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Abstract 
Since the discovery of the severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) virus in December 2019, it has spread rapidly affecting nu-
merous people globally and World Health Organization (WHO) has declared 
a pandemic in March 2020. As cases of COVID-19 continue to rise daily, 
there are increasing concerns and controversies regarding the best methods 
to curb the coronavirus pandemic. Since there are no proven drugs that are 
completely effective for prevention or treatment of SARS-CoV-2, vaccines are 
considered to be the most favorable choice to control the spread of this dis-
ease and reduce severe morbidity and mortality from COVID-19. Therefore, 
this evidence-based intensive literature review aims to further identify and tho-
roughly understand the mechanisms of actions of the primary vaccines de-
veloped against the SARS-CoV-2, aiming to provide the latest information 
available on current COVID-19 vaccines, touching on the viral characteristics 
of SARS-CoV-2, vaccine development and platforms which may be beneficial 
to the advancing research of novel SARS-CoV-2 vaccines. 
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1. Introduction 

COVID-19 is a deadly disease that has resulted in over 5 million deaths globally 
since December 2019. Since its discovery and rapid spread affecting countless 
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people throughout the world, the World Health Organization (WHO) has de-
clared a pandemic in March 2020. This pandemic is caused by the emergence of 
a novel coronavirus, SARS CoV-2, that is genetically similar to the SARS-CoV 
virus that was discovered in China, 2002, and also the Middle East Respiratory 
Syndrome coronavirus (MERS-CoV) was discovered in Saudi Arabia, 2012. 
However, SARS-CoV-2 is particularly contagious compared to the other epi-
demic-causing coronaviruses. Even prior to the onset of clinical symptoms, it is 
easily transmitted and the high transmissibility of SARS-CoV-2 has caused 
significant morbidity and mortality worldwide [1]. From epidemiological data, 
the discovery of SARS-CoV-2 links to the Wuhan Seafood Market in China, par-
ticularly with the western part of the Huanan Seafood Market containing posi-
tive samples of SARS-CoV-2 [2] [3]. Still, the transmission to humans is unclear 
and questions remain as to whether it originated from an animal source such as 
bats, which is the case for SARS-CoV and MERS-CoV [4]. Nonetheless, the 
transmission of viral particles from human-to-human is the biggest contributing 
factor to precipitating the spread of this disease. SARS-CoV-2 is a pneumotropic 
virus, mainly spread from individuals through airborne droplets, particularly in 
crowded settings where social distancing, usage of masks and appropriate hand 
hygiene is not observed [5]. Transmission can also occur via contaminated sur-
faces or fomites as the SARS-CoV-2 virus remains viable for up to 6 days in nu-
merous environmental conditions, drastically potentiating its ability to infect in-
dividuals [6]. Clinically, COVID-19 can manifest in many ways ranging from 
vague flu-like symptoms, benign respiratory or gastrointestinal problems [7] to 
acute respiratory distress syndrome (ARDS), multi-organ failure and even death 
[8].  

On 11 January 2020, the genetic sequence of SARS-CoV-2 was published, in-
itiating an extensive global program to develop a vaccine against COVID-19 [9]. 
Since then, numerous vaccines were produced or are in the production process 
and as of 11th February, WHO states that there are 337 vaccines in development 
against SARS-CoV-2, all in different stages of clinical development (142 in clini-
cal development; 195 in pre-clinical development) [10]. 

2. SARS-Cov-2 Viral Structure and Virulence 

SARS-CoV-2 is a coronavirus belonging to the coronaviridae family with a size 
of ~30 kb genomes and a diameter of 50 - 200 nm [11] [12]. The virus is an en-
veloped, positive-sense single-stranded, non-segmented RNA virus with a helical 
nucleocapsid with spike-like glycoprotein projections on its surface, which re-
sembles a crown-like or coronal appearance. SARS-CoV-2 has a double-layered 
lipid envelope which consists of spike (S) glycoproteins, glycoprotein membrane 
(M), helical nucleocapsid (N) and envelope (E) proteins. The S protein is made 
up of 2 subunits; S1 and S2 and two key factors affect the entry of SARS-CoV-2 
into host cells i.e. spike protein binding to host angiotensin-converting enzyme 2 
(ACE2) receptor and priming of S protein by host cell protease: transmembrane 
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protease serine 2 (TMPRSS2) [13]. The receptor-binding domain (RBD) on the 
N-terminal of the S1 subunit interacts and binds to the cellular ACE2 receptor 
on host cells, illustrated in Figure 1 [12] [14] [15]. Cryo-electron microscopy 
has revealed that SARS-CoV-2 spike protein’s binding affinity is 10 - 20× more 
than that of SARS-CoV, making the transmissibility of SARS-CoV-2 much 
greater [16], causing a massive public health concern worldwide. 

On the other hand, S2 contains the fusion peptide and transmembrane do-
main which mediates fusion with the host cell membrane [13]. Host proteases, 
primarily TMPRSS2, cleave the S2 subunit on the spike protein to make required 
conformational changes and S protein activation to facilitate membrane fusion 
and subsequent entry of viral RNA into target cells [17] [18]. By binding to the 
ACE2 receptors on the host cell, the virus enters the host through the S protein 
on its surface (Figure 2). 
 

 
Figure 1. The SARS-CoV-2 coronavirus particle structural diagram. The S protein is mainly divided into S1 
(containing the RBD), and S2 subunits. ACE2: angiotensin-converting enzyme 2; RBD: receptor-binding 
domain. NTD: N-Terminal Domain. Created with BioRender.com. 

 

 
Figure 2. Mechanism of SARS-CoV-2 Viral Entry. SARS-CoV-2 S protein binds to the host ACE2 receptor 
and is subsequently cleaved at S1/S2 and S2' sites by TMPRSS2 protease. The S2 domain is activated and 
drives fusion of the viral and host membranes. Created with BioRender.com. 
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The most common approach for vaccine development is the use of the S pro-
tein as an antigen. The S protein which plays a major role in attachment and fu-
sion is a major target antigen for many subunit vaccine candidates, in which not 
only the full-length S protein is targeted but also its antigenic fragments, S1/S2 
subunit, RBD, and N-terminal domain (NTD) [19]. When injected, most of these 
antigens can stimulate both humoral and cell-mediated immune responses in the 
body [20] [21]. 

3. Development of the COVID-19 Vaccine 

Traditionally, vaccine development takes approximately 15 years as much time is 
needed for undergoing different phases of clinical trials and approval in a se-
quential process [22], as shown in Figure 3 and to date, the fastest vaccine pro-
duced took roughly 4 years which was for mumps in the 1960s [23], which is still 
double the time taken for the COVID-19 vaccine development. The sudden and 
unexpected COVID-19 pandemic prompted numerous developers to rapidly 
start developing a vaccine in a relatively short period of time, thus raising con-
cerns from the public and anti-vaccine people. Generally, due to the high costs 
and risks of failure, developers tend to follow a sequential timeline, pausing in 
between stages for control and analysis [24]. 
 

 
Figure 3. SARS-CoV-2 development timeline vs. the traditional vaccine development timeline. Traditional vaccine development 
usually takes 15 years or more compared to the COVID-19 vaccine development which takes less than 2 years. Created with Bio-
Render.com. 

https://doi.org/10.4236/oalib.1108624


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 5 Open Access Library Journal 
 

In order to cope with the demand for a COVID-19 vaccine, developers have 
progressed to overlap various phases of clinical testing to accelerate the process 
and allocating most, if not all, of their funds towards it (something that has not 
been observed with other vaccines) [22] [23]. The same legal standards and 
safety assessment processes were still observed in the production of the vaccine 
[25] although some vaccines may be approved for emergency use by vulnerable 
groups prior to obtaining the full approval process [26]. The stages of vaccine 
development and aspects entailed in each stage are outlined in Table 1. 
 
Table 1. Stages of vaccine development. adapted from the history of vaccines: vaccine 
development, testing, and regulation [27]. 

