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ABSTRACT 

The abrupt outbreak of 2019 novel coronavirus (2019-nCoV, Known as SARS-CoV-2) in Wuhan, 

China, which soon expanded into a global pandemic. The coronavirus has made its way into human 

society, harming not just the healthcare system but also the global economy. It is the one of the biggest 

disaster mankind has ever faced in recent times, bringing disruption to the human life worldwide. 

COVID-19 is caused by the severe acute respiratory syndrome coronavirus (SARS-CoV)-2, which 

shares many similarities with its closest homologs Middle East respiratory syndrome (MERS) and 

SARS-CoV. Nowadays SARS-CoV-2 genome-based specific vaccines and therapeutic antibodies are 

currently being tested. On the other hand, therapeutic agents previously designed for other virus 

infections which are existing and have already been tested for their safety is the only practical approach 

as a rapid response measure to the emergent pandemic. This evidence will provide a comprehensive 

understanding of the COVID-19, determine the origin, symptoms and modes of transmission of COVID 

and may help to guide subsequent measures for future development.  
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Coronavirus, epidemic, pathophysiology, clinical manifestation, mutation etc.  

INTRODUCTION  
Coronavirus (CoV) is clustered under the viral family group that causes disease in mammals and birds. 

A pandemic novel coronavirus was named as ‘‘Corona Virus Disease 2019’’ (2019-nCoV) by World 

Health Organization (WHO) in Geneva, Switzerland.
1,2

 Conversely, the society has first time observed 

epidemic of three previously unidentified coronaviruses namely severe acute respiratory syndrome 

coronavirus (SARS-CoV) in 2003, Middle East respiratory syndrome coronavirus (MERS-CoV) in 

2012, and SARS-CoV-2 in December 2019; all of them belonging to Coronaviridae family.
3
 SARS-

CoV and MERS-CoV have caused more than 10,000 cumulative infections with high mortality rates of 

almost 10% and 34% respectively whereas, the very recent pandemic of SARS-CoV-2 has had an 

unprecedented impact, resulted in critical public health emergency. This infectious disease was declared 

as Public Health Emergency of International Concern (PHEIC) by the World Health Organization on 30 

January 2020 and labeled it as novel coronavirus disease 2019 (COVID-19).
4 

The Coronavirinae comprise one of two subfamilies in the Coronaviridae family, with the other being 

the Torovirinae.
5 

SARS-CoV-2 has been given this name because it is 85% similar to the SARS-CoV virus genome.
6
 The 

coronavirus invades two types of cells in the lungs. They are the mucus producing goblet cells that keep 

the lungs from drying, as well as protecting them from pathogens, and the ciliated cells that are 

responsible for clearing debris from the lungs by beating the mucus to the body’s exterior. The cilia 

cells are the preferred viral host.
7
 The spike protein, based on the virion surface, are responsible for 

binding with the host cell receptors, called ACE2 that are found in human cells in the lungs, heart, 

kidneys and intestines. The S-protein has two receptor binding domains (RBD’s), called the S1 and S2. 

These domains are used to bind with the ACE2 receptors, allowing the virion to penetrate eventually 

into the human cells by a process known as endocytosis.
8 

Human to human transmissibility of SARS-CoV-2 is much higher than that of either MERS-CoV or 

SARS-CoV and occurs mainly via respiratory droplets and direct contact.
9
 The ability of COVID-19-

infected individual to carry and spread the virus while being in asymptomatic or in pre-symptomatic 

phase are some probable reasons for high infection rate, making its control extremely challenging.
10

 

There is an imperative and urgent need to further control the COVID-19 infection and develop 

therapeutic strategies to reduce the mortality rate and to make the recovery better. So, in the present 

work an attempt was made to compile the information regarding COVID-19 pandemic. 

