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ABSTRACT 

The severe acute respiratory syndrome coronavirus disease (COVID-19) pandemic brings a 

global emergency affecting all civilizations.After the initial spread from Wuhan City atypical 

form of pneumonia to other areas of the world led the world health organization to look after it as 

a pandemic situation.The clinical coronavirus now spread all over the globe and brutally affected 

almost all countries including community transmission.The current capital of coronavirus cases 

in the US, trailed by India and Brazil, respectively. The most common symptoms were mild to 

moderate respiratory discomfort. Lung was the main targeting organ for COVID-19 infection 

resulting in severe pneumonia. Furthermore, severe acute respiratory distress syndrome (ARDS), 

acute cardiac injury, along with pathological features such as RNAaemia with shared ground-

glass opacities that may be a cause for death in patients. The surface glycoproteins may be 

responsible for this garnishing of the virus belonging to the Coronaviridae family.Vaccines work 

to enhance the immune system of the body by training and making it ready to fight a specific 

pathogenic agent. At present there over 50 COVID-19 vaccine candidates are in trials, some of 

which are now ready to deliver via emergency use authorization (EUA). The vast majority of 

viral vaccines currently licensed for humans can be categorized as inactivated or live-attenuated 

viruses and protein-based subunit vaccines. Hence, we hereby review the significance of certain 

genotypic vaccines that are currently subjected for development such as non-replicating viral 

vectors, mRNA vaccine, self-amplifying mRNA vaccine, DNA vaccine, whole-virus inactivated 

vaccine, and a subunit vaccine.  The current review also explores the mode of pathogenesis and 

invasion of COVID-19 virus to host cell that would be well-comprised data for future studies in 

the concerned area of interest.  

  Keywords: COVID-19; ARDS; DNA vaccine; mRNA vaccine; severe acute respiratory syndrome 

coronavirus 2 
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1. INTRODUCTION 

 Coronaviruses are known to cause illnesses with the common cold to more severe 

diseases in different animals. Patients suffering from pneumonia with unknown etiology were 

drastically increasing during December 2019, in Wuhan, China (1). Latter these patients were 

diagnosed with a series of acute atypical respiratory diseases. The rapid spread of this atypical 

form of pneumonia to other areas of the world led the scientist and world health organization to 

look after it as a pandemic situation. Soon it was detected as a novel betacoronavirus was 

responsible (2). The genomic study revealed to name it as “severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2, 2019-nCoV)”. SARS-CoV-2, because of its high transmission 

rates than other coronaviruses, is reflected as an alarm for a serious threat to the public health 

sector (3, 4). It was detected to be originated via zoonotic transmission from bats, however,the 

latter investigation brings the role of an unknown intermediate host for amplification to cause 

human infection (5). This viral disease presently termed COVID-19 (coronavirus disease 2019) 

was declared as a pandemic by the World Health Organization (WHO), On March 11, 2020.  

 The clinical coronavirus now spread all over the globe and brutally affected countries like 

the United States, Germany, France, Spain, Japan, Singapore, South Korea, Iran, and Italy 

including community transmission. Initially,the apparent infection was observed in patients 

admitted to the hospital via nosocomial contagion. Pandemic outbreak with a higher mortality 

rate in patients with the comorbid condition. Most mortality in comorbid cases was related to 

diabetes, hypertension, and cardiovascular disease. Patients detected with COVID-2019 were 

suffering from mild upper respiratory tract infections. Clinical observation reflects these patients 

were asymptomatic with mild to moderate respiratory discomforts, fever, cough, and flu (6-8). 

Samples collected from respiratory tract samples of patients suffering from COVID-19 were 
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diagnosed via molecular techniques likereal-time reverse transcription polymerase chain reaction 

(RT-PCR).  

 This pandemic brings a global emergency affecting all civilizations. As a proper 

treatment was not available and no medicine was clinically tested and approved, to control the 

current outbreak worldwide lockdown was called to save billions of human lives across the 

globe. Thus, the world is in desperate need of effective medicine and operational vaccines 

against COVID-19. Aiming to clarify in this review, we explore an overview of COVID-19 and 

standardized vaccines development. 