Stages Processes 

Exploratory 
Stage 

• Basic laboratory research (~2 - 4 years) 
• Identify natural or synthetic antigens with possibility to prevent 

or treat a disease 
• Examples of antigens: virus-like particles, weakened viruses or 

bacteria, weakened bacterial toxins, or other substances derived 
from pathogens 

Pre-clinical 
Stage 

• Tissue-culture/cell-culture systems and animal testing  
(~1 - 2 years) 

• Assess safety and immunogenicity, or ability to provoke  
an immune response 

IND  
Application 

• Investigational New Drug (IND) submitted to the FDA 
• Describes the manufacturing and testing processes, summarizes 

the laboratory reports and describes the proposed study 

Phase I 
• Vaccine administered to healthy humans (small sample size <100) 
• Assess vaccine safety & immunogenicity 

Phase II 

• Vaccine administered to humans (moderate sample size  
100 - 1000)—effect of gender, age, and ethnicity assessed 

• Assess vaccine’s safety, immunogenicity, proposed doses,  
schedule of immunizations and method of delivery 

Phase III 

• Vaccineadministered to humans (large sample size 1000 - 10,000) 
• Randomized, double blind and involve the experimental vaccine 

being tested against a placebo 
• Assess the efficacy and adverse reactions of the vaccine 

Approval 
and  
Licensure 

• Submit Biologics License Application (BLA) to FDA 
• Inspection of vaccine development factory and approve  

the labelling of vaccine 
• After licensure, FDA continues to monitor the production of the 

vaccine: inspecting facilities and reviewing the manufacturer’s 
tests for potency, safety and purity of vaccines 

Phase IV 

• Optional studies by companies conducted after a  
vaccine is released 

• Continue to test the vaccine for safety, efficacy, and  
other potential uses 
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By far, vaccines are considered to be the most favorable option to manage the 
spread of COVID-19 producing herd-immunity that will decrease viral circula-
tion within the community. It may be argued that herd immunity can be ac-
quired solely through natural infection without a need for a vaccine. Although it 
is theoretically possible, the consequences to society would definitely cause de-
vastation to any country [28]. This strategy that was observed in Sweden failed 
and resulted in almost three times more deaths per million people from COVID-19 
compared to Germany [29]. 

4. Overview of Vaccine Platforms 

Several vaccination platforms have been or are currently being used in the pro-
duction of a SARS-CoV-2 vaccine (Figure 4). These platforms can be divided 
into “conventional” approaches: inactivated or live-attenuated vaccines and newer 
vaccine platforms such as viral vectors and recombinant proteins. Some novel 
platforms such as Ribonucleic Acid (RNA) or Deoxyribonucleic Acid (DNA) vac-
cines have not been licensed before this [22]. 

4.1. Live-Attenuated Vaccines 

Live-attenuated vaccines (LAV) are produced by developing a genetically 
weakened form of the wild-type virus or using avirulent strain [30] [31]. Virus  
 

 
Figure 4. Vaccine platforms. (a) Live-attenuated virus. (b) Inactivated virus. (c) Viral vectors: Replicating or non-replicating viral 
vector. (d) Protein subunits. (e) DNA or RNA. Created with BioRender.com. 
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attenuation is generated by exposing the virus to adverse conditions such as low 
temperatures until it loses its pathogenic properties but maintaining its immu-
nogenicity. The codon pair deoptimization strategy has also shown to be suc-
cessful for viral attenuation [32] [33]. When injected, these viruses replicate in 
the host, eliciting an immune response, similar to when naturally infected, caus-
ing only a mild infection without actually causing the disease [34]. Some LAV 
currently used is chickenpox, MMR and polio vaccine. 

Nonetheless, LAV may still revert to their original form and cause disease, as 
seen in vaccine-associated paralytic poliomyelitis associated with use of oral po-
liovirus vaccine (OPV) [35]. Additionally, possible errors may occur during the 
immunization process and due to their poor security and stability, the use of 
LAV is limited and those who are immunocompromised are advised against it 
[36]. Currently, LAV produced by Codagenix/Serum Institute of India and Meissa 
Vaccines, Inc are under Phase 3 and Phase 1 clinical trials respectively [10]. 

4.2. Inactivated Vaccines 

Inactivated vaccines utilize a virus which inactivated thermally, chemically or by 
radiation. The preferred method is chemical inactivation (formaldehyde or alky-
lating agent based) as the integrity of the antigenic epitopes of the virus is better 
maintained and preserved when compared to the thermal inactivation [37]. The 
vaccine containing antigens from the inactivated viruses which are usually com-
bined with aluminium hydroxide or another adjuvant is then injected into the 
body, generating an immune response [38] [39].  

Inactivated vaccines have been widely used against measles, polio, influenza 
and other viruses in the past decades. Moreover, mass immunization programs 
have confirmed their safety profiles with development and evaluation stan-
dards put in place based on experience on prior usage of these vaccines. There-
fore, large-scale production of inactivated vaccines is possible as manufacturing 
processes and methodology for development are well established [40]. However, 
inactivated vaccines only generate moderate immunogenicity, requiring adju-
vants and several booster immunizations for an adequate immune response [41]. 
Moreover, many countries are still limited from performing research and inde-
pendently developing the vaccines due to the need of specialized facilities like 
biosafety level 3 laboratories (BSL-3) [40]. 

For this type of vaccine, Sinovac and Sinopharm are among the manufacturers 
which have advanced the most in vaccine development, clearing phase 3 trials 
and attaining international authorizations for use [42]. 

4.3. Viral Vector Vaccines 

Viral vector-based vaccine uses viral vector backbone bioengineered to insert 
viral antigen-encoding gene(s) into the host organism and is generally classified 
into replicating or non-replicating vectors. Some examples of replicating vectors 
are: measles virus and vesicular stomatitis virus (VSV) and non-replicating vec-
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tors: Adenoviruses (Ad) and poxviruses [43]. This platform has been well inves-
tigated and has a reputable track performance history considering its safety, ge-
netic malleability, absence of an adjuvant requirement and strong potential to 
induce cell-mediated (T cell) immunity as well as being relatively easy to design 
and develop [44].  

Replicating vector vaccines infect target cells stimulating antigen production 
as well as replicate and infect new cells to also produce the vaccine antigen, trig-
gering a more robust immune response. On the other hand, non-replicating 
vectors stimulate antigen production without forming new virus particles. Viral 
vector induces endogenous antigen production by the host, stimulating both 
humoral and cellular immune response [30]. Many vaccines use a non-replicating 
Ad vector as they are physically and genetically intact and do not integrate with 
the host genome. Some examples of authorized SARS-CoV-2 vaccines using viral 
vector platforms are AstraZeneca and Janssen/Johnson & Johnson.  

One concern is that pre-existing immunity may possibly lower the immuno-
genicity of the vaccine [45] [46], but this issue can be avoided by using viral vec-
tors derived from animal viruses, such as a chimpanzee adenovirus as in the As-
tra Zeneca vaccine [47] or using a virus uncommon in the target population 
(Janssen and Cansino use vectors that do not propagate in Europe and Asia re-
spectively) [48]. 

4.4. Protein Subunit Vaccines 

Protein subunit vaccines which include recombinant protein vaccines are based 
on synthetic peptides or recombinant proteins of the target pathogen, con-
taining specific antigenic fragments without their pathogenic components 
which eliminates concerns of incomplete viral inactivation, virulence recovery, 
and pre-existing anti-vector immunity [34]. Therefore, protein subunit vaccines 
are regarded as relatively safe. Current notable recombinant protein vaccines in 
use are the HPV and Hep B vaccine. Different expression systems exist for the 
recombinant proteins, including insect and mammalian cells, yeast and plants 
[49].  

Specific neutralizing antigenic epitopes can be targeted and improve immu-
nogenicity and/or efficacy when combined with adjuvants which extends the bi-
ological half-life of the antigenic material or increase the immunomodulatory 
cytokine response [50] [51]. Currently, many of the SARS-CoV-2 subunit vac-
cines utilize the S protein and its fragments, such as the RBD as the antigen as it 
was shown to have numerous conformational neutralizing epitopes, which is 
suitable for vaccine development [52]. The RBD comprises major antigenic epi-
topes that elicit both neutralizing antibodies and T cell responses [43] and is 
demonstrated that most antibodies produced against the RBD can neutralize 
coronaviruses thus inhibiting its ability to attach to the host cells [53]. Some re-
combinant COVID-19 vaccines in development include recombinant S protein, 
recombinant RBD and virus-like particle (VLP) vaccines [22] and the Novavax 

https://doi.org/10.4236/oalib.1108624


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 9 Open Access Library Journal 
 

vaccine is also developed using this platform. 

4.5. Deoxyribonucleic Acid (DNA) and Ribonucleic Acid  
(RNA) Vaccines 

Deoxyribonucleic Acid (DNA) and Ribonucleic Acid (RNA) (nucleic acid-based) 
vaccines are novel platforms for vaccine development that offer great flexibility 
for antigen manipulation and rapid production. They are a cutting-edge vaccine 
development approach with huge therapeutic potential and are considered 
cost-effective as it eliminates the need to grow viruses or viral proteins inside live 
cells in tissue culture laboratory, thus making it easier for large-scale manufac-
turing [37] [54]. Nucleic acid vaccines are similar to viral vector vaccines in which 
they transmit genetic instructions (DNA or mRNA encoding disease-specific an-
tigens), primarily for the expression of viral S protein (in COVID-19) into host 
cells to induce an immunogenic response [54]. DNA and RNA utilize the host 
cells’ machinery to generate immunogens that stimulate both antibody and 
T-cell induction [55].  

