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Abstract

Vaccination has had great success in history of medicine with both infectious and non-infectious diseases listed in the realm of vac-
cines. The significant decrease in deaths from infectious and non-infectious diseases by development of vaccines has had a huge
impact on the world health. Since the 20th century, for preventive and treatment purposes, there has been an emergence of new
and diverse range of vaccines in medicine. Also, there are ongoing extensive efforts to increase the efficiency and performance of
vaccines and reduce the risks, which are associated with humans. Despite of the development of advanced and effective vaccines in
the recent decades, vaccines should be presented with different mechanisms to prevent epidemic and pandemic diseases. Vaccina-
tion has received the greatest attention in military aspects and several vaccines have been developed. Therefore, it seems that the
study of different types and generations of vaccines, understanding their evolution, and production and development of new and
modern vaccine is essential.
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1. Introduction

Infectious diseases that are caused by pathogens are
one of the most important challenges faced by humans.
In the past, diseases due to severe complications and high
mortality have been horrific for people (1). Using vaccines
in order to prevent and control diseases has been one of the
greatest achievements in the history of medicine (2). Af-
ter the presentation of vaccines against infectious diseases,
the world health organization (WHO) reported on the no-
table decline in mortality and the complications of dis-
eases, which are caused by vaccine‘s stability (3). Records
signify the use of vaccines in medical interventions, pre-
venting the death of 5persons per minute and 25 million
deaths during the period between 2011 and 2020 (4). There
are many advantages in the use of vaccines in comparison
to common chemical drugs, such as longtime immunity,
preventive and curative performance, and lack of drug re-
sistance with the use of vaccines (5).

Today, in addition to infectious diseases, vaccines can
prevent and treat non-infectious diseases like cancer, and
researchers are trying to produce vaccines for different
types of cancers. Furthermore, diseases associated with
military subjects are in the aspect of vaccination. For exam-
ple, in the United States, adenoviruses 4 and 7 vaccine has
been used for military subjects. In general, an ideal vaccine
should have the following properties, i) maximum safety,

ii) a small amount of imunogene that could lead to long-
term protection against pathogens, iii) affordability and ef-
fectiveness, iv) be operative and useful in prevention and
treatment, v) be used in a single dose, vi) easy prescription,
vii) be polyvalent and allow protection against various as-
pects of the pathogen (6).

Since the development of vaccines, they have been con-
sidered as a proper strategy to reduce health and treat-
ment costs, and researchers are trying to increase the num-
ber of diseases that could be prevented by vaccination (7).
This study aimed to review the history and development of
vaccines, types of vaccines, specifications, and their usage.

1.1. History of Vaccine Development

The immunization history of individuals was initiated
with observations and experiences of people of China and
Middle East, who lived between the 12th century and 15th
century (1, 8). During this time, they used the skin or pus-
tule liquid of patient, who were diagnosed with Small-
pox for immunization purposes. In the inoculation pro-
cess, they used the smallpox virus to protect people against
their next exposure to the virus. Although this process
could lead to protection against disease, there is a high risk
of developing the diseases and therefore death (9).

