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Abstract. The Coronavirus Disease-2019 (COVID-19) pandemic has led to a critical economic crash
around the globe, affecting billions of people worldwide. Without a cure, the number of cases continues to
increase exponentially. Countries, including the United States, Brazil, and India, currently lead in the
number of cases with numbers soaring in the millions. Immunization is crucial to preventing the spread of
infectious diseases and can help a large number of individuals quickly while keeping current cases under
control. Following the publication of the genome sequence of SARS-CoV-2, vaccine development has been
accelerated at an unprecedented rate. 115 vaccine candidates are currently under study with the hope of
finding an ideal solution and mitigating the Coronavirus incidence rate. With some vaccine candidates
having more potential than others, this review focuses on the characterization of different vaccine options.
The analysis of probable vaccines, including mRNA vaccines and adenovirus vaccines, is conducted, and
the scientific reasoning behind the vaccines is also discussed. In this review, the latest strategy vaccine is
introduced and the effective vaccines are analysed.

1 Introduction
COVID-19, the cause of the 2020 worldwide pandemic, 2 Introduction of SARS-CoV-2

produces "asymptomatic to revere respiratory distress, . ) :
pneumonia, and death [1]." The COVID-19 mortality Since January 2.0 20, SARS-CoV-2 has .sp.read. to more
than 200 countries and has caused 4 million infections

. : o
rate is estimated to be 3.4% globally, and the elderly and and over 250,000 deaths [5]. COVID-19 was declared a

pre-existing comorbidities are at a higher risk [2-4]. global pandemic by the WHO on 11th March 2020 [6].
This global pandemic has brought up a world effort . ) " . "
The beta-coronavirus is the "causative agent" for two

to develop a vaccine for COVID-19. The traditional . yoe .
other viruses that produce '"similar respiratory

vaccine development pipeline is usually taken upon 10 " . .
years, from conception to licensing. The classic pathology. Duf: to.the considerable homology Wlth. the
r > ht ine development m b. hindered d SARS coronavirus in 2003, the International Committee
approach to vaccine development may be erec due for Classification of Viruses (ICTV) has established the
to an abnormal degree of glycosylation in SARS-CoV-2, term for RNA viruses that g th thol
. : : . produce the pathology
which leads to quick mutation. The glycosylation COVID-19 as SARS-CoV-2 [7]. The SARS-CoV-2
charagterlstlcs of SARS._ CoV-2 allow it to ’esgape the coronavirus, part of the Coronavirus subfamily, has a (+)
detection of the human immune system and achieve the ss-RNA genomic structure of 30 kb in length, including
purpose of survival" due to its role in the replication and a S'-cap structure and a 3-poly-A tail [8] P’olypro tein
the host cell 1nvasion of the virus. . la/lab (ppla/pplab), from the viral RNA, is
Therefore, it is necessary to adopt new strategies to "synthesized in the host to form 16 non-structural
accelerate the development of vaccines, the subsequent roteins (nsps),” iy Mreplicati .
.. .. . . P ps)," organizing "replication transcription
preclinical and clinical trials, as well as the expansion of complex (RTC) in double-membrane vesicles (DMV)."
manufacturing, ensuring that the delivery of the potential P : . . )
ndidat I il not h N tback The nRTC discontinuously synthesizes a group of
Ic\? da © Vt?fc fe S \;v hni 01 a\t/e a fy C (s)evﬂa)c 189' minus-strand subgenomic RNA (sgRNA) [9]. Within the
owadays, the 1ve technica’ routes o ) open reading frames (ORFSs), transcription is terminated,

vaccine were adopted, see in Table 1. d . N f the leader RNA
Currently, the estimated vaccine for COVID-19 will and SUccessive acquisition of the cader ensues
’ [10]. In this process, the subgenomic mRNA requires

be available widely in 18-24 months if clinical trials seRNAs as templates [I1]. For a standard CoV,

demonstrate s.afetyf 1mmun0geplclty, and protectlYe including SARS-CoV-2, there are at least six ORFs.
efficacy. In this review, the vaccine for COVID-19 will . S . )
The exact origin of the virus is yet to be discovered;

