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Vaccine-derived immunity is being optimistically heralded as the exit strategy to the pandemic, thereby enabling everyone
to return to the much-awaited normal patterns of working, schooling, and socialising. The SARS-COV-2 (COVID-19)
respiratory virus was first identified in December 2019 in Wuhan, China. Owing to the rampant spread of the virus there
was an exigency that called for the development of a vaccine. In this review, we discuss what is currently known about the
mechanism of action, efficacy, safety profile, clinical trials, and distribution of three of the most promising vaccine
candidates; mRNA-1273 (Moderna), BNT162b2 (Pfizer/BioNtech), ChAdOx1 nCoV-19 (AstraZeneca/Oxford). In the race to
come up with a safe and effective vaccine against the novel coronavirus, there are a myriad of factors that play a critical
role throughout the development, clinical trials, manufacturing, distribution phases. An in-depth insight is given into the
expected scope and the speculated limitations of the aforementioned vaccines.
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1. Introduction

Immunity in simple words is the ability of the body to
discriminate between foreign particles and its cells. These
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system and it usually lasts for a lifetime. Passive immunity
is acquired when the antibodies are directly transferred to
the person which means that it is not the person’s immune
system that is involved in producing the antibodies.

Fig. 1 Flow Diagram summarizing the types of vaccines

Usually, passive immunity disappears with time. Vaccines
confer active immunity by interacting with the person’s
immune system without actually causing the disease or any
complications. The immune response or the antibodies
developed are similar to the ones that would be produced
if the infection occurred naturally [1-7]. The different types
of vaccines are as illustrated in Fig. 1.
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2. Vaccine Development

During the procedure of the various stages of vaccine
development, the primary goals that have to be achieved
are Safety and Efficacy. Safety is at the utmost priority in
the development of a vaccine to ensure that the patients do
not face any serious or deadly side effects due to its intake.
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[8] The efficacy of a vaccine refers to its ability to prevent
disease or infection. Efficacy portrays whether the vaccine
is protective against the disease.
It was of paramount importance to establish this distinction
in the case of COVID19 as the virus affects different
people in different ways; it could cause anything from
symptoms that require hospitalisation with ventilators or
asymptomatic manifestation.
There are particular testing phases that a vaccine has to
undergo to meet these goals of Safety and Efficacy.
Pre-clinical phase- It comprises Animal Testing and
checks whether the vaccine is safe and effective to
move on to the Human Trial phase. In this phase, they
give the vaccine to the animals (in this case, mice) and
monitor them for any side effects. Skin irritation,
fatigue, fever, death is looked out for. After
inoculating the mice with the vaccine, the mice are
exposed to the virus. Here, the efficacy is checked,
based on the production of antibodies and their
effectiveness in combating the virus, thereby leading
to the prevention of the disease.[9]
Phase 1- Moving on, we test the vaccine on humans
but only on a small sample size, consisting of less than
100 participants. It has to be made sure that the
patients do not have any previous underlying illness to
differentiate between the symptoms of the vaccine and
previous illness. Then, it is checked whether there are
still any side effects. Phase 1 trials are also used in
finding out the upper and lower limit of the dose of the
vaccine. Safety aspects are accentuated in this study.
Phase 2- In Phase 2, as well, the vaccine is given to
humans but the sample size is bigger than the previous
phase. The sample size is moderate; ranging from 100-
1000 participants, in this phase, the target is to match
the demographics of the population such as age, race,
gender, and comorbidities. [10] Similar to the previous
trial, the side effects are monitored again and the
efficacy of the dosage is looked at more closely.
Phase 3- At this stage, the vaccine is tested on a large
sample size- 1,000 to 10,000 along with checking of
symptoms and effectiveness after which it goes for
Emergency Use Authorization.
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3. Pfizer/BioNtech Vaccine