After China and Middle East, this treatment method de-
veloped in other areas, such as Europe in the 17th century.
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The first scientific study about this method was done by Ed-
ward Jenner, while he used the Cowpox instead of human
Poxvirus for injection in humans, and this was the begin-
ning of vaccine development. In spite of Jenner’s historic
achievement, due to a lack of adequate information and
basic knowledge on microbes and microbiology, no new
vaccines were introduced until the next century. By the
end of the 19th century and the rise of scientists, such as
Louis Pasteur, Robert Koch, and Paul Ehrlich and through
the discovery and development of immunization science,
began a new era in vaccine studies (10). This era led to
the production of new vaccines against pathogens and ex-
tensive researches conducted around the world. During
these researches, vaccines were produced and marketed
until 1930 against various factors, such as Rabies, Typhoid,
Diphtheria, Tuberculosis, Tetanus, and Pertussis (11, 12). In
1931, according to the valuable findings of Louis Pasteur on
growing the virus in chicken embryos, a new era of mass
production of vaccines began by applying multiple tech-
niques. During years 1930 to 1950, especially during World
War II, military targets created high motivation in the de-
velopment of vaccines. Also, from that period onwards,
the support of foundations and public agencies, such as
WHO and research institutes increased significantly. Vac-
cines, such as Polio, Japanese encephalitis B, and Influenza
were produced at this time (13, 14). After World War II, tar-
geting vaccination programs became to a universal tool
for improving public health (2). In the wake of the global
vaccination program and the supply of vaccines around
the world, related mortality was significantly reduced, and
Smallpox and Polio were eradicated (15, 16). In the second
half of the 20th century, scientific findings, which are as-
sociated with screening and industrial production of vac-
cines, led to the development of a new generation of vac-
cines and this period became known as the golden age of
vaccine science. This period began by producing vaccines
against Measles, Rubella, and Mumps in the 1960s, contin-
ued with the production of Chickenpox vaccine, and inac-
tivated Japanese encephalitis in the 1970s (17). Cultivation
techniques under controlled conditions have been used
in the process of mass production of vaccines. After this
period, in the 1980s, the conjugated vaccine of capsular
polysaccharide and proteins were developed (18). By us-
ing conjugated vaccines with carrier proteins, the problem
of dysfunctional immune response against carbohydrates
antigens was solved. Progress in the field of genetic engi-
neering led to the development of recombinant vaccines.
These vaccines enhanced the effectiveness of the immune
response and safe use of antigens for immunogenicity in
a group of pathogens like hepatitis B (19, 20). Eventually
in the 1990, vaccines evolution entered a bold and surpris-
ing final phase with the development of vaccines, called

DNA vaccines. At this time, Wolf reported that intramus-
cular injection of DNA leads to an immune response, and
researchers found that intramuscular injection of plasmid
carrying the Influenza virus gene leads to stimulates cyto-
toxic lymphocyte response against the influenza antigen
(21). This vaccine is a promising approach to deal with in-
fectious and non-infectious diseases. The main point in uti-
lizing these vaccines is their usage against non-infectious
diseases, such as tumors. Since the presentation of these
vaccines, extensive advancements have been done in hope
of developing vaccines against diseases that human have
not been able to prevent or treat, such as human immun-
odeficiency virus (HIV) and Malaria (22).

1.2. The Process of Vaccine Production

As drug production, the production and evaluation of
vaccines includes 3 steps: identify and producing antigens
or imunogene, tests on animal models, and clinical tri-
als. In the first phase of the clinical trial, safety and toler-
ability of the vaccine is evaluated at both limited and ex-
tensive levels, and the range of doses or repeated doses
of the vaccine is also measured (23, 24). These trials are
usually designed as randomized and cohort studies and
use placebo. In the second phase, the vaccine safety and
immunogenicity of active ingredient should be evaluated
in the target population and the proper dose of vaccine
should be identified. In the third and final phase, necessary
measures should be taken for obtaining the license, and
the efficiency and safety of the vaccine formulation should
be evaluated on the large scale in the target population.
Most of the clinical trial steps are the same during the 2nd
and 3rd phase, yet the basic difference is related to the size
of the evaluated population. However, there is one more
step to obtain necessary authorizations for commercializa-
tion of the vaccine, during which the vaccine is tested in
a region, city or country (24). On average, all vaccine de-
velopment processes take 16 years and cost about a billion
dollars in the US (Figure 1). Before clinical evaluation of the
vaccine and supply to the market, there should be a certain
program to make sure the efficiency and success of the vac-
cine. This program should include cases as the target popu-
lation (healthy subjects with characteristics statistics) con-
sidering socio-cultural factors, and target disease risk and
vaccine safety, the incidence of target disease and environ-
mental factors, dosage, injection procedure and a safety in-
duction program for the group should be evaluated (23).

