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Abstract
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Vaccines are one of the greatest inventions in modern medicine, vaccines have played a significant role in control, eradication of 
lethal diseases like smallpox and are responsible for the robust improvement in life expectancy over the past 2 centuries. Edward jen-
ner pioneered the development of vaccinology by demonstrating immunity to smallpox when inouculated with cow pox scabs. The 
development of live attenuated vaccines and inactivated vaccines in 19th played a major role in prevention of diseases like cholera, 
rabies, anthrax. Early 20th century saw development of sub-unit vaccines which possessed only the antigenic part of microbe making 
it safer than live attenuated vaccines, with the advent of recombinant DNA technology and proteomics in the later decades of 20th 
century modern vaccine delivery platforms like recombinant viral vector vaccines, bacterial vector vaccines, DNA vaccines, Mrna 
vaccines, DNA vaccines, Outer membrane vesicles, virus like particles had a rapid growth, with many viral, bacterial vaccines being 
currently used and relatively newer vaccine technologies like Mrna vaccines, DNA vaccines, Virus like particles show a promising 
future with several vaccine candidates in development pipeline.
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Introduction

Mankind has greatly benefited from vaccines for more than two 
centuries, yet the search for efficient vaccines is still a never-end-
ing pursuit, The history of vaccines and vaccination starts with the 
first effort to prevent disease in the society. Smallpox was preva-
lent and is believed to have infested india and egypt over 3,000 
years ago [1,2]. Observations about smallpox were made by physi-
cians and scholars like Thucydides who reported that people af-
fected by smallpox were immune from the future infections in 430 
BC [2,3]. The evidence indicates that inoculation of smallpox mate-
rial into sub-cutis was practiced in Indian subcontinent, ottoman 
empire and china by 1000 AD [1,4,14].

Edward Jenner demonstrated immunity to smallpox in 1796, af-
ter he inoculated a 13-year-old-boy with vaccinia virus (cowpox), 
which made the boy immune to smallpox, “Jennerian inoculation” 
[1,14] played an important role in effective eradication of small pox 
which plagued the world for several centuries

Vaccinology has been developing at a brisk pace since the ad-
vent of jennerian inoculation.

Attenuation

Live attenuated vaccine is produced by weakening the organ-
ism, decreasing its virulence, but still keeping it viable (or “live”). 
Live attenuated vaccines are derived from disease causing virus or 

Citation: H A Bharat. “Modern Vaccines- an Overview". Acta Scientific Veterinary Sciences 4.3 (2022): 72-76.

https://actascientific.com/ASVS/pdf/ASVS-04-0333.pdf


bacteria in a laboratory The earliest of vaccines were developed on 
the idea of attenuation [2,4].

Inactivated Vaccine

Consist of either whole viruses or bacteria that have been 
grown in culture and then killed/inactivated using physical (heat, 
or radiation) and chemical methods (usually formalin). The patho-
gen particles are destroyed and cannot replicate, but the antigens 
elicit an immune response [1]. Louis Pastuer discovered in 1881 
that chickens injected with dead cultures of Pasteurella multocida 
did not contract disease when injected with live culture of Pasteu-
rella multocida [1,2] Using similar principles he invented vaccines 
for rabies and anthrax. Inactivated Vaccines elicit a feebler immune 
response when compared to live attenuated vaccines but are safe 
for use in immuno-compromised individuals unlike live attenuated 
vaccines.

Subunit vaccine

Subunit vaccines contain only the antigenic parts of the patho-
gen necessary to elicit a protective immune response. Potential 
subunits are examined by simulating in order to study their pro-
spective antigenic properties to speculate which particular combi-
nations will produce an effective immune response Subunit vaccine 
can be produced by culturing the whole microbe and extracting 
desired antigen chemically or by recombinant DNA technology 
[27,28].

Sub-unit vaccines are broadly classified as following

•	 Protein sub-unit vaccines 

•	 Polysaccharide sub-unit vaccines

•	 Conjugate sub-unit vaccines

Subunit vaccines carry the advantage over live attenuated vac-
cines that they are safer to use in immune-compromised unlike 
live attenuated vaccines which pose a risk of causing infection in 
immuno-compromised individuals [27,28].

Most of the vaccines that continue to be used today fall into the 
above-mentioned categories of vaccines the revolutions in genetic 
engineering in the second half had a great impact on vaccinology 
with introduction of recombinant dna technologies which opened 
up the possibility of using relatively harmless viruses/bacteria for 
delivering the antigens of disease causing agent thus completely 
eliminating the need for infectious agent to be introduced to the 
human/animal body for soliciting a immune response.