 

EPIDEMIOLOGY  

The first reported confirmed COVID-19 case was presented as atypical pneumonia on December 8, 

2019 in Wuhan, China.
11 

The patient was among a cluster of 41 cases reported to WHO on January 11, 

2020.
12

 Thereafter, coronavirus has affected more than 200 countries and territories around the world.
13

 

As on 18
th

 Feb, 2021, total 10,95, 94,835 coronavirus confirmed cases and 24,24,060 deaths are 

reported globally. The total number of active cases with currently infected patients are 22,596,462 out of 

which almost 99.6% patients i.e. 22,502,801 are having mild symptoms and approximately 95,482 

(0.4%) patients are seriously ill or at critical condition.
14

 85,824,282 cases are recovered from 

coronavirus infection. The information about total number of reported cases, active cases, death and 

recovered cases is depicted in figure 1 from the countries/regions which are most affected due to 

COVID-19 pandemic. The reported death numbers were high in patient with age of 80 years and above 

having pre-existing health conditions such as cardiovascular diseases and diabetes. 
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Figure No. 1: Current global epidemiology of COVID-19 disease  

 

Relatively fewer cases were reported in younger children. The prevalence data shows that the risk of 

COVID-19 infection is almost 66% in population older than 70 years of age and 5% in those younger 

than 20 years. It estimated that 6% (3–12) of males to be at high risk compared with 3% (2–7) of 

females.
15,16 
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SPREAD OF THE INFECTION AND PRIMARY PREVENTION MEASURES 

People can catch COVID-19 from others who have the virus. People with the virus in their noses and 

throats may leave infected droplets on objects and surfaces (called fomites) when they sneeze, cough on, 

or touch surfaces, such as tables, doorknobs and handrails. Other people then catch infection by 

touching these objects or surfaces, then touching their eyes, nose or mouth. People can also catch 

COVID-19 if they breathe in droplets from a person with COVID-19 who coughs out or exhales 

droplets. This series of steps is the chain of infection. It is important to understand and follows the 

protection measures to break this chain and stop the spread of virus. There is limited evidence which 

suggest the spread of virus through air. Table 1 shows important measures to protect ourselves and 

others in this COVID-19 pandemic situation.  

 

Table 1: Protection measures to protect ourselves and others during COVID-19 pandemic 

S.N. Protection measures  

1. Stay home and self-isolate if you feel unwell, even with mild symptoms 

2. Clean hands frequently with soap & water for 40 seconds or with alcohol-based hand rub for 

20 seconds after going to the bathroom; before eating; and after coughing, sneezing, or 

blowing nose  

3. Cover your nose and mouth with a disposable tissue or flexed elbow when cough or sneeze 

4. Avoid touching your eyes, nose and mouth 

5. Maintain a minimum physical distance of at least 1 metre from others 

6. Stay away from crowds and stay away from poorly ventilated indoor spaces 

7. Use a fabric /N-95 mask where physical distancing of at least 1 metre is not possible 

8. Use a medical / surgical mask if you may be at higher risk (age, medical conditions) 

9. Regularly clean frequently-touched surfaces with 1% sodium hypochlorite or phenolic 

disinfectants. 

10. Wear Personal protective equipment (PPE) by health care workers and others working in 

points of entries (POEs), quarantine centers, hospital, laboratory and primary health care / 

community settings. 

PPE Kit specification: 

Gloves:  Nitrile, non-sterile, powder free, EU standard directive 93/42/EEC Class I, 

EN455, EU standard directive 89/686/EEC Category Ill, EN 374, ANSI/SEA 

105-2011, ASTM D6319-10 

Coverall: Impermeable to blood and body fluids, single use, meets ISO 16603 class 3 

exposure pressure, or equivalent 

Goggles: With transparent glasses, zero power, well fitting, covered from all sides, fog 

& scratch resistant, indirect venting to reduce the fogging, meets EU standard 

directive 86/686/EEC, EN 166/2002, ANSI/SEA Z87.1-2010 

N-95 

masks: 

Shape that will not collapse easily, high filtration efficiency, good 

breathability, with expiratory valve, fluid resistance, meets NIOSH N95, EN 

149FFP2, or equivalent standard 

Shoe cover: Made up of the same fabric as of coverall, should cover the entire shoe and 

reach above ankles 

Face shield: made of clear plastic, good visibility, preferably fog resistant, quality 
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compliant with the EU standard directive 86/686/EEC, EN 166/2002, 