1.3. Type of Vaccines and Their Classification

In general, vaccines are divided to 3 generations based
on the process of evolution and there are specific charac-
teristics and covering spectrum in each generation, as ex-
plained in Table 1.
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Marketing

Monitoring

2-5 Years

Approving

1-2 Years

+20 Billion Dollars

Clinical Trials

4-8 Years

500-1000 Billion Dollars

Pre- Clinical Trials

1-2 Years

50-100 Billion Dollars

Identifying and Producing

Antigen

2-5 Years

10-20 Billion Dollars

Figure 1. The Process of Vaccine Production

Table 1. Different Types and Generations of Vaccines

Variables Different Types and Generations of Vaccines

1st generation

Live attenuated vaccines MMR Influenza OPV Chickenpox Yellow fever Hepatitis A

Inactivated vaccines Influenza Hepatitis B IPV Rabies Cholera Plaque Pertussis

2nd generation

Subunit vaccines Hepatitis B Diphtheria Pertussis Anthrax Hemophilus Influenza B

Recombinant vaccines Hepatitis B HSV Rota virus HPV FMD

3rd generation

DNA vaccines HIV Malaria Cancers Influenza Ebola Hepatitis HPV

1.3.1. First-Generation Vaccines

Attenuated and inactivated vaccines are identified in
the first generation, which use a primary method in their
production. Attenuated pathogens, full organisms or in-
activated bacterial toxin, which are effectively immuno-
genic, are used in making these vaccines. There are some
advantages in these kinds of vaccines due to their high abil-
ity to stimulate innate immunity, induction of long-term
protection, easy production, and low production costs
(25). However, there are some disadvantages in this gener-
ation, such as inducing disease due to the use of complete
pathogen (live or inactivated) and virulence recursively of
the pathogen in the host body (26, 27). This type of vaccine
is known as a traditional vaccine.

1.3.1.1. Attenuated Vaccines

These kinds of vaccines, which are known as live at-
tenuated vaccines, contain the major types of pathogens,
which have all the pathogenic features of the main organ-
isms and have been attenuated on laboratory conditions.
These vaccines are useful as they have the ability to emulate
the infection process, which could lead to induction of po-
tent antibody responses and cellular immunity. The advan-
tages of attenuated vaccines include long-term safety and

no need for a booster dose (an additional dose) (3). The pro-
cedures of attenuating an organism by pathogenic char-
acteristic could be different, for example in Jenner’s ap-
proach on Pox, he used a kind of pathogenic virus in a dif-
ferent host, which did not have any pathogenic character-
istic for humans (9). On the other hand, weak pathogenic
strains like type 2-poliovirus vaccine could also be used.
In addition, the attenuation of pathogens could be ob-
tainable by imposing strict conditions on pathogens (cold
adaptation of influenza virus) (28).

The triple vaccine of Measles, Mumps and Rubella
(MMR) is a kind of prominent attenuated vaccine, which
was supplied in the United States in 1971 (29). This vac-
cine contains all 3 types of viruses, which have been attenu-
ated. Each of these strains is obtained (Measles (Schwarz),
Mumps (RIT4385) and Rubella (Wistar RA27/3)) separately
from in vitro embryo or MRC5 human diploid cells (30).
The Polio (OPV), Influenza, Yellow fever, and Hepatitis A are
the other known vaccines in this group.

1.3.1.2. Inactivated Vaccines

In comparison with attenuated vaccines, the main ad-
vantage of inactivated vaccines is their usage of inacti-
vated or killed pathogens, which cause an increase in
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safety and immunity level. However, there are some con-
cerns, such as return of the virulence characteristics of
the pathogen, which lead to host disease and because of
non-proliferation, pathogens clear rapidly from the body,
which could decrease the efficiency and effectiveness of
vaccines in comparison with attenuated vaccines. Hepati-
tis A is an inactivated vaccine that was produced by using
hepatitis A virus (type RG-SB), which is inactivated by for-
malin (31). The use of inactivated vaccines started in early
1940s, when Brazilian researchers have pioneered in this
field (5). Cutaneous Leishmaniasis vaccine is an inactivated
vaccine, on which extensive studies have been done in Iran.
Leishmaniasis inactivated vaccine was first evaluated by
Mohebali et al. in Iran (32). In a clinical trial conducted in
Bam, Kerman province, in 1998, Leishmaniasis attenuated
vaccine (ALM + BCG) was used for individual immunization
against tropic Leishmaniasis (33).

