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1.Introduction: 

The Coronavirus Disease (COVID-19) is a pandemic that outbreak from Wuhan China in late 2019 (Yu 

et al., 2020). It has produced serious disturbances and unprecedented problems around the whole world 

including in worldwide healthcare systems (S. Chen et al., 2020). Severe corona viral acute syndrome 2 

(SARS-CoV-2) caused severe viral pneumonia which began in December 2019 in Wuhan, China, infected 

over 120 million individuals and caused 2,66 million deaths on 16 March 2021 (Dong et al., 2020). 

COVID-19 mainly affects the respiratory system with several symptoms, ranging from moderate rhino 

rhea to severe dysfunctions in breathing (Huang et al., 2020). Commonly, the coronavirus is more lethal 

Abstract 

The Corona Virus Disease is a pandemic that originated from Wuhan, China in late 2019 and 

spread throughout the world. It caused major disruptions and unprecedented problems 

throughout the world, particularly in the healthcare systems. The severe coronavirus acute 

syndrome 2 (SARS-CoV-2) infected 120 million people around the world by March 2021. The 

replication of the freshly produced virus' RNA genome occurs with the assistance of RNA 

polymerase. This dangerous virus can be prevented only by the means of vaccination. For 

several decades, vaccinations have been the most effective method of preventing the rapid 

spread of infectious diseases. Vaccines give protection in a variety of ways, which vary 

depending on the type of vaccine administered. After receiving any type of vaccination, the body 

produces T-lymphocytes and B-lymphocytes which produce antibodies against pathogenic 

antigens and remember how to fight the virus in the future if it is exposed. Antigen subunit 

vaccines, viral vector vaccines, mRNA vaccinations, DNA vaccinations, and live attenuated 

vaccinations are some of the different forms of vaccines available against COVID-19. This study 

concluded that a safe and effective COVID-19 vaccine that can elicit a significant immune 

response to bring this pandemic to a close is an urgent priority. Identifying international finance 

methods to assist in the development, production, and stockpiling of coronavirus vaccines is 

considered a top priority by all parties. This pandemic may serve as a model for future 

coronavirus transmission into mammals, which has prompted international experts to not only 

investigate the outbreak but also predict future transmission in the future.  
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to elderly people living with co-morbidities such as high blood pressure, obesity, diabetes and renal 

disease (Bhatraju et al., 2020; Bornstein et al., 2020; Elhadi et al., 2021). 

Pakistan needs ventilators, hospital clothing and personal protective equipment for the fight against the 

current disease with a limited budget (Dailytimes.com.pk., 2020). Despite the strict measures, 260,000 

major occurrences with over 5,000 deaths were reported nationally as of 17 July 2020. In early March, 

provincial administrations enacted a national lockdown, unhappily opposed by hard-line clergy and 

religious activists who called on people to pray in congregation in Mosque. There have been countless 

mass meetings at the national level with little information about the epidemic during this epidemic 

(Ladiwala et al., 2021; Salman, 2020). 

 

1.1. Structure of CORONA VIRUS 

Coronaviruses are pleomorphic, encapsulated viruses differentiated from other viruses by a distinctive 

fringe of S projections on their surface. The virus's positive single-stranded RNA genome forms a complex 

structure with the nucleocapsid (N) protein when the N protein is present, resulting in helical 

nucleocapsids. The genome was polyadenylated, and the capsid protein was introduced (Carter et al., 

2007). Genomic comparison of SARS-Corona virus and SARS-Corona virus-2 discovered that the two 

viruses shared 79 percent of their amino acid sequences, with 380 amino acid alterations primarily 

identified in the NSP genes. These alterations were found in the immune-dominant S protein (27 amino 

acid changes), as well as the NSP3 and NSP2 proteins (102 and 61 amino acid substitutions, 

respectively). E protein, NSP 7, NSP 13, and a few auxiliary proteins' amino acid concentrations were 

altered, on the other hand, had a minimal effect (Wu et al., 2020). Both SARS-Corona virus and SARS-

Corona virus-2 must initially connect to a common host receptor known as hACE2, even though SARS-

CoV-2 binds to the receptor with higher affinity than SARS-CoV. According to sequencing studies of the 

two viruses, MERS-CoV employs a completely different receptor, Dipeptidyl Peptidase 4 (DPP4), then 

SARS-CoV-2, and the virus is only remotely linked to SARS-CoV-2, with around 50% sequence similarity 

(Lu, 2020).  