2. TRANSMISSION 

 After initial spreading from Wuhan City through a local seafood market (“wet market”) 

in China, the virus has taken the disastrous transmission all over the globe. A cause of 

transmission was person-to-person close contact. The source of transmission is heavy droplets 

inoculation in normal humans via sneezing and coughing by an infected patient. Soon it was 

identified that humans without any history of wildlife contact were also suffering from the 

coronavirus infection. With unknown etiology, numerous populations are now susceptible to 

COVID-19 infection. Clinical experiences with the virus laid down the conclusion that people 

who are immunocompromised and mostly with hepatic and renal dysfunction were considered to 

be highly susceptible (9). Furthermore, elderly people are at high risk of getting infected with 

coronavirus probably due to a pathetic immune system that allows quicker growth of viral 

infection (10, 11). 

3. COVID 19 CASES GLOBALLY 

Globally, by this time, January 17, 2021, there have been 94,963,847 confirmed cases of 

COVID-19, including 2,050,857 deaths, reported to WHO(12). Ever since the diagnosis of the 
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first confirmed case of SARS-CoV-2, more than 216 countries have been affected with an 

average mortality rate of almost 3.0%(13).However, the number of deaths reported officially is 

ambiguous to be factual or not. For a more accurate prediction of death upsurge, this year with 

COVID-19 could be obtained with a comparative analysis of deaths in recent few years. Over the 

past few months, coronavirus cases rise in several areas of the globe and huge cases are being 

reported daily for COVID-19.   

4. SYMPTOMS 

The most common symptoms were mild to moderate respiratory discomfort. Elderly 

people infected with the COVID-19 virus will with underlying comorbidities such as chronic 

respiratory disease, cardiovascular disease, cancer, and diabetes are serious threats(14, 15).The 

virus spreads primarily via nasal discharge while coughing and sneezing or droplets of saliva 

from an infected person. 

Laboratory diagnosis of patients infected with COVID-19 displays onset of symptoms 

from upper respiratory tract samples. The average incubation period of COVID-19 was between 

3 and 14 days(12). The virus may persist for 7 to12 days in moderate cases and the severely 

affected patient's time period may be as long as two weeks (2).The onset of symptoms could be 

shorter in elderly patients (9). 

COVID- 19 patients may become suspect after initial symptoms of dry cough with fever 

and dyspnea. Depending upon the immunity status of patients it could be categorized as 

symptomatic, infective, asymptomatic, and carrier.Mild COVID-19 cases with malaise, 

rhinorrhea, sore throat, diarrhea, vomiting, nausea, hemoptysis with or without abdominal pain, 

and conjunctivitis also been reported however with no evidence of pneumonia and with stable 

psychological functions(16). Patients categorized under moderate COVID-19 infection indicate 
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respiratory symptoms including dry cough and shortness of breath with fever. While patients 

with severe illness displayed the sign of dyspnea, as identified by chest radiograph showing 

infiltrate in the upper lobe of the lung with hypoxemia (17). Furthermore, these patients also 

reported suffering from anorexia and abdominal pain, and fever along with blood oxygen 

saturation ˂93%, PaO2/FiO2 ratio <300, and/or lung infiltrates >50% of the lung field within 24 

to 48 hr.  

Patients were also found to be identified with less common symptoms like 

gastrointestinal, anosmia, dysgeusia(5).  In such cases, laboratory testing of fecal and urine 

samples could help to restrain further transmission of the virus (18, 19).After 7 days or more of 

persistent infection, patients with the above three categories may prone to develop critical illness 

and emerge out with acute respiratory distress syndrome (ARDS)(20). These patients were under 

the stringent requirement of mechanical ventilation besides metabolic acidosis, multiorgan 

dysfunction failure, and coagulation dysfunction(21-23). 

5. PATHOPHYSIOLOGY OF COVID-19   

Lung was the main targeting organ for COVID-19 infection resulting in severe 

pneumonia. Furthermore, severe acute respiratory distress syndrome (ARDS), acute cardiac 

injury, along with pathological features such as RNAaemia with shared ground-glass opacities 

that may be a cause for death in patients suffering from COVID-19 (2). Higher leukocyte 

numbers, abnormal respiratory findings, and increased levels of plasma pro-inflammatory 

cytokines are the trademarks for patients suffering from COVID-19(24). Laboratory finding 

directs the COVID-19 patients to leucopenia, hypoalbuminemia, and lymphopenia(2, 25).  For 

patients on mechanical ventilation and/or on intensive care, an upsurge in the neutrophil to 

lymphocyte ratio (NLR) could be a notable laboratory marker for severe illness (26). 
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Significantly high levels of inflammatory markers for instance d-dimer, c-reactive protein, and 

erythrocyte sedimentation rate were noted. Predictable and elevated plasma concentrations of 

chemokines and cytokines are present (2, 27). This might includes basic FGF2, GCSF, GMCSF, 

IFNγ, IL1-β, IL1RA, IL7, IL8, IL9, IL10, IP10, MCP1, MIP1α, MIP1β, PDGFB, TNFα, and 

VEGFA. Infrequently, in some severe cases, disease mortality may be promoted with the release 

of pro-inflammatory cytokines including GCSF, IL2, IL7, IL10, IP10, MCP1, MIP1α, and TNFα 

may trigger Cytokine Release Syndrome (CRS) in patients(28, 29).  

