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  Abstract 
Since the pioneer work in 1796 by Edward Jenner, Father of Vaccination, 
many vaccines against infectious diseases have become routinely available 
saving lives in the community all over the world. The modern terminology of 
‘Vaccination’ was derived from ‘Vacca’ meaning cow. Renowned biomedical 
scientists contributed in the development of ‘Immunology’ as an important 
biomedical science. Many of them have received ‘Nobel Prize’ for their noble 
discoveries in Immunology. The development of nucleic acid sequencing 
technology has changed the landscape of the evolving field of vaccinology 
since 1990s. The methodology of Reverse Vaccinology, application of ge-
nomic technologies in vaccine research, represented a major revolution in the 
process of discovering novel vaccines. Bringing a new vaccine from basic 
research to a product ready for commercial and community use is a very chal-
lenging task that requires formulating completely new scientific paradigm. 
Reverse Vaccinology is a good and classical example of such a paradigm. In 
fact, it is having, and will have, tremendous applications and implications in 
the development of protective vaccines particularly against the pandemic 
‘COVID-19’ caused by ‘SARS-CoV-2’ creating havoc all over the world pre-
sently. 
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Vaccines have been traditionally developed empirically by isolating, inactivating and injecting the microorgan-

isms or portions of them that cause disease. The history of vaccinology started in 1798 when Edward Jenner, a 
county doctor in Gloucestershire, England, UK, observed and discovered that milk maids who suffered from cow-
pox were secure from, and immune to the future infection of smallpox. He reported 16 cases of resistance to small-
pox in farm workers who had recovered from cowpox. In fact, on May 14, 1796, Jenner deliberately inserted ‘mat-
ter taken from a sore (cowpox) on the hand of a dairymaid into the arm of a 8-year old boy by means of two super-
ficial incisions, barely penetrating the cutis, each about half an inch long’. Two months later, Jenner inoculated the 
same 8-year-old boy with matter from a smallpox patient, termed the process as ‘Variolation’. However, the boy did 
not develop smallpox, rather developed a small sore at the site of inoculation. The exposure to the mild disease 
‘cowpox’ had made the boy resistant (immune) to the deadly disease ‘smallpox’. The modern terminology of ‘Vac-
cination’ is thus derived from ‘Vacca’ meaning ‘Cow’. Subsequently, many investigators and scientists such as 
Louise Pastur, Elic Metchnikoff, Robert Kock, Von Vehring, Jules Bordet, Paul Erlich, Karl Landsteiner, Astrid 
Fargraeus, Neil Jerne, Macfarlane Burnet, Peter Medawar, Rodney Porter, Ferald Edelman, Henry Claman, Peter 
Doherty, Rolf Zinkernagal, Cesar Milstein, Georges Kohler, Susumu Tonegawa and many others contributed in the 
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development of ‘Immunology’ as an important biomedical science. Many of these biomedical scientists have re-
ceived Nobel Prize in different years for their noble discoveries and contributions in the field of Immunology [1, 2, 
3]. 

The application of this practice has essentially remained unchanged for nearly two centuries. The preferred me-
thod for vaccine target identification had been the analysis of sera from infected individuals who are protected from 
reinfection. This procedure fails to identify those components that are not highly immunogenic during infection, but 
are able to confer protective immunity such as tetanus toxoid [2, 4]. Since the late 1990s, the development of 
nucleic acid sequencing technologies has changed the landscape of the evolving field of vaccinology. When the 
genome of the first living organism (Haemophilus influenza, MC 58 strain) was sequenced in 1955, it was realized 
that genomic technologies, may help to determine the whole proteomic potential of the infectious organism and this 
will boost the chances of identifying the protein or mixture of proteins that could be used to develop as efficacious 
vaccine [5, 6]. This methodology of ‘Reverse Vaccinology’, the first application of genomic technologies in vaccine 
research, represented a major revolution in the process of discovering novel vaccines. The term ‘Reverse Vaccinol-
ogy’ originates from the change in perspective allowed by the advancements in sequencing technologies [4, 7, 8]. 

It allowed the identification of potential vaccine targets in organisms that were difficult to cultivate in the Labor-
atory. Once all the genes encoded in the genome of a pathogenic species are known, the list of vaccine candidates is 
finite and, in principle, can be tested in animal models. Therefore, protective antigens would not be missed although 
it might take time and effort to find them and to define the most effective vaccine formulation [9, 10, 12]. The test-
ing of vaccine candidates in animal models still produces the major bottleneck of the entire ‘Reverse Vaccinology’ 
process. There has been a general technological advancement in the software tools that are used throughout the se-
lection process, and in many cases their predictions can now be tested using new experimental methods. Thus, 
‘Reverse Vaccinology’ is an improvement on vaccinology that employs bioinformatics, pioneered by Rano Rap-
pouli and first used against Serotype B Meningococcus and since then, it has been used on several other bacterial 
vaccines [4, 10, 13]. 

