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ABSTRACT 

This review is aimed at looking at the Covid-19 vaccine, formula and comparison of mRNA (Moderna and Pfizer) and adenovirus vector (AstraZeneca) 
vaccines that have been circulating in terms of administration, effectiveness, safety, side effects, contraindications, and in terms of price. This review was 
conducted by taking some literature from a database that focuses on the Covid vaccine, the development of the Covid vaccine, the Moderna vaccine, the 
Pfizer vaccine, and the AstraZeneca vaccine. Three vaccines, 2 were mRNA-based vaccines (Moderna and Pfizer) and 1, namely AstraZeneca, was based 
on adenovirus vectors. The results obtained are from international journals with the keyword comparison of mRNA vaccine and adenovirus vector, then 
the results show that the comparison can be seen through the method carried out. Some vaccines have their own advantages and disadvantages. When 
viewed from several aspects, such as administration which has different doses. Then seen from the effectiveness of the three vaccines have a sufficient 
value because they are above 80%. For safety, it has passed clinical trials in humans, but there are still shortcomings in each vaccine of course. Vaccines 
derived from mRNA (Moderna) are the most expensive vaccines because of the highest safety. 

Keywords: Vaccine, Covid-19, Effectiveness vaccine 

© 2021 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/) 
DOI: https://dx.doi.org/10.22159/ijap.2021.v13s4.43822 Journal homepage: https://innovareacademics.in/journals/index.php/ijap 

 

INTRODUCTION 

The Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV), 
H5N1 influenza A, H1N1 2009 and Middle East Respiratory 
Syndrome Coronavirus (MErS-CoV) cause Acute Lung Injury (ALI) 
and Acute Respiratory Distress Syndrome (ARDS) which leads to 
pulmonary failure and result in fatality. The viruses mentioned 
earlier only infect animals, until there was a severe acute respiratory 
syndrome (SARS) outbreak caused by SARS-CoV 2002 in Guangdong, 
China [1]. In December 2019, a pneumonia outbreak was discovered 
in the Wuhan area, China, which spread rapidly throughout the 
world as a pandemic. This epidemic is known as Covid-19 (Corona 
Virus Disease 2019) which belongs to the type of SARS-CoV-2 
contagious and can infect humans quickly with various symptoms 
[2]. Covid-19 is known to spread through contact/airborne droplets 
such as coughing or sneezing. In young people, usually, the 
symptoms that appear are only mild depending on the immune 
system [3]. Symptoms will appear about 2-14 d after the virus 
infection and 5.1 d in median. Covid-19 is thought to react with the 
receptor for the angiotensin-converting enzyme 2 in humans with 
higher transmission rate than that of SARS-CoV. The possible reason 
is that the occurrence of gene recombination of the S protein in the 
RBD region of SARS-CoV-2 may affect the transmission ability [4].  

The Covid-19 virus originated from the presence of SARS-CoV-2, 
occurred by way of contamination and spread quickly to all 
countries, especially through interactions that interact or infect 
people by dripping saliva from the nose when a sick person coughs 
and sneezes. The first infection of the coronavirus in the world was 
in 1960. Coronaviruses are divided into four generative types, 
namely α, β, γ, and δ. Coronaviruses of α and β generally typically 
contaminate mammals and humans while the type of γ and δ genera 
mainly infect birds. This coronavirus has a size of about 65-125 nm 
in diameter and consists of single-stranded RNA as nucleate 
material, and has a size range of 26-32 kbs in length [4]. Corona 
virus has a shape like a ball with sharp edges on the surface called 
spikes. The viral membrane contains 4 components, including spike 
(S), envelope (E), membrane (M), and nucleocapsid protein (N) [5]. 
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is 
the virus causing coronavirus disease 2019 (Covid-19), uses the 
angiotensin-converting enzyme 2 (ACE2) as a cell receptor to invade 
human cells. Thus, ACE2 is the key to understanding the mechanism 
of SARS-VoV 2 infection. In research using ACE2, it turns out that the 
coding for ACE2 shows that this transcript is co-expressed in various 

cell types and according to several studies, SARS-CoV-2 can be seen 
in several organs, including the lungs, liver, heart, kidneys and brain. 
So SARS-CoV-2 may infect other tissues aside from the lungs and 
infect persons with different sexes, ages and races equally [6]. When 
a person is exposed to coronavirus, the virus can spread to various 
body tissues. To reduce the spread of transmission from this virus, 
several trials of the drug are being tested to treat the coronavirus 
such as remdesivir, chloroquine, hydroxychloroquine, losartan, 
favipiravir, and many others [7]. However, because this strategy 
cannot relieve and cure patients, the next step is planning, namely 
the development of a vaccine to induce the virus and form a body's 
defense system against this virus. 

