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Abstract 

At the end of 2019, symptoms of a new respiratory disease of viral origin, suspected to be a new type of 
influenza, were discovered in Wuhan Province in China. Global efforts and research centers around the 
world, in cooperation with the World Health Organization, to discover the pathogen of this disease, 
which has become known as an acute respiratory syndrome - Corona Virus-2 (SARS-CoV-2), where 
the Coronavirus 2 was discovered responsible for these symptoms, given the rapid increase in the 
number of infections and its transformation into a global pandemic, and several deaths were recorded 
around the world. The world has imposed a global quarantine to limit the spread of the disease, and 
clinical research has begun to obtain treatment or vaccine that prevents the disease or reduces the 
severity of its spread. Among the first vaccines that appeared were the Oxford - AstraZeneca vaccine 
with the viral vector technology and Sinopharma with the weakened and inactivated virus technology; 
the world has witnessed a new promising technology in vaccines mRNA technology by Pfizer and 
other vaccines; In conclusion, the vaccine increases the body's ability to resist the Coronavirus and 
prevents the risk of complications, disease, and death. 
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Introduction 

COVID-19 has been declared a pandemic and has triggered a global health emergency, 
which necessitates swift, effective countermeasures. As a public health measure, vaccination 
is among the most cost-effective and successful. Because SARS-CoV-2 causes COVID-19, 
developing effective vaccines for this virus is of paramount importance [1]. Immunizations 
are a pillar of public health policy. Immunologists are uniquely positioned to contribute to 
the development of the next generation of potent immunogens now that disease outbreaks 
and the elderly are being recognized as major threats and opportunities for vaccines. Even 
though immunology hasn't contributed much to vaccine development thus far, it is 
transparent that there are significant issues ahead in building innovative vaccines for 
difficult-to-target pathogenic organisms, for that we pressingly need a more reasonable 
knowledge of the protective immunity mechanisms. As an introduction to immunization, 
vaccines, and related topics, it strives to educate a wide scientific crowed about the concepts 
of fundamental immunology [2]. In recent times, the first COVID-19 vaccinations were 
approved, marking the beginning of a large vaccination campaign around the globe. The 
COVID-19 vaccines that have been approved or are currently being tested employ a variety 
of various action modalities, including DNA vaccine, mRNA, protein subunit, viral vector, 
and virus inactivated vaccines [3]. Vaccine manufacturing is a lengthened and time-
consuming procedure for a good reason. Most vaccines are administered to huge groups of 
healthy individuals to prevent illness, not to sick people to recover from one. Hence, the 
protection threshold for a new vaccination must be supreme and apply to the whole target 
people, regardless of gender, age, and ethnicity [4]. It is possible to limit the transmission of 
COVID-19 by using preventive measures such as lockdowns and social isolation. But 
vaccination remains the safest and most effective method of preventing infectious diseases, 
and it is frequently cited as one of the greatest achievements in global health. As of January 
6, 2021, the EU has licensed two COVID-19 vaccines with 90% or more efficiency in 
lowering the probability of symptomatic infection. For it to be effective, people must be 
willing to get vaccinated.
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COVID-19 reluctance may be a major impediment to the 
development of vaccination immunity. Improving vaccine 
adoption necessitates a better grasp of the socio-
demographic factors influencing vaccine choice [5]. To 
protect themselves from infection, people would not take a 
vaccination because of its side effects. The rigorous and 
intentional vaccine production and examining procedure is 
guided by this core priority of protecting the public from 
disease. A safety of vaccine (how well it works in the real 
world) and rare adverse effects focus on phase four trials 
that contain a huge number of participants. These trials take 
place after the vaccine has been licensed [6]. Depending on 
data collected from autopsy reports, death certificates of 
death, psychiatric histories, VAERS reports, and clinical 
descriptions provided by healthcare providers, there was no 
proof of a causal link between COVID-19 vaccinations and 
death. Only a few occurrences of anaphylaxis have been 
documented following the administration of the 
Pfizer/BioNTech and Moderna vaccines, with 4.5 
documented cases per million doses delivered in the case of 
the Moderna vaccination [7]. 
 

Vaccine, Vaccination, and Types of Vaccines 

Vaccines are immunological-biological substances intended 
to create specific protection against disease or an 
inactivated/attenuated pathogen and a pathogen component 
protein or nucleic acid that when delivered to the host, 
triggers a protective response of immune cells in the host [8]. 