3.1. Mechanism

The Pfizer/BioNtech vaccines are both delivered by lipid
nanoparticles. [11] They are phospholipid membranes or
bilayers that are wrapping around the mRNA essentially
acting as a vehicle or transport mechanism for the SARS
CoV-2 virus into the host cell.[12] The mRNA surrounded
by this lipid nanoparticle was derived from the SARS CoV-
2 virus.[13] Different kinds of proteins come off of the
virus. The protein that’s mostly involved with the
pathogenicity is the S protein [14] and hence the mRNA
codes for the S protein of the COVID-19 virus. [15] The S
proteins work their way backwards to find the mRNA that
is being translated or coded for that protein. The S protein
then takes the RNA and incorporates it into the actual Lipid
Nanoparticle. [16] The phospholipid membrane of the
nanoparticle invades the host cells, fuses with the host
membrane [17], and releases the mRNA into the cytoplasm
of the target cell [18-21]. Once the mRNA is in this host
cell, [22] it does not enter the nucleus or doesn’t
incorporate into the DNA which is important from the
safety viewpoint. [23] The mRNA is translated using the
host cell ribosomes and the rough endoplasmic reticulum
producing the S protein[24-26]within the cytoplasm.[27-
28] The protein is modified and gets expressed on the cell
membrane by Major Histocompatibility Complex | (MHC
) and Il (MHC II). MHC Il protein is only found on
antigen-presenting immune cells such as B-cells,
macrophages, and dendritic cells. MHC | proteins are
found on all nucleated cells in the body (cells having a
nucleus). When this viral protein shape, the S-protein, is
expressed on the actual complexes, it attracts immune
system cells, one of which is called a T helper cell. [29].
This T helper cell has a particular type of membrane
protein called T-cell receptor(TCR)[30] that interacts with
the pathogenic antigen[31] and another CD4 protein that
interacts with the MHC Il complex.[32] Once the T cell or
T helper cell is activated, it releases cytokines.[33-34]
These plenty of cytokines, in turn, release interleukins
(Interleukin 2, interleukin 4, interleukin 5) which cause B
cells [35] to proliferate and differentiate into very special
cells called plasma cells. Once these plasma cells are
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developed and stimulated, they make specific antibodies
directed against the S protein fragment on the SARS CoV-
2 virus.[36] These antibodies, on binding the protein on the
virus, begin to neutralize[37] the virus leading to its
destruction.[38] These cytokines, cause the original T-
Helper cells[39] to proliferate, forming T-Helper memory
cells and Effector T cells.[40] These are all immune cells
that help to generate an immune response.[41]

Another kind of cells known as the Cytotoxic T cells plays
a part by binding to S protein fragments [42-43] that are
expressed by non-immune cells through the MHC |
complex. The CD8 molecule binds to MHC | while the
cytotoxic T cell receptor (TCR) interacts with the S protein
fragment.[44]Cytokines are then released by these
cytotoxic T cells which amplify the T-Helper cells[45]
stimulate B cells, amplifying the immune response and
killing infected cells present with the S protein of COVID-
19, as depicted in Fig.2.

Lipid Nanoparticle

Fig. 2 Schematic Diagram illustrating the mechanism of
mMRNA vaccines (Pfizer and Moderna)

3.2. Efficacy
3.2. a. Case Studies and Trials

43000 individuals were divided into placebo and
vaccinated groups and the Pfizer/BioNtech vaccine
injections were given on day 0 and day 21. Then, seven
days before the second dosage, the people who faced
clinical symptoms were put in a particular category. 162
and 8 individuals were recognized showing clinical
symptoms in the placebo and vaccinated group
respectively.
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This resulted in a 95% efficacy against the clinical
symptoms.[46] Furthermore, out of the 162 patients
showing symptoms from the Placebo group, 9 faced severe
disease and 1 person in the vaccinated group exhibited a
severe disease.[47] This concluded an efficacy of 87%
against those who displayed clinical symptoms.[48]

3.2. b. Side Effects

The most common side effects were pain, chills, swelling,
tiredness, redness, headache, and flu-like symptoms, and
their occurrence was witnessed within a day or two of
taking the vaccine. To study the side effects faced by the
population, they were divided into two groups- age 16-55
and 55+.[49] During the clinical trials,[50] the side effects
that occur within 7 days of getting the vaccine, or
reactogenicity symptoms, were mild to moderate which
later turned into fever, chills, tiredness commonly after the
second dosage. In the first group (age 16-55), 42%
headache, 4% fever, 33% muscle/joint pain, and 47%
fatigue were noted. In the second group, (age 55+), the
statistics were: 39% headache, 11% fever, 48%
muscle/joint pain and 51% fatigue. [51]