For the development of vaccines against SARS-CoV2, the spike protein 
i.e. protein S has been the main target, based on the elicitation of virus-
neutralizing antibodies. After clinical examination of vaccines used 
against MERS-CoV, SARS-CoV and other coronavirus vaccines, it was 
found that there were causes related to their toxicity regarding the 
application and application of vaccines based on spike proteins 
including inflammatory and immunopathological effects, PEI and 
ADDE [8]. During the pandemic, the World Health Organization (WHO) 
organized a group of specialists dedicated to immunization against 
Covid-19. Each vaccine in its development requires different logistics, 
management, and administration training. For example, the Pfizer-
BioNtech vaccine requires a high-tech cold chain for transportation 
[9]. After knowing the definition, conditions, and forms of the 
coronavirus, later in this article, we will discuss further about the 
Covid-19 vaccine, which is well known to the public, namely the 
Moderna vaccine and the Pfizer vaccine from the United States. Then 
there is the AstraZeneca vaccine which comes from England and is 
produced by the University of Oxford. All three vaccines have further 
advantages and disadvantages. In the discussion, we use the method 
by looking at the comparison of several aspects. 

METHODS 

This literature review is based on valid journal sources obtained 
from Scopus, Google Scholar, and Pubmed using different keywords, 
including "Covid vaccine", "covid vaccine development", "Moderna 
vaccine", "Pfizer vaccine". The reference journals that we use are in 
the range of 2012-2021. We excluded opinions, reviews, 
mechanisms, and pharmacological properties. The database is 
limited to obtain specific topics, namely comparing Moderna, Pfizer, 
and AstraZeneca vaccines. 
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RESULTS 

During Covid 19 pandemic, several scientists are developing the 
discovery and development of a Covid-19 vaccine that can fight the 
spread and the catastrophic effects of this disease. WHO has 
released a draft list of vaccines since 3 September 2020 [10]. Many 
efforts have been made to develop drugs and therapies for Covid-19, 
one of which is the development of vaccine candidates and the most 
widely developed vaccines are those that use the S-protein from 
SARS-CoV-2 [11]. The manufacture of vaccines requires a complex 
process and takes about 12-15 y [12]. The difference between 
vaccines and drugs is that vaccines are used for people whose 
symptoms have not yet appeared and to prevent the disease, while 
drugs are used when the person has been infected with covid and 
has symptoms of covid [13]. The vaccine will work by providing the 
immune system defense needed to recognize and form a defense 
against the microorganism itself, namely the Covid-19 virus [14]. 
Vaccines work as distinctive molecular markers known as antigens 
that are injected into the body from attenuated vaccines. These 
antigens can cause disease, but they can still activate the immune 
system, and the cells can form antibodies. If someone makes contact 
with a person who has the original pathogen, then that person 
already has antibodies formed from the immune system, which are 
given through the vaccine quickly because they have been sensitized 
by the vaccination [15]. Once a vaccine is available, the success of a 
vaccine program depends on the response of the patient to the 
public [16]. A safe and effective vaccine must be available 
immediately, where this pandemic has been detrimental in terms of 
social, economic, and health [17]. The ingredients used for vaccines 
have to be confirmed and their safety through clinical trials, then 
you can develop them [18]. With the rapid evolution of the Covid-19 
vaccine, the role of the formulation requirements used will result in 
a vaccine with an optimal formulation [19]. Global immune 
deficiency is a risk factor for the efficacy of Covid-19 vaccines, 
especially in older people [20] who have several factors that affect 
the immune system. Factors that can cause immune deficiency 
include obesity, type 2 diabetes, metabolic syndrome, and immune-
mediated cancer [21]. The causes of some of these diseases can 
affect the administration of vaccines, including antigen recognition, 
decreased quantity of immune cells and their functions, increased 
levels and timing of components of humoral immune prolongation, 
decreased cellular response, and memory cell damage [7].  

