCoV), which caused an

epidemic of acute respiratory syndrome in humans

in Wuhan, China

The sequences are almost identical and having

sequence identity 79.6% to SARS-CoV.

Furthermore, 2019-nCoV is 96% identical at the

whole-genome level to a bat coronavirus. Pairwise

protein sequence analysis of seven conserved non-

structural proteins domains show that this virus

belongs to the species of SARSr-CoV. In addition,

2019-nCoV virus isolated from the bronchoalveolar

lavage fluid of a critically ill patient could be

neutralized by sera from several patients. It

confirmed that 2019-nCoV uses the same cell entry

receptor—angiotensin converting enzyme II

(ACE2)—as SARS-CoV

[20]

2 Markus

Hoffmann

2020

2019-nCoV-S uses the SARS-coronavirus receptor,

ACE2, for entry and the cellular protease

TMPRSS2 for 2019-nCoV-S priming. A TMPRSS2

inhibitor blocked entry and might constitute a

treatment option

The serum forms a convalescent SARS patient

neutralized 2019-nCoV-S-driven entry. Our results

reveal important commonalities between

2019-nCoV and SARS-coronavirus infection,

which might translate into similar transmissibility

and disease pathogenesis. Moreover, they identify a

target for antiviral intervention

[90]

3 Tatsuo

Hashimoto

2012

Report that deficiency in murine angiotensin I

converting enzyme (peptidyl-dipeptidase A) 2

(Ace2), which encodes a key regulatory enzyme of

the renin-angiotensin system (RAS), results in

highly increased susceptibility to intestinal

inflammation induced by epithelial damage. The

RAS is known to be involved in acute lung failure,

cardiovascular functions and SARS infections

Results identify ACE2 as a key regulator of dietary

amino acid homeostasis, innate immunity, gut

microbial ecology, and transmissible susceptibility

to colitis. These results provide a molecular

explanation for how amino acid malnutrition can

cause intestinal inflammation and diarrhoea

[91]

4 Andrew M.

South 2020

Examines the evidence for ACE2 regulation by

RAAS blockade and statins, the cardiovascular

benefits of ACE2, and whether ACE2 blockade is a

viable approach to attenuate COVID-19

Role of ACE2 in the progression of SARs-CoV-2

infection and, importantly, whether blockade of the

peptidase is an appropriate step, at least acutely and

targeted to the pulmonary system rather than

systemically. Studies of the multi-faceted roles of the

RAAS in the setting of infectious disease iswarranted,

which should not occur in isolation from the other

well-known roles of the system in cardiovascular

homeostasis, particularly given the recent focus on the

RAAS and the balance of Ang II and Ang-in critical

care medicine such as in septic shock

[92]

5 Mahmoud

Gheblawi

2020

Recombinant ACE2, gene-delivery of Ace2, Ang 1–7

analogs, and Mas receptor agonists enhance ACE2

action and serve as potential therapies for disease

conditions associated with an activated RAS (renin-

angiotensin system). Recombinant human ACE2

hascompleted clinical trials and efficiently lowered

or increased plasma angiotensin II and angiotensin

1–7 levels, respectively

Highlighting the critical role of ACE2 as the novel

SARS-CoV-2 receptor and as the negative regulator

of the RAS, together with implications for the

COVID-19 pandemic and associated cardiovascular

diseases

[93]

6 Yi-Ming

Yuan 2015

To explore the role of the Renin–angiotensin–

aldosterone system (RAAS) in the pathogenesis of

pulmonary arterial hypertension (PAH) induced by

chronic exposure to cigarette smoke

Chronic cigarette exposure may result in PAH and

affect the protein expression of ACE2 and ACE in

lung tissue, suggesting that ACE2 and ACE play an

important role in the pathogenesis of smoking-

induced PAH

[94]