be systematically introduced. however, genetic tracing has revealed that the virus
shares homology with other strains of coronaviruses
found in bats. Closely linked to two SARS-type
coronaviruses occurring in bats, phylogenetic analysis
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reveals that bat-SL-CoVZC45 and bat-SL- CoVZXC21
have 79% and 50% similarities with SARS-CoV and
MER-CoV, respectively [12]. Particularly, the
similarities in the RBD structure of SARS-CoV-2 and
SARS-CoV demonstrate a divergence from a shared
animal origin "within a short period [13-15]." However,
since the sequence similarity between SARS-CoV-2 and
its close relatives, bat-SL-CoVZC45 and bat-SL-
CoVZXC(C21, is less than 90%, the virus found to be
derived from bats may not be a direct source of SARS-
CoV-2. SARS-CoV-1, a viral outbreak in 2003, was
possibly transmitted between bats and palm civets before
human infection [16].

Middle Eastern Respiratory Syndrome (MERS)-CoV,
the cause of a viral outbreak in Saudi Arabia in 2012, is
another related coronavirus. The genomic evidence
proposes that it circulated between bats and camels
before it transmitted to humans, showing that bats are the
natural reservoir species of coronavirus, and the zoonosis
can occur between the human-to-animal interactions.
Consequent outbreaks have determined a mortality rate
of about 35%, excluding the asymptomatic transmission
[17-20].

3 Introduction of Vaccines

3.1 Purpose of Vaccines

Vaccines function by introducing viral antigens into the
body, eliciting, and strengthening the immune response.
After encountering the viral antigens from the vaccine,
memory T and B cells will recognize viral invaders in
the future, better preparing the immune system against
illness. With vaccines, critical viral and Dbacterial
infections may be eradicated by implementing herd
immunity. When enough people are vaccinated, immune
to the pathogen, entire populations benefit as the spread
of the infectious disease slows down.

3.2 Live Attenuated Vaccines

Live attenuated vaccines (LAVS) utilize viruses that are
unable to reproduce in cell cultures. Intact bacteria
within an inactivated virus are killed by chemicals such
as formaldehyde or by heat inactivation [21-23]. LAVS,
displaying immunogenic characteristics, can "replicate
the  threshold of  pregnancy and  cellular
immunosuppression caused by live viral infections [24]."
As a result of requiring one or more additional doses,
LAVS may not be a viable option for "more virulent
viruses [25-26]" due to weaker immunogenicity and the
"likelihood of reactivation in vaccinated individuals."
From the point of view of vaccine distribution, LAVS
are usually refrigerated to maintain immunogenicity,
which can be difficult in countries that cannot maintain
cold chain distribution [27].

3.3 Protein Vaccines

In order to produce an immunomodulatory response,
protein vaccines are involved in the "protection of
antigenic proteins." Created in vitro, the protein vaccine
"manipulates the virus in the presence of pathogens
[28]." This type of vaccine elicits a response to
"humorous antipsychotics" with the plural administered
with an adjuvant. This enhances the quality of
immunosuppression while further '"stimulating a...
response.” The virus-like particles hold a vaccine that
contains many copies of the virus in "3D type
structures," detecting "immunogenesis without involving
adaptations  [28]." Attractive for rapid vaccine
development, subunit vaccines are increasingly popular
with many organizations working on the development of
protein subnet-based vaccines. They can be adapted to
mass production at Good Manufacturing Practice (GMP)
standards, and have less reliance on distributed cold
chain systems [25,29].

3.4 Nucleic Acid Vaccines

Nucleic acid vaccines utilize specific proteins from the
"target pathogen" as immunogenic epitopes. Using
plasmid DNA or RNA sequences as a vector, host cells
produce pathogenic proteins with the body, eliciting an
immune response. Vaccine delivery techniques include
encapsulation of RNA in liposomes in order to avoid the
degradation of "uncapsulated RNA vaccines" during the
injection. In previous clinical trials relating to "cancer
vaccines and functional antibodies against rabies virus
glycoproteins," RNA vaccines revealed the ability to
"induce specific responses to antigen antibodies and
multifunctional T cells [30-31]." Nucleic acid vaccines
have resulted in low immunogenicity in human clinical
trials, requiring multiple doses and additional adjuvants.
Only 4 DNA vaccines have been approved for use in
animals; however, further study is needed on the efficacy
of the vaccine in humans [31-32]. Nucleic acid vaccines
are relatively cheap and easy to produce, and it is
possible to produce GMP products on a large scale [33].