DNA vaccines use a recombinant plasmid that contains a mammalian expres-
sion promoter and a transgene encoding the antigen which undergoes a tran-
scription-to-translational to produce the antigen. The production process is 
relatively simple and can produce a strong immunogenic response with a high 
safety margin [56] [57] [58]. Plasmid DNA vaccines have gained more atten-
tion than mRNA in the past decades due to the intrinsic stability of DNA double 
helixes compared to single strands of mRNA and the possible effect of degrading 
RNase [24]. DNA vaccines have been tested for efficacy in vitro and in vivo with 
some gaining approval for veterinary use [59]. Some DNA vaccines for SARS-CoV-2 
currently in Phase 3 trials include ZyCoV-D (Zydus Cadila) and INO-4800 (In-
ovio) [10].  

Similar to DNA vaccines, the mRNA vaccines are based on the induction of 
transient antigen (S-protein for COVID-19 vaccines) expression of host cells 
which can be divided into 2 categories: non-replicating mRNA and virally de-
rived self-replicating mRNA. Conventional (non-replicating) mRNA-based vac-
cines encode the antigen of interest whereas the latter encodes both the antigen, 
as well as the viral replication machinery for intracellular mRNA amplification 
[60] [61]. Currently, only non-replicating mRNA vaccines are available for 
COVID-19. Once injected, the RNA is translated into the target protein to in-
duce an immune response. RNA vaccines do not integrate into the host genome 
as it does not enter the nucleus, instead, it remains in the cell cytoplasm [62] 
[63]. Moreover, mRNA is degraded by ribonucleases and natural cellular 
processes and by using various delivery methods and modifications, its in vivo 
half-life can be regulated [60]. However, mRNA vaccines are relatively less stable 
compared to DNA vaccines, in which well-managed handling and storage are 
necessary [64] [65]. RNA vaccines were amongst the first vaccines produced for 
SARS-CoV-2 and some of them are Pfizer (Comirnaty/BNT162b2) and Moder-
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na (mRNA-1273). 

5. Mechanism of Action of Main Corona-19 Vaccines 
5.1. Pfizer/BioNTech—BNT162b2 (Comirnaty) 

The vaccine developed with Pfizer in collaboration with German company Bi-
oNTech is a nucleic acid vaccine with a nucleoside-modified mRNA taken from 
the spike (S) glycoprotein of SARS-CoV-2, formulated with lipid nanoparticles 
(LNP). BNT162b2 RNA encodes a full-length S protein in which the perfu-
sion configuration is stabilized by using proline to substitute amino acids 
K986 and V987 (S(P2)) [66] [67], thus stabilizing the prefusion conformation of 
the transmembrane-anchored S protein but still allowing for cleavage of the S1 
and S2 subunits [68]. The delivery methods of the mRNA vaccine are important 
as the mRNA molecules must penetrate lipid membranes, localize in the cytop-
lasm and activate the translation-to-transcription process in cells. Pfizer uses 
utilizes LNP encapsulation in the manufacture of the BNT162b2 vaccine [66], 
which has been shown to efficiently deliver mRNA in vivo and also protect it 
from degradation by nucleases [69] [70]. However, a disadvantage is that these 
vaccines need to be stored at −80˚C [71] making it difficult to distribute to low- 
and medium-income countries.  

After injection, internalization of mRNA occurs and is rapidly translated by 
antigen-presenting cells (APC) both at the injection site and in draining lymph 
nodes, where it is shown to initiate robust adaptive immune responses in vivo 
[72] [73], generating RBD-specific and neutralizing antibodies (nAbs) in hu-
mans [74]. A large placebo-controlled Phase III trial of over 37,000 participants 
showed that a two-dose regimen of BNT162b2 (30 μg per dose, given 21 days 
apart) was found to be safe and had 95% efficacy (95% CI 90.3 - 97.6; 8 versus 
162 cases in placebo) in preventing symptomatic COVID-19 infection [74]. It 
also proved to generate a greater immunogenic response in children and adoles-
cents compared to young adults [75]. It is reported that most people only expe-
rience mild local and systemic side effects such as pain at the injection site, fati-
gue, headache and fever which were more common after the second dose [76]. 
However, there have been several cases of anaphylaxis after vaccination, mostly 
attributed to patients with a prior history of allergies [77] [78] and rare cases of 
myocarditis [79]. Nonetheless, the benefits of the vaccine greatly outweigh the 
small increased risk of serious adverse effects. 

5.2. AstraZeneca/Oxford—ChAdOx1 nCoV-19/AZD1222 

ChAdOx1 nCoV-19 is a recombinant non-replicating viral vector vaccine that 
expresses the S protein which is synthesized based using a chimpanzee adenovi-
rus. The sequence coding amino acids (2-1273) and tissue plasminogen activator 
(tPA) leader sequence at the 5’ end are encapsulated in a shuttle (plasmid) vector 
[80]. These modified adenoviruses cannot replicate in the human body because 
the gene which enables virion assembly has been deleted, making it a relatively 
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safe way to introduce the antigenic component of SARS-CoV-2 into the host cell 
[54]. This strategy leads to host cells expressing the S protein thus stimulating a 
strong humoral and cell-mediated immune response [81] [82] [83]. Interim re-
sults from for ongoing, blinded, a multinational phase III randomized controlled 
trial showed 70.4% efficacy (95% CI 54.8 - 80.6) in preventing asymptomatic 
COVID-19 infection [84] [85].  

Other than the usual mild systemic side effects, there have been several con-
cerns regarding thrombotic events associated with thrombocytopenia [86] which 
some experts refer to as vaccine-associated immune thrombotic thrombocyto-
penia (VITT) or thrombosis with thrombocytopenia syndrome (TTS) [87] [88] 
[89]. A large proportion of these cases are associated with autoantibodies di-
rected against the platelet factor 4 (PF4) antigen [90] [91], as seen in patients 
with autoimmune heparin-induced thrombocytopenia (HIT) [92]. A few re-
ported cases show that thrombosis usually occurred at uncommon sites such as 
the cerebral venous sinuses [93], splanchnic vein, pulmonary artery and other 
sites [89]. Therefore, all recipients of ChAdOx1 nCoV-19 vaccines should be 
counselled regarding the possible risks and advised to seek immediate care for 
suggestive signs of thrombocytopenia. Unlike nucleic acid-based vaccines, 
ChAdOx1 nCoV-19 can be kept at refrigerator temperature (2˚C - 8˚C), making 
it easier for storage and distribution [94]. 

5.3. Sinovac—CoronaVac 

CoronaVac (formerly called PiCoVacc) is based on a well-known traditional 
vaccine methodology, using an inactivated virus in Vero cell line culture. The 
SARS-CoV-2 virus (CZ02 Strain) is inoculated into African green monkey kid-
ney cells (Vero Cell), inactivated using β-propiolactone and combined with alu-
minium hydroxide as an adjunct [38] [95]. When injected, antigen-presenting 
cells (APC) engulf the inactivated viruses, presenting different antigenic deter-
minants which are recognised by the immune system, inducing the production 
of nAbs. CoronaVac can be stored at (2˚C - 8˚C) for years, increasing its suita-
bility for countries with poor socioeconomic status and places with limited 
cold-storage capacity. Phase III trials have been conducted in several parts of the 
world with results of efficacy ranging from 50.7% (Brazil), 65.30% (Indonesia) 
and 83.5% (Turkey) [95] [96] [97]. Common adverse effects were injection-site 
pain and mild systemic side effects. In contrast to viral vector or nucleic ac-
id-based vaccines, fever occurred much less after vaccination with CoronaVac 
[98] and was much better tolerated in adults aged 60 and above [99]. Diminish-
ing nAbs production was noted with increased age, suggesting a need for a do-
sage increase for the elderly [100]. Moreover, these vaccines have a good safety 
profile and pose no risk of causing infection even for immunosuppressed indi-
viduals as they cannot replicate in the human body. However, they are known to 
be less effective compared to live-attenuated vaccines as they mainly stimulate 
humoral immune response with minimal cell-mediated immune response [54] 
[101]. Therefore, multiple doses are usually required to generate immunity. Al-
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though no human studies have shown to cause antibody dependant enhance-
ment (ADE) for CoronaVac, there is a theoretical risk that inactivated vaccines 
may increase the risk of developing non-neutralizing antibodies resulting in lung 
inflammation [102] [103], which was seen in the respiratory syncytial virus 
(RSV) and measles vaccine [104] [105]. 