7 Yingxia Liu

2020

The viral load of 2019-nCoV detected from patient

respiratory tracts was positively linked to lung

disease severity. Blood biochemistry indexes,

albumin (ALB), CRP, LDH, LYM (%), LYM, and

NEU (%), may be predictors of disease severity

Angiotensin II level in the plasma sample from

2019-nCoV infected patients was markedly

elevated and linearly associated to viral load and

lung injury. Results suggest a number of potential

diagnosis biomarkers and angiotensin receptor

blocker (ARB) drugs for potential repurposing

treatment of 2019-nCoV infection

[55]
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(N) gene, envelope (E) gene and ORF1ab gene regions

[102]. RT-PCR based method displays high sensitivity

(85–90%) and high specificity for the COVID-19 diag-

nosis as it is dedicated to the direct amplification of viral

genetic material and the turnaround time (TAT) is about

2.5–3.5 h. This technique is quantitative in nature. Sam-

ple types for RT-PCR include nasopharyngeal swabs and

oropharyngeal swabs. The RT-PCR results generally

become positive after 2–8 days of infection and it is able

to process large batches of samples. However, there are

some limitations of this technique apart from skilled

manpower, mutation in the viral genome might give false

negative results, and further possible limitation includes

improper collection, transportation and handling con-

tributing to false negative results [103]. Rapid PCR by

cartridge system (CBNAAT) are also available which are

equally efficient and has significantly short response time

[104]. Additionally, loop mediated isothermal amplifica-

tion (LAMP) is another version of CBNAAT, which is

highly specific isothermal amplification technique. In this

method, transcription of RNA to DNA is then followed

by amplification done using 4–6 primers set against

multiple targeted regions [105]. This method has got

several advantages over RT-PCR in being specific, user

friendly in detection, speed (turnaround time is 20 min)

and less background. Recently, Sree Chitra Thirunal

Medical Institute and Technology in collaboration with

Agappe Diagnostics Ltd. developed Chitra Gene LAMP-

N that detects two different regions of N gene. In addi-

tion to above, CDC has approved a one-step rRT-PCR

test kit to quantitatively determine viral molecules in[
90 samples within 45 min [106]. Additionally, Specific

High Sensitivity Enzymatic Reporter Unlocking (SHER-

LOCK) employs the CRISPR-Cas system for the detec-

tion of viral RNA genome with greater specificity [107].

Similar, technique was employed by Indian scientists

who have developed FELUDA, a test kit for SARS-CoV-

2 genome detection also employs CRISPR-Cas9 system

[108].

Another, crucial diagnostic method is serology-based

detection of SARS-CoV-2 infection among COVID-19

patients. This method employs detection of antigens/anti-

bodies in the human blood. COVID-19 infection leads to

the generation of IgM antibodies and then IgG antibodies

inside the host body. Initially after infection, the titer of

IgM increases within a week time. Later on, titer of IgG

increases from day 4 post infection and reaches to its peak

by day 14. Further, the levels of IgM degrade very rapidly

whereas IgG antibodies titer persist in the body for longer

duration thus helps in determination of active infection.

Apart from antibodies detection, antigen detection (S and N

protein) is also being explored for early detection of viral

infection. Three major strategies are being employed for

detection of Ags/Abs including lateral flow immunoassay,

ELISA, and chemilumescence.

Further apart from above two standardized techniques

for detection of COVID-19 infection, other parameters

such as high sensitivity CRP levels, lactate dehydrogenase,

alanine transaminase, erythrocyte sedimentation rate have

been observed [109]. Further, decreased lymphocyte count

i.e. depletion of CD4 ? and CD8 ? cells and decreased

IFN-c expression in CD4 ? T cells are linked with severe

COVID-19, illustrating the cytokine storm. Another crucial

observation is the presence of intravascular coagulation

associated with increased D-dimer and fibrinogen levels in

some COVID-19 infection. Lastly, chest X-ray (CXR) and

computed tomography (CT) scan are considered as an

essential tool in the detection of COVID-19 pneumonia

during this pandemic.