Viral vector vaccines

Non or low pathogenic viruses are selected. viral vectors are 
modified genetically by deleting genes coding for replication and 
replacing them by gene coding for target antigen. Most viral vec-
tors are replication-defective and designed to deliver recombinant 
heterologous antigens to stimulate the host immune response [29].

MVA (Modified Vaccinia virus Ankara) vector and the Ad (Ad-
enoviral) vector show promising results against HIV-1 in prelimi-
nary evaluation [29]. The CMV (Cytomegalo Virus) vector elicits 
a strong immune response, similarly the SeV (Sendai Virus) vec-
tor induces adequate mucosal immunity [29] making them both 
strong candidates as virus vectors for potential viral vector vac-
cines in the future.

Earliest clinical trials for a retroviral vector took place in last 
decade of 20th century. But given the high probability of viral vec-
tor to combine with host genome which may cause genotoxicity, 
tumorigenesis have raised serious concerns about use of retroviral 
vectors as potential vectors [26]. The AAV (adeno associated virus) 
vectors express episomal genes without integrating with the host 
genome and thus have been approved by the European medical 
agency for clinical use in 2012 [26].

Bacterial vector vaccines

Genetically attenuated microorganisms, including pathogenic 
and commensal bacteria can be designed and modified to carry 
and deliver desired foreign antigens to elicit an immune response 
against both the pathogen from which the donor gene is derived 
[7,17].

Outer membrane vesicle vaccines

Outer membrane vesicles (OMVs) exosomes that are released 
by gram negative bacteria during invivo/invitro growth. OMVs are 
bi-layered, spherical bacterial nanoparticles of size 25-250nm [9].

OMVs possess the optimal size for recognition by immune cells, 
and present surface-exposed antigens of bacteria from which it is 
derived and Toll-like receptor (TLR) activating components, they 
induce both humoral and cell-mediated immune responses [15,21].

Virus like particles

Virus-like particles (VLP) are composed proteins from the viral 
capsid but lack any genomic material, precluding averting any pos-
sibility of reversal mutations or pathogenic infections [23].
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VLPs cannot replicate in the vaccine recipient but stimulate the 
immune system through recognition of repetitive subunits [23], 
thus producing cellular and humoral immune responses of levels 
sufficient to protect the recipient againt the target virus VLPs are 
composed of one or several structural proteins that have the ability 
to self-assemble when recombinantly expressed [24].

VLPs can also have an external lipid envelope. In this case, the 
structural protein core exits the cell through a budding process, en-
veloping the capsid within part of the cell membrane [23,24].

Recently chimeric VLPs, have been developed. They posess 
structure of viral protein of one virus while the envelope proteins 
are derived from a second virus [24].

This opens the possibility of using VLPs as a delivery system. 
Envelope proteins can act as signals for specific tissue receptors. In 
this way, VLPs may be targeted to a given tissue, with capsid pro-
teins modified to components to be delivered to the targeted tissue 
[24] making VLPs a promising venture given its potential applica-
tions in drug delivery, gene therapy, and cancer treatment.

The expression system and producer cell line for VLP produc-
tion is chosen based on protein folding and post-translational mod-
ification requirement of VLPs [23,24].

Bacteria are suitable expression system for VLPs with just one 
or two structural proteins and no envelope [24].

Yeast cell lines have the ability to perform post-translational 
modifications making them suitable for production of VLPs that 
require post translational modifications [24].

Designing baculovirus genome is a easy, fast procedure making 
it suitable for the production of vaccines for fast mutating viruses 
whose surface protein structures can vary between each outbreak 
[24].

Mammalian cell lines can produce relatively simpler proteins 
but with complex and accurate post-translational modifications 
[24].

Transgenic plants can be used for VLP production. Agrobacte-
rium tumefaciens is commonly used for infection and transforma-
tion of the cells These bacteria can infect plant cells and introduce 
a specific gene of interest into the host genome [24].

VLP based Hepatitis B vaccine is currently marketed by Glaxo 
smith and kline as Energix™ [23].

VLP based vaccines for Influenza A (H1N1), Hepatitis E, human 
papiloma virus, Human Immunodeficiency virus, Malaria is cur-
rently in development pipeline [23].

DNA vaccines

DNA vaccines comprise of circular piece of DNA (plasmid), 
which contains a foreign gene from a disease agent and a promoter 
that is used to initiate the expression of the protein from that gene 
in the target animal [25].