3.5 The Recombinant Viral Vector Vaccine

The recombinant viral vector vaccine generates self-
assisted immunogenicity by employing the innate
immunity of the host and "triggering a targeted immune
response against genetically encoded pathogen antigens
[34]." Previously discovered vaccines, such as the
adenovirus, pox, and vesicular stomatitis virus, have
viral vector "backbone(s)" constructed by transgenic
viruses [35]. Containing "insertion sites for the target
pathogen gene [36]," the vaccine may generate immunity
towards the vector and "hinder the antigen-specific
response upon a boost vaccination [35]." Furthermore,
the viral vector, hAds, occurs at a "high frequency in
most populations [37]," reducing vaccine efficacy due to
"significant existing immunity [38]." ChAd, the
chimpanzee adenovirus, remains a probable vector by
"reducing seropositivity [39]" and '"neutralizing
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antibodies [29]." Preclinical trials show "100% efficacy
[40]" and "good safety [35]." Clinical trials have
determined that the ChAd vector also has good safety
and immunogenicity against influenza A [41], Ebola
virus [42], and Middle East respiratory syndrome [43].

4 Approach and Mechanisms of SARS-
CoV-2 Vaccines

By exposing individuals to antigens, vaccination can
produce lasting immunity, which drives the development
of immune memory before encountering live pathogens.
Vaccines provide "resulting immunity (that) can be
mediated by humoral antibody induction and/or cellular
T cell effector function [30-31]." Spike glycoprotein (S)
is the only surface protein of SARS-CoV-2 virions [44].
SARS-CoV-2 S mediates viruses into host cells through
angiotensin-converting enzyme 2 (ACE2), which is
highly expressed on the surface of lung epithelial cells
[45]. As for now, "the most clinically advanced COVID-
19 vaccines target the spike glycoprotein (S)." An
important characteristic of the structure of SARS-CoV-
28 is that it shares homology with SARS-CoV-1[46-47].
In the SARS-CoV-2 infection, antibodies are generated
against the S protein and the internal nucleoprotein [48].
The "humoral protection arises through structural
epitope recognition of proteins," so potential vaccines
would generate "a long-lasting humoral immunity with
protective titers of neutralizing antibodies that do not
cause antibody-dependent enhancement (ADE) upon re-
infection." ADE was detrimental in SARS-CoV-1
pathogenesis during the 2002-2003 outbreak [49], and
preclinical trials demonstrated infection of macrophages
via ADE [50], and lethal pneumonia in mice [51-52].
ADE is, therefore, of potential concern for a SARS-
CoV-2 vaccine.

Using the highly glycosylated homotrimeric S
protein as an entry pathway, SARS-CoV-2 enters the
host cell and fuses with the cell membrane through its
structural changes. This process includes the binding of
the S1 subunit to the host cell receptor, triggering trimer
instability, and then separating the S1 subunit from the
S2 subunit to form a highly stable fusion structure [13-
15]. To access the host cell receptor, the RBD in the S1
subunit undergoes a hinge-like conformational change to
hide or expose key receptor binding sites, which is very
similar to SARS-CoV [13-15]. The high level of
homology between the RBD structures indicates that the
COVID-19 virus shares the same host cell receptor
ACE2 as SARS-CoV [13-15]. Despite the similarities
between the two, COVID-19 has unique distinctions,
with the most significant change being "the RRAR
amino acid sequence with the S1/S2 protease cleavage
site," which is consistent with the characteristics of the
furin recognition site. This general phenomenon occurs
more frequently in influenza viruses than in SARS
viruses with only one arginine [53]. Similarly, SARS-
CoV-2 and RaTG13 S proteins have 29 different amino
acid residues, 17 of which are located at the RBD site.
The RBD of SARS-CoV-2 is closer to the center of the
trimeric S protein, with one of the three RBDs in the S

protein spiraling upward to form a spatial conformation,
thus aiding the binding of the virus to the host receptor
ACE2, which shows that SARS-CoV-2 is more
infectious than SARS [54].