 

1.2. Mechanism of pathogenicity and life cycle of COVID-19 Virus 

The transcribing and translation operations get started. (For an example, see Fig. 1.) This is 

accomplished with the help of an enzyme known as RNA-dependent RNA polymerase, which uses a 

negative stand template to replicate the newly created virus's RNA genome (see Figure 1) (Mittal et al., 

2020; Sanders et al., 2020). SARS-CoV-2 has a higher binding affinity for the angiotensin-converting 

enzyme 2 (ACE2) receptor than previous SARS strains, allowing it to spread faster throughout the body 

(Gussow et al., 2020; Mittal et al., 2020; Sanders et al., 2020). The M protein is by far the most abundant 
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structural glycoprotein in virus particle structure (Schoeman & Fielding, 2019). It is essential for both 

nutrition transport through the cell membrane and viral particle shape development. The spike protein, 

also known as the S protein, is a type I membrane glycoprotein that is responsible for the production of 

virus peplomers. It's also known as the S protein in some quarters. The N protein's role is to make the 

viral RNA genome more easily bindable while simultaneously maintaining its stability (E. Kim et al., 

2020). According to (Chen et al., 2020), the E protein is necessary for both virus release and viral 

assembly during pathogenesis, as demonstrated in Figures 1 and 2. SARS-entire CoV-2's genome 

sequence was examined, and it was identified that the virus had a significant degree of sequence 

similarity to SARS-CoV-1. (S. Chen et al., 2020). This demonstrates that SARS-CoV-2 is more compatible 

with the original virus than SARS-CoV. 

 

Figure 1: Life cycle of Sar-cov-2 (Chilamakuri & Agarwal, 2021) 

 

1.3. COVID-19 vaccine 

Vaccination is the most efficient technique of preventing the rapid spread of infectious diseases for 

several decades. Several organizations and unaware people have recently begun to spread vaccine 

misconceptions and conspiracy theories, putting further strain on healthcare officials and personnel 

(Paterson et al., 2016). The development and distribution of the COVID-19 vaccine is a continuous 

process. Across Europe and North America, a considerable number of applicants for healthcare 
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personnel and high-risk groups, such as the elderly and those with chronic diseases, have been made 

available for recruitment (Voysey et al., 2021). Developing and third world countries are at risk of 

postponing vaccination due to a variety of factors, including a lack of public awareness, trust, resource 

constraints, and a scarcity of vaccine supplies, as developed countries receive vast amounts of 

vaccinations and ignore the needs of other countries (Wouters et al., 2021). As a consequence of this 

difference, poor nations may be at a high risk of disadvantages as a result of their limited ability to resist 

COVID-19 in conjunction with their current healthcare system status (Elhadi et al., 2020). The new 

alliance, which was initiated in September 2020 by several firms with their efforts, 2021 it was able to 

believe that about 100 million COVID-19 vaccine doses will be distributed to poor countries (Knoll & 

Wonodi, 2021). 

Much effort has been invested in developing vaccines against COVID-19 in the hope of averting a virus 

outbreak, and the S-protein from SARS-CoV-2 has been used in the majority of vaccine candidates now 

being developed (Dhama et al., 2020). According to the WHO, there are 158 SARS-CoV-2 vaccine 

candidates in preclinical or exploratory stages of development (World Health Organization, 2020). 

ChAdOx1 (University of Oxford), Pathogen-specific aAPC (ShinzenGeno-Immune Medical Institute), INO-

4800 (Inovio, Inc.), Ad5-nCoV (CanSino Biologicals), and the drugs mRNA-1273 (Moderna) and LV-

SMENP-DC are all being investigated in phase I/II clinical trials (World Health Organization, 2020). 

Several vaccines are developed around the world, each type of vaccine has its own set of benefits and 

drawbacks.  

Each kind of vaccine is now being evaluated by the FDA for licensure (Wang et al., 2020). Researchers 

now have access to a range of adjuvant technologies, including MF-59 (Novartis), CpG 1018 (Dynavax), 

AS03 (GSK), and others, that can be utilized to boost the immunogenicity of a vaccine during 

development (Andreadakis et al., 2020). This technique is also being used to identify epitopes for SARS-

CoV-2 vaccine candidates, which is an additional application of the technique. Using this method, the 

key B cell epitopes and cytotoxic T cells present in viral proteins recognized by the immune system can 

be identified. (Gupta et al., 2006). 