ANSI/SEA Z87.1-2010 

There has been a great surge in demand for hand sanitization products leading to shortages in their 

supply. A recent study reveals that both commercial alcohols and the WHO-recommended alcohol-

based hand rubs (ABHR) [ABHR containing 60-90% v/v ethanol and/or 2-propanol, hydrogen peroxide 

(3%), glycerol (98%), distilled water and other excipients depending on the type of the formulation] can 

effectively inactivate SARS-CoV-2.
17

 However, a consequent increase of substandard products in the 

market has raised safety concerns. Hence regulatory bodies should revisit current regulations on hand 

sanitisers to better safeguard consumers. Similarly, WHO stress that medical masks and respirators be 

prioritized for health care workers. In case of non-medical masks, the numbers of layers of fabric/tissue, 

breathability of material used, water repellence/hydrophobic qualities, shape of mask, fit of mask should 

be taken into consideration.
18

 All PPE kit items to be supplied need to be accompanied with certificate 

of analysis from national/ international organizations/labs indicating conformity to standards and expiry 

upto 5 years.
19

 

 

CLINICAL FEATURE OF COVID-19 DISEASE 
Corona viruses have either DNA or RNA genetic materials. SARS-CoV-2 belongs to a large family of 

RNA viruses and has a single stand RNA structured genome with 32 kilobases length.
20

 The usual 

symptoms of COVID-19 include fever (83–98%), cough (59–82%), shortness of breath (19–55%), and 

muscle ache (11–44%), which are similar to those of SARS and MERS. Some patients may have sore 

throat, rhinorrhea, headache and confusion a few days before the onset of fever, indicating that fever is a 

critical symptom, but not the only initial manifestation of infection.
12 

The pattern of fever has not yet 

been fully understood. A small proportion of patients had hemoptysis
21

 and a number of cases were 

found relatively asymptomatic.
22

 However, the clinical course of COVID-19 pneumonia exhibits a 

broad spectrum of severity and progression patterns. In some patients, dyspnea develops within a 

median of 8 days after the onset of illness (range of 5–13 days), while in others, respiratory distress may 

be absent. Around 3–29% patients may need the admission to the intensive care unit. Severely ill 

patients may have poor disease course of rapid progression to multiple organ dysfunction and even 

death.
23   

Individuals of any age can acquire SARS-CoV-2 infection, although adults of middle age and older are 

most commonly affected, and older adults are more likely to have severe disease. The MIS-C is a new 

pediatric disease associated with SARS-CoV-2 that is dangerous and potentially lethal. The presentation 

of this includes the hyperinflammatory shock manifested with high fever, rash, conjunctivitis, peripheral 

edema, and gastrointestinal symptoms. Prompt recognition and medical attention will help for children 

survival but the long-term outcomes from this condition are unknown.
24

 Pregnancy and childbirth 

generally do not increase the risk for acquiring SARS-CoV-2 infection. However, maternal symptoms 

and epidemiologic exposure, results of maternal testing, clinical status of the neonate at birth, and 

results of neonatal testing should be considered to rule out the risk of infection.
25   

Figure 2 highlights 

the clinical manifestation of COVID-19 symptoms.
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Figure 2 Clinical manifestation of COVID-19 symptoms 

 

MICROBIOLOGY OF COVID-19 PATHOGEN 

A transmission electron microscope identified corona structure containing virus particles of about 60 to 

140 nm in size. The same research team identified that this 30 Kb virus was a single-stranded RNA 

virus belonging to the Betacoronavirus genus in Coronaviridae family.
6 

Their genomes are typically 

composed of a 50-methylguanosine cap at the beginning, a 30-poly-A tail at the end, and a total of 6-10 

genes in between.
26

 These viruses are encircled with an envelope containing viral nucleocapsid.
5
 SARS-

CoV-2 has four main structural proteins including spike (S) glycoprotein, small envelope (E) 

glycoprotein, membrane (M) glycoprotein, and nucleocapsid (N) protein.
27

 Besides the important 

structural proteins, the SARS-CoV-2 genome also contains 15 non-structural proteins (nsps), nsp1 to 

nsp10 and nsp12 to nsp16, and 8 accessory proteins (3a, 3b, p6, 7a, 7b, 8b, 9b, and ORF14).
28