6. Conclusion 

In a span of just 2 years since the discovery of SARS-CoV-2, there have been 
tremendous technological advances worldwide in the production of a COVID-19 
vaccine. Vaccines for COVID-19 have been produced at a rate that has not been 
witnessed before in history, some using novel platforms not used in humans 
prior to this pandemic. However, despite the rapid production and distribution 
worldwide, several new variants of concern have emerged, with threats of vac-
cines being ineffective in providing immunity to the population. Although this 
literature review highlights the different vaccination platforms, along with the 
mechanisms of action of some main COVID-19 vaccines, the effects of mixing 
different vaccines and emerging variants of concern were not addressed but it is 
hoped that understanding the mechanisms of action of vaccines, it can provide 
more insight into the advancement of research for new COVID-19 vaccines and 
with hopes to find more effective solutions to control this pandemic. It is post-
ulated that around 70% of the world’s population need to be vaccinated to achieve 
a desirable outcome of herd immunity. Each COVID-19 vaccine has its relative 
pros and cons with regard to its efficacy and side effects, which makes it difficult 
to conclude that vaccine is superior. Nonetheless, the accessibility and afforda-
bility of vaccines will be of greater importance to curb this pandemic, especially 
in developing nations. 

Acknowledgements 

We would like to acknowledge Monash University for providing access to the 
extensive sources of full-text articles and software (Endnote and Nvivo) in com-
pleting this literature review. 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 
[1] Triggle, C.R., Bansal, D., Ding, H., Islam, M.M., Farag, E., Hadi, H.A. and Sultan, 

A.A. (2021) A Comprehensive Review of Viral Characteristics, Transmission, Pa-
thophysiology, Immune Response, and Management of SARS-CoV-2 and COVID-19 
as a Basis for Controlling the Pandemic. Frontiers in Immunology, 12, Article ID: 
631139. https://doi.org/10.3389/fimmu.2021.631139 

[2] Shi, Y., Wang, G., Cai, X.-P., Deng, J.-W., Zheng, L., Zhu, H.-H., et al. (2020) An 
Overview of COVID-19. Journal of Zhejiang University. Science B, 21, 343-360.  
https://doi.org/10.1631/jzus.B2000083 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.3389/fimmu.2021.631139
https://doi.org/10.1631/jzus.B2000083


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 13 Open Access Library Journal 
 

[3] Wang, C., Horby, P.W., Hayden, F.G. and Gao, G.F. (2020) A Novel Coronavirus 
Outbreak of Global Health Concern. The Lancet, 395, 470-473.  
https://doi.org/10.1016/S0140-6736(20)30185-9 

[4] Andersen, K.G., Rambaut, A., Lipkin, W.I., Holmes, E.C. and Garry, R.F. (2020) 
The Proximal Origin of SARS-CoV-2. Nature Medicine, 26, 450-452.  
https://doi.org/10.1038/s41591-020-0820-9 

[5] Leclerc, Q., Fuller, N., Knight, L., Null, N., Funk, S. and Knight, G. (2020) What 
Settings Have Been Linked to SARS-CoV-2 Transmission Clusters? Welcome Open 
Research, 5, 83. https://doi.org/10.12688/wellcomeopenres.15889.2 

[6] van Doremalen, N., Bushmaker, T., Morris, D.H., Holbrook, M.G., Gamble, A., 
Williamson, B.N., et al. (2020) Aerosol and Surface Stability of SARS-CoV-2 as 
Compared with SARS-CoV-1. New England Journal of Medicine, 382, 1564-1567.  
https://doi.org/10.1056/NEJMc2004973 

[7] Zhou, Z., Zhao, N., Shu, Y., Han, S., Chen, B. and Shu, X. (2020) Effect of Gastroin-
testinal Symptoms in Patients with COVID-19. Gastroenterology, 158, 2294-2297.  
https://doi.org/10.1053/j.gastro.2020.03.020 

[8] Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., et al. (2020) Clinical Features 
of Patients Infected with 2019 Novel Coronavirus in Wuhan, China. The Lancet, 
395, 497-506. https://doi.org/10.1016/S0140-6736(20)30183-5 

[9] Thanh Le, T., Andreadakis, Z., Kumar, A., Gómez Román, R., Tollefsen, S., Saville, 
M. and Mayhew, S. (2020) The COVID-19 Vaccine Development Landscape. Na-
ture Reviews Drug Discovery, 19, 305-306.  
https://doi.org/10.1038/d41573-020-00073-5 

[10] WHO (2022) Draft Landscape of COVID-19 Candidate Vaccines.  
https://www.who.int/publications/m/item/draft-landscape-of-COVID-19-candidate
-vaccines  

[11] Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., et al. (2020) Epidemiologi-
cal and Clinical Characteristics of 99 Cases of 2019 Novel Coronavirus Pneumonia 
in Wuhan, China: A Descriptive Study. The Lancet, 395, 507-513.  
https://doi.org/10.1016/S0140-6736(20)30211-7 

[12] Kumar, S., Nyodu, R., Maurya, V.K. and Saxena, S.K. (2020) Morphology, Genome 
Organization, Replication, and Pathogenesis of Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2). In: Saxena, S.K., Ed., Coronavirus Disease 2019 
(COVID-19): Epidemiology, Pathogenesis, Diagnosis, and Therapeutics, Springer, 
Singapore, 23-31. https://doi.org/10.1007/978-981-15-4814-7_3 

[13] Forchette, L., Sebastian, W. and Liu, T. (2021) A Comprehensive Review of COVID-19 
Virology, Vaccines, Variants, and Therapeutics. Current Medical Science, 41, 1037-1051.  
https://doi.org/10.1007/s11596-021-2395-1 

[14] Neuman, B.W., Adair, B.D., Yoshioka, C., Quispe, J.D., Orca, G., Kuhn, P., et al. 
(2006) Supramolecular Architecture of Severe Acute Respiratory Syndrome Coro-
navirus Revealed by Electron Cryomicroscopy. Journal of Virology, 80, 7918-7928.  
https://doi.org/10.1128/JVI.00645-06 

[15] Min, L. and Sun, Q. (2021) Antibodies and Vaccines Target RBD of SARS-CoV-2. 
Frontiers in Molecular Biosciences, 8, Article ID: 671633.  
https://doi.org/10.3389/fmolb.2021.671633 

[16] Wrapp, D., Wang, N., Corbett, K.S., Goldsmith, J.A., Hsieh, C.-L., Abiona, O., et al. 
(2020) Cryo-EM Structure of the 2019-nCoV Spike in the Prefusion Conformation. 
Science (New York, N.Y.), 367, 1260-1263. https://doi.org/10.1126/science.abb2507 

[17] Zang, R., Gomez Castro, M.F., McCune, B.T., Zeng, Q., Rothlauf, P.W., Sonnek, 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1038/s41591-020-0820-9
https://doi.org/10.12688/wellcomeopenres.15889.2
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1053/j.gastro.2020.03.020
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1038/d41573-020-00073-5
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1007/978-981-15-4814-7_3
https://doi.org/10.1007/s11596-021-2395-1
https://doi.org/10.1128/JVI.00645-06
https://doi.org/10.3389/fmolb.2021.671633
https://doi.org/10.1126/science.abb2507


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 14 Open Access Library Journal 
 

N.M., et al.  (2020) TMPRSS2 and TMPRSS4 Promote SARS-CoV-2 Infection of 
Human Small Intestinal Enterocytes. Science Immunology, 5, eabc3582.  
https://doi.org/10.1126/sciimmunol.abc3582 

[18] Hartenian, E., Nandakumar, D., Lari, A., Ly, M., Tucker, J.M. and Glaunsinger, B.A. 
(2020) The Molecular Virology of Coronaviruses. The Journal of Biological Chemi-
stry, 295, 12910-12934. https://doi.org/10.1074/jbc.REV120.013930 

[19] Ou, X., Liu, Y., Lei, X., Li, P., Mi, D., Ren, L., et al. (2020) Characterization of Spike 
Glycoprotein of SARS-CoV-2 on Virus Entry and Its Immune Cross-Reactivity with 
SARS-CoV. Nature Communications, 11, Article No. 1620.  
https://doi.org/10.1038/s41467-020-15562-9 

[20] Sadarangani, M., Marchant, A. and Kollmann, T.R. (2021) Immunological Mechan-
isms of Vaccine-Induced Protection against COVID-19 in Humans. Nature Reviews 
Immunology, 21, 475-484. https://doi.org/10.1038/s41577-021-00578-z 

[21] Gudbjartsson, D.F., Norddahl, G.L., Melsted, P., Gunnarsdottir, K., Holm, H., Ey-
thorsson, E., et al. (2020) Humoral Immune Response to SARS-CoV-2 in Iceland. 
The New England Journal of Medicine, 383, 1724-1734.  
https://doi.org/10.1056/NEJMoa2026116 

