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Since the initiation of the covid-19 pandemic, efforts have been made to provide acquired immunity against covid-19. Prior to Covid-19 vaccines
manufacture and authorization, there was established knowledge about the structure and function
of coronaviruses that accelerated the capability to
produce vaccines (1, 2). After the sharing of genetic sequencing data and the major commitment
of the global pharmaceutical industry to address
COVID-19, the production of vaccines began.
The high efficacy of various COVID‑19 vaccines
in preventing symptomatic COVID‑19 infections
was found in large-scale phase III trials (3). During
the entire development path of these vaccines,
several steps were evaluated including the safety
and acceptable toxicity of the vaccine, duration of
protective immunity, stability characteristics of
each vaccine, heat stability and storage conditions
outside the required temperature range, delivery
system like injection, oral, and nasal, dosing schedules for COVID-19 vaccines (a single-dose regimen or multiple divided doses), and probable side
effects of vaccines (4-12).
So far, billions of vaccine doses had been preordered by various countries and about half of the
doses purchased by developed countries with high
income (13). Vaccination has been prioritized for
those at the highest risk of complications, such as
the elderly, health care workers, and people with

chronic diseases such as heart diseases, cancer, and
diabetes (14). Two doses of different vaccines may
work better to protect against COVID-19 and
trigger stronger immune responses. For instance,
mixing and matching two-dose COVID-19 PfizerBioNTech and AstraZeneca vaccines elicit a potent immune response against coronavirus, but
target different parts of the virus spike (15). These
vaccines have so far been suitable for people aged
18 yr and over, but the recent research by Pfizer
on teens aged 12 to 15 yr has shown that the vaccine was effective for this age group and has no
significant side effects. The Pfizer-BioNTech
COVID-19 vaccine has been approved for this age
group, and they can now receive it (16).
Until 19 June, 2021, about 21% of the world's
population have been vaccinated with at least one
dose, however, only 0.8% of people in low-income
countries have received at least one dose of a
COVID-19 vaccine (17). Of all the countries, the
United States leads with the highest number of injectable doses. After the United States, India, Brazil, the United Kingdom, Germany, France, Italy,
Mexico, Canada, and Israel received the most injections, respectively (Fig. 1) (18). Moreover, Canada ranks first in the number of vaccinated people
among other countries (Fig. 2) (19). The total
number of vaccination doses administered per 100
people in the total population has so far been the
highest in Israel, followed by the United Kingdom,
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the United States, Canada, Germany, Italy, and
France (Fig. 3) (20). Among the total population
of countries that have received all doses prescribed
by the vaccination protocol, Israel ranks first with
more than 50% of its population vaccinated. The
United Kingdom, the United States, Germany, Italy, France, and Canada are next in line (Fig. 4)
(21). Among all countries, Iran has one of the lowest rates of vaccination with only about 5 million
doses of vaccine (Fig. 1) (18). Besides, China has
been excluded from the calculations due to the unclear vaccination data.
Different types of vaccines are designed to stimulate your immune system and fight against the
novel coronavirus. Based on the best approach
and technology available in the production of vaccines, scientists will determine their type. There are
different categories of vaccines including messenger RNA (mRNA), live-attenuated, inactivated,
subunit, and viral vector vaccines. Each of them
has its advantages and disadvantages over the others (Table 1) (18, 19, 21, 22).
.

Altogether, it is critical that roughly 70% to 85%
of the population must be immune and get vaccinated, but till the end of the pandemic, people
still need to keep on wearing masks, ensuring
physical distancing, and controlling ventilation in
buildings and public spaces. Although some immune responses for example against rhinovirus,
the predominant cause of the common cold in humans, triggers an interferon response and blocks
SARS-CoV-2 replication (23), vaccines can provide long-term and more effective immunity. Vaccines teach the body to protect against diseases
and stimulate the immune system. Immunization
against diseases including influenza, polio, pertussis, diphtheria, measles, and tetanus can prevent
the death of millions of people each year, therefore, it is a fundamental human right and an essential element of primary health care.
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Fig.1: Total number of single dose vaccine administered in the countries with the highest injection rates until
June19, 2021. Due to the specific dose regime, it does not represent the total number of people vaccinated (e.g. people receive multiple doses). Iran is included in the chart just for comparison (18)
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Fig. 2: Share of people vaccinated against COVID-19, which is only available for countries that administered both
first and second doses until June19, 2021. The countries with the highest injection rates are listed, and Iran is included in the chart just for comparison (19)