Treatment Strategies for COVID-19 Infection

ACE2 for Therapeutics

Despite significant efforts made towards development of

vaccines and therapeutic drugs, no significant advances

have been observed till today. Currently available drugs are

generally categorized according to their targets, one acts on

Table 3 continued

S.

no

Author Study Objective Finding References

8 Xiaoqiang

Chai

2020

Performed an unbiased evaluation of cell type specific

expression of ACE2 in healthy liver tissues using

single cell RNA-seq data of two independent

cohorts, and identified specific expression in

cholangiocytes

Finding suggested the liver abnormalities of SARS and

2019-nCoV patients may not be due to hepatocyte

damage, but cholangiocyte dysfunction and other

causes such as drug induced and systemic

inflammatory response induced liver injury

[82]

9 Mei Lin Calcitriol regulates angiotensin-converting enzyme

and angiotensin converting-enzyme 2 in diabetic

kidney disease

Finding suggested that Calcitriol may be regulate the

expression of tubular ACE and ACE2 expression

[95]
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mode of entry of virus and other acts on inhibition of

enzymes responsible for viral genome replication. Com-

bination of lisinopril and losartan treatment in normoten-

sive Lewis rats abolished increase in ACE2 mRNA levels

observed individually but retained losartan induced rise in

ACE2 activity in heart [110]. Ang II can regulate ACE2

expression through AT1R. Healthy hearts and kidneys

displayed high levels of ACE2 mRNA and protein

expression, with moderate expression of ACE [82]. RAS

over activation in CVD increases AT1R stimulation by

Ang II, promoting ERK1/2 and p38 MAPK signalling

pathways to downregulate ACE2 while upregulating ACE

expression [111]. Promoting ACE2/Ang 1–7/Mas sig-

nalling by rhACE2 or Ang 1–7 receptors agonist AVE

0991 can have valuable therapeutic effects in CVD and

lung disease from diverse aetiologies [112]. Ang 1–7

receptors agonist AVE 0991 has been shown to exert car-

diorenal and pulmonary protective effects, [113] and

treatment with rhACE2 improved symptoms of acute lung

injury, CVD, and kidney injury in various preclinical

models [67, 70, 114]. Maintaining ACE2 levels in patients

with or predisposed to common CVD states such as dia-

betes, hypertension, and obesity wards off the advancement

of these comorbidities in instances where, patient contracts

SARS-CoV-2 by maintaining levels of ACE2/Ang1–7/

MasR negative counter-regulation.

Vitamin D Response in COVID-19

Vitamin D (calcitriol or vitamin D3) plays an important role

in regulation of serum calcium concentration. Although less

highlighted, several reviews have addressed role of vitamin

D in prevention of viral infections [115, 116]. Multiple

mechanisms are employed by vitamin D in reducing risk of

microbial infection and diseases. In our previous papers, we

have shown that various polymorphic variants of vitamin D

receptor gene modulate the metabolism of blood lead levels

along with circulatory levels of vitamin D [117, 118]. Such

as in reducing risk of common cold, vitamin D employs

three different categories of mechanisms: physical barrier,

cellular natural immunity, and adaptive immunity

[119, 120]. Some studies reported that administration of an

oral dose of 50,000 IU of vitamin D reduces risks of

influenza. Vitamin D adequacy also reduces severity of

pneumonia, which is associated with coronavirus infection.

Taking higher doses of vitamin D supplement or sun

exposure is reported to boost immunity and reduce risk.

Vitamin D helps in maintenance of various cellular junc-

tions including tight junction, gap junction and adherence

junction which are otherwise evaded by several viruses to

get inside cells and thereby causing infections [121]. In

response to the bacterial and viral infections, innate immune

system produces both pro and anti-inflammatory cytokines.

Vitamin D improves cellular immunity by minimizing these

abrupt increases in cytokines produced mainly by innate

immunity [7]. Vitamin D supplementation also stimulates

antioxidant genes expression including glutathione reduc-

tase and glutamate–cysteine ligase modifier subunit [122].