 A single 

Coronavirus holds more than 10 separate ORFs enabling the virus to grow and spread at an 

uncontrollable rate.
29

 The spike or S glycoprotein is a most important therapeutic target. The spike 

proteins, based on the virion surface, are responsible for binding with the host cell receptors.  It forms 

homotrimers protruding in the viral surface and facilitates binding and entry of envelope viruses to host 
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cells.
8 

The M protein is the most abundant viral protein present in the virion particle, giving a definite 

shape to the viral envelope.
30

 The E protein plays a multifunctional role in the pathogenesis, assembly, 

and release of the virus.
31

 The N protein is involved in processes related to the viral genome, the viral 

replication cycle, and the cellular response of host cells to viral infections.
32

 The structure & genome 

characteristic of SARS-CoV-2 virus is highlighted in figure 3.  
 

 
 

Figure 3 The structure & characteristic of SARS-CoV-2 virus 

 

IMMUNOLOGICAL EXPRESSION   
The spike proteins (S glycoprotein) are spike-like protrusions present on the coronavirus’s 

transmembrane, which helps the virus enter host cells.
33

 The entry of virus inside the host cells 

stimulates the host’s immune response. The body’s immune response to viral infection by SARS-CoV-2 

is similar to that of SARS-CoV and it is mediated by innate, adaptive immunity including cellular & 

humoral immune response.  

Innate immunity by host cell 

The spike proteins of the SARS-CoV-2 behave like RBDs, specifically targeting the host cell receptor 

ACE2 of the human cells and forming the initial viral attachment step between the virus and the cell 

receptor. Studies conducted on the crystal structures of SARS-CoV-2 RBD, complexed with ACE2, 

revealed that the RBDs contain a core structure and a receptor-binding motif. It binds itself to the claw-

like structure of the ACE2 host cell receptor.
34, 35

 This ACE2 is highly expressed on the epithelial cells 
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in the alveolar spaces in the lungs, and on the ciliated and goblet cells in the airways.
36

 These cells 

provide the entry of virus in humans. Hence, epithelial cells, alveolar macrophages and dendritic cells 

(DCs) are three main frontline antigens presenting cells (APC) for immunity. This APC contains Toll-

like receptors (TLR-)3 and 7 and/or cytoplasmic RNA sensors, namely retinoic acid-inducible gene I 

(RIG-I), melanoma differentiation-associated protein 5 (MDA5), NOD-like receptors (NLRs) and other 

small free molecules located in various places in the cells. These pattern recognition receptors (PRRs) 

sense viral infection through identification of virus derived pattern associated molecular patterns 

(PAMPs), such as viral RNA, nucleic acids, carbohydrate moieties, glycoproteins, lipoproteins and 

other small molecules and results in cascade signaling and further immune activation.
37, 38

 

Adaptive immunity by host cell  
Antigen-specific T cells are able to eradicate cancer cells as well as viral infections; generating large 

amounts of T cells with viral antigen specificity in a timely manner may well help us withstand the 

invasion of SARS-CoV-2. Efficient methods to produce massive amounts of T cells include appropriate 

antigen-presenting cells that can activate effector T cells, and the differentiation and proliferation of 

corresponding effector, cytotoxic T cells.
39

 As far as concerns the adaptive immunity, understanding the 

key features and evolution of B-cell and T-cell mediated immunity to SARS-CoV-2 is essential. The 

APC present COVID antigen to the CD4+ T cell via MHC-II, this will lead to the release of IL-12. This 

will further activate the T helper effector cells Th1, Th2 & Th17. The Th1 activation and MHC 

expression is required for resistance of viral replication. It also produces pro-inflammatory cytokines 

like IL-4, IL-17, IL-22 & IFN-γ via the NF-κB signaling pathway. These cytokines further recruit 

neutrophils and monocytes to the site of infection and activate several other pro-inflammatory cytokines 

and chemokines including IL-1, IL-6, IL-8, IL-21, TNF-β.
38,40

 CD4+ T cells also activate T-dependent-

B cells to promote the production of virus-specific antibodies through humoral immune response. The 

antibodies production is also supported by plasmablast expansion. The antibodies produce in response to 