When a vaccine is administered, it is known as a 
vaccination. To put it another way, vaccination is the 
procedure of issuing a living or modified agent like a 
suspension of dead organisms as in pertussis, oral polio 
vaccine, or an inactivated toxin to protect susceptible 
persons from infections (As in tetanus). "Artificial induction 
of active immunity by introducing the particular antigen of a 
harmful organism into a vulnerable host" is what 
vaccination means. Immunization and vaccination, on the 
other hand, are commonly used interchangeably. Combining 
the principles of immunology with those from microbiology 
and epidemiology and pharmacy and public health are some 
of the many disciplines that make up vaccination [8]. 
Attenuated or weaker viruses were initially used in the 
development of human vaccines verses viruses. A pox virus 
which was comparable to smallpox to defend versus it but 
didn't usually because severe disease was employed in the 
smallpox vaccine. For the first time, a lab-grown vaccine for 
rabies has been developed for human use. More than one 
method is used to create a vaccine. There are many different 
types of attenuated viruses, such as those that have been 
weakened so that they really do not cause illness; those that 
were inactivated or killed; those that have been inactivated 
or killed toxins; or those that contain only segments of the 
pathogen, this includes both subunit and conjugate vaccines 
[9]. In Table 1, we listed the vaccines types and their 
mechanisms with some examples. 

 
Table 1: Vaccines types and their mechanisms with some examples [10] 

 

Vaccine type Vaccine mechanisms Example 

Trained immunity-
based vac. 

They can stimulate adaptive immune system & give pathogen-specific protection BCG vac. 

DNA vac. 
Viral DNA vaccines exploit the host protein translation mechanism to create target antigens. 

Trigger both humoral & cellular immunological responses 
INO-4800 vac. 

Subunit vac. 
Trigger an immune system response, the pathogen's antigen protein is produced and purified 

genetically 
Recombinant subunit 

SARS-CoV-2 vac. 

mRNA vac. mRNA vaccinations must penetrate the cytoplasm to work mRNA-1273 vac. 

Live attenuated vac. 
Its immunogenicity and reproduction ability are unaffected by the virus's pathogenicity 

reduction. 
Polio vac. 

Non-replicating viral 
vector vac. 

Encode SARS-full length CoV2's S protein Ad5-nCoV vac. 

Inactivated vac. Inactivated vaccines have lost their infectivity and toxicity while keeping their immunogenicity 
Inactivated SARS-

CoV-2 vac. 

 
SARS‑CoV‑2 vaccines 

Vaccine development is only successful if the product is 
approved and supplied to the target people. Development of 
vaccine is a hierarchical process. If preliminary 
investigations in animals and cell lines are positive, human 
vaccination trials enter phase I, which evaluates safety, 
dose, and immunogenicity in small groups of healthy 
individuals. Phase II trials are meant to establish optimal 
formulas, dosages, and doses intervals for vaccination 
candidates. These studies require hundreds to thousands of 
people. Phase III vaccination trials assess both efficacy and 
safety. Size of study depends on predicted case count but is 
frequently many thousands [11]. Until the middle of 

December 2020, four COVID-19 vaccinations had given 
efficacy estimates in press releases. Two of these vaccines, 
an adenovirus-vectored vaccine named Oxford/AstraZeneca 
& a mRNA vaccine named Pfizer/BioNTech, have interim 
efficacy findings published [12, 13]. In Figure 1 depicts the 
development of COVID-19 vaccine candidates utilizing 
both standard and new vaccine development methods. The 
glycoprotein of viral spike is very essential for SARS-CoV-
2 to enter and invade the host cells, is generated by each and 
every one of them. This antibody is designed to block the 
virus from replicating and infecting cells by binding to the 
spike glycoprotein [11]. 
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Fig 1: COVID-19 vaccine candidates with standard and new vaccine development methods [11] 
 

mRNA vaccines 

mRNA vaccines exclusively need to enter the cytoplasm to 
achieve target antigen expression, while DNA vaccines, 
which have to enter the nucleus. The development of mRNA 
vaccines has been fast in recent years. Despite the fact that 
clinical trials for the mRNA vaccines versus the rabies and 
influenza viruses have been conducted [14, 15]. The 
immunological effect is not acceptable, causing headaches, 
weariness, and side effects such muscle soreness. The 
vaccine's immunological protection waned after a 12 
months; no cellular immune system response was identified. 
So mRNA vaccines need to improve their immunological 
effectiveness and long-term protection. No mRNA vaccine 
exists yet. However, mRNA vaccination research is still in 
its infancy. Many institutions, both domestic and 
international, have rushed to create COVID-19 mRNA 
vaccines. The NIAID and Moderna's mRNA vaccine is 
leading a phase I clinical research. It encodes the S antigen's 
prefusion form, including a transmembrane anchor and an 
S1S2 cleavage site [16]. 
 