The S protein helps viral entry of the target cell;
however, this endocytosis relies on "the binding of the S
protein to the membrane ACE2 receptor and the active
activation of the S protein by cellular proteases [55]."
Therefore, the vaccine against S protein provides a
prevention method of the proliferation and spread of
SARS-CoV-2. The vaccine may inhibit the initial
activation of the S protein by blocking the binding of S
protein to ACE2. SARS-CoV-2 infects cells
independently of the transmembrane serine protease 2
(TMPRSS2) protein-coding gene, while cathepsins B
and L directly activate the S protein in cells that do not
express TMPRSS2, and SARS-CoV-2 fails to express it
after infection TMPRSS2 cells. Analysis indicates that
the use of TMPRSS2 inhibitors can significantly prevent
SARS-CoV-2 from entering TMPRSS2, expressing cell
lines while promoting TMPRSS2 expression can
antagonize this inhibitory effect [56]. Therefore, if the
antibody titer of the S protein is high enough to hinder
the engulfing of the virus into the endosome or fusing on
the surface of the host cell, then the virus infection
related to the activation of the S protein and the release
of the virus particles in the cell will be effectually
suppressed [55].

Determining the ideal antibody titer requires
thorough characterization of the stoichiometric
relationship between the S protein and the immune
response in order to avoid "redundant S protein
complexes that may effectively remove IgG antibodies
to leave unblocked S protein available for processing and
binding to ACE2." The "intrinsic ratio of S protein on
the outer surface of each SARS-CoV- 2 virions (s/v) can
predetermine the preference of induced IgG in
immunological responses,” and the ratio of nucleotides
to the S protein may demonstrate "whether there are
redundant S proteins when IgG neutralizes the S
protein,” minimizing the immunogenic effect of IgG.
Ultimately, these two ratios will verify the amount of
antibody titer needed and how much vaccine booster is
required.

5 The Progress of Various Vaccines

5.1 Adenovirus Vaccine

The vaccine for COVID-19 is an essential tool for
fighting the coronavirus. Nowadays, the five technical
routes of COVID-19 vaccine were adopted (Table 1).
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Tablel. Classification of COVID-19 vaccine technical route.

Recombination

DNA RNA . Inactivated Virus vector
Protein
Genexine( Moderna cdbio sinovac AstraZeneca
AnGes BioNTech Vaxine Immunitor cansinotech
Inovio Arcturus .Kentuck}_f Bharat Biotech Gamaleya
BioProcessing
Cadﬂa(CNAS]))ILAHC CureVac(CVACO)

A derivative from other species, adenovirus (Ad)
vectors deliver vaccine antigens against various
infectious disease targets. Scientists use the adenovirus
vaccine as a weaker version of COVID-19 that has the
potential to alleviate the negative impact of COVID-19
on the body. The theory behind this idea is that the
immune system recognizes engineered protein spikes;
therefore, the antibodies combine to the spike and stop it
from functioning. Therefore, scientists at Oxford
University, in Biotechnology, China, and in Moderna,
US, tend to use adenovirus vector to neutralize the
antibodies against the coronavirus spike protein.

The SARS-CoV and MERS-CoV vaccines of various
Ad vectors have been characterized in preclinical models,
revealing body fluid and cell coronavirus reactions with
anti-infective capabilities. Antibodies were determined
by a modified cell pathogenic neutralization assay (NA)
based on live SARS-CoV-2 and enzyme-linked
immunosorbent assay (ELISA). The simian Ad vector
expressing the MERS-CoV S protein is being evaluated
in phase 1 clinical trial (NCT04170829). Researchers at
Oxford University have initiated a phase 1/2 study to
explore the safety, immunogenicity, and efficacy of the
SARS-CoV-2  vaccine  using  this  platform
(NCT04324606). The Beijing Institute of Biotechnology
and CanSino Biologics Inc. (NCT04313127) are testing
similar methods using human Ad5 serotypes (Table 2).

