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Abstract

Coronavirus disease 19 (COVID-19) is a respiratory illness caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The virus is the
cause of the pandemic that has affected over 213 countries and there are over 21 million confirmed cases in the United States. Intense research
efforts and funding have been placed into diagnostic, prevention, and treatment options. This review evaluates mRNA vaccines, their advantages,
limitations, and current progress towards vaccine production. We included current methods of mRNA vaccine production and introduce potential
changes in vaccine delivery methods currently being developed to specifically aid in targeting the coronavirus. We evaluated various routes of
administration and their potential to allow vaccines to reach the immune system and induce an immune response to produce antibodies and provide
immunity. Safety and efficacy have been evaluated in this review of various mRNA clinical trials that aimed to determine if mRNA vaccines can cause
antibody production and the types of adverse events associated with them. Although mRNA vaccines are not perfect in design, the possibilities they

offer in advancing vaccine research and fighting other viral infections while improving immunity are worth further research.
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Introduction

Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV-2) is
a derivative of the Coronaviridae family [1], associated with Middle
East Respiratory Syndrome Coronavirus (MERS-CoV) [2] in causing
respiratory-related distress and pulmonary failure. SARS-CoV-2 is
genetically closely related to the original SARS-CoV virus that caused
the outbreak of SARS in Guangdong province, China in 2003 [3].
As of late May 2020, 80,304 reports of pneumonia related symptoms
were prevalent among 34 districts in China with 90,870 confirmed
cases worldwide. As of Jan 7, 2021, there were 21,259,997 cases with
299,904 new cases and 359,849 deaths in the US [4]. The source of
infection was reported to derive from the consumption of bat and
other potentially infected animals that were sold in the Wuhan district
local market [5].

Amongst the infected individuals during the Wuhan outbreak,
samples from seven patients with severe pneumonia were admitted
into the Wuhan Jin-Yin-Tan Hospital ICU unit with the diagnosis of
the causative pathogen at the Wuhan Institute of Virology (WIV). 5
samples were found to be PCR-positive for CoVs. Genome sequencing
was performed on some sample collected from the bronchoalveolar
lavage fluid (BALF), with an 87.1% similarity to the sequences of

SARSr-CoV. Further analysis was done on the virus of genome
consisting of six major reading frames that are like coronavirus.
Additionally, a short region of RNA-dependent RNA polymerase
from bat coronavirus was found to have high sequence identity to
2019-nCoV, which supports the origin of the 2019-nCoV in bats.
Serology studies were per-formed using ELISA assay for IgG and IgM
antigen from bat protein to identify the N protein of the 2019-nCoV,
in which IgG and IgM titers increased over time in the 5 samples.
Virus specific nucleotide positivity and serology within these samples
provides evidence of the connection between the bat origins during
the Wuhan outbreak and its connection to 2019-nCoV. While the
transmission of SARSr-CoV still remains unclear, the infection rates
between human transmissions rapidly increased via airborne route.

As a result, close contact with others and exposure to any form
of coughing, sneezing, talking, respiratory drops, or aerosols could
result in the virus accessing the airways of a healthy individual and
infecting them [6]. The disease caused by the virus has been named
COVID-19 and it is currently infecting people in multiple countries
[7]. This has resulted in worldwide quarantine, wearing of masks,
social distancing, and other methods to reduce close contact with
others until a viable treatment option has been determined [8,9].
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This virus has resulted in the need for a vaccine to be developed
to promote immunity and for clinical trials of researched treatment
options such as convalescent plasma transfusion [10-12], antivirals,
and anti-inflammatory drugs. Current mainstream interest in vaccine
development for COVID-19 is focused on mRNA vaccines. This review
provides a comprehensive analysis of vaccine production, comparison
of current vaccines and a broad review of mRNA vaccines and the
potential they have as a vaccine form against COVID-19. Reviewed
here are the methodology behind mRNA vaccines and application of
current research for pulmonary and mucosal routes of administration.
These alternative routes could enhance the specificity of the vaccine
against the virus and improve the vaccine production process towards
the goal of perfecting and innovating the concept.