The safety of vaccines depends on the result of pre-clinical trials on 
animals and clinical trials on humans. Pre-clinical testing was 
carried out on mice or rabbits in vitro and in vivo. In phase I of 
clinical trials, the vaccine was tested or administered to a small 
group of healthy volunteers of about 10-100 people. In this phase, it 
is seen whether the vaccine is safe or causes side effects. Then, it 
continued to phase II, where the vaccine was given to a larger group 
of subjects with certain conditions/disease 100-1000 people and 
phase III where the vaccine was tested to 1000-100000 people. 
Testing of this vaccine is carried out on various age groups, starting 

from children, adults, and the elderly [7]. The clinical significance of 
SARS-CoV-2 neutralizing antibody and binding antibody titers and 
their ability to predict safety needs to be confirmed. This is done as a 
guide in determining the dose before it is verified. Confirmation 
between important antibody titres and protection against Covid-19 
is possible only in large clinical efficacy studies[19]. The production 
of this vaccine must contain an element of novelty and be adapted to 
current conditions. This flexibility will later facilitate the 
achievement of the latest covid vaccine technology, which is 
currently being developed based on nucleic acids (mRNA vaccines or 
other vector vaccines) [22]. If severe symptoms of inflammation are 
found or that can compromise the immune system, then the 
candidate vaccine being tested is not suitable for use or 
dissemination [23]. Evidence that the body can receive the Pfizer 
vaccine is evidenced by one large, randomized, double-blind, 
placebo-controlled Phase II/III clinical trial of a study conducted 
with>43,000 participants in the United States with an average age of 
52 y, with a median of 2 mo ago showing that This Pfizer vaccine is 
95% effective [24]. 

The manufacture and development of vaccines has a high failure rate 
because of the uncertainty of the immune system's response to the 
antigen as well as from the organism's side. Vaccine candidates can 
provide an appropriate immune response but also give an adverse 
reaction, it can also happen the other way around. Vaccine discovery 
usually takes several years and costs a lot of money. Once found, 
development is carried out to achieve licensing. Following are the 
stages of development:  

1. Vaccine discovery 

2. Process development carried out to meet economic, consistent, 
and regulatory feasibility 

3. Clinical development consisting of 3 phases to measure safety 
and effect 

4. Assay development to assess suitability and ensure purity, 
stability, the potency of vaccines [25]. 

In the development of the manufacture of new vaccines, various 
methods are used, one of which is nanotechnology. Nanotechnology 
has been explored in search of vaccine designs [26]. The 
nanoparticles in the vaccine were constructed to display the 
receptor-binding domain (RBD) of SARS-CoV-2 along with multiple 
receptor-binding domains of the animal beta coronavirus [27]. 
These so-called mosaic nanoparticles are produced using 
SpyTag/SpyCatcher Technology for the conjugation of recombinant 
proteins [28]. More than 60 subunit vaccines against SARS-CoV2 
have been developed, including RBD-trimer protein S, S1, 
recombinant protein S, protein N, M, and others. One of them is in 
phase III clinical trials, four are in phase II trials and seven are in 
phase I trials [29]. Development of a Covid-19 vaccine in 6 mo for 
each phase as shown by fig. 1 [7]. 

 

 

Fig. 1: Vaccine development timeline [7] 
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Vaccines in the first phase are an exploratory phase involving basic 
laboratory bench research and computational modeling to identify 
natural or synthetic antigens that can be used as vaccine candidates 
that can help prevent or treat a disease [30]. The preclinical stage 
which will involve culturing cell or tissue culture systems and testing 
on test animals to assess the safety of the vaccine formulation and its 
immunogenicity or ability to provoke an immune response. Once safe, 
immunogenicity and efficacy are demonstrated in animals, then 
proceed to manufacture for human clinical trials that test safety and 
immunogenicity in small groups then large groups for 3 phases and so 
on until approval which testing can take up to 6 mo [31]. 

DISCUSSION 

The Covid-19 pandemic endangers the health and the world's 
economy [32]. Vaccines for Covid-19 began to be developed due to 
pandemic conditions with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Researches were carried out to 
develop prevention of the coronavirus to reach 31 vaccine 
candidates for clinical trials [33]. Moderna vaccines need only 2 mo 
from the release of the viral genome sequence to develop mRNA-
1273 for clinical trials. In July 2020, the company that developed the 