6. SARS-COV-2 INVASION INTO HOST CELLS 

Electron microscopic studies revealed the crown-like exterior of this virus, Latter it was 

named as coronavirus. The surface glycoproteins may be responsible for this garnishing of the 

virus belonging to the Coronaviridae family. Coronaviruses are large single-stranded RNA 

viruses of ~30 kb with positive-sense and infect a wide variety of host species(30). Based on 

their genomic structure they are classified into four genera; α, β, γ, and δ. Out of these α and β 

genera are identified to cause disease in humans. Coronavirus from α genera for example HCoV-

229E and HCoV-NL63 may lead to common cold and cough in humans. While Coronavirus 

from β genera such as HCoV-OC43 and HCoV-HKU1 were recognized for Middle East 

respiratory syndrome coronavirus (MERS-CoV) and SARS-CoV-2 (31). This enveloped 

coronavirus RNA genome encodes for numerous open reading frames to design the life cycle of 

the virus to go through attachment, penetration, biosynthesis, maturation, and release(32). 

Attachment to host receptors brings endocytosis to track entry into host cells via membrane 

penetration (fusion). The onset of viral RNA replication inside the nucleus shifts the path to 

biosynthesis (viral proteins). After maturation new viral particles were released.  Chiefly four 

structural proteins namely Spike (S), membrane (M), envelop (E) and nucleocapsid (N) makes 

the coronavirus (33). Spike is overextended from the viral surface and contains a transmembrane 
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trimetric glycoprotein. It is composed of two functional subunits S1 subunit leads to the host cell 

receptor binding and the S2 subunit is responsible for the penetration into cellular membranes. 

The principal organs involved in SARS-CoV infection are the lungs.  One of the functional 

receptors that were exploited in the alveolar space for this virus is Angiotensin-converting 

enzyme 2 (ACE2) (34). ACE2 is highly expressed over the distal airway on the apical side of 

lung epithelial cells. Hence, this may be a leading cause for early lung injury in COVID-19 

Patients(35, 36). Apart from this, ACE2 expression was high in the heart, ileum, kidney, and 

bladder. Studies with functional and structural characterization of SARS-CoV-2 revealed that the 

spike protein undergoes protease cleavage after binding to ACE2 (37, 38). The uncommon spike 

in coronavirus is because of a range of different proteases that can cleave and activate it (39). 

Cellular surface serine protease TMPRSS2 and cathepsin L are may be responsible for cleavage, 

which may also facilitate membrane penetration with host cells (40, 41). The pathogenicity could 

also have been related to the unique abundant expression of furin. A proposed as a model 

consisting of two-step sequential protease cleavage to activate spike protein of SARS-CoV and 

MERS-CoV. Comprises of priming via the S1/S2 cleavage site and activation via a position 

adjacent to a fusion peptide within the S2 subunit, i.e. the S′2 site(42, 43).  Non-covalent binding 

of S1 and S2 subunits while the distal S1 subunit pays stabilization of the membrane-anchored 

S2 subunit at the prefusion state(38). Followed by cleavage at the S′2 site. This could lead to 

probable activation of the spike for membrane fusion through irreversible, conformational 

changes. The disease pathogenesis and severity are a result of cytokine storm and virus evasion 

of cell-mediated (44, 45).  Apart from ACE2, the viral spikes could also bind to dendritic-cell 

specific intercellular adhesion molecule-3-grabbing nonintegrin (DC-SIGN) and DC-SIGN-

related protein (DC-SIGNR, L-SIGN). The components for innate immunity were epithelial 

cells, alveolar macrophages, and dendritic cells (DCs) in the airway (46, 47). Specifically, DC-
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SIGN is highly expressed over alveolar macrophages and dendritic cells (DCs). Where the innate 

immune cellular responses are on the apical side of the epithelium were shielded with 

macrophages and DCs reside underneath the epithelium to fight against viruses till adaptive 

immunity is involved. Furthermore, Virus-Infected apoptotic cells could be phagocytized 

through DCs and macrophages (44), which leads to antigen presentation to T cells.   