[22] Krammer, F. (2020) SARS-CoV-2 Vaccines in Development. Nature, 586, 516-527.  
https://doi.org/10.1038/s41586-020-2798-3 

[23] Ball, P. (2021) The Lightning-Fast Quest for COVID Vaccines and What It Means 
for Other Diseases. Nature, 589, 16-18. https://doi.org/10.1038/d41586-020-03626-1 

[24] Ghasemiyeh, P., Mohammadi-Samani, S., Firouzabadi, N., Dehshahri, A. and Vazin, 
A. (2021) A Focused Review on Technologies, Mechanisms, Safety, and Efficacy of 
Available COVID-19 Vaccines. International Immunopharmacology, 100, Article 
ID: 108162. https://doi.org/10.1016/j.intimp.2021.108162 

[25] Carvalho, T., Krammer, F. and Iwasaki, A. (2021) The First 12 Months of COVID-19: 
A Timeline of Immunological Insights. Nature Reviews Immunology, 21, 245-256.  
https://doi.org/10.1038/s41577-021-00522-1 

[26] Sharma, O., Sultan, A.A., Ding, H. and Triggle, C.R. (2020) A Review of the 
Progress and Challenges of Developing a Vaccine for COVID-19. Frontiers in Im-
munology, 11, Article ID: 585354. https://doi.org/10.3389/fimmu.2020.585354 

[27] Philadelphia, C. o. P. o. (2022) The History of Vaccines: Vaccine Development, 
Testing, and Regulation.  
https://www.historyofvaccines.org/content/articles/vaccine-development-testing-an
d-regulation  

[28] Randolph, H.E. and Barreiro, L.B. (2020) Herd Immunity: Understanding COVID-19. 
Immunity, 52, 737-741. https://doi.org/10.1016/j.immuni.2020.04.012 

[29] Jung, F., Krieger, V., Hufert, F.T. and Küpper, J.H. (2020) Herd Immunity or Sup-
pression Strategy to Combat COVID-19. Clinical Hemorheology and Microcircula-
tion, 75, 13-17. https://doi.org/10.3233/CH-209006 

[30] van Riel, D. and de Wit, E. (2020) Next-Generation Vaccine Platforms for COVID-19. 
Nature Materials, 19, 810-812. https://doi.org/10.1038/s41563-020-0746-0 

[31] Nagy, A. and Alhatlani, B. (2021) An Overview of Current COVID-19 Vaccine 
Platforms. Computational and Structural Biotechnology Journal, 19, 2508-2517.  
https://doi.org/10.1016/j.csbj.2021.04.061 

[32] Groenke, N., Trimpert, J., Merz, S., Conradie, A.M., Wyler, E., Zhang, H., et al. 
(2020) Mechanism of Virus Attenuation by Codon Pair Deoptimization. Cell Re-
ports, 31, Article ID: 107586. https://doi.org/10.1016/j.celrep.2020.107586 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1126/sciimmunol.abc3582
https://doi.org/10.1074/jbc.REV120.013930
https://doi.org/10.1038/s41467-020-15562-9
https://doi.org/10.1038/s41577-021-00578-z
https://doi.org/10.1056/NEJMoa2026116
https://doi.org/10.1038/s41586-020-2798-3
https://doi.org/10.1038/d41586-020-03626-1
https://doi.org/10.1016/j.intimp.2021.108162
https://doi.org/10.1038/s41577-021-00522-1
https://doi.org/10.3389/fimmu.2020.585354
https://www.historyofvaccines.org/content/articles/vaccine-development-testing-and-regulation
https://www.historyofvaccines.org/content/articles/vaccine-development-testing-and-regulation
https://doi.org/10.1016/j.immuni.2020.04.012
https://doi.org/10.3233/CH-209006
https://doi.org/10.1038/s41563-020-0746-0
https://doi.org/10.1016/j.csbj.2021.04.061
https://doi.org/10.1016/j.celrep.2020.107586


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 15 Open Access Library Journal 
 

[33] Broadbent, A.J., Santos, C.P., Anafu, A., Wimmer, E., Mueller, S. and Subbarao, K. 
(2016) Evaluation of the Attenuation, Immunogenicity, and Efficacy of a Live Virus 
Vaccine Generated by Codon-Pair Bias De-Optimization of the 2009 Pandemic 
H1N1 Influenza Virus, in Ferrets. Vaccine, 34, 563-570.  
https://doi.org/10.1016/j.vaccine.2015.11.054 

[34] Frederiksen, L.S.F., Zhang, Y., Foged, C. and Thakur, A. (2020) The Long Road to-
ward COVID-19 Herd Immunity: Vaccine Platform Technologies and Mass Immu-
nization Strategies. Frontiers in Immunology, 11, Article No. 1817.  
https://doi.org/10.3389/fimmu.2020.01817 

[35] Platt, L.R., Estívariz, C.F. and Sutter, R.W. (2014) Vaccine-Associated Paralytic Po-
liomyelitis: A Review of the Epidemiology and Estimation of the Global Burden. 
The Journal of Infectious Diseases, 210, S380-S389.  
https://doi.org/10.1093/infdis/jiu184 

[36] Sumirtanurdin, R. and Barliana, M.I. (2020) Coronavirus Disease 2019 Vaccine De-
velopment: An Overview. Viral Immunology, 34, 134-144.  
https://doi.org/10.1089/vim.2020.0119 

[37] Chaudhary, J.K., Yadav, R., Chaudhary, P.K., Maurya, A., Kant, N., Rugaie, O.A., et 
al. (2021) Insights into COVID-19 Vaccine Development Based on Immunogenic 
Structural Proteins of SARS-CoV-2, Host Immune Responses, and Herd Immunity. 
Cells, 10, Article No. 2949. https://doi.org/10.3390/cells10112949 

[38] Gao, Q., Bao, L., Mao, H., Wang, L., Xu, K., Yang, M., et al. (2020) Development of 
an Inactivated Vaccine Candidate for SARS-CoV-2. Science (New York, N.Y.), 369, 
77-81. https://doi.org/10.1126/science.abc1932 

[39] Awate, S., Babiuk, L.A. and Mutwiri, G. (2013) Mechanisms of Action of Adjuvants. 
Frontiers in Immunology, 4, Article No. 114.  
https://doi.org/10.3389/fimmu.2013.00114 

[40] He, Q., Mao, Q., Zhang, J., Bian, L., Gao, F., Wang, J., et al. (2021) COVID-19 Vac-
cines: Current Understanding on Immunogenicity, Safety, and Further Considera-
tions. Frontiers in Immunology, 12, Article ID: 669339.  
https://doi.org/10.3389/fimmu.2021.669339 

[41] Croda, J. and Ranzani, O.T. (2021) Booster Doses for Inactivated COVID-19 Vac-
cines: If, When, and for Whom. The Lancet Infectious Diseases, 22, 430-432.  
https://doi.org/10.1016/S1473-3099(21)00696-4 

[42] Creech, C.B., Walker, S.C. and Samuels, R.J. (2021) SARS-CoV-2 Vaccines. JAMA, 
325, 1318-1320. https://doi.org/10.1001/jama.2021.3199 

[43] Anand, U., Jakhmola, S., Indari, O., Jha, H.C., Chen, Z.-S., Tripathi, V. and Pérez de 
la Lastra, J.M. (2021) Potential Therapeutic Targets and Vaccine Development for 
SARS-CoV-2/COVID-19 Pandemic Management: A Review on the Recent Update. 
Frontiers in Immunology, 12, Article ID: 658519.  
https://doi.org/10.3389/fimmu.2021.658519 

[44] Sasso, E., D’Alise, A.M., Zambrano, N., Scarselli, E., Folgori, A. and Nicosia, A. 
(2020) New Viral Vectors for Infectious Diseases and Cancer. Seminars in Immu-
nology, 50, Article ID: 101430. https://doi.org/10.1016/j.smim.2020.101430 

[45] Zhu, F.-C., Li, Y.-H., Guan, X.-H., Hou, L.-H., Wang, W.-J., Li, J.-X., et al. (2020) 
Safety, Tolerability, and Immunogenicity of a Recombinant Adenovirus Type-5 
Vectored COVID-19 Vaccine: A Dose-Escalation, Open-Label, Non-Randomised, 
First-in-Human Trial. Lancet (London, England), 395, 1845-1854.  
https://doi.org/10.1016/S0140-6736(20)31208-3 