The mechanism of coronavirus of how the virus enters and infects
cells and the receptor targets has been further identified [1,13,14]. The
virus utilizes an open reading frame along the downstream area of
its nucleotide sequence that encodes for the viral protein and causes
the cells to replicate this viral protein like other RNA-based viruses.
However, the distinguishing feature of coronavirus is the specific spike
(S) proteins present on the surface of the virus that greatly enhance
its ability to attach and penetrate the cell [15]. It has been noted in
recent studies that SARS-CoV-2 has variations in its amino acid
sequences of 8b and 3¢ and is missing the 8a protein, further aiding
in development of diagnosis methods to determine the presence of
COVID-19 in exposed patients [16]. The entry methods of the virus
were determined to be specifically through the angiotensin-converting
enzyme 2 (ACE2) receptors and are mediated by proteolytic processing
(Cath and TMPRSS2) [17-22].

mRNA Vaccines

mRNA vaccines use specific viral nucleotide sequences, without
using the live virus, and try to incorporate it into the host cell to mimic
a native response [23]. They do not enter the nucleus of the cell and so
do not affect the DNA of the host cell, and the viral mRNA is broken
down after all the mRNA sequence has been made [24]. Currently
there are six prophylactic mRNA vaccines in phase 1 clinical trials

[25], involved with tumor [26-28] and cardiovascular issue treatments
[29-31], but none involved with respiratory-related infections. mRNA
focuses primarily on affecting the cell cytoplasm to produce the
viral RNA proteins on the surface of the cell for the antigens to be
made. Certain limitations include the field actively being researched
for specific tissue targeting and requiring immunogenicity response
monitoring. mRNA vaccines can overcome many of the problems that
plague traditional vaccines and can help with combating against viral
infections as highlighted in figures 1 and 2 [32].

mRNA vaccines are a concept that has been introduced and
researched extensively since 1995 by trying to induce adaptive
immune response in cancer patients to create antitumor immunity
[26,33]. Due to the potential of creating natural-borne antigens, lack of
needing additional adjuvants, and more rapid preparation compared
to traditional vaccines while avoiding risk of permanent DNA
integration from DNA vaccines, mRNA vaccines have great potential
to improve vaccination production and efficacy [34-36].

Function

mRNA vaccines focus on the incorporation of the viral nucleotide
and allow it to enter the cytoplasm of the host cells to produce viral
proteins like the virus itself. This allows a similar “native” infection
to occur, but at a controlled level, to allow the host’s immune system
to react. As a result, the antigen is introduced to the surface of the
cell, which allows the immune system to respond. CD4 and CD8 will
then be recruited to target these specific cells and eradicate them from
the body and help in the formation of antibodies against the virus,
and memory B cells will then remember pathogen and aid in faster
antibody production [37]. SARS-CoV-2 contains 4 major structural
proteins, namely spike (S), membrane (M), and envelope (E) proteins
(all of which are embedded in the viral surface envelope), and
nucleocapsid nucleoprotein (N) protein. Several of these viral proteins
potentially serve as targets of vaccine induced immune responses.
However, S proteins are responsible for recognition of the host cellular
receptor to initiate viral entry. Available mRNA vaccines work via the
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Figure 1: Highlights of the various advantages that mRNA has over traditional vaccine development. Left side lists the sequential parts of vaccine
production and development to provide comparison between the three vaccine types.
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Figure 2: The primary differences between the traditional and mRNA
vaccine development process.

induction of an antibody against the viral surface protein responsible
for entry into the human host cells’ “spike protein”.

The main factors involved with mRNA therapeutic applications
include: (1) mRNA 5 and 3’ untranslated region (UTR), (2)
modification of rare codons for amino acid synthesis to translate
into protein production, and (3) inhibition of RNA de-capping
and improvement in enzyme degradation resistance. However,
introduction of viral protein into the cell includes encapsulating
the mRNA in a shell, which allows it to penetrate the cell layer, pass
through the various extracellular barriers and be endocytosed into
the cytoplasm to be properly translated into proteins by ribosomes
(Figure 3). mRNA vaccines and their delivery methods that permeate
the lungs for virus targeting could help specifically target and eradicate
the virus and possibly resolve multiple respiratory-related symptoms.
Current mRNA vaccines against coronavirus focus on targeting the
S protein, which allows it to bind to cells effectively to replicate viral
proteins [38].