More precisely, T cell responses are initiated by antigen presentation via DCs and 

macrophages(30).Viral antigens could face T cells via the passage of draining lymph nodes. 

Virus-specific antibody formation is initiated via B cell activation, for which CD4+ and CD8+ T 

cells play a decisive role to eradicate virally infected cells. Downfall of T cells follow-on to the 

progression of the disease. COVID-19 patients with the severe disease also reported having 

unusual pathogenic CD4+ T cells with co-expressing interferon (IFN)-γ and granulocyte-

macrophage colony-stimulating factor (GM-CSF) (48).  Though GM-CSF may cause excessive 

tissue damage, it could augment T cell function and promote differentiation of innate immune 

cells (49, 50).  

7. VACCINE DEVELOPMENT 

Vaccines work to enhance the immune system of the body by training and making it 

ready to fight a specific pathogenic agent that may encounter with the body’s natural defenses 

system later. At present there over 50 COVID-19 vaccine candidates are in trials, some of which 

are now ready to deliver via emergency use authorization (EUA) (51). The vast majority of viral 

vaccines currently licensed for humans can be categorized as inactivated or live-attenuated 

viruses and protein-based subunit vaccines such as those with purified proteins. Viral vaccines 

are more immunogenic, hence poses a low safety scale, while in the latter case, subunit vaccines 

are safer and show less immunogenicity(52). 
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7.1 Non-replicating viral vectors (NRVV)  

As in the previous section, we had to understand the role of S protein to gain entry into 

the host cell. The majority of vaccines are adenoviral based on either they are using S protein as 

subunits or full-length S protein (53-55).Adenoviruses are a double-stranded DNA virus that 

works by detaining replication (56). Thereby, improving immunogenicity by provoking cytokine 

and chemokine release, possibly by the upsurge of transgene expression and upregulation of 

costimulatory molecules(57). 

However, pre-existing immunity against multiple adenovirus strains, mark efficacy(55, 58). The 

design of the SARS-CoV-2 vaccine candidate comprises of adenovirus type 5 with reports to 

develop immunity after intranasal inoculation in animals. Though intramuscular injection was 

also been studied, it is found to be less effective than intranasal administration. Chimpanzee 

adenovirus-vectored vaccine was also been used as a candidate by the University of Oxford, in 

collaboration with AstraZeneca that expresses the full S protein (AZD-1222, previously known 

as ChAdOx1-nCoV)(55). Long-term immunity development needs the administration of booster 

dose after 28 days of the first vaccine cycle (59, 60).  

7.2mRNA vaccine 

Numerous, messenger RNA vaccines are under development due to their cheaper 

production cost than protein subunit vaccine and the nucleic acid vaccine is affordable regarding 

speedy manufacturing (61). In addition to it mRNA vaccine better cellular and humoral immune 

response possibly due to the open reading frame of the targeted antigen with a 3′ polyadenylated 

tail (62). However, stability is a matter of concern in the successful delivery of nucleic acid 

vaccine candidates as they are prone to degrade faster (63). National Institute of Allergy and 

Infectious Diseases (NIAID) in collaboration with Moderna developing an mRNA SARS CoV-2 
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vaccine that encodes for glycoprotein-derived spike-2 protein antigen (64). It was initially 

evaluated in nonhuman primates and has successfully induced a robust anti-SARS-CoV-2 

neutralizing antibody response and rapid protection against pulmonary injury (65, 66). BioNTech 

and Pfizer have created four RNA-based vaccine candidates explored in early-stage clinical 

trials, two of which proceeded to further testing. Their vaccines were also embedded in LNP and 

encode perfusion-stabilized, membrane-anchored SARS-CoV-2 full-length spike(67).  

7.3. Self-amplifying mRNA vaccine  

Plasmids of Trinidad donkey Venezuelan equine encephalitis virus strains (VEEV) were 

utilized for the design of saRNA vaccines. As these vaccine candidates have RNA sequence for 

replicon and the Spike protein its length may pose a limitation, Nevertheless, immunological 

response produces are vibrant than a non-replicating mRNA vaccine. The VEEV structural 

coding regions are then replaced with pre-fusion Spike protein of SARS-CoV-2, while the self-

amplifying coding region of VEEV alphavirus remains conserved. At present, Arcturus/DUKE-

NS, and the University of Washington, Imperial College in London, were working on SARS 

CoV- 2 vaccine as a nanoparticle formulation self-amplifying RNA constructs (68).  