Moderna vaccine announced its safety and protective immune 
response after passing phase I trials [34]. Then for the vaccine, 
Pfizer/BioNTech has announced safety and immunogenicity data 
BNT162b2 has passed phase I testing and is progressing to phase 2 
trials. In November, Moderna and Pfizer announced excellent results 
in their trials and the efficacy of both vaccines [35]. The efficacy 
results obtained are 94.1% [36] for the Moderna vaccine and 95% 
[17] for the Pfizer vaccine and passed phase II safety testing. In 
addition, moderna vaccines show 100% efficacy against severe 
Covid-19 some vaccine candidates include recombinant proteins, 
DNA vaccines, attenuated/live viruses, and mRNA-based vaccines 
[37]. Of the many vaccines, including the Covid-19 vaccine 
developed by Moderna, Pfizer, and AstraZeneca. The vaccine 
developed by Moderna and Pfizer is an mRNA-based vaccine that 
uses lipid nanoparticles; this vaccine has been granted EUA 
(emergency use of authority) by the FDA. The Covid-19 vaccine 
developed by AstraZeneca uses an adenovirus vector [38]. Then 
there are three vaccines that can be said to have a fairly expensive 
price; the following table compares the composition of the three 
vaccines. 

 

Table 1: Composition of vaccine mRNA and adenovirus vector 

Vaccine Composition 
mRNA Vaccine mRNA-1273 

(Moderna) 
mRNA encoding the 
prefusion-stabilized spike 
glycoprotein (S) of SARS-
CoV-2 [39]. 

● Lipids (SM-102, 1,2-dimyristoyl-rac-glycero3-methoxy polyethylene 
glycol-2000 [PEG2000-DMG], cholesterol and 1,2-distearoyl-snglycero-3-
phosphocholine [DSPC]) 
● Tromethamine 
● Tromethamine hydrochloride 
● Acetic acid 
● Sodium acetate 
● Sucrose [39]. 

BNT162b2 
(Pfizer) 

a highly purified mRNA 
encodes the viral spike 
from SARS-CoV-2 [40]. 

● ALC-0315 
● ALC-0159 (polyethylene glycol) 
● Cholesterol 
● Potassium chloride 
● Potassium dihydrogen phosphate 
● Sodium chloride 
● Disodium hydrogen phosphate dihydrate 
● sucrose 
● water for injection [40]. 

Adenovirus 
Vector Vaccine 

ChAdOx1-S Non-replicating viral 
vector, ChAdOx1-S 
recombinant 5 x 
10[10]viral particles [41]. 

● Disodium edetate dihydrate (EDTA) 
● ethanol 
● L-Histidine 
● L-Histidine hydrochloride monohydrate  
● Magnesium chloride hexahydrate 
● Polysorbate 80 
● Sodium chloride 
● Sucrose 
● Water for injection [41]. 

 

Comparison of each vaccine for covid-19 

● Administration 

Moderna was administered intramuscularly at 100 mcg of mRNA, two 
doses at 28-day intervals [42]. Pfizer was administered 
intramuscularly as well as 30 mcg of mRNA, two doses at 21 d 
intervals [42]. AstraZeneca vaccine is administered intramuscularly, 
two doses with the second dose given 4-12 w after the first dose [41]. 

● Effectiveness 

Moderna (mRNA-1273): Article states that in phase 3 trials, moderna 
vaccines showed 94.1% effectiveness in 99 centers in the United 
States. Its effectiveness was measured in a 1:1 ratio of vaccine or 
placebo with 30,420 volunteers. In placebo, there were found 
symptomatic Covid-19 in 185 volunteers and in the vaccine, 11 
participants had symptomatic COVID-19 [36] and it was estimated 
that for the age category>= 65 y the efficacy was 86.4% [43].  

Pfizer (BNT162b2): Another article explained that the effectiveness 
of the Pfizer vaccine was tested on 43,548 volunteers in a 1:1 ratio of 

vaccine or placebo, with the result that 8 volunteers given this 
vaccine contracted Covid-19 and 162 volunteers who were given a 
placebo contracted COVID-19, so this Pfizer vaccine has efficacy. in 
preventing Covid-19 by 95% [17, 44].  

AstraZeneca (ChAdOx1[recombinant]): A single dose of this vaccine 
is estimated to be 80% efficacy in preventing hospital admission and 
about 85% effective in preventing death. Efficacy was also 75% at 
age 70 y with the first dose (after 35 d) and the initial phase 3 trial 
demonstrated 70% efficacy at two doses against symptomatic 
disease (all ages) [45]. 