Delivery methods

The delivery of the mRNA is a crucial step in the process of
developing an mRNA vaccine because there are multiple barriers that
help prevent infection naturally. The main barriers are categorized into
extracellular and intracellular barriers. Extracellular barriers include
rapid clearance, nucleases, and localization, and intracellular barriers
include endosomal escape, RNA sensors, and endonucleases [39].
Current limitations include that various forms of enzyme degradation
are present and optimizing delivery of the mRNA to be accepted by
the cell without being rejected by the immune system [40]. Lipid
nanoparticles (LNP) are the one of the most studied methods that
involves the use of: (1) an ionizable lipid layer that contains amine-
bearing viral vectors, (2) a zwitterionic lipid, (3) cholesterol molecule,
and (4) a polyethylene glycol lipid with helper lipid, all aiding in
mRNA viral transmission [41]. Examples of various systems used in
mRNA delivery are shown in figure 4.

The incorporation of an amine group as a non-viral vector aids
in formation of the protective layer surrounding the mRNA to help

prevent exposure to nucleases and other enzyme degradation processes.
An ionizable cation lipid helps regulate the pH to a level desired for
permeation and reduced degradation of the enzyme. A zwitterionic
lipid bears a similarity to lipids found in the cell membrane and this
helps to prevent a response that results in rejection of the shell. The
use of the cholesterol molecule helps to stabilize the overall polymer
and the polyethylene glycol lipid to provide a hydrating layer to deliver
more stability (Figure 5). All these components work together to help
introduce the mRNA into the cytoplasm of the cell via endocytosis
while actively disrupting the nucleosomes until the final step where
the mRNA is released and then taken by a ribosome to make viral
protein [42-44]. Current examples of mRNA vaccines going through
clinical trials include Modernas Cytomegalovirus (CVM) [45,46].
Refer to (Figure 5) for the different categories of delivery systems used
to introduce mRNA into the cell and for examples.

Subtypes

Currently two subtypes of mRNA vaccines have been classified:
Non-amplifying mRNA based vaccines (NAM), and self-replication
mRNA vaccines (SAM).

NAM vaccines use the base concept of containing a viral nucleotide
with an open reading frame to promote translation of specific viral
proteins with additional benefits. These benefits include: (1) relatively
small size of mRNA needed, (2) absence of additional protein
production to lessen potential immunogenic responses, (3) relatively
easy to scale up and manufacture in vaccine production and during
times of sudden pandemics, and (4) easier to improve the system
and modify it to handled new cases of new viral strands that emerge
or other viruses with similar genetic codes. However, their main
limitation derives from intracellular delivery, which is currently being
improved with the introduction and innovation of Lipid Nanoparticles
(LNPs). Further research is needed on not only improving the delivery
of NAMs but on LNPs as well because they have a limitation of being
affected by exocytosis of the cell, making introduction of the mRNA
more difficult.

SAM differs from non-amplifying because it involves an mRNA
engineered from a positive single-stranded virus like alphaviruses
and flaviviruses. These results in two open reading frames that serve
two different functions that help form the viral protein when it is
being translated. One part helps with RNA capping and promoting
replication of the viral nucleotide and the other part helps to express
the antigen. Using this method can extend the duration of viral protein
translation and stability for up to two months and can increase the
magnitude of expression significantly. However, limitations are that
nucleotide sequences cannot handle much modification and so it
is not versatile, the replicon size is very large to account for the two
sections to aid in viral protein replication, and inclusion of potential
unrelated protein responses due to the increased amount of replicon
available in this method [47-50].

Vaccine Administration Routes

The main routes of vaccine administration and most common forms
are subcutaneous and intramuscularly. Currently two of the FDA
Emergency Authorized Use approved vaccines against COVID-19 are
administered intramuscularly. Both Moderna and Pfizer vaccines re-
quire injection of 0.5 mL of the vaccine into the patient’s deltoid muscle
using a 23-25 gauge needle. However, with specific tissue targeting and
the COVID-19 pandemic related to respiratory infection, alternative
methods of administration have been explored. Current areas of
interest, in relation to the coronavirus outbreak include mucosal and
intranasal vaccination [51].
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Figure 3: mRNA nucleotide sequences encapsulated in a nano lipid-particle (LNP) formulation entering the cytoplasm of a cell via endocytosis.
The endosome is created and then degraded by enzymes to release the mRNA sequence. The mRNA sequence is translated into an amino acid
sequence by a ribosome complex and becomes a viral protein sequence that is introduced to the surface of the host cell to be introduced to an
antibody [39] and is used under a Creative Commons CC-BY-NC-ND license.