A streptococcus and B streptococcus were two of first Reverse Vaccines created, but those bacterial strains in-
duce antibodies that react with human antigens. Therefore, the vaccines for those bacteria needed not to contain 
homologies to proteins encoded in the human genome in order to not cause adverse reactions or autoimmune dis-
eases. Thus, it has established the need for genome-based ‘Reverse Vaccinology’ which was later used to develop 
vaccines for antibiotic-resistant Staphylococcus aureus and Streptococcus pneumonia [4, 11]. It is much more effi-
cient than traditional vaccinology, which requires growing large amounts of specific microorganisms as well as ex-
tensive wet laboratory test. However, the downside is that only proteins can be targeted using ‘Reverse Vaccinolo-
gy’, whereas conventional vaccinology approaches can find other bimolecular targets such as polysaccharides or 
lipopolysaccharides [4, 13]. 

The major discoveries that were made in the context of ‘Reverse Vaccinology’ projects, major milestones in the 
evolution of reverse vaccinology, are as the following:1995: First complete genome sequence of a living organism; 
2000: First application of whole genome sequencing in vaccine research: Formulation of the reverse vaccinology 
approach; 2002: First application of DNA microarray technology to antigen discovery; 2005: First comparative ge-
nomic study of multiple isolate of the same bacterial species and formulation of the pan-genome concept; 2005: 
First rational design of multi-component protein vaccine for GBS based on the analysis and screening of multiple 
bacterial genomes; 2006: First formulation of a broadly protective vaccine against Meningococcus B [5-7, 13-15]. 

Reverse Vaccinology has been a revolution in the field of vaccine discovery for infectious diseases, and has been 
instrumental in advancing vaccines for bacteria that were thought intractable. Further improvements are still possi-
ble that will widen the scope of reverse vaccinology such as the chances of success and speed in the development of 
vaccines, particularly for complex viruses, such as cytomegalovirus that have a coding capacity, the complexity and 
sophisticated regulation mechanisms [16]. Computer-aided bioinformatics projects are becoming extremely popular 
as they help guide the laboratory experiments. Growing number of bioinformatics programmes such as NERVE, 
VAXIN, PANKPEP, etc. have been making reverse vaccinology information more accessible [11, 17-19]. 

Bringing a new vaccine from basic research to a product ready for the market through the many stages of devel-
opment is a challenging task that sometimes requires formulating completely new scientific paradigms [1, 2, 4]. 
‘Reverse Vaccinology’ is a good example of such a paradigm, although many of its original premises have changed. 
The Reverse Vaccinology approach is, and will continue to be in the future, a fundamental part of vaccine research 
projects. 

Reverse Vaccinology is having, and will have, tremendous applications and implications in the development of 
protective vaccines for recent Corona Virus Disease 2019 (COVID-19) [20-22]. In fact, bioinformatics approaches 
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were employed by researchers to design and introduce a novel multi-epitope vaccine against severe acute respira-
tory syndrome coronaviraus-2 (SARS-CoV-2) responsible for the pandemic COVID-19. The idea was that poten-
tially it would be able to trigger both CD4+and CD8+ T-cells inducing protective immune responses against 
SARS-CoV-2 causative agent for COVID-19 [22-25]. 

Presently, more than 70 vaccine candidates against SARS-CoV-2 are at some stages of development involving 
nucleic acid technologies, i.e., reverse vaccinology. The recently approved COVID-19 vaccine developed jointly by 
PFIZERINC USA and BIONTECH SE GERMANY is a RNA vaccine composed of nucleoside-modified mRNA 
encoding a mutated form of the spike protein of SARS-CoV-2 and encapsulated in lipid nanoparticles [26-29]. 
Nevertheless, future investigations of the fundamental mechanisms regulating the human immune responses to pa-
thogens will continue to facilitate the design of new and more efficient vaccines for infectious diseases. Possibly we 
are entering, rather already entered, into the second era of reverse vaccinology [12, 13, 27-30]. (NB: A comprehen-
sive review on the design and development of COVID-19 vaccines is outside the scope of our present annotation). 
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