Fig. 3: The total number of administered COVID-19 vaccine per 100 people in the general population until June19,
2021, which is counted as a single dose and does not represent the total number of people vaccinated (e.g. people
receive multiple doses). The countries with the highest injection rates are listed, and Iran is included in the chart just
for comparison (20)
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Fig. 4: Share of the population that is fully vaccinated prescribed by the vaccination protocol until June19, 2021.
This data is only available for countries that administered both first and second doses. The countries with the highest
injection rates are listed, and Iran is included in the chart just for comparison (21)
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Table 1: Understanding various types of vaccines, advantages and disadvantages (22-25)
Type of vaccines

DNA and
RNA

Live attenuated

How it works

This type of vaccine stimulates the immune system against infectious diseases
by using DNA or RNA molecules. They
teach our cells how to make a protein or
a piece of a protein.

Attenuated or Live virus vaccines use the
weakened form of the virus or living bacteria.

Inactivated

An inactivated vaccine or whole virus
vaccines use the entire virus particle. The
virus is killed or fully destroyed using
heat or chemicals.

Subunit

This vaccine uses one or more antigens
or a piece of a bacterium or virus surface
without introducing pathogen particles to
stimulate your immune system and focus
on a single target.
The involved antigens can be different
molecules, such as peptides, proteins, or
polysaccharides.

Advantages

Disadvantages











Easy and quick to design
Readily available because of genetic code
Superior production speed
Cost-effective
Enhance both humoral and cellular immune responses
Long-term immunogenicity persistence
Thermal stability of DNA vaccines
Specific immune response only on the antigen of interest
DNA vaccination has become an effective strategy for therapeutic vaccination against cancer







Does not cause serious disease in people with healthy immune systems
Good stimulants for the immune system because of the resemblance to a natural infection
Strong and long-lasting immune response
Need just 1 or 2 doses and/or booster shots





This approach uses a harmless viral vector to carry genetic material coding into
human cells to build immune responses.




Easily stored and shipped
No chance of causing disease in the dead virus
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Viral Vector



Used on almost everyone who needs them
Suitable for people with compromised immune systems
Cannot cause infection or disease.
Less chances of side-effects because of the purified antigenic
component.
Stronger-response than inactivated vaccines, because of
strong antigenic (immune-stimulating) effect of the fragment
High-efficiency gene transduction
Highly specific transfer of genes to target cells
Induction of both potent humoral and cellular immune responses
Reduced administration dose
High efficacy and improved safety
Large scale production
Targets ranging from certain types of cancer to a vast number of infectious diseases
Stronger immune responses than Inactivated or subunit vaccines
Well tolerated in human
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Ultra-cold storage before distribution
Never been done before
May induce immunologic tolerance by antigens expressed inside the host body
Better performance of RNA-based vaccines than
DNA-based vaccines
Limited to protein immunogens
Induction of antibody production against DNA

May not be safe for those with compromised immune
system.
Not suitable for everyone to receive, e.g. children or
those undergoing chemotherapy
Require special shipping and storage
Small chance of reverting to its original state and causing illness
Less robust response
Need to use large amounts of antigen to elicit an adequate antibody response
Often need multiple doses and/or booster shots
Short durability
Weaker cell-mediated and mucosal immune responses
Increased cost per dose
Less immunogenic than live attenuated vaccines.
Require adjuvants to boost long-term immunogenicity
Often need multiple doses or "booster" doses to provide long-term immunity
Difficult isolation of specific antigens to invoke the
necessary immune response

Risk of an immune response to a viral vector that could
reduce the effectiveness of the vaccine
Importance of picking a viral vector that is truly safe
Risk of integration into the host genome, which can
cause other diseases
Increased genetic instability and decreased virus yield in
production by transgene size

Existing examples

Group testing this
approach for
COVID-19

None





Moderna (RNA)
Inovio (DNA)
Pfizer (RNA)









Codagenix
Indian immunologicals Ltd.

Hepatitis A
Influenza
Japanese encephalitis
Polio
Rabies
Typhoid






Sinovac
Sinopharm
Barakat
Bharat

Pertussis
Hepatitis C
Human papillomavirus
(HPV)




Novavax
AdaptVac

Ebola
Veterinary
medicine

 University of
Oxford & AstraZeneca
 CanSino Biologics
 Johnson & Johnson
 Sputnik V














Measles
Mumps
Rubella
Chickenpox
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