[46] Pandey, A., Singh, N., Vemula, S.V., Couëtil, L., Katz, J.M., Donis, R., et al. (2012) 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1016/j.vaccine.2015.11.054
https://doi.org/10.3389/fimmu.2020.01817
https://doi.org/10.1093/infdis/jiu184
https://doi.org/10.1089/vim.2020.0119
https://doi.org/10.3390/cells10112949
https://doi.org/10.1126/science.abc1932
https://doi.org/10.3389/fimmu.2013.00114
https://doi.org/10.3389/fimmu.2021.669339
https://doi.org/10.1016/S1473-3099(21)00696-4
https://doi.org/10.1001/jama.2021.3199
https://doi.org/10.3389/fimmu.2021.658519
https://doi.org/10.1016/j.smim.2020.101430
https://doi.org/10.1016/S0140-6736(20)31208-3


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 16 Open Access Library Journal 
 

Impact of Preexisting Adenovirus Vector Immunity on Immunogenicity and Pro-
tection Conferred with an Adenovirus-Based H5N1 Influenza Vaccine. PLoS ONE, 
7, e33428. https://doi.org/10.1371/journal.pone.0033428 

[47] Folegatti, P.M., Ewer, K.J., Aley, P.K., Angus, B., Becker, S., Belij-Rammerstorfer, S., 
et al. (2020) Safety and Immunogenicity of the ChAdOx1 nCoV-19 Vaccine against 
SARS-CoV-2: A Preliminary Report of a Phase 1/2, Single-Blind, Randomised Con-
trolled Trial. The Lancet, 396, 467-478.  
https://doi.org/10.1016/S0140-6736(20)31604-4 

[48] Rodriguez-Coira, J. and Sokolowska, M. (2021) SARS-CoV-2 Candidate Vac-
cines—Composition, Mechanisms of Action and Stages of Clinical Development. 
Allergy, 76, 1922-1924. https://doi.org/10.1111/all.14714 

[49] Amanat, F., Stadlbauer, D., Strohmeier, S., Nguyen, T.H.O., Chromikova, V., 
McMahon, M., et al. (2020) A Serological Assay to Detect SARS-CoV-2 Seroconver-
sion in Humans. Nature Medicine, 26, 1033-1036.  
https://doi.org/10.1038/s41591-020-0913-5 

[50] Zhang, N., Zheng, B.-J., Lu, L., Zhou, Y., Jiang, S. and Du, L. (2015) Advancements 
in the Development of Subunit Influenza Vaccines. Microbes and Infection, 17, 
123-134. https://doi.org/10.1016/j.micinf.2014.12.006 

[51] Hafiz, I., Illian, D.N., Meila, O., Utomo, A.R.H., Susilowati, A., Susetya, I.E., et al. 
(2022) Effectiveness and Efficacy of Vaccine on Mutated SARS-CoV-2 Virus and 
Post Vaccination Surveillance: A Narrative Review. Vaccines, 10, 82.  
https://doi.org/10.3390/vaccines10010082 

[52] Zhang, J., Zeng, H., Gu, J., Li, H., Zheng, L. and Zou, Q. (2020) Progress and Pros-
pects on Vaccine Development against SARS-CoV-2. Vaccines, 8, Article No. 153.  
https://doi.org/10.3390/vaccines8020153 

[53] Barnes, C.O., West, A.P., Huey-Tubman, K.E., Hoffmann, M.A.G., Sharaf, N.G., 
Hoffman, P.R., et al. (2020) Structures of Human Antibodies Bound to SARS-CoV-2 
Spike Reveal Common Epitopes and Recurrent Features of Antibodies. Cell, 182, 
828-842.e816. https://doi.org/10.1016/j.cell.2020.06.025 

[54] Li, Y., Tenchov, R., Smoot, J., Liu, C., Watkins, S. and Zhou, Q. (2021) A Compre-
hensive Review of the Global Efforts on COVID-19 Vaccine Development. ACS 
Central Science, 7, 512-533. https://doi.org/10.1021/acscentsci.1c00120 

[55] Thames, A.H., Wolniak, K.L., Stupp, S.I. and Jewett, M.C. (2020) Principles Learned 
from the International Race to Develop a Safe and Effective COVID-19 Vaccine. 
ACS Central Science, 6, 1341-1347. https://doi.org/10.1021/acscentsci.0c00644 

[56] Chavda, V.P., Pandya, R. and Apostolopoulos, V. (2021) DNA Vaccines for 
SARS-CoV-2: Toward Third-Generation Vaccination Era. Expert Review of Vac-
cines, 20, 1549-1560. https://doi.org/10.1080/14760584.2021.1987223 

[57] Silveira, M.M., Moreira, G.M.S.G. and Mendonça, M. (2021) DNA Vaccines against 
COVID-19: Perspectives and Challenges. Life Sciences, 267, Article ID: 118919.  
https://doi.org/10.1016/j.lfs.2020.118919 

[58] Smith, T.R.F., Patel, A., Ramos, S., Elwood, D., Zhu, X., Yan, J., Broderick, K.E., et 
al. (2020) Immunogenicity of a DNA Vaccine Candidate for COVID-19. Nature 
Communications, 11, Article No. 2601. https://doi.org/10.1038/s41467-020-16505-0 

[59] Hobernik, D. and Bros, M. (2018) DNA Vaccines—How Far from Clinical Use? In-
ternational Journal of Molecular Sciences, 19, Article No. 3605.  
https://doi.org/10.3390/ijms19113605 

[60] Pardi, N., Hogan, M.J., Porter, F.W. and Weissman, D. (2018) mRNA Vaccines—A 
New Era in Vaccinology. Nature Reviews Drug Discovery, 17, 261-279.  

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1371/journal.pone.0033428
https://doi.org/10.1016/S0140-6736(20)31604-4
https://doi.org/10.1111/all.14714
https://doi.org/10.1038/s41591-020-0913-5
https://doi.org/10.1016/j.micinf.2014.12.006
https://doi.org/10.3390/vaccines10010082
https://doi.org/10.3390/vaccines8020153
https://doi.org/10.1016/j.cell.2020.06.025
https://doi.org/10.1021/acscentsci.1c00120
https://doi.org/10.1021/acscentsci.0c00644
https://doi.org/10.1080/14760584.2021.1987223
https://doi.org/10.1016/j.lfs.2020.118919
https://doi.org/10.1038/s41467-020-16505-0
https://doi.org/10.3390/ijms19113605


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 17 Open Access Library Journal 
 

https://doi.org/10.1038/nrd.2017.243 

[61] Jackson, N.A.C., Kester, K.E., Casimiro, D., Gurunathan, S. and DeRosa, F. (2020) 
The Promise of mRNA Vaccines: A Biotech and Industrial Perspective. NPJ Vac-
cines, 5, 11. https://doi.org/10.1038/s41541-020-0159-8 

[62] Huang, Q., Zeng, J. and Yan, J. (2021) COVID-19 mRNA Vaccines. Journal of Ge-
netics and Genomics, 48, 107-114. https://doi.org/10.1016/j.jgg.2021.02.006 

[63] Zhang, C., Maruggi, G., Shan, H. and Li, J. (2019) Advances in mRNA Vaccines for 
Infectious Diseases. Frontiers in Immunology, 10, Article No. 594.  
https://doi.org/10.3389/fimmu.2019.00594 

[64] Brisse, M., Vrba, S.M., Kirk, N., Liang, Y. and Ly, H. (2020) Emerging Concepts and 
Technologies in Vaccine Development. Frontiers in Immunology, 11, Article ID: 
583077. https://doi.org/10.3389/fimmu.2020.583077 

[65] Schoenmaker, L., Witzigmann, D., Kulkarni, J.A., Verbeke, R., Kersten, G., Jiskoot, 
W. and Crommelin, D.J.A. (2021) mRNA-Lipid Nanoparticle COVID-19 Vaccines: 
Structure and Stability. International Journal of Pharmaceutics, 601, Article ID: 
120586. https://doi.org/10.1016/j.ijpharm.2021.120586 

[66] Vogel, A.B., Kanevsky, I., Che, Y., Swanson, K.A., Muik, A., Vormehr, M., et al. 
(2021) BNT162b Vaccines Protect Rhesus Macaques from SARS-CoV-2. Nature, 
592, 283-289. https://doi.org/10.1038/s41586-021-03275-y 

[67] Xiong, X., Qu, K., Ciazynska, K.A., Hosmillo, M., Carter, A.P., Ebrahimi, S., et al. 
(2020) A Thermostable, Closed SARS-CoV-2 Spike Protein Trimer. Nature Struc-
tural & Molecular Biology, 27, 934-941. https://doi.org/10.1038/s41594-020-0478-5 

[68] Bettini, E. and Locci, M. (2021) SARS-CoV-2 mRNA Vaccines: Immunological 
Mechanism and Beyond. Vaccines, 9, 147. https://doi.org/10.3390/vaccines9020147 