Mucosal vaccination is a promising application that involves  that include alveolar macrophages, dendritic cells, M cells, and
activation of several aspects of the immune system in the fastest intraepithelial cells. The idea is to expose the mRNA to dendritic cells
manner possible with the least amount of side effects [52,53]. This  to cause a humoral response [55,56]. Intranasal vaccination is another
route utilizes the Mucosa-Associated Lymphoid Tissue (MALT) sys-  promising application that focuses on formulating the vaccine in small
tem [54] and Nasopharynx-Associated Lymphoid Tissue (NALT)  particles taken in by the nasal route to reach the lungs specifically [57].
system to introduce the mRNA to the dendritic cells of the immune
system to cause a humoral immune response. This allows the mRNA
to access the specific components of the immune system of the lungs

Particle size, shape modulation, charge manipulation and variation
of the antigen to be properly taken up by antigen-presenting cells are
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Figure 4: Diagram of an mRNA sequence within a lipid nanoparticle
(LNP) delivery vehicle.

areas of study necessary to ensure that the vaccine can be introduced
via mucosal route. Current research has determined that particle size
should be less than 3 micrometers, with best results for dendritic cell-
targeted uptake of particle sizeless than 0.5 micrometers [58]. Regarding
particle shape, a study from LIQUIDIA found that when earthworms’
immune systems were introduced to variously shaped antigen particles,
antibody titers were the highest amongst the Particle Replication in
Non-Wetting templates (PRINT) particles [59,60]. PRINT particles
are a continuous, wetting, roll-to-roll molding technology that creates
microparticles and nanoparticles and allows them to be adjusted to
attain specific parameters associated with enhancing their function
and stability. Manipulating charge and increasing stability will further
enhance the ability of the vaccine to reach dendritic cells because
positive charge results in better interaction with cell membranes to
enhance permeation ability. PEGylation, dry spray, dry freezing spray
and use of stabilizers such as lectin, mannitol, dextran, or sorbitol are
used to further enhance and stabilize the complex to enter the mucosa
via inhalation route more easily [61].

Pulmonary-targeted vaccines are another area of interest as a
possible alternative because they utilize a dry powder or a liquid
formulation [62]. A current example of pulmonary vaccination in
development is for measles vaccines [63]. These vaccines are put into a
metered dose inhaler or nebulizer to effectively reach the alveoli of the
lungs to then be taken in and introduced to the immune system to cause
aresponse. For optimal pulmonary delivery, a particle size between 0.5
and 5 micrometers is optimum, and the characteristics of dispersion
type, device used and dispersion in the airstream can affect the mass
median aerodynamic diameter [64]. All these factors impact the
overall ability of the particle to deliver the vaccine to the lungs. Particle
size has an additional effect because it impacts various regions of the
lungs for pathogen targeting. Particle sizes larger than 5 micrometers
are optimal against pathogens stationed in the upper respiratory tract,
whereas particle sizes less than 3 micrometers are optimal for lower
and deep respiratory tract infection. However, regarding formulation,
there are limited options for excipients, and they must meet stability
and safety standards like those specified for common inhalation
products. The nanoparticle delivery system is affected by particle size

and polymorphic changes in the matrix and the structure is further
evaluated by X-ray refraction because morphology of the particle will
affect its efficacy in penetration [60,65]. The development process of
inhaled vaccines is highlighted in (Figure 6).

Safety and Efficacy

mRNA vaccines

mRNA vaccines are currently still under development and issues
of potency and toxicity are areas of concern. Inflammatory responses
are a common side effect of general vaccinations indirectly, but with
the inclusion of mRNA vaccines directly affecting the TLR 3,7,8
and cytoplasmic pathways, the response is potentially more potent.
Introduction of a viral nucleotide to induce a humoral response in the
immune system results in potential immunogenic responses. These
responses caused adverse events in clinical trials for antivirals and
anticancer drugs resulting in nerve damage, myopathy, and pancreatitis
[66]. Liver toxicity is another potential area of concern as found in a
preclinical study using an LNP formulation. The combination of the
multiple dosing and the formulation were causes for the toxicity and
could serve as references for future LNP formulation and vaccine
development. Multiple dose administrations are needed for mRNA
vaccines to produce the viral protein to properly elicit the immune
response, which contributes to the potential of adverse events
occurring and could inversely impact the translation of the mRNA.
mRNA vaccines have a small, but less likely, potential of permanent
integration with the host DNA compared to their DNA vaccine
counterparts, and this remains a potential safety concern. Other
issues include the potential to cause autoimmunity or worsening other
autoimmune-related disease states like diabetes mellitus and multiple
sclerosis. Further research is needed to evaluate and reduce these
adverse events while enhancing the benefits of mRNA vaccines.