The Moderna research team has shown that the
weakened version of the virus might only alleviate
certain pathological symptoms, indicating that this type
of vaccine is not strong. A weakened vaccine has a
greater potential to apply to all people, including
vulnerable groups like the elderly and infants. With the
elderly, and at-risk population, experiencing the most
severe symptoms associated with the virus, a weakened
vaccine may be an effective and safe method of
prevention.

5.2 Ad5-nCoV Vaccine

The biotechnology called Ad5-nCoV is undergoing
Phase 2 trials. The Sinovac Biotech SARS-CoV-2
vaccine is made by the inactive part of the virus particle
and adds alum as an immune enhancer. Sinovac has been
used as the SARS vaccine that entered phase I clinical
trials 16 years ago. The advantage of this vaccine is that
it utilizes a traditional development method. The
adenovirus type 5 is used to carry the coronavirus spike
protein gene. Sinovac claims that its new vaccine
candidate has a strong immune response and is produced
in animal models; therefore, it is also highly safe [57].

The Ad5-nCoV (adenovirus) vaccine, focusing on
neutralizing antibodies, has shown an efficient response
in convalescent patients. The vaccine, developed at
Oxford University, may be produced as the first vaccine
under this environment, having already moved into
Phase III. Biotech's vaccine in China has moved to Phase
I as well; however, currently in China, COVID-19 is
almost eradicated. In China, finding participants may be
difficult as fewer potential trial patients may lead to
more statistical errors, such as too small of a sample,
possible confounding variables, etc. In contrast, the UK
is experiencing significantly more cases more than China
as they continue to battle the virus. As a result, the UK
may get more chances to test the vaccine on large
samples through local clinical trials. The researchers will
have more ease finding eligible participants and more
opportunities to study cases in their own area due to the
continuous increase in cases.

5.3 mRNA-1273 Vaccine

The mRNA-1273 vaccine, developed by the National
Institutes of Health (NIH) and a biotechnology company
called Moderna, is different from the live-attenuated,
inactivated or subunit vaccines at the focus in many
other studies (Table 2). This mRNA vaccine utilizes the
entry of human cells to produce the viral surface
antigens, which are potentially protective against SARS-
CoV-2. The proposed mechanism contains these mRNA
molecules within lipid nanoparticles in order to expedite
the entry of this mRNA into a host cell. Once in the host
cell, the antibody response will be achieved through the
expression of the S protein. The mRNA vaccine is
currently the most plausible solution due to its ability to
be "scaled rapidly." These non-replicating mRNA
vaccines can be separated into "ex vivo loading of
dendritic cells and direct in vivo injection into various
anatomical sites [58]." For exogenous mRNA to reach
the cytoplasm prior to functional protein translation, the
lipid membrane barrier must be penetrated. Uptake
mechanisms of mRNA display cell specificity with the
"physicochemical properties of the mRNA [59]" having
the potential to affect "cellular delivery and organ
distribution [60-61]."

Furthermore, difficulties surround clinical trials of
the mRNA-1273 vaccine due to communication issues
amongst researchers and novel security regulations
established by the IACUC and DSMB regarding
termination rules in relation to safety. A possibility
remains with the IACUC deeming mRNA-1273 harmful,
halting the analysis of preclinical results and the progress
of phase I clinical trials. Preclinical safety results must
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be released prior to the progression of phase I trials;
without this data, participants in human trials face
unprecedented risks that are difficult to justify. New data
monitoring and sharing techniques may aid "timely
publication of results," ensuring that communication
amongst researchers is standardized.