7.4. DNA vaccine  

DNA vaccine offers numerous benefits in regards to enormous capacity to produce 

mRNA molecules and improved thermal stability and superior immunologic response.  Inovio 

Pharmaceuticals developed a vaccine on a consensus SARS-CoV-2 spike glycoprotein sequence 

with an N-terminal IgE leader with higher immunogenicity (69). Additionally, humoral and 

cellular immune components were recognized in bronchoalveolar lavage fluid.  A SARS-CoV-2 

DNA-based vaccine candidate (INO-4800) also enhances expression in target cells. 

7.5. Whole-virus inactivatedvaccine  
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Vaccines that use inactivated pathogens to induce immunity with lessen sided effects. [66]. 

However, longer production time may put some limitations in the case of large scale 

manufacturing and delivery. At present time, promising beta-propiolactone-induced inactivated 

SARS-CoV-2 vaccine candidates that are transmitted via Vero (African Green Monkey) cell 

lines are under study in China. The viral particle is then adsorbed onto an adjuvant (aluminum 

hydroxide) (70).  

7.6. Subunit vaccine 

Unlike, whole-pathogen vaccines, protein subunit vaccine candidatescomprise of recombinant 

spike protein offering scalability and radical safety. Usually, various cell lines from insects could 

be used to segregate a recombinant spike protein. It may require multifarious immunizations and 

display less immunogenicity (52). Moreover, in vivo stability and Immune response could also 

have been enhanced via nanoparticle-based approaches which could be adsorbed on specific 

adjuvants to produce finished Vaccine formulation. Similar to RNA-based approaches, peptides 

are often unstable in vivo.The protein vaccine by Novavax, consists of a nanoparticle designed to 

capable of binding ACE2 receptors with high affinity.  

8. INDIA REGULATORY SYSTEM : THE SUBJECT EXPERT COMMITTEES (SEC) 

ROLE 

Import or manufacture for sale of drugs including vaccines are regulated under Drugs and 

Cosmetics act, 1940 and Drugs & Cosmetics rules, 1945 and New Drugs and clinical trials rules, 

2019. Detailed requirements and guidelines for conduct of nonclinical and clinical studies and 

approval of new drug which includes vaccine are specified in second schedule of new drugs and 

clinical trials rules, 2019. As per the rules, products like vaccines, r-DNA derived products, 

LMO, stem cell derived products, and gene therapeutic products, etc are always considered to be 
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new drugs. for such products manufacturers are required to obtain manufacturing permission 

from CDSCO under the new drugs and clinical trials rules, 2019 before licencing the product 

under the drugs and cosmetics rules,1945 the manufacturing licence for such product is granted 

after joint evaluation and inspection by the concerned state licencing authority &CDSCO.  

In general, all vaccines including the vaccines against corona virus infection manufactured / 

imported into the country are required to comply with the requirements and guidelines specified 

in the drugs and cosmetics rules, 1945 & new drugs and clinical trials rules, 2019 and other 

applicable guidelines published by CDSCO form time to time in case of manufacturer r-DNA 

derived vaccines the requirements and guidelines prescribed by department of biotechnology are 

also required to be complied with. However, vaccines unlike chemical drugs are complex 

heterogeneous class of medical products, and hence specific consideration in respect of 

development of CMC data, non-clinical data, and clinical data will provide clear understanding 

of regulatory landscape for their development and approval in a scientific manner. Therefore, 

these documents have been prepared to provide detailed guidelines and regulatory pathways for 

CMC, nonclinical and clinical development of vaccines including covid-19 vaccines. 

The Central Drugs Standard Control Organization (CDSCO) under the Ministry Of Health, 

Government of India plays an important role in protecting and improving public health by 

ensuring the consistency, protection, and effectiveness of New Drugs, cosmetics and medical 

devices.The Subject Expert Committee (SEC) evaluation helpful in the applications of clinical 

trials and new drugs and their recommendations reviewed by the Technical Review Committee 

(TRC).SEC is expected to advise the CDSCO office with thorough assessment of clinical data 

from Phase I to IV furnished by the applicant and nonclinicaldata including pharmacological and 

toxicological data (71, 72).The SEChandling the applications and COVID-19 related proposal 

during April and December 2020 represented in Figure 1 and 2. 
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Figure legends  

Figure 1: Covid-19 related proposal discussed during Apr-Dec 2020 
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