Moderna RSV mRNA vaccine

Respiratory syncytial virus (RSV) is a virus that causes upper and
lower respiratory tract infection. A vaccine targeting the RSV F protein
is an attractive target for vaccine development, and Moderna has
developed an RSV vaccine using a modified RSV F mRNA sequence
with an LNP base. The study was conducted on rodents, and overall
efficacy regarding an immunogenic response and protection formed
were observed. Using ELISA titers of the transfected cells revealed
secretion and stabilization of the antibodies formed. The mice were
injected with 2 doses of 10 micrograms intramuscularly 3 weeks apart,
with serums collected 2 weeks after. Results suggest that with the LNP
formulation, the RSV F protein elicited a humoral response of the
immune system in mice. Higher CD4+ and CD8+ T cell responses
were observed in mice, but challenges of human vaccination include
the potential for vaccine developed respiratory disease (VERD),
possibly leading to increased hospitalization and death if used in naive
human infants. Further research is needed to improve the LNP delivery
system and to reduce adverse events in future human vaccination [67].

H10NS8 and H7N9 mRNA vaccine

The H10N8 (Germany) and H7N9 (USA) vaccines were mRNA-
based vaccines against influenza [68]. Both were randomized, placebo-
controlled trials that involved administration of 2 doses of the vaccines
over a 3-week period to assess overall safety and efficacy. The HIONS
trial was in Berlin, Germany, and the H7N9 vaccine trial was in
Miami, Florida. HION8 participants were between the ages of 18 to
64 years old and received doses of 25, 50, 75, 100 and 400 micrograms
intramuscularly and 25 and 50 micrograms intradermally. H7N9
participants were adults between the ages of 18 to 49 years old and

Citation: Igbal MS, Mousa SA (2021) mRNA Vaccine Review against COVID-19 with Potential Applications to Improve Efficacy and Targeting.

Int J Vaccine Immunizat 5(1): dx.doi.org/10.16966/2470-9948.124



International Journal of Vaccines and Immunization
Open Access Journal

éSc!ﬁQ{%Shgn

Lipid based systems: Polymeric systems:

* Cationic Nano emulsion .
*  Nanostructured Lipid carrier (NLC) .
* Liposomes .
* Lipid-like Nanoparticles (LLN) .

PEI
PBAE

PAsp(DET)
PDMAEMA

Current delivery

systems of
mRNAs
Polypeptidic systems:
* Protamine .
» Cell-penetrating peptides .
*  Virus-like particle (VLP) .

Other systems:

Dendrimer

Gold nanoparticle

Hybrid system: Lipopolyplex, lipids
combined with peptides and other
combinations

Figure 5: Current systems for mRNA delivery.

PDMAEMA, poly (2-dimethylaminoethyl methacrylate.

Abbreviations: PEI, polyethylenei-mines; PBAE, poly (beta-amino esters); PAsp, poly(asparmatides); DET: 1,2-diaminoethane addition;

¢ ,
» Lipid-hased Therlapeutic: p ‘
i i Application
* Partu:lgmze i + Inflammation
' Madtenals « COVID-19 « Liver disease
use
» Surface + Pulmonary .i;:sillesand gene
properties hypertension Mutiol
= Cystic Fibrosis + Multiple
. COPD dosing
Physiochemical « Tuberculosis + Oxidative
Properties strass
= Lung cancer
N Toxicity, Potency,
Side Effects
b A

b, ry

figure 1 [62] and used under a Creative Commons Attribution license.

2
Devicesand (
+ Pharmaceutical

« Metered dose J;i:;t;:ma

inhaler (MDI1)
= Nebulizers
= Device

parameters
= Patient age

Figure 6: Diagram of future obstacles, research, and development processes for respiratory vaccines categorized into targeted areas based on

Citation: Igbal MS, Mousa SA (2021) mRNA Vaccine Review against COVID-19 with Potential Applications to Improve Efficacy and Targeting.