 

1.4. Working Mechanism of COVID-19 Vaccine 

Vaccines give protection in a variety of ways, which vary depending on the type of vaccine administered. 

After receiving any type of vaccination, the body produces T-lymphocytes and B-lymphocytes which 

produce antibodies against pathogenic antigens and remember how to fight the virus in the future if it 

is exposed (Shah, 2021). After receiving a vaccination, the body begins to produce immune cells i.e. T-

lymphocytes and B-lymphocytes (Alberts et al., 2002). A person can get the virus that causes COVID-

19 before or after the immunizations and later becomes ill as a result of the vaccine failing to provide 

adequate protection against the virus. After vaccination, symptoms such as fever may arise as a result 
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of the immune system's attempt to strengthen its defense. These signs and symptoms are usual and 

signal that the body is putting together an immunological response to an infection (CDC, 2021). 

 

1.5. Types of COVID-19 Vaccine and their working Mechanism 

1.5.1. Protein Sub-unit vaccine 

Subunit vaccination is utilized to elicit a long-term protective or therapeutic immune response in the 

patient via the use of recombinant antigenic proteins or else synthetic peptides (Wang et al., 2020). On 

the other hand, the sub-unit vaccine has low immunogenicity and the addition of an adjuvant is needed 

to boost the immune responses enhance by immunization. It is possible to enhance the 

immunomodulatory cytokine response or raise the antigenic material biological half-life. Adjuvants are 

used to assist compensate for some of the drawbacks of protein subunit vaccinations (Cao et al., 2018). 

The most efficient antigen for producing neutralizing antibodies is the S protein (SARS-CoV-2 virus). S 

Protein is made up of two subunits. This collection of domains can be found in both S1 and S2, with S2 

including domains FP, HR 1, and 2, as well as other domains (Ou et al., 2020). The virus invades the 

cell through endocytosis and makes contact with the hACE2 receptor via the S-Protein. The subunit 

vaccine's targets are the S-Protein and its antigenic components (Wang et al., 2020). The S glycoprotein 

can be recognized from the other glycoproteins during the pre-fusion and post-fusion phases. As a result, 

to protect the epitopes and elicit effective antibody responses, the antigen needs to retain the surface 

chemistry along with the shape of pre-fusion spike protein (Graham, 2020). As previously indicated, 

using RBM antigen will boost the counterbalancing antibody response as well as the entire efficacy of 

vaccination. 

 

Novavax (NVX-CoV2373):  

NvxCoV2373 is an immunizing vaccine based on recombinant coronavirus S-Protein expression. It is a 

pre-fusion, stable protein that is utilized to block the transmission of disease-causing coronaviruses 

(Coleman et al., 2014). It was possible to express the protein in a stable manner using Baculovirus 

technology (Tu et al., 2020). According to the business, the Matrix-M adjuvant will be employed by 

increasing the production of neutralizing antibodies to stimulate the immune response versus the SARS-

CoV-2 spike protein. After solo immunization, animal models developed a statistically significant number 

of anti-spike in nature protein antibodies that inhibit the hACE2 receptor binding region and were 

capable of triggering SARS-CoV-2 wild-type virus nullifying antibodies (Novavax covid 19 vaccine trial, 

2020). 
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Figure 2: Working mechanism of NOVAVAX (Irfan, 2021) 

 

PittCoVacc: There is now an investigational vaccine for rSARS-CoV-2 being developed using 

microneedle arrays (MNAs). rSARS-CoV-2 S1 and rSARS-CoV-2-S1fRS09 virus strains are delivered by 

microneedle arrays (MNAs) to infected people who have rSARS (recombinant immunogens). Two weeks 

after the start of the preclinical trials, a statistically significant accrue was observed in antigen-specific 

antibodies in the models of mice which is used in the preclinical trial base studies, indicating that the 

treatment was effective. The results of the preclinical trials were published in the journal Clinical 

Immunology. Even though the vaccine had been sterilized via gamma radiation, the immunogenicity of 

the vaccine was retained, which was a significant achievement in and of itself. When statistically 

significant antibody titers are detected early in the disease, as well as before boosting, this provides 

further evidence that the MNA-SARS-CoV-2 vaccine is feasible in clinical practice (Kim et al., 2020). 