DNA vaccines 

Viral DNA vaccines use the protein translation mechanism 
of the host cells to produce target antigens. Endogenous 
immunogens can trigger both cellular & humoral immune 
responses. Because DNA vaccinations do not use live 
viruses, they are safer. Human or animal DNA vaccines 
include foreign antigen genes that are directly introduced 
into host cells, allowing them to generate antigen proteins 
and promote immunological responses [17]. There are 
limitations to the DNA vaccine injection method. Compared 
to viruses, double-stranded DNA molecules are far more 
stable and maybe frozen for long-term storage. A small 
amount of protein immune gen can reach cells since the 
vaccine is largely intercellular after inoculation. This 
reduces the immune response. Plasmid DNA vaccines' poor 

transfection efficiency necessitates the use of transfection 
techniques. The COVID-19 vaccine candidate INO-4800 
from Inovio is an example of a handheld electroporation 
device [10]. The vaccination and electrodes will be 
administered intradermally. The plasmid enters the cells 
when an electric pulse opens the cell membrane. Using a 
proven device may speed up clinical trials, but it also 
hinders large-scale immunization. While nucleic acid 
vaccines may cause systemic immune responses, mucosal 
immune responses are difficult to induce. While some 
animal DNA vaccines are available, no DNA vaccine for 
human has yet been authorized for sale. Combining 
vaccinations improves immune response [10]. 
 

Inactivated vaccines 

Inactivated vaccinations are the widespread. They are 
simple to manufacture and induce humoral immune system 
responses. Generally, the first to detect emerging diseases. 
Inactivated vaccines are made using formaldehyde, 
propiolactone, and UV light. Mouse, monkey, hamster, and 
ferret inactivated vaccinations can elicit high-titer neutralize 
antibodies. It has been shown safe in people and can elicit 
neutralizing antibodies [18]. 
 

Non-replicating viral vector vaccines 

Adenovirus is now being employed by both 
Oxford/AstraZeneca and CanSino. Adenovirus has a 
genome of double-stranded DNA. CanSino uses Ad5 and 
calls the vaccine Ad5-nCoV [19]. The TPA signal peptide 
and the Wuhan-Hu-1 sequence of SARS-CoV-2 are cloned 
into the E1- and E3-deleted Ad5 vector. This vaccine's 
efficacy is good, but it may not work for persons with 
recessive viruses [10, 20]. Inactivated vaccinations induce a 
poor T-cell immune system response. Inactivated MERS 
and SARS vaccinations have been found to ineffectively 
trigger cellular immune responses. Despite high serum 
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neutralizing antibody titers, the protective impact is lacking. 
The MERS-inactivated vaccination has been shown to 
trigger severe allergic reactions in mouse lungs. The latest 
vaccine is inactivated SARS-CoV-2. Vaccine manufacturing 
also necessitates high viral concentrations, posing a 
biological safety issue [21-23]. 
 

Subunit vaccines 

Subunit vaccinations are made up of pure recombinant 
proteins. Several subunit vaccinations are currently 
available, including hepatitis B, E, and HPV. Oral and nasal 
vaccination can also generate a mucosal immune cells 
response, so more effectively inhibiting virus transmission 
through the respiratory system. Several studies show that 
mucosal immunization protects better than intramuscular 
injection. Mucosal immune responses can be activated via 
oral and nasal mucosal immunization. Subunit vaccinations 
cannot deliver non-endogenous antigens via MHC-I and so 
cannot create sensitized CTL. For optimum results, utilize 
COVID-19 subunit vaccination with other platform vaccines 
[24-27]. 
 
Live attenuated vaccines 

Its immunogenicity and reproduction ability are unaffected 
by the virus's pathogenicity reduction. This vaccination 
program has excellent immunogenicity and able to promote 
systemic and mucosal immunity with long-lasting 
immunity. Live attenuated vaccines for smallpox, measles, 
and yellow fever were on the market. The SARS live 
attenuated vaccine will regain virulence after passage in 
cells or mice, indicating a higher biological safety risk. This 
technique is not currently advised for COVID-19 vaccine 
development due to a lack of evidence [10, 28]. 
 
Trained immunity-based vaccines 
BCG, a tuberculosis vaccine, can currently generate trained 
immunity versus COVID-19 and is undergoing clinical 
assessment. They can activate the adaptive immune system 
and guard against pathogens. Even if the BCG vaccine 
works against COVID-19, it has its limitations. In that 
instance, the BCG vaccination production standards differ 
by country, and it is unclear whether particular quality 
criteria are needed to protect versus COVID-19 [29-31]. 
 

Conclusion 

To put it simply, the COVID-19 vaccine's successful 
development is of interest to everyone on every continent 
and every country. Our research into vaccines' 
immunogenicity and immune reaction is critical to 
improving vaccine outcomes in the future, and we must 
work together to do so. 
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