COVID-19 infection are serum IgM, IgG & to some extend IgA with unique presence pattern.
41

 The 

IgM & IgA antibodies usually last for 7-8 weeks whereas IgG remains for longer period. 
42

  

Cytokine and/chemokines storm and hyperinflammation  

Excessive inflammatory innate response and dysregulated adaptive host immune defense may cause 

harmful tissue damage both at the site of virus entry and at systemic level. Multiple changes in serum 

level of various cytokines, chemokines and its excessive release play pivotal role in pathogenesis of 

COVID-19 infection.
43

  

Survival mechanism by virus against host immune response 

The SARS-CoV-2 virus tried to evade immune system recognition through suppression of various 

mechanisms both at the time of its presentation to the cell and when it enters the host cell. The virus 

forms the double vesicles on outer side of cell during recognition process. The formation of this vesicle 

protects the dsRNA, an important product for virus replication.
41

 The virus nsp 14 initiates cap 

formation and nsp 16 modify the cap so that RNA viral looks similar to that of host cell RNA and avoid 

its destruction by host immune cells.
44

   

Similarly, nsp 3 having two encoded functional proteins macrodomains and PLpro help coronavirus 

evade attack from a host’s immune response by antagonizing the IFN response.
45

 The gene segment 

located on ORF3b of this virus has the ability to antagonize the INF signaling pathway and cause 

inhibition of the effector cell activation cascade for eradication and inhibition of viral replication.
46

 

Equally of concern, the protein encoded in ORF6 could inhibit JAK-STAT signaling pathway by 

binding to karyopherin-α2, and tethers karyopherin-β1 on internal membranes to lead to blocking 

nuclear translocation of the transcription factor STAT1.
47 

Taken together, novel coronavirus has number 

of avoidance ways against host immune response and survive better. 
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Herd immunity in context of COVID-19 

Herd immunity is the indirect protection of individuals from an infectious disease when a high 

proportion of a population is immune (usually through vaccination). Persons who haven’t been infected, 

or who haven’t had a good immune response, are protected because there are enough immune people 

around them to slow or stop person-to-person transmission. As vaccination of global population will be 

a long process hence, worldwide most people are remained susceptible to COVID-19 infection with 

chances of getting reinfection.  

 

POSSIBLE THERAPUTIC MANAGEMENT OF COVID-19 

Remdesivir (GS-5734) is by far the most promising drug that exhibits broad-spectrum antiviral activities 

against RNA viruses. It is a prodrug, whose structure resembles adenosine.
48

 In the case report of the 

first COVID-19 patient in the USA, remdesivir was used on the 7th day of hospitalization without any 

noticeable adverse effect, and the patient’s condition improved on the 8th day.
49

 Similar to remdesivir, 

favipiravir, developed by Toyama Chemical (division of Fujifilm, Japan), functions as an inhibitor of 

the RNA-dependent RNA polymerase by structurally resembling the endogenous guanine.
50

 Dong et al. 

addressed the possible effects of drugs such as Favipiravir, Chloroquine, Remdesivir, and Arbidol 

against SARS-CoV-2 and successful results were obtained.
51

 An in vivo study has proven Ivermectin’s 

capability to reduce viral RNA up to 5,000-fold after 48 h of infection with SARS-CoV-2.
52

 

Lopinavir/ritonavir combination was engaged in a clinical trial against COVID-19 in patients with mild 

and moderate COVID-19 (NCT04252885), however, it showed little benefit for improving the clinical 

outcome.
53

 In another trial performed on patients with severe COVID-19 (ChiCTR2000029308), no 

benefits of lopinavir/ritonavir beyond standard care were observed.
51

 Recently, in vitro testing revealed 

its ability to effectively reduce the viral copy number of SARS-CoV-2.
54

 Therefore, a number of clinical 

trials have been quickly conducted in China, which demonstrated that hydroxychloroquine was to 

various degree effective in treatment of COVID-19-associated pneumonia. Similarly, in a small open-

label non-randomized clinical trial from France, hydroxychloroquine demonstrated positive effect in 

combination with azithromycin.
55 

Yuli et al. highlighted the clinical research performed by Dr. Sulianti 

Saroso, Infectious Disease Hospital, utilizing biochemical assays. The biological samples were obtained 

from 13 patients with MERS-CoV infection. Viral RNA was insulated and transformed to C-DNA, and 

used as the guide to identify 12 viral panels based on traditional PCR and sequencing. Viral etiological 

agents found in patients were Human Metapneumovirus, Enterovirus D68, Rhinovirus C, HCoV 229E, 