1.3.2. Second-Generation Vaccines

The first generation was made by live attenuated
pathogens, which had the possibility of returning to natu-
ral and infectious forms and finally disease. Thus, to solve
this problem, researchers and scientists offered second-
generation vaccines (34). The basis of this generation was
subunit elements, recombinant or synthetic proteins, non-
protein antigens, and expressed bacterial imunogene or
viruses, which include numerous molecules and epitopes
of different species and strains of pathogens (6). The sub-
unit, conjugated, and recombinant vaccines are in this
generation.

1.3.2.1. Subunit Vaccines

Instead of the complete pathogen, parts are used for
the production of these kinds of vaccines. Subunit vac-
cines have one or more protein-peptide or polysaccharide,
which are naturally found in the pathogenic structure (35).
Due to partial use of pathogen in subunit vaccines, they
do not have the ability to proliferate and thereby make un-
intended response. Because of their immunity and low
production costs, they are viable alternatives to the tradi-
tional vaccines (27). Bacterial subunit vaccines are divided
to 2 basic types; the first type is Toxoid, in which toxins
are the main pathogenic factor. Toxins are inactivated by
using inactive formaldehyde to change them to non-toxin
forms (toxoid) and then they could be used for vaccination
purposes. The close resemblance of toxoid and toxin en-
ables the immune system to neutralize original toxins by
antibodies. Tetanus, diphtheria, and pertussis toxoid vac-
cines could be considered in this category. The second type
is made of polysaccharide capsule of encapsulated bacte-
ria. Because of the combination of antigen (usually bacte-

rial polysaccharide) and carrier protein, they are known as
conjugate (36, 37).

1.3.2.2. Conjugated Vaccines

Polysaccharide antigens are large molecules with
repetitive epitopes, and antigen presenting cells are not
enable to process them, thus the antibody response oc-
curs without the participation of T cells against them
and causes a rise of antibody response at a small dose
and short-time period (38-40). These responses were not
able to make immune memory and affinity maturation
for these kinds of infections (41). Unlike polysaccharide
antigens, proteins could be processed well by antigen
presenting cells, and make long-term response and im-
munological memory. In 1929, for the first time, Avery
and Goebel used protein to increase the immunogenicity
of polysaccharide antigens. They observed that weak
immunogenicity of polysaccharide antigen of strepto-
coccus pneumonia type 3 increased by its connection to
the carrier protein in rabbit. These observations led to
a foundation for producing modern conjugate vaccines
(42). In 1987, hemophilus influenza B (HIB) was the first
conjugate vaccine, which could obtain license for medical
usage and was later used for immunization of infants.
The HIB conjugate formulation made by different types
of carrier proteins contains tetanus toxoid, diphtheria
toxoid, diphtheria toxin mutant, and outer membrane
protein, which caused increases in the quantity and qual-
ity of its immunogenicity (43). The success of conjugate
vaccine in reducing the incidence of disease in children
led to an acceleration of their development for preventing
encapsulated pathogenic bacteria (44). The streptococcus
pneumonia, meningococcal, and HIB belong to this group.

1.3.2.3. Recombinant Vaccines

Today, the rise of genetic engineering and molecular
biology has had great impact on development and manu-
facturing process of vaccines. Specific antigenic microbes
have high power to arouse the immune response against
pathogens. Currently, the sequence of the pathogenic pro-
tein antigens could be obtainable by sequencing genes of
the main antigen, and producing them synthetically via re-
combinant DNA technology. Hepatitis B is the first and one
of the most successful examples of synthetic vaccines. The
surface antigen of this virus (HBsAg) is very immunogenic
and effective, and able to produce high levels of antibody
in the body (45). In the past, for providing hepatitis B vac-
cine, HBsAg was purified from the plasma of infection car-
riers and used for vaccination; of course there were some
extensive restrictions in purification, such as difficult con-
ditions and contaminated plasma. In order to make re-
combinant hepatitis B vaccine, recombinant HBsAg is ex-
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pressed in cells that have a powerful expression system
(such as yeast) leading to the production of virus-like par-
ticles by HBsAgs, which are highly immunogenic. Since
these particles have no genome, they do not create disease
and lead to effective and powerful response against the
main pathogen (46, 47). Other kinds of common vaccines
are anti-herpes simplex virus, anti-rotavirus, and anti-HPV
vaccines.