Int J Vaccine Immunizat 5(1): dx.doi.org/10.16966/2470-9948.124




éSc!fer%shgn

received intramuscular doses of 10, 25, and 50 micrograms with the 25
and 50 microgram groups able to receive a booster shot at 6 months.
Safety was assessed through screenings of physical examination and
vital signs at days 1, 22, 30, and 43 and type of adverse events were
graded according to severity between 1 (mild) and 4 (life threatening)
[68]. Immunogenicity was measured using antibody serum detection,
titers, and hemagglutination inhibition assays. Results of both studies
showed favorable safety profiles with no vaccine-related adverse
events reported. Both studies showed that the higher doses of the
intramuscular injection resulted in greater microneutralization assay
titer formation with no significant cell-mediated response noticed.
These titers are indicative for antibody formation against influenza
specifically. Further evaluation is needed for future perspectives of
vaccine development [68,69].

SARS-CoV-2 vaccines

Table 1 presents some vaccines currently in clinical trials for SAR-
CoV-2.

Moderna mRNA-1273: Moderna conducted a randomized, 1:1
placebo-controlled study to test mRNA-1273 at the 100 mcg dose
level in 30,000 participants ages 18 and older in the US. The primary
end-point was the prevention of symptomatic COVID-19 disease
based on analysis of COVID-19 cases confirmed and consolidated
starting 2 weeks after the second dose of vaccine. Secondary endpoints
included prevention of severe COVID-19 disease and prevention of
infection by SARS-CoV-2. This study included more than 7,000 people
age 65 and over and more than 5,000 people under age 65 who have
high-risk chronic disease (severe obesity, diabetes, cardiac disease;
42% of the study participants). It also included 11,000 participants
from communities of color (Hispanic or Latina and Black or African
American; 37% of the study population). The study determined that a
total of 151 cases would provide 90% power to detect a 60% reduction
in COVID-19 hazard rates. Interim analysis included 95 participants
with confirmed COVID-19: 90 cases in the placebo group and 5 cases
in the mRNA-1273 group for a vaccine efficacy of 94.5% (P<0.0001).
Among the placebo group, 15 cases were present in the adults age 65 and
over and there were 30 severe cases overall. The vaccine was generally

well tolerated with most adverse events being mild to moderate in
severity. Grade 3 (severe) events were greater than or equal to 2% in
frequency and were identified as respiratory rate of 30 breaths per
minute or higher, heart rate exceeding 125 beats, respiratory failure,
renal failure, hepatic impairment, admission to an intensive care
unit, or death. Adverse events after the first dose included injection
site pain (2.7%) and after the second dose included fatigue (9.7%),
myalgia (8.9%), arthralgia (5.2%), headache (4.5%), pain (4.1%), and
redness at injection site (2.0%). These events occurred about 15 hours
after vaccination and were typically resolved by day 2. Initial analysis
suggested a broadly consistent safety and efficacy profile across all
evaluated subgroups [79].

Pfizer BNT162b2 SARS-CoV-2 vaccine: In the Pfizer trial of
BNT162b2 conducted between July 27 and November 14, 2020, there
were 43,548 participants age 16 years or older at 152 sites worldwide
(the majority of the sites were in the US). Participants were randomly
assigned in a 1:1 ratio to receive 30 mcg of BNT162b2 (0.3 mL volume
per dose) in 2 doses administered intramuscularly, 21 days apart,
or saline placebo delivered in the deltoid muscle. Inclusion criteria
were age 16 years or older who were healthy or had a stable chronic
medical condition, including but not limited to HIV, hepatitis B, or
hepatitis C infection. Exclusion criteria were a medical history of
COVID-19, treatment with immunosuppressive therapy, or diagnosis
with an immunocompromising condition. Major primary endpoints
included efficacy of BNT162b2 against confirmed COVID-19 (onset
present up to 7 days after the second dose), efficacy with and without
evidence of prior infection, solicited and unsolicited adverse event
recording (throughout the following 6 months after the second dose)
and use of antipyretics or pain medications (within 7 days after each
dose). Current adverse event monitoring data represents the 14 days
after second dose administration, and HIV safety results were to be
included in a separate report. Safety monitoring will continue for 2
years after administration of the second dose of the vaccine. Major
secondary endpoints included efficacy of BNT162b2 against severe
COVID-19 (respiratory failure, severe systemic illness, evidence of
shock, significant acute renal, hepatic, or neurological dysfunction,
admission to an ICU, or death). Daily use of the electronic diary ranged

Table 1: Current COVID-19 vaccine production listed by company and type of vaccine.