[69] Pardi, N., Tuyishime, S., Muramatsu, H., Kariko, K., Mui, B.L., Tam, Y.K., et al. 
(2015) Expression Kinetics of Nucleoside-Modified mRNA Delivered in Lipid Na-
noparticles to Mice by Various Routes. Journal of Controlled Release, 217, 345-351.  
https://doi.org/10.1016/j.jconrel.2015.08.007 

[70] Kulkarni, J.A., Witzigmann, D., Chen, S., Cullis, P.R. and van der Meel, R. (2019) 
Lipid Nanoparticle Technology for Clinical Translation of siRNA Therapeutics. 
Accounts of Chemical Research, 52, 2435-2444.  
https://doi.org/10.1021/acs.accounts.9b00368 

[71] Park, J.W., Lagniton, P.N.P., Liu, Y. and Xu, R.-H. (2021) mRNA Vaccines for 
COVID-19: What, Why and How. International Journal of Biological Sciences, 17, 
1446-1460. https://doi.org/10.7150/ijbs.59233 

[72] Liang, F., Lindgren, G., Lin, A., Thompson, E.A., Ols, S., Röhss, J., et al. (2017) Efficient 
Targeting and Activation of Antigen-Presenting Cells in Vivo after Modified mRNA 
Vaccine Administration in Rhesus Macaques. Molecular Therapy, 25, 2635-2647.  
https://doi.org/10.1016/j.ymthe.2017.08.006 

[73] Laczkó, D., Hogan, M.J., Toulmin, S.A., Hicks, P., Lederer, K., Gaudette, B.T., et al. 
(2020) A Single Immunization with Nucleoside-Modified mRNA Vaccines Elicits 
Strong Cellular and Humoral Immune Responses against SARS-CoV-2 in Mice. 
Immunity, 53, 724-732.e727. https://doi.org/10.1016/j.immuni.2020.07.019 

[74] Polack, F.P., Thomas, S.J., Kitchin, N., Absalon, J., Gurtman, A., Lockhart, S., et al. 
(2020) Safety and Efficacy of the BNT162b2 mRNA COVID-19 Vaccine. The New 
England Journal of Medicine, 383, 2603-2615.  
https://doi.org/10.1056/NEJMoa2034577 

[75] Frenck, R.W., Klein, N.P., Kitchin, N., Gurtman, A., Absalon, J., Lockhart, S., et al. 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1038/nrd.2017.243
https://doi.org/10.1038/s41541-020-0159-8
https://doi.org/10.1016/j.jgg.2021.02.006
https://doi.org/10.3389/fimmu.2019.00594
https://doi.org/10.3389/fimmu.2020.583077
https://doi.org/10.1016/j.ijpharm.2021.120586
https://doi.org/10.1038/s41586-021-03275-y
https://doi.org/10.1038/s41594-020-0478-5
https://doi.org/10.3390/vaccines9020147
https://doi.org/10.1016/j.jconrel.2015.08.007
https://doi.org/10.1021/acs.accounts.9b00368
https://doi.org/10.7150/ijbs.59233
https://doi.org/10.1016/j.ymthe.2017.08.006
https://doi.org/10.1016/j.immuni.2020.07.019
https://doi.org/10.1056/NEJMoa2034577


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 18 Open Access Library Journal 
 

(2021) Safety, Immunogenicity, and Efficacy of the BNT162b2 COVID-19 Vaccine 
in Adolescents. The New England Journal of Medicine, 385, 239-250.  
https://doi.org/10.1056/NEJMoa2107456 

[76] Walsh, E.E., Frenck, R.W., Falsey, A.R., Kitchin, N., Absalon, J., Gurtman, A., et al. 
(2020) Safety and Immunogenicity of Two RNA-Based COVID-19 Vaccine Candi-
dates. The New England Journal of Medicine, 383, 2439-2450.  
https://doi.org/10.1056/NEJMoa2027906 

[77] Team, C.C.-R., Food and Drug, A. (2021) Allergic Reactions Including Anaphylaxis 
After Receipt of the First Dose of Pfizer-BioNTech COVID-19 Vaccine—United 
States, December 14-23, 2020. MMWR. Morbidity and Mortality Weekly Report, 
70, 46-51. https://doi.org/10.15585/mmwr.mm7002e1 

[78] Shimabukuro, T. and Nair, N. (2021) Allergic Reactions Including Anaphylaxis af-
ter Receipt of the First Dose of Pfizer-BioNTech COVID-19 Vaccine. JAMA, 325, 
780-781. https://doi.org/10.1001/jama.2021.0600 

[79] Verma, A.K., Lavine, K.J. and Lin, C.-Y. (2021) Myocarditis after COVID-19 
mRNA Vaccination. The New England Journal of Medicine, 385, 1332-1334.  
https://doi.org/10.1056/NEJMc2109975 

[80] Kaur, S.P. and Gupta, V. (2020) COVID-19 Vaccine: A Comprehensive Status Re-
port. Virus Research, 288, Article ID: 198114.  
https://doi.org/10.1016/j.virusres.2020.198114 

[81] Alturki, S.O., Alturki, S.O., Connors, J., Cusimano, G., Kutzler, M.A., Izmirly, A.M. 
and Haddad, E.K. (2020) The 2020 Pandemic: Current SARS-CoV-2 Vaccine De-
velopment. Frontiers in Immunology, 11, Article No. 1880.  
https://doi.org/10.3389/fimmu.2020.01880 

[82] Ewer, K.J., Barrett, J.R., Belij-Rammerstorfer, S., Sharpe, H., Makinson, R., Morter, 
R., et al. (2021) T Cell and Antibody Responses Induced by a Single Dose of ChA-
dOx1 nCoV-19 (AZD1222) Vaccine in a Phase 1/2 Clinical Trial. Nature Medicine, 
27, 270-278. https://doi.org/10.1038/s41591-020-01194-5 

[83] van Doremalen, N., Lambe, T., Spencer, A., Belij-Rammerstorfer, S., Purushotham, 
J.N., Port, J.R., et al. (2020) ChAdOx1 nCoV-19 Vaccine Prevents SARS-CoV-2 
Pneumonia in Rhesus Macaques. Nature, 586, 578-582.  
https://doi.org/10.1038/s41586-020-2608-y 

[84] Voysey, M., Clemens, S.A.C., Madhi, S.A., Weckx, L.Y., Folegatti, P.M., Aley, P.K., 
et al. (2021) Safety and Efficacy of the ChAdOx1 nCoV-19 Vaccine (AZD1222) 
against SARS-CoV-2: An Interim Analysis of Four Randomised Controlled Trials in 
Brazil, South Africa, and the UK. The Lancet (London, England), 397, 99-111.  
https://doi.org/10.1016/S0140-6736(20)32661-1 

[85] Knoll, M.D. and Wonodi, C. (2021) Oxford-AstraZeneca COVID-19 Vaccine Effi-
cacy. The Lancet, 397, 72-74. https://doi.org/10.1016/S0140-6736(20)32623-4 

[86] Hviid, A., Hansen, J.V., Thiesson, E.M. and Wohlfahrt, J. (2022) Association of 
AZD1222 and BNT162b2 COVID-19 Vaccination with Thromboembolic and 
Thrombocytopenic Events in Frontline Personnel: A Retrospective Cohort Study. 
Annals of Internal Medicine, M21-2452. https://doi.org/10.7326/M21-2452 

[87] Cines, D.B. and Bussel, J.B. (2021) SARS-CoV-2 Vaccine-Induced Immune Throm-
botic Thrombocytopenia. The New England Journal of Medicine, 384, 2254-2256.  
https://doi.org/10.1056/NEJMe2106315 

[88] Dotan, A. and Shoenfeld, Y. (2021) Perspectives on Vaccine Induced Thrombotic 
Thrombocytopenia. Journal of Autoimmunity, 121, Article ID: 102663.  
https://doi.org/10.1016/j.jaut.2021.102663 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1056/NEJMoa2107456
https://doi.org/10.1056/NEJMoa2027906
https://doi.org/10.15585/mmwr.mm7002e1
https://doi.org/10.1001/jama.2021.0600
https://doi.org/10.1056/NEJMc2109975
https://doi.org/10.1016/j.virusres.2020.198114
https://doi.org/10.3389/fimmu.2020.01880
https://doi.org/10.1038/s41591-020-01194-5
https://doi.org/10.1038/s41586-020-2608-y
https://doi.org/10.1016/S0140-6736(20)32661-1
https://doi.org/10.1016/S0140-6736(20)32623-4
https://doi.org/10.7326/M21-2452
https://doi.org/10.1056/NEJMe2106315
https://doi.org/10.1016/j.jaut.2021.102663