This increased secretion of glutathione further spares

ascorbic acid (vitamin C) which got significant antimicro-

bial properties [123] and is suggested to be used in pre-

vention and treatment of COVID-19 [124]. SARS-CoV-2

attached to host cells through ACE2R and vitamin D might

reduce ACE2R. Recent studies have established that RAS is

a major target of vitamin D. Inverse relationship between

circulating 25(OH)D levels (a physiological quantifiable

form) and plasma renin activity in hypertensive subjects

was reported more than two decades ago; however, signif-

icance of the same was recognized only after discovery that

1,25(OH)2 D3 is a negative endocrine regulator of renin

production [125].

Other drugs and their targets

Further, a broad range of antiviral drugs have also been

used in various clinical trials against COVID-19 [126].

RNA dependant RNA polymerase, a crucial protease

required during viral RNA replication is also an important

therapeutic target. Remdesivir, a broad-spectrum antiviral

drug initially used for Ebola virus treatment is an analogue

adenosine. It effectively blocks viral infection and repli-

cation in vitro and in animals and has shown some

promising effect against SARS-CoV-2 [127]. Favipiravir,

purine nucleic acid analogue initially used for the treatment

of influenza is an effective RNA dependant RNA poly-

merase inhibitor [128]. In addition to above, combination

of lopinavir and ritonavir has also been tested for the

treatment of COVID-19 infected patients with little clinical

significance [129].

Another potential drug is chloroquine, an anti-malarial

and anti-parasitic drug, is a promising anti-viral known for

neutralising the acidic endosomal pH and thereby blocking

the endosomal mediated viral entry [130]. Chloroquine

demonstrates potent anti-viral effect by inhibiting SARS-

CoV-2 in-vitro with a 90% effective concentration of

6.9 lM. Hydroxychloroquine, an analogue of chloroquine

is a less toxic and more potent drug. Chloroquine exhibits

potent anti-inflammatory and immuno modulatory effects

which might play an important role in reduction of COVID-

19 infection probably by hindering cytokine storm [131].

Combination of chloroquine with azithromycin has pro-

vided some clinical benefits in COVID-19 infection [132].

Convalescent plasma therapy has long been given to

patients infected with deadly viruses like SARS-CoV,

H1N1, Spanish flu, Ebola and the MERS. The techniques

involved identification of patients who have already
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infected with COVID-19 and have completely recovered

14 days prior to be successful donors. Further, they must

have sufficient titer of neutralizing antibodies [133]. Var-

ious clinical trials have highlighted that the therapy sig-

nificantly improved the patient’s clinical outcomes and

were able to successfully clear the infection and infected

cells by activating complement system and phagocytosis

[134, 135].

Cytokine storm is one of the characteristic phenomena

of SARS-CoV-2 infected patients. Initial evidences

revealed that targeting anti-inflammatory molecules such

as IL-6, IL-1R and TNF-a might be important in reducing

the inflammation and ultimately inflammatory response.

Currently, clinical trials have shown that tocilizumab (anit-

IL-6), a humanized antibody significantly improves the

clinical outcome of COVID-19 cases [4]. Similarly, Ana-

kinra (anti-IL-1R) is also important in decreasing the

inflammation [136].

Corticosteroids are well known anti-inflammatory

molecules are effective for the treatment of a variety of

inflammatory diseases [137]. They behaved like a double

edged sword as on one hand they reduce inflammation

while on the other hand they inhibit immune response

thereby delaying the infection clearance [137]. In COVID-

19, various clinical trials have outlined the role of corti-

costeroids such as one retrospective observational study

revealed that 72% of ICU patients with COVID-19 are

receiving glucocorticoids treatment [48]. Further, another

study revealed that treatment of COVID-19 patients having

ARDS, with steroids significantly decreased the mortality

rate compared to those that did not receive steroids (46% vs

68%) [100].