1.3.3. Third-Generation Vaccines

Immunogenic potential administration of a plasmid
containing a gene encoding the antigen, known as genetic
vaccines, is categorized as third generation vaccines, and
is a valuable method, which has been considered by re-
searchers since the beginning of 1990s. Different names
have been given for this kind of vaccine, such as DNA
vaccines, RNA vaccines, and plasmid vaccines. The ex-
pertise committee of WHO vaccination in 1996 chose nu-
cleotide acid that includes both DNA and RNA vaccines.
Furthermore, genetic immunization and DNA immuniza-
tion terms were used for this type of immunization.

DNA vaccines include direct injection of plasmid con-
taining the encoding gene of the considered antigen,
which is expressed in the cells with the aid of specific pro-
moter that causes induction of the immune system. There-
fore, instead of prescribing recombinant protein needed
to stimulate the immune system (such as hepatitis B), it
will be produced in the body. The expressed protein, that
are in the natural form, stimulate cellular and humeral im-
munity during different stages. The dendritic cells play an
essential role in providing antigen to immune cells (48,
49). The advantage of DNA vaccines are: 1) they do not have
the limitation of common recombinant protein and pep-
tide vaccines, 2) are able to immunize against several differ-
ent strains of qualified antigen diversity, 3) produce anti-
gen in a natural form and properly deliberated to the im-
mune system, 4) are able to stimulate the humeral, cellu-
lar, and mucosal immunity, 5) can make sustainable immu-
nity, 6) cause a lack of immune response to the injected vec-
tor and not generate antigen against transfected cells, 7)
there is no possibility to activate attenuated vaccines and
infection risk, 8) it has been possible to produce multiple
vaccines, 9) have ease, speed of mass production and sim-
ilar stages of vaccine production, 10) the quality control is
an easy process, and 11) it is stable in various temperatures
and the cold chain is not required for maintenance (49).

In addition to extensive benefits, DNA vaccines have
some serious limitations, such as 1) the ability to be only
used for protein antigens, 2) effect cells growth by control-
ling genes, 3) are capable of joining the host genome and
inducing tumors, and 4) can cause autoimmune diseases
(50).

In the recent years, extensive research projects have
been done on the use of this generation of vaccines for
hepatitis, HIV, influenza, and Ebola (51). Nevertheless,
they have not received indispensable license for human
usage. Several clinical trials are ongoing on the use of
these vaccines in cancers and human immunodeficiency
virus (HIV). Some of the DNA vaccines obtain indispens-
able license in veterinary usage (52). In Iran, several stud-
ies have been done on the usage of anti-tumor vaccines,
such as that of Tahamtan et al., in 2014, on the usage of
DNA vaccines against cervical cancer induced by papil-
loma virus type 16 in a mouse model. In this research, a
tumor-associated antigen was used for cervical cancer im-
munotherapy in the form of HPV DNA vaccine (53). In this
study, the nanoparticles of chitosan was used as a carrier
for DNA vaccines and for enhancement of anti-tumor ef-
fects, and the results indicate the ability of this compound
on HPV cancer treatment (54).

In the 21st century, expanding new vaccine target pop-
ulation in age groups and specific human population was
one of the most important aspects of vaccination (52). In
order to achieve such a goal, increase of clinical trials on
populations around the world and advanced technical fa-
cilities for the successful production of new vaccines were
necessary (55, 56). Today, there are some instructions for
vaccine usage on different age groups and for people with
special conditions.

2. Conclusions

In the 21st century, the world became informed about
the importance of preventing serious infectious diseases,
such as HIV, tuberculosis, malaria, and non-infectious dis-
eases like different types of cancers, which make financial
and casualty issues for the public health system. Clearly,
preventing diseases is much more effective and less costly
than treatment after obtaining the disease; therefore, vac-
cine is the most important and powerful instrument for
humans in order to prevent diseases and the development
of vaccination is very important. Undoubtedly, the qual-
ity and quantity of clinical vaccines will be widely pro-
moted in the future. The aim of new strategies is increased
safety, efficiency, and stability of vaccines in the future. By
expanding our knowledge in microbiology, immunology,
molecular biology, genetic engineering, and manufactur-
ing techniques for vaccine, the path of advanced genera-
tion of vaccines, which are able to prevent and treat such
diseases, becomes easier than before.
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