Unfortunately, 0.63% of those who were injected with the
vaccine also faced rare anaphylaxis. However, 0.51% of
those who did not have the vaccine also experienced an
allergic reaction indicating that most of the allergic
reactions were not associated with the vaccine. So, we can
safely assume that only 0.12% of the people had allergic
reactions directly due to the vaccine. Though few people in
the clinical trials were hospitalized or died,[55] data
suggest that people who got the Pfizer-BioNTech vaccine
were less likely to have these more serious outcomes
compared to people who got the saline placebo.

3.3. Storage and Distribution

The Pfizer/BioNtech vaccine has to be stored at -94°F (-
70°C). This is one of the major drawbacks of the vaccine
when it comes to distribution. The requirement of well-
established cold chain networks and the transportation of
the vaccine at such a low temperature does not make it
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suitable for low and middle-income countries. Pfizer has
assured the availability of the vaccine to high-risk
populations in the US by the end of December 2021. The
UK government has also signed a deal to receive 40 million
doses (enough for 20 million people). The EU has secured
a deal for 200 million doses, with an optional 100 million
extra doses. By the end of 2021, 1.3 billion doses are
predicted to be sent out globally. The companies have
started submission processes in Australia, Canada, Europe,
and Japan. [52] The vaccine is estimated to cost around £15
per dose—much higher than the Oxford-AstraZeneca
vaccine. [53]

4. Moderna Vaccine

4.1. Mechanism

The US biotech company developed the vaccine known
as MRNA-1273 vaccine in partnership with the US
National Institutes of Health. The mRNA- 1273 vaccine
is based on the same mRNA mechanism as the Pfizer-
BioNTech vaccine.

4.2. Efficacy
4.2. a. Case Studies and Trials

Around 30,000 individuals enrolled for the Moderna
vaccine trial, being divided into placebo and non-placebo
groups. Out of these 30,000 participants, 7000 were aged
over 65 and 5000 were under 65 with a high risk of chronic
diseases. The injections to the two groups were given on
day 0 and the 28th day. Evaluation for clinical symptoms
took place 14 days after the second injection was given. In
the non-placebo group, 185 individuals showed clinical
symptoms while among the vaccinated group 11
individuals showed clinical symptoms. Of the 185
individuals in the placebo group there were 30 severe cases
while of those who received the vaccine there were 0
severe cases. [54, 55]. Maximum efficacy of 94.5%
culminated against the development of clinical symptoms
and 100% against severe disease. [55]
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4.2. b. Side Effects

The most common side effects were chills, tiredness,
headache and flu-like symptoms a day or two after getting
the vaccine. The side effects due to the Moderna vaccine
were potentially skewed upwards as all the participants
were over the age of 56. [54] The classification of the side
effects was also done on the basis of their respective
dosages of 25 pg and 100 ug. The number of side effects
after the second dose were reported at the low and high
level of disease being 40% 84% headaches; 18% 20%
fever; 60% 84% muscle/joint pain and 50% 83% for
fatigue. No serious adverse side effects were reported. [52]

4.3. Storage and Distribution

Moderna’s vaccine can be stored in a household fridge for
30 days, at room temperature for up to 12 hours, and at
—20°C for up to six months. The USA signed an agreement
for 100 million doses, while the UK government has
secured five million doses of the vaccine candidate. This
vaccine is much more costly than Oxford-AstraZeneca and
Pfizer vaccines at approximately £25 per dose. [56]

5. Oxford Vaccine- AstraZeneca

The abstruse question that has left everyone awestruck is
how the vaccine developed in just 10 months.

After the Ebola outbreak, Professor Sarah Gilbert at
Oxford University thought that the response of the world
to the pandemic should have been better. This is when the
Jenner Institute at the University of Oxford contemplated
that they should start preparing themselves to combat an
unknown “Disease-X".