● Safety 

Moderna (mRNA-1273): The safety profile shows a profitable 
profile. Reactogenicity often ranges in severity from mild to 
moderate. Reactogenicity and side effects are generally milder and 
less common in people>65 y of age. Side effects at the second dose 
were more frequent and severe than those at the first dose, with an 
estimated percentage of 0,2-9,7% [39]. 
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Pfizer (BNT162b2): Data from participants aged>16 y as many as 
37,586 people showed a favorable safety profile. Reactogenicity and 
side effects are shown with mild severity and rarely occur at age>55 
y (more in 18-55 y). Side effects at the second dose were more 
frequent and severe than those at the first dose, with an estimated 
percentage of 0-4.6% [40]. The safety profile of this vaccine is mild 
to moderate; there is generally headache, fatigue, and pain at the 
injection site. Serious side effects from this vaccine are categorized 
as low and between vaccine and placebo are the same [17]. 

AstraZeneca (ChAdOx1[recombinant]): Adverse reactions may occur 
at the same time (e. g. malaise, myalgia, chills, headache, and fever). 
Side effects at the first dose were more frequent than in the second 
dose. And this reaction is generally milder and less common at 
age>65 y [41]. 

● Side effect 

Moderna (mRNA-1273): The side effects that are felt are mild to 
moderate in severity. Side effects are dose-dependent and generally 
occur after the 2nd vaccination. The following are the most common 
side effects that are pain at the injection site, headache, fatigue, 
myalgia, and chills [46].  

Pfizer (BNT162b2): Side effects include pain at the injection site as 
well as swelling and fever, fever, headache, nausea, joint pain, 
malaise, fatigue, lymphadenopathy. There are also severe allergic 
reactions and hypersensitivity, vomiting, arm pain, diarrhea [47]. 

AstraZeneca (ChAdOx1[recombinant]): Very common side effect are 
pain, tenderness, warmth at the injection site, fatigue, chills 
(common after second dose), headache, muscle pain, nausea 
(common after second dose), joint pain, fever/feverishness. 
Common: localized redness, swelling, and pruritus, induration 
vomiting (uncommon after the second dose), Uncommon: enlarged 
lymph nodes. Rare cases are serious thrombosis (blood clots) and 
thrombocytopenia (low platelets) [48]. 

● Contraindications 

Moderna (mRNA-1273) and Pfizer (BNT162b2): Moderna and pfizer 
are contraindicated with a person who is hypersensitive to any 
component of the vaccine formulation (active ingredient, non-drug 
ingredient, or component of the container [39, 40]. In addition to the 
components of the vaccine, severe allergy contraindications after the 
previous dose, for example, anaphylaxis [44].  

AstraZeneca (ChAdOx1[recombinant]): It is contraindicated in a 
person who is hypersensitive to a component in the vaccine 
formulation (active ingredient, non-drug ingredient, or container, as 
well as a person with thrombocytopenia and a person with 
venous/arterial thrombosis [48]. 

● Cost 

The Pfizer vaccine is estimated at $14.34 per dose. The Moderna vaccine 
is estimated at $11.3-18.39 per dose. The AstraZeneca vaccine is cheaper 
than others, estimated at $1.47-2.94 per dose [49]. Another article states 
that the price of the AstraZenca vaccine ranges from $2-3 per dose [50]. 
If converted to rupiah (with a value of 1$ = 14,268.6 rupiah), then 
moderna is Rp204,611,724; Pfizer Rp161,235.18-262,399,554; and 
AstraZeneca Rp20,974,842-41,949,684).  

In another article, cost of vaccine are Moderna $82, Pfizer $48, and 
AstraZeneca $30 for two doses [38]. If converted to rupiah (with a 
value of 1$ = 14,268.6 rupiah), then moderna is Rp 1,170,025.2; 
Pfizer Rp 684,892.8; and AstraZeneca Rp 428,058. 

In the future, the successful development of a Covid-19 vaccine must 
study the previous vaccines made, be able to study their 
shortcomings and develop for the manufacture of the next vaccine. 
We hope that there will be a vaccine that actually prevents humans 
from this Covid-19 virus. 

CONCLUSION  

Some vaccines have their own advantages and disadvantages. When 
viewed from several aspects, such as administration which has 
different doses. Then seen from the effectiveness of the three 
vaccines have a sufficient value because they are above 80%. For 

safety, it has passed clinical trials in humans, but there are still 
shortcomings in each vaccine of course. The biggest side effect is in 
Moderna vaccine because it is mild to moderate in severity. Moderna 
and Pfizer have the same contraindications. For the price of the 
three vaccines, the most expensive is the Moderna vaccine. 
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