Herpes Simplex Virus Type 1, H1N1, H3N2, Dengue Virus and Rhinovirus A60. The genomes of nine 

viral agents within various taxa were identified in the MERS-CoV patients, including human 

metapneumovirus, influenza virus, coronavirus, herpesvirus enterovirus, and paramyxovirus. This study 

highlights the need for a detailed examination to encounter other secondary viruses that cause more 

damage than COVID-19. By this method, the mortality rate of COVID19 can be controlled by treating 

the secondary catalyst viruses responsible for demises.
56 

Nanoparticle-based platforms represent an 

alternative strategy to incorporate antigens. Through encapsulation or covalent functionalization, 

nanoparticles can be conjugated with antigenic epitopes, mimic viruses and provoke antigen-specific 

lymphocyte proliferation as well as cytokine production. In addition, mucosal vaccination through 

intranasal or oral spray can not only stimulate immune reactions at the mucosal surface, but also 

provoke systemic responses.
57

 The development of vaccine represents a more long-term strategy to 

prevent COVID-19 outbreaks in the future. With the sequencing of SARS-CoV-2 genome, multiple 

nucleic acid-based vaccine candidates have been proposed, mostly based on the S protein-coding 

sequence. 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 14241-14255 
Received on 25 March 2021; Accepted on 08 May 2021. 

http://annalsofrscb.ro          14250 

 
 

 

MUTATIONS OF SARS-COV-2  
SARS-COV-2 virus can replicate multiple times, after expressing in human cells. The figure 4 

demonstrate, how the virus replicates and multiply after entering in human body. During expression and 

replication all viruses often show mutation which increase their chances of survival. The coronavirus 

has also been undergoing multiple mutations. Its rapidly spreading variants from UK and South Africa 

are of significance. These mutations are located in spike proteins with N501Y substitution.
58,59

 This S-

glycoprotein is a receptor binding site of virus for cell entry and key targets of virus neutralizing 

antibodies. It is highly glycosylated and increases the binding affinity of virus to ACE-2 receptor. These 

strains circling around the UK and South Africa are thought to be more transmissible than the original 

strain, thrust the United Kingdom into a lockdown. By posing a significant challenge toward the public 

health system and the existing antiviral strategies, SARS-CoV-2 has undoubtedly grabbed the globe’s 

attention in the beginning of 2020. 

 

 

 

Figure 4 The SARS-CoV-2 virus life cycle 
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CONCLUSION & FUTURE LANDSCAPE  
The COVID-19 pandemic is still ongoing, and a long time may pass before we can fully grasp the 

complete picture of the pathogen’s characteristics; including its vulnerabilities, which can be used to 

inform development of effective and efficient treatments Since the first attack of corona-virus in Wuhan, 

the disease is spreading worldwide and represents one of the greatest global public health emergencies. 

The common symptoms include shortness of breath, fever, sputum production, dry cough, sore throat, 

fatigue, nausea/vomiting, muscle or joint pain, nasal congestion, headache, chills, and diarrhea. The new 

mutations of virus specifically in glycoproteins, might be so caution and complete preparation by 

scientist and health authorities is required. Researchers have gathered information on COVID-19 

clinical spectrum, underlying immune signaling pathways, systemic effects, and long-term pathological 

signatures, up to certain extend which has given hope for faster identification of future virus 

expressions. These agents can be divided into two broad categories, those that can directly target the 

virus replication cycle, and those based on immunotherapy approaches either aimed to boost innate 

antiviral immune responses or alleviate damage induced by deregulated inflammatory responses. 

However, the treatment and containment of this pandemic over the next 5–10 years will largely depend 

upon clearing all uncertainties regarding the virus–host cell interaction and life cycle mechanism of the 

virus.  
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