Mesenchymal stem cells (MSCs) are known to play

important roles in immune modulation either by secreting

cytokines or directly interacting with target cells. MSCs are

available at multiple sources including blood, bone, adi-

pose tissue, placenta, umbilical cord etc. [138]. A clinical

trial in COVID-19 patients (n=17) revealed that the treat-

ment cleared inflammatory cytokines secreting T cells

population whereas dendritic cell percentage and IL-10

levels were increased. Further, absence of ACE2 and

TMPRSS2 in the MSCs further highlights their importance

in the COVID-19 treatment [139].

Recently, studies are focussing on curbing the comple-

ment system pathway, a component of innate immune

system, in reducing hyperinflammatory and

Table 4 Ongoing clinical trials of therapeutic drugs for SARS-CoV-2

Drugs Role References

Antiviral Medications (Blockage of the virus entry)

Chloroquine & Hydroxychloroquine Block virus infection by increasing endosomal pH

Reduce the viral copy number of SARS-CoV-2

Combination of hydroxychloroquine and azithromycin demonstrated positive

effect

[144]

[132]

Viral RNA synthesis inhibitors

Remdesivir Antiviral activities against the single stranded RNA viruses

Inhibit the infection and pathology of MERS-CoV and SARS-CoV-II

[145]

[146]

Favipiravir Functions as an inhibitor of the RNA-dependent RNA polymerase by structurally

resembling the endogenous guanine

[147]

Lopinavir—ritonavir combination Inhibiting HIV-1 protease for protein cleavage, resulting in non-infectious,

immature viral particles

[148]

[149]

[150]

Ivermectin Anti-parasitic agent

Reduce viral RNA up to 5000-fold after 48 h of infection with SARS-CoV-2

[151]

[152]

[153]

Darunavir Anti-retroviral protease inhibitor uses in combination drugs such as ritonavir or

cobicistat

[154]

[155]

Blocking Virus–Cell Membrane Fusion

Recombinant Human Angiotensin-converting

Enzyme 2 (rhACE2)

Blocking the S protein of SARS-CoV2 from interacting with the cellular ACE2

rhACE2 could inhibit SARS-CoV-2 replication in cellular and embryonic stem

decreased serum level of angiotensin II

[156]

Arbidol Hydrochloride (Umifenovir) Entry inhibitor against influenza viruses and arboviruses [157]

[158]
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hypercoagulation stage in severe COVID-19 patients [140].

Furthermore, Ibrahim et al. (2020) reported that intra-

venous injection of N-acetyl cysteine in small cases of

COVID-19, demonstrated significantly decreased inflam-

mation and clinical improvement along with markedly

reduced CRP levels in all patients and ferritin in 9/10

patients [141]. Lastly, other options such as Imatinib a

tyrosine kinase inhibitor and colchicine, an anti-inflam-

matory drug have also been explored in few COVID-19

cases [142, 143].

Present and Future Prospects of Ongoing Clinical
trial

Currently, various clinical trials are ongoing to test speci-

ficity and efficacy of vaccines and antibodies precisely

targeting SARS-CoV-2. Multiple pharmaceutical drugs

that have kept therapeutic promises in the treatment of

COVID-19 includes human immunoglobulin, chloroquine,

hydroxychloroquine, remdesivir, favipiravir, ritonavir,

lopinavir, arbidol etc. The role of these therapeutic drugs

shown in Table 4.

Conclusion

Current review addressed relevant information of SARS-

CoV-2, incidence, etiopathogenesis, clinical characteristics

with multiorgan involvements in associated comorbid dis-

eases, present and future prospects of clinical trials to

prevent, manage and control COVID-19 pandemic infec-

tion. Information depicted in present review may serve to

fill existing lacunae in knowledge on pathogenesis of

COVID-19. Moreover, aspects of SARS-COV-2 etio-

clinio-pathogenesis and replication depicted inside infected

cells might help in development of present and future

prospects of ongoing clinical trials. New updates poured

reticent on deadly virus from all over world are considered

in present review to enhance knowledge and clear out

concepts for present future prospects of clinico-trials to

ascertain success in the possible drugs development for

COVID-19 treatment. Extensive research to recognize

novel pathways and their cross talk to combat this virus in

precarious settings is our future positive hope.
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