5.4 ChAdOxI nCOV-19

The adenovirus vaccine provides a weaker version of
COVID-19 that has the potential to alleviate the negative
impact of COVID-19 on the body. Current research
reveals that a major mechanism in the neutralization of
SARS-CoV includes the blockage of RBM found inside
the RBD and the ACE2 association site [62]. This team
found that a particular mAbs has immunogenic potential
by binding to sites outside of the receptor-binding motif
that may contribute to conformational change to the
RBD in addition to neutralization without directly
inhibiting ACE2 binding [56]. CR3022, a human
neutralizing mAb, showed "potent" binding in the study,
recognizing the epitope outside of RBM. In addition,
Shen pointed out that five severe COVID-19 patients
with severe COVID-19 were given convalescent plasma
after neutralizing the antibody, and their -clinical
condition improved [63]. These findings suggest that the
use of convalescent plasma infusion may also be
beneficial in COVID-19 patients. However, changes in
the duration of immunity and the level of immunity of
patients in the recovery phase still remain unknown.
With increasing age, the neutralizing antibody titer
increased significantly, which shows that plasma
antibodies in middle-aged and elderly COVID-19
patients are significantly higher than the titer and peak
binding antibody than in young patients [64-65]. This
indicates that elderly patients may have stronger immune
responses to SARS-CoV-2 than younger patients. In
addition, the level of neutralizing antibodies in
asymptomatic or mild patients was slightly lower than
moderate or severe patients, which is consistent with
other previous studies, which are concluded that severe
cases are more common among patients with high IgG
levels compared to those with low IgG levels [64,66-67].
The result of neutralizing antibodies depends on the
onset of symptoms, age, and the severity of the disease.
At the University of Oxford, ChAdOxl nCOV-19 has
recently entered clinical trials. ChAdOxl nCOV-19
utilizes viral vectored technology; the vaccine encodes
SARS-CoV-2-S  through a '"replication-deficient"
chimpanzee adenovirus vector to "encode SARS-CoV-2-
S [68-69]." With the objective of characterizing the
vaccine itself and its safety, the analysis of preclinical
and clinical trials has revealed that the vaccine is safe
and induces humoral and cellular immunogenicity along
with "durable protection [70-72]." At the beginning of
the SARS-CoV-2 epidemic, the Jenner Institute
collaborated with ChAdOxI1-MERS-CoV at Oxford
University to lead the development of a coronavirus
vaccine against MERS-CoV through a phase I clinical

trial. Kingdom of Saudi Arabia [73]. The first phase
included 900 healthy volunteers aged 18-55 that were
"vaccinated with 5x1010 viral particles (v.p). ChAdOx1
nCoV-19 or a MeningitissACWY  vaccine via
intramuscular vaccination, in a randomized 1:1 ratio of
trial vaccine to control [74]." Further trials plan to
increase sample size and age range with a plan to "recruit
volunteers between the ages of 55-70, age 70+, and
children age 5-12 years to assess the vaccine across
broader demographics." The main purpose and common
main purpose of this study are to evaluate the safety and
effectiveness of the vaccine. The humoral and cellular
immune response to the vaccine will be assessed as a
secondary endpoint [75].

5.5 Advantages and Disadvantages of mRNA
Vaccines

Compared with traditional methods, the use of mRNA-
based antiviral vaccines has four major safety and
efficacy advantages. First, mRNA-based antiviral
vaccines can prevent "infection and insertion-induced
mutagenesis due to the natural degradation of mRNA in
the cell microenvironment [76]." Moreover, the
modification of the engineered mRNA structure
improves the effectiveness of the immunogen, thereby
improving its stability and translation efficiency [77].
Next, a strong immune response may be elicited through
the activation of CD8 + and CD4 + T cells through only
one or two doses due to the high potency of mRNA
vaccines [78]. Lastly, the treatment of large populations
is viable due to the ability to mass-produce the vaccine
[9,79].