 

1.5.2. Viral Vectored vaccines 

It is possible to build a vaccine that gives preventive protection against a disease-causing virus through 

the use of viral vectors. The fact that they are exceedingly precise in terms of carrying genes to their 

specific target cells, so they were extremely response effective in terms of gene transduction, also they 

are quite successful in terms of eliciting an immune response are all other characteristics of these 

vaccines (Ura et al., 2014). Their ability to maintain a high level of antigenic protein expression for a 

protracted length of time makes them excellent candidates for use in preventative medicine. Vaccines 
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like these activate and boost cytotoxic T lymphocytes (CTL), which results in the elimination of virus-

infected cells as a result of vaccination delivery (Le et al., 2020). 

 

 

Figure 3: Working mechanism (Shrestha & Iqbal, 2019) 

 

CanSino Biologics (Ad5-nCoV) 

Adenovirus type-5 vector encrypts the SARS-CoV-2 recombinant protein (spike protein) (Ad5). The S 

Protein and plasminogen activator (signal peptide gene) genes were cloned into the Ad5 vector without 

the E1 and E3 genes. A vaccine was developed using Microbix Biosystems' Admax vaccine development 

technology. Clinical trials in phase I indicated an effective antibody response. This is the first time. The 

peak in neutralizing antibodies specific for the RBD and S proteins occurred 28 days following 

vaccination. The CD4+ and CD8+ T cell responses peaked 14 days after vaccination and then declined. 

In comparison, preexisting anti-Ad5 immunity had little effect on T cell and antibody responses (Le et 

al., 2020; Thames et al., 2020; Zhu et al., 2020). A second phase of the trial will examine antibody 

response in people aged 18 to 60 who have received one of three study dosages. The protocol requires 

three and six-month follow-up (Thames et al., 2020). 

 

http://www.medicalandresearch.com/


 

 

                                                                                    Journal of MAR Case Reports (Volume 4 Issue 1) 

Citation: Ali Umar “Pathogenicity of CORONA Virus and Mechanism of Various Vaccines Against COVID-19” 
MAR Case Reports 4.1 

www.medicalandresearch.com (pg. 9) 
 

1.5.2. mRNA Vaccine 

As a result of the discovery of microRNA (mRNA), a new non-integrating and non-infectious platform 

with a minimal threat of insertional mutagenesis have developed, enabling the development of novel 

treatments. Researchers are now looking into non-replicating RNAs, as well as virus-derived self-

replicating RNAs, as prospective research areas for the near future. While it is hard to eliminate the 

immunogenicity of the mRNA, it is conceivable to make modifications to the vaccines to extend their 

shelf life significantly. Because the mRNA genetic vector is the least immunogenic genetic vector 

available, anti-vector immunity is avoided, allowing the immunization to be administered several times 

without creating an adverse reaction to the patient (Zhang et al., 2019). Using this platform, which is 

highly adaptable and capable of reproducing both the antigen expression and structure observed during 

the natural infection, vaccines have been developed more quickly than any other platform available 

(Mulligan et al., 2020). 

 

Figure 4: mRNA vaccine working mechanism (oligotherapeutics.org, 2020) 

 

Pfizer (BNT162b1) 

With the use of codon optimization, researchers have created a vaccine (mRNA) that encrypts for the 

trimerized SARS-CoV-2 RBD, which serves as a substantial target for the virus's neutralizing antibodies 

(nAb). The RBD antigen has been modified to include a T4 fibritin-derived fold on the trimerization 

domain, which is thought to have resulted in a higher level of immunogenicity in the final vaccine 

product, according to the researchers. For the most efficient delivery feasible, mRNA has been 

encapsulated in ionizable cationic lipid nanoparticles with an 80-nm diameter to ensure that it is given 
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as quickly as possible. It was reported that RBD-specific IgG antibody levels were elevated in the Phase 

1/2 clinical trial, with geometric mean concentrations ranging from 8 to 46.3 times higher than those 

found in convalescent serum. Those discovered in the serum panel, on the other hand, had geometric 

mean titers of SARS-CoV-2 offset antibodies that were 1.8-2.8 times higher than those found in the 

convalescent serum panel. This is by prior research findings. No adverse effects were observed or 

reported as a result of the minor and brief local reactions that occurred, as well as the systemic events 

that happened as a result of these events. In contrast, no investigation was carried out to determine the 

participants' safety or immunological reactions after the second dose had been administered for more 

than 2 weeks and they had been exposed to the second dose (Mulligan et al., 2020). 