The recombinant plasmids containing a foreign gene is ob-
tained from the bacterial culture by purification and the “naked” 
DNA is injected directly into the animal, usually intramuscularly or 
intradermally [10].

Transgenic plasmid reach antigen-presenting cells (APCs), like 
dendritic cells. The plasmids travel to the nucleus via endosomal 
trafficking, in nucleus the trans gene will be transcribed using the 
available nuclear transcription machinery plasmid remains epi-
somal and transcriptionally active for several months. on mRNA 
reaching the endoplasmic reticulum, the antigen protein is syn-
thesized. complete immune response involving MHC-I and MHC-II 
pathways Is triggered by DNA vaccines [10,15].

 First DNA Vaccine approved for use was west nile fever virus 
vaccine (West Nile-Innovator DNA™) in horses in 2005, DNA vac-
cines for haemorraghic disease of salmons are approved by Euro-
pean medical agency [25].

RNA based vaccine

Types of RNA vaccine

Non-replicating mRNA

The simplest type of RNA vaccine, an mRNA strand is packaged 
and delivered to the body, where it is taken up by the body’s cells to 
make the antigen [16].

In vivo self-replicating mRNA

The pathogen-mRNA strand is packaged with additional RNA 
strands that ensure it will be copied once the vaccine is inside a 
cell. This means that greater quantities of the antigen are made 
from a smaller amount of vaccine, helping to ensure a more robust 
immune response [8,16].
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In vitro dendritic cell non-replicating mRNA vaccine

Dendritic cells are immune cells that can present antigens on 
their cell surface to other types of immune cells to help stimulate 
an immune response. These cells are extracted from the patient’s 
blood, transfected with the RNA vaccine, then given back to the pa-
tient to stimulate an immune reaction [8,16].

Self-amplifying mRNA vaccines

Currently self-amplifying mRNA (SAM) vaccines are based on 
an alphavirus genome, where the genes encoding the RNA repli-
cation machinery are intact but the genes encoding the structural 
proteins are replaced with the antigen of interest [8,16].

The SAM platform enables large amount of antigen production 
from an extremely small dose of vaccine [16,20]

An early study reported that immunization with 10 μg of naked 
SAM vaccine encoding RSV fusion (F), influenza virus haemagglu-
tinin (HA) or louping ill virus pre-membrane and envelope (prM-
E) proteins resulted in antibody responses and partial protection 
from lethal viral challenges in mice [6].

Dendritic cell mRNA vaccines

ex vivo DC loading is a heavily pursued method to generate 
cell-mediated immunity against cancer. Development of infectious 
disease vaccines using this approach has been mainly limited to a 
therapeutic vaccine for HIV-1 [19].

Individuals on highly active antiretroviral therapy were treated 
with autologous DCs electroporated with mRNA encoding various 
HIV-1 antigens, and cellular immune responses were evaluated. 
This intervention proved to be safe and elicited antigen specific 
CD4+ and CD8+ T cell responses but no clinical benefit was observed 
[26].

Another study in humans evaluated a CMV(Cytomegalovirus) 
pp65 mRNA-loaded DC vaccination in healthy human volunteers 
and allogeneic stem cell recipients and reported induction or ex-
pansion of CMV-specific cellular immune responses [19].

Non-replicating mRNA vaccines

RNA vaccine consists of an mRNA strand that codes for a dis-
ease-specific antigen [16].

Injected mRNA vaccine enters cells by cytosolic delivery and 
mRNA express antigen in target cell such as antigen-presenting 

cells (APCs) and elicit desired protective adaptive immune re-
sponse for vaccines [16].

Conclusion

The rapid progress in bioengineering, computation has ushered 
a new era of vaccines, with a promising future where infectious, 
immune mediated diseases, diseases like cancer can be cures/pre-
vented with vaccines.

Vaccine technologies like DNA vaccines, RNA vaccines and Virus 
like particles (VLP’s) have shown promising results in pre-clinical 
testing and clinical trials,however this doesn’t mean the end for 
conventional vaccines like attenuated, sub-unit and inactivated 
vaccines as it is highly unlikely that new vaccines will be developed 
for diseases where vaccines are available and work efficiently as 
vaccine research and development takes a serious toll on resourc-
es.

Newer, modern vaccines will be faster to develop and safer to 
use and will undoubtedly play a major role in handling of emerg-
ing, re-emerging diseases in future as witnessed in the awake of 
COVID-19 pandemic
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