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 19 Open Access Library Journal 
 

[89] Greinacher, A., Thiele, T., Warkentin, T.E., Weisser, K., Kyrle, P.A. and Eichinger, 
S. (2021) Thrombotic Thrombocytopenia after ChAdOx1 nCov-19 Vaccination. New 
England Journal of Medicine, 384, 2092-2101.  
https://doi.org/10.1056/NEJMoa2104840 

[90] Di Micco, P., Camporese, G., Cardillo, G., Lodigiani, C., Carannante, N., Annun-
ziata, A., et al. (2021) Pathophysiology of Vaccine-Induced Prothrombotic Immune 
Thrombocytopenia (Vipit) and Vaccine-Induced Thrombocytopenic Thrombosis 
(vitt) and Their Diagnostic Approach in Emergency. Medicina (Lithuania), 57, Ar-
ticle No. 997. https://doi.org/10.3390/medicina57100997 

[91] Scully, M., Singh, D., Lown, R., Poles, A., Solomon, T., Levi, M., et al. (2021) Patho-
logic Antibodies to Platelet Factor 4 after ChAdOx1 nCoV-19 Vaccination. New 
England Journal of Medicine, 384, 2202-2211.  
https://doi.org/10.1056/NEJMoa2105385 

[92] Nazy, I., Jevtic, S.D., Moore, J.C., Huynh, A., Smith, J.W., Kelton, J.G. and Arnold, 
D.M. (2021) Platelet-Activating Immune Complexes Identified in Critically Ill 
COVID-19 Patients Suspected of Heparin-Induced Thrombocytopenia. Journal of 
Thrombosis and Haemostasis, 19, 1342-1347. https://doi.org/10.1111/jth.15283 

[93] Ciccone, A. (2021) SARS-CoV-2 Vaccine-Induced Cerebral Venous Thrombosis. 
European Journal of Internal Medicine, 89, 19-21.  
https://doi.org/10.1016/j.ejim.2021.05.026 

[94] Zieneldien, T., Kim, J., Cao, J. and Cao, C. (2021) COVID-19 Vaccines: Current 
Conditions and Future Prospects. Biology, 10, Article No. 960.  
https://doi.org/10.3390/biology10100960 

[95] Fadlyana, E., Rusmil, K., Tarigan, R., Rahmadi, A.R., Prodjosoewojo, S., Sofiatin, Y., 
et al. (2021) A Phase III, Observer-Blind, Randomized, Placebo-Controlled Study of 
the Efficacy, Safety, and Immunogenicity of SARS-CoV-2 Inactivated Vaccine in 
Healthy Adults Aged 18-59 Years: An Interim Analysis in Indonesia. Vaccine, 39, 
6520-6528. https://doi.org/10.1016/j.vaccine.2021.09.052 

[96] Tanriover, M.D., Doğanay, H.L., Akova, M., Güner, H.R., Azap, A., Akhan, S., et al. 
(2021) Efficacy and Safety of an Inactivated Whole-Virion SARS-CoV-2 Vaccine 
(CoronaVac): Interim Results of a Double-Blind, Randomised, Placebo-Controlled, 
Phase 3 Trial in Turkey. The Lancet, 398, 213-222.  
https://doi.org/10.1016/S0140-6736(21)01429-X 

[97] Hitchings, M.D.T., Ranzani, O.T., Torres, M.S.S., de Oliveira, S.B., Almiron, M., 
Said, R., et al. (2021) Effectiveness of CoronaVac among Healthcare Workers in the 
Setting of High SARS-CoV-2 Gamma Variant Transmission in Manaus, Brazil: A 
Test-Negative Case-Control Study. The Lancet Regional Health Americas.  
https://doi.org/10.1016/j.lana.2021.100025 

[98] Zhang, Y., Zeng, G., Pan, H., Li, C., Hu, Y., Chu, K., et al. (2021) Safety, Tolerability, 
and Immunogenicity of an Inactivated SARS-CoV-2 Vaccine in Healthy Adults 
Aged 18-59 Years: A Randomised, Double-Blind, Placebo-Controlled, Phase 1/2 
Clinical Trial. The Lancet Infectious Diseases, 21, 181-192.  
https://doi.org/10.1016/S1473-3099(20)30843-4 

[99] Wu, Z., Hu, Y., Xu, M., Chen, Z., Yang, W., Jiang, Z., et al. (2021) Safety, Tolerabil-
ity, and Immunogenicity of an Inactivated SARS-CoV-2 Vaccine (CoronaVac) in 
Healthy Adults Aged 60 Years and Older: A Randomised, Double-Blind, Place-
bo-Controlled, Phase 1/2 Clinical Trial. The Lancet Infectious Diseases, 21, 803-812.  
https://doi.org/10.1016/S1473-3099(20)30987-7 

[100] Bueno, S.M., Abarca, K., González, P.A., Gálvez, N.M.S., Soto, J.A., Duarte, L.F., et 
al. (2021) Safety and Immunogenicity of an Inactivated Severe Acute Respiratory 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1056/NEJMoa2104840
https://doi.org/10.3390/medicina57100997
https://doi.org/10.1056/NEJMoa2105385
https://doi.org/10.1111/jth.15283
https://doi.org/10.1016/j.ejim.2021.05.026
https://doi.org/10.3390/biology10100960
https://doi.org/10.1016/j.vaccine.2021.09.052
https://doi.org/10.1016/S0140-6736(21)01429-X
https://doi.org/10.1016/j.lana.2021.100025
https://doi.org/10.1016/S1473-3099(20)30843-4
https://doi.org/10.1016/S1473-3099(20)30987-7


L.-A. Wong et al. 
 

 

DOI: 10.4236/oalib.1108624 20 Open Access Library Journal 
 

Syndrome Coronavirus 2 Vaccine in a Subgroup of Healthy Adults in Chile. Clinical 
Infectious Diseases, ciab823. https://doi.org/10.1093/cid/ciab823 

[101] Pulendran, B. and Ahmed, R. (2011) Immunological Mechanisms of Vaccination. 
Nature Immunology, 12, 509-517. https://doi.org/10.1038/ni.2039 

[102] Lee, W.S., Wheatley, A.K., Kent, S.J. and DeKosky, B.J. (2020) Antibody-Dependent 
Enhancement and SARS-CoV-2 Vaccines and Therapies. Nature Microbiology, 5, 
1185-1191. https://doi.org/10.1038/s41564-020-00789-5 

[103] Wang, S.F., Tseng, S.P., Yen, C.H., Yang, J.Y., Tsao, C.H., Shen, C.W., et al. (2014) 
Antibody-Dependent SARS Coronavirus Infection Is Mediated by Antibodies against 
Spike Proteins. Biochemical and Biophysical Research Communications, 451, 208-214.  
https://doi.org/10.1016/j.bbrc.2014.07.090 

[104] Xu, L., Ma, Z., Li, Y., Pang, Z. and Xiao, S. (2021) Antibody Dependent Enhance-
ment: Unavoidable Problems in Vaccine Development. Advances in Immunology, 151, 
99-133. https://doi.org/10.1016/bs.ai.2021.08.003 

[105] Halstead, S.B. (2021) Vaccine-Associated Enhanced Viral Disease: Implications for 
Viral Vaccine Development. BioDrugs: Clinical Immunotherapeutics, Biopharma-
ceuticals and Gene Therapy, 35, 505-515.  
https://doi.org/10.1007/s40259-021-00495-6 

 

https://doi.org/10.4236/oalib.1108624
https://doi.org/10.1093/cid/ciab823
https://doi.org/10.1038/ni.2039
https://doi.org/10.1038/s41564-020-00789-5
https://doi.org/10.1016/j.bbrc.2014.07.090
https://doi.org/10.1016/bs.ai.2021.08.003
https://doi.org/10.1007/s40259-021-00495-6

	COVID-19 Vaccine: Review of the Mechanism of Action of Different Types of Vaccine
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. SARS-Cov-2 Viral Structure and Virulence
	3. Development of the COVID-19 Vaccine
	4. Overview of Vaccine Platforms
	4.1. Live-Attenuated Vaccines
	4.2. Inactivated Vaccines
	4.3. Viral Vector Vaccines
	4.4. Protein Subunit Vaccines
	4.5. Deoxyribonucleic Acid (DNA) and Ribonucleic Acid (RNA) Vaccines

	5. Mechanism of Action of Main Corona-19 Vaccines
	5.1. Pfizer/BioNTech—BNT162b2 (Comirnaty)
	5.2. AstraZeneca/Oxford—ChAdOx1 nCoV-19/AZD1222
	5.3. Sinovac—CoronaVac

	6. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