 

1.6. DNA Vaccines 

The overview of the DNA vaccine, which codes for an adjuvant and antigens that brings an adaptive 

immune response, was one of the most ground-breaking developments in the field of vaccination. 

Specifically, it is the transgenic gene that is expressed in the transfected cells, and it is this transgene 

that is responsible for delivering a consistent supply of transgene-specific proteins that are comparable 

to those produced by live viruses in the laboratory. It has been shown by researchers in a recent paper 

that was published in The Journal of Immunology that the antigenic material is also taken up by 

immature Dendritic Cells, were then also presented to CD8+ and CD4+ T cells on the cell surface, where 

it stimulates effectual humoral and cellular immune retorts (Hobernik & Bros, 2018). 

  

Figure 5: Adaptive immune responses are induced by DNA vaccines (Hobernik & Bros, 2018). 
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INO-4800  

DNA vaccines have the potential to prevent infection caused by CORONA Virus (Safety, 2020). The INO-

4800 vaccine also targets the major surface antigen spike protein of the SARS-CoV-2 virus and has been 

demonstrated to elicit a significant binding and neutralizing antibody response in guinea pigs and mice 

(Smith et al., 2020). Using a hand-held smart device known as CELECTRA®, the vaccine is administered 

to the patient. The device utilizes a brief electrical pulse to reversibly generate microscopic pores in the 

cells, allowing the plasmids to enter the cells (Safety, 2020).  

 

1.7. Live Attenuated Vaccines 

DelNS1-SARS-CoV2i-RBD: This vaccine is an influenza-based vaccination strain that has had the NS1 

gene removed, which improves the vaccine's efficiency by increasing the vaccine's potency. It has been 

demonstrated that growing viruses that have been re-organized in chick embryos or Madin Darby Canine 

Kidney Cells (MDCK) state the RBD domain of the SARS-CoV-2 spike protein on their surfaces were 

efficient in inhibiting the spread of the virus. Compared influenza virus wild type, this influenza virus 

can have delivered through the nasal passages and has the potential to be more immunogenic (Kumari 

et al., 2021). 

 

1.8. Conclusions  

SARS-CoV-2 has been declared a pandemic, halting all economic activity globally. Scientists from all 

across the world are collaborating to repurpose drugs, produce vaccines, and create new technologies. 

Several COVID-19 vaccine candidates have previously been identified using various methods. Despite 

continued efforts, no solution has been found. Vaccine production takes time and goes through multiple 

stages before reaching the clinic. Some phases can be omitted if sufficient data is available now; however, 

other phases can be skipped to speed up regulatory review, approval, manufacturing, and quality 

control. Due to the discovery of this unique Coronavirus, scientists have had to design new vaccine 

approaches. Vaccination must be very effective, have few side effects, and cause no serious diseases, 

according to the WHO. The vaccine is safe for all ages, including pregnant and nursing moms. To be 

effective, it must provide rapid protection with a single dose and be safe for one year following therapy. 

New vaccines require extensive testing to verify their safety and efficacy. To mass-produce and distribute 

coronavirus vaccines, scientists will need to create methods and skills. Many pandemic vaccine 

candidates are presently being developed globally in conjunction with the Coalition for Epidemic 

Preparedness Innovation (CEPI), an international non-governmental organization. Moderna and the 

Vaccine Research Centre have produced a virus coated in lipid nanoparticles. Moderna is a biotech 

company developing mRNA-based vaccinations. Companies including Novavax, Sichuan Clover 
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Biopharmaceuticals, iBio, and the University of Queensland are all working on S glycoprotein vaccines. 

The University of Oxford and CanSino Biologics are also working on viral vector-based vaccinations that 

target the immune system's S glycoprotein. Inovio and Applied DNA Sciences are also working on SARS-

CoV-2 S glycoprotein vaccines. Some vaccine candidates will take months, if not years, to develop before 

being licensed for human use. 

Finding a COVID-19 vaccine that is both safe and effective is critical to ending this pandemic. Finding 

international funding sources to help develop, produce, and stockpile coronavirus vaccines is a major 

goal for all stakeholders. Possible future coronavirus transmission into mammals has spurred worldwide 

specialists to not only analyze the outbreak but also anticipate future transmission. If the virus spreads 

globally, even a one-week delay in vaccine delivery might result in millions of deaths. It also appears to 

be a scientifically possible endeavor provided sufficient resources are made accessible. 
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