Vaccines that have live-attenuated or killed viruses of the
infection are comparatively slower to develop. Using the
concepts of genetic engineering, a revolutionary style of
vaccination was visualised. The scientists modified a
common cold adenovirus that infects the Chimpanzees and
engineered it such that it was rendered incapable of causing
infections in humans. Now, the beautiful part is that this
virus can be made to express any desired antigen to which
you want the body to develop an immune response.
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Before COVID-19 the Chimpanzee Adenovirus Oxford —
1, abbreviated as ChAdOx-1 based vaccine had been given
for diseases ranging from flu to Zika virus, and prostate
cancer to tropical disease chikungunya.

There is one more serendipitous thing that fostered the
process of vaccine development. There had been
coronavirus pandemics that had occurred earlier; SARS in
2002 and MERS in 2012. The researchers already were
aware of the biology of the virus, and more substantially,
they were aware of its Achilles heel which is the spike
protein.

So when the perturbations associated with the infectivity of
SARS-CoV-2 arose in January, Oxford was on its marks
already, ready to get going and lead the vaccine
development programme [57-60].

5.1. Mechanism

The Oxford vaccine has a DNA fragment that encodes for
the S protein. This DNA fragment is composed of the
Chimpanzee adenovirus whose replication machinery has
been arrested. The DNA fragment goes to the nucleus, and
now uses the replication proteins of the host cell to convert
DNA to mRNA [57-60]. This mRNA is translated to the S
protein at the rough endoplasmic reticulum in the
cytoplasm. The S protein is now processed and can be
presented by both MHC | and MHC |l complexes, thereby
triggering an immune response, as shown in Fig.3 [29-34].
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Fig. 3 Schematic Diagram illustrating the mechanism of
DNA vaccine (Oxford)
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5.2. Efficacy
5.2. a. Case Studies and Trials

As compared to the trials of other vaccine groups, Oxford
did not use saline as a placebo but instead used a licensed
vaccine against the A, C, W, and Y meningococcus
(MenACWY) groups. They said that saline did not cause
the minor side effects of fever, headache, and sore arm like
ChAdOx-1 nCo-19. They wanted the participants to remain
blinded to whether or not they had received the vaccine and
not make speculations based on the side effects, thereby
eliminating any scope of bias in their study.

There was a very interesting thing that happened in the
Phase Il AstraZeneca Oxford trials. In the Brazil study,
they had 9000 participants and the UK had 3000
participants. In Brazil, they gave a full dose on Day 0 and
a full dose on Day 28 whereas, in the UK, they gave half a
dose on Day 0 and a full dose on Day 28. The reported
efficacy in the former was 62% whereas in the latter it
turned out to be a surprising 90%. The combined analysis
portrayed an efficacy of 70.4% to prevent infection and
100% to prevent severe disease. [61]Of the 131 cases that
tested positive for the virus, none had developed severe
symptoms of the disease.

5.2. b. Side Effects

The side effects of the AstraZeneca/BioNtech vaccine were
evaluated with and without the administration of Tylenol.
Tylenol is acetaminophen used to treat mild to moderate
pain and is also used to reduce fever. In the group that was
not given Tylenol; headaches were 42%, fever 51%,
muscle/joint pain 60%, and fatigue 70%. Severe adverse
events were at 0.3% and were linked to a case of hemolytic
anaemia [62-73].

5.3. Storage and Distribution

The vaccine can be stored at 2.2°C to 7.8°C. This implies
convenient storage and distribution as it does not require a
negative temperature. Normal refrigeration can be used
which will also help optimize the better economics of the
vaccine. AstraZeneca estimates that by the end of 2021,
they could generate 3 billion units of the vaccine. And, if
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the further trials also second the half dosage regime, they
could manufacture up to 4.5 billion units. 5%

6. Conclusion

It is remarkable how a vaccine that otherwise would have
taken ten long years, was ready to be rolled out in just 10
months. The cohesive efforts of the governments,
researchers, investors, and pharma companies made this
possible. A succinct analysis of the vaccination
development followed during this pandemic is of cardinal
importance. Ultimately, it is the vaccines that shall
extricate us from this pandemic. It is imperative and
substantial that we be far-sighted to start preparing for such
diseases already as a pandemic of this scale jeopardizes the
entire normal functioning of the whole world.
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