The Moderna vaccine focuses on mRNA molecules
that express SARS-CoV-2-S. The proposed mechanism
contains these mRNA molecules within lipid
nanoparticles in order to expedite the entry of this
mRNA into a host cell [80]. Once in the host cell, the
antibody response will be achieved through the
expression of the S protein. The analysis of "Phase I data
for a pandemic influenza vaccine focused on a cohort
vaccinated with 25qg, 50qg, or 100gg of the vaccine
[81]." The Moderna vaccine has a "good safety profile;"
87% of volunteers receiving high doses in previous trials
for "other pandemic diseases" like MERS and ZIKA
demonstrated successful seroconversion, developing
neutralizing antibodies. Despite this success, the
previous trials failed to produce cell-mediated cytokine
responses in volunteers [82]. Although the vaccine has
worked for other maladies, a significant amount of
research must be done before progressing the vaccine
into human clinical trials. However, the platform did not
produce any measurable response to cell-mediated
cytokine [80]. Moderna has not yet introduced any
viable mRNA- based vaccines to the market that may
proceed to human clinical trials [83]. Based on the novel
mRNA- based platform and the current use of animal
models, many questions remain unanswered [84].
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Table 2.The progress of COVID-19 vaccine.
. Technical .. Clinical ~ Starting Number of
Organizer name Clinical number .
route stage time people
Moderna mRNA-1273 RNA NCT0470427 I 2020727 30000
CNBG —_ Inactivated Chi CTR200034780  III 2020/7/18 15000
sinovac S Inactivated = 0104456595 i 2020771 8870
vaccine
AstraZeneca COV003 Virus vector ISRCTN89951424 I 2020/5/28 2000
BioNTech BNT162b28 RNA 111 2020/7/27 30000
cansinotech  Ad5-nCov Virus vector ChicTR2000031781 1I 2020/4/12 500
Academy of
Military S recombination NCT04341389 1 2020/4/12 508
Medical
Sciences

6 Discussion and Conclusion

A safe, effective, and immunogenic vaccine must be
developed to protect as many people as possible in order
to decrease the influx of cases in hospitals. The lives of
everyday people, in addition to healthcare workers, are at
risk, and alleviating social distancing measures too soon
may only further exacerbate the burden on health care
systems around the world. The "regular circulation of
SARS-CoV-2" is a major threat, and there are great gaps
in information. With additional research and clinical
trials, an effort towards a working vaccine may prove to
be successful.

In order to produce a viable and immunogenic
vaccine, there is more characterization needed for the
antibody levels of patients with various severities of
SARS-CoV-2. The Moderna research group suggests
that studying the antibodies of recovered patients may
answer an important concern when it comes to the
development of a vaccine: how long do antibodies last at
a safe level? Characterizing the retention time of the
antibodies in a longitudinal sense and immunity duration
is needed to confirm the safety of certain vaccines along
with the identification of proper dosage. A major
obstacle surrounding a viable vaccine is the unknown
duration of immunity. For instance, dosage and booster
requirements must be considered along with lifetime
immunity possibilities. Whether "the vaccine will give
lifelong immunity or longer duration of immunity with
naturally acquired infection can be seen only much later"
is another property that must be considered.

Even if a viable vaccine is created, the mass
production and availability of the vaccine at an
affordable price will be the next challenge. The nature of
creating some vaccines may be more difficult than others.
For example, in pathogens such as Malaria, the "sheer
complexity of the parasite" hinders the development of
its vaccine. The most effective Malaria vaccine requires
the removal of the mosquito's salivary glands by hand, a
very tedious process. This proves that although a
solution may have been developed, the production and
distribution become a key element in eradicating the
disease. With regard to COVID -19, these obstacles must
be considered in the progress and advancement of future
vaccines.

Lastly, along with the manufacturing of the vaccine,
choosing which patients will get the first shots will need
to be decided. Ethics becomes an important part of
making sure every patient has equal opportunity and
access to the vaccine, a puzzle global public health
authority still struggle to solve. Finances and social
status often pose issues with furthering health disparities
in at-risk populations across the world. Cultural
differences also play a role in how willing a population
is in receiving a vaccine. The HIV/AIDS epidemic
revealed that implementing new health regulations and
treatments can be more difficult than initially perceived.
Denialism, fear of health authorities, and lack of access
to resources all became critical when attempting to
eradicate HIV/AIDS even when a vaccine was
developed years after the first case. Whether a new
COVID-19 vaccine could be equally distributed to all
people in need regardless of their race, financial
resources, and status remains unknown. To conclude,
when developing a vaccine, diverse factors and
complications must be examined. Despite the hardships
and adversities, the effort to advance a viable and
effective vaccine continues with researchers fighting to
develop an ideal solution and stop the spread of SARS-
CoV-2.
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