Company Vaccine Type Current Progress Reference
Currently vaccinating healthcare
Moderna mRNA providers, and patients over 65+ of age [70]
and those with underlying comorbidities
Inovio Pharmaceuticals DNA based Currently in Phase 1 trials [71]
Oxford University Adenovirus-vectored Currently in Phase 1 trials [72]

Pfizer Pharmaceuticals/

BioNTech

Lead vaccine
candidate/mRNA
candidate/self-amplifying
mMRNA candidate

Currently vaccinating healthcare
providers, and patients over 65+ of age [73]
and those with underlying comorbidities

Johnson & Johnson/

Currently gaining Emergency Use

Lead vaccine candidate Authorization f inati [74]
Sanofi uthorization for vaccination
University of Queensland

mRNA Preclinical trials [75]

In Australia
Altimmune Single dose, intranasal Currently in Phase 1 trials [76]
Novavax Lead vaccine candidate Currently in Phase 1 trials [77]
Vaxart Oral vaccine candidate Preclinical trials [78]
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from 90-93% for each day after the first dose and 75-83% for each day
after the second dose (no difference was noted between the groups). No
deaths were related to the vaccine and no COVID-19 associated deaths
were observed. Among 36,523 participants who had no evidence of
existing or prior SARS-CoV-2 infection, 8 cases of COVID-19 with
onset at least 7 days after the second dose were observed among the
vaccine recipients and 162 cases were observed among the placebo
recipients; this corresponded to 95% vaccine efficacy. Between the first
and second dose, 39 COVID-19 cases in the BNT162b2 group and 82
COVID-19 cases in the placebo group were observed, resulting in a
vaccine efficacy of 52% and indicating early protection by the vaccine
starting as soon as 12 days after the first dose [80].

Conclusions

mRNA vaccines provide a potential method to form antibodies
particular to the spike protein of the coronavirus and provide specific
protection against COVID-19. Further research and observation
are needed to show if COVID-19 vaccines will be an effective long-
term solution. The concept of vaccinations is involved with the early,
middle, and end stages of a pandemic outbreak. Vaccines provide herd
immunity and can protect succeeding generations from viral infections
and effectively reduce the infection’s impact to the point of completely
eradicating future infections [81]. Vaccines produce antibody titers
formed from introducing a viral antigen to a host immune system and
causing a response. These antibodies improve diagnostic methods to
identifying infected patients, noninfected patients, or patients who
had developed antibodies naturally due to previous exposure or those
who are asymptomatic.

Current FDA approval of vaccine use has been granted to both
Modernas mRNA-1273 and Pfizer's BNT162b2 for Emergency
Authorized Use (EAU) in hospitals and for first res-ponders above
the age of 18. A concern of COVID-19 vaccinations is vaccinating
individuals who have developed antibodies naturally due to previous
exposure to the virus. This has the potential risk of antibody-mediated
disease enhancement when considering increased hyper-immune
globulin production in COVID-19 patients. A recent study evaluates
this hypothesis and states that while the risks are low, more research is
needed to evaluate further and gain a better understanding of clinical
evidence for immune enhancements via vaccinations [82].

Vaccine production and innovation will require more time and
research to not only improve the concept of a vaccine but to mitigate
many of its weaknesses. With mRNA vaccines, the side effects are
still being evaluated to learn how to reduce them. Enhancement of
the LNP delivery system and culminating the advancements and
research involved with pulmonary and mucosal vaccine delivery
could help unlock the potential of mRNA vaccine and help it target
specifically against COVID-19 and respiratory diseases in general.
Other potential applications of vaccinations, such as the Bacillus
Calmette-Guerin vaccine, include avoiding COVID-19 complications
in those with chronic illnesses like diabetes and potentially applying
it to other disease states [83].With the rapid accumulation of SARS-
CoV-2, genome sequences of thousands of genomic variants of SARS-
CoV-2 are now publicly available. mRNA vaccine might provide
broad protection against some of the variants, but still more data are
needed. Further research is also needed regarding dosage variations,
concerning potential inhalation formulations, nasal formulations,
development of vaccines against the common variants and other
potential short-term and-long term side effects.
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