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a b s t r a c t

Exploitation of recombinant DNA and sequencing technologies has led to a new concept in vaccination in
which isolated epitopes, capable of stimulating a specific immune response, have been identified and
used to achieve advanced vaccine formulations; replacing those constituted by whole pathogen-formu-
lations. In this context, bioinformatics approaches play a critical role on analyzing multiple genomes to
select the protective epitopes in silico. It is conceived that cocktails of defined epitopes or chimeric pro-
tein arrangements, including the target epitopes, may provide a rationale design capable to elicit conve-
nient humoral or cellular immune responses. This review presents a comprehensive compilation of the
most advantageous online immunological software and searchable, in order to facilitate the design and
development of vaccines. An outlook on how these tools are supporting vaccine development is pre-
sented. HIV and influenza have been taken as examples of promising developments on vaccination
against hypervariable viruses. Perspectives in this field are also envisioned.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

Exploitation of vaccination as a tool in fighting wide spread dis-
eases has resulted in substantial strides in the combat against
many infectious diseases such as influenza, smallpox, varicella,
pertussis, diphtheria, tetanus, polio, hepatitis, and rotavirus [1,2].
The conventional vaccines, which include attenuated or killed
agents, might take up to 15 years of development; this includes
cultivation of the desired microorganism at a larger scale and
under proper conditions as well as an effective inactivation with
a subsequent evaluation of vaccine immunogenicity. Although this
kind of vaccines has saved countless lives, it can have unfavorable

consequences as adverse effects, induce the disease or, in some
instances, even death [3–5].

Bioinformatics is a field of science in which several disciplines
such as biology, computing, and information technology converge
to organize and store large amounts of biological information dri-
ven by advances generated in genetics, molecular biology, and bio-
technology [6]. One goal of bioinformatics is to streamline and
interpret, effectively and timely, information from the genome,
transcriptome, and/or proteome [7]. This discipline aims to pro-
mote health benefits including the area of vaccines.

The development of bioinformatics tools along with advances in
recombinant DNA technology (rDNA) and the knowledge on the
host immune response and the genetic background of the patho-
gen will lead to new vaccines against diseases that currently have
few or no control measures in just 1 or 2 years through computer
in silico predictions to define targets [8] see Fig. 1. The vaccines
developed through rDNA technologies are designed to be safer,
more efficacious, and/or less expensive than traditional vaccines.
In order to achieve these aims, a thorough understanding of the
disease agent, particularly, critical epitopes to induce the appropri-
ate immunological reaction is required [9–11].

While the availability of the complete genome sequence per-
mits the identification of all potential protein products, this infor-
mation could be not sufficient to allow for the identification of the
subset of proteins that are in fact expressed at any stage of the life
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of the pathogen. Proteomics also play an important role in this field
as it can serve as a complementary strategy to the genomic-based
approaches using immunomics techniques to identify and charac-
terize immunogenic proteins. Vaccinomics, which consists on the
characterization of host response to immunization, provides valuable
information on pathogen–host cell interaction to validate candidate
antigens. The information obtained from these disciplines also speeds
the identification and characterization of new antigens [12].

Proteomic experiments conducted on bacterial species have not
only been verified with data obtained from genome sequencing
and bioinformatic analyses but have also lead to the discovery of
new proteins, which could be potential new vaccine candidates
[12–14]. An extensive review focused on the impact of proteomics
on the development of antibacterial and antiviral vaccines was
published by Adamczyk-Poplawska [12].

It is important to note that the standard bioinformatics web
tools presented here, are not enough for detailed analysis of
whole genomes. The immunoinformatics is a discipline whose
main objective is to convert large-scale immunological data, using
computational and mathematical approaches, to understand and
organize these large scale data to obtain immunologically mean-
ingful interpretations [15,16]. The tools in this field are based
on statistical and machine learning system and are used for stud-
ies in modeling molecular interactions (such as antigen process-
ing and presentation) and also plays a role in defining new
hypotheses related to understand the immune system mecha-
nisms [17,18].

This review is intended to provide a gateway to some of the
most useful online immunological softwares and searchable dat-
abases for genomes analyses, based in our own experience and a
laborious search in the literature and web databases, providing
an outlook on how these tools have aided on the vaccine develop-
ment field particularly on the development of epitope-based
vaccines.

2. Epitope-based vaccines

Epitopes are of particular interest to both clinical and basic bio-
medical researchers as they hold huge potential for vaccine design,
disease prevention, diagnosis, and treatment. Using rDNA technol-
ogies, we can isolate specific epitopes which can replace the whole
pathogen in a vaccine. However, within the diversity of epitopes in
a pathogen, it is important to notice that not all of the epitopes,

even those that seem to be dominant, are equal in their ability to
elicit antibody production [19–21].

Besides producing particular immunogens instead whole patho-
gens, rDNA has allowed for a rational vaccine design comprising the
production of chimeric proteins that opens a wide number of
possibilities for immunogen design; including the conception
of multiepitopic vaccines having advantages such as: several
immunoprotective epitopes are included in a single molecule,
immunodominant but non-protective epitopes are discarded, and
epitopes exerting adjuvant effects such as promiscuous T cell
epitopes can be included to enhance immunogenicity [22]. These
features offer the possibility of designing multitarget, highly
efficient vaccines. However a requisite for the design of such
immunogens consists on the discovery of the immunoprotective
epitopes and the variants when genetic variability is of relevance
for a particular pathogen.

The epitope-driven vaccine is an attractive concept that is
being successfully pursued in a large number of research groups,
especially to the development of vaccines targeting conserved
epitopes in variable or rapidly mutating pathogens [23,24].

The selected epitopes in a vaccine should ideally be conserved
across different stages of the pathogen and its variants. Further-
more it should be taken into consideration the desired immune
response. Cytotoxic T cell-mediated response is elicited by a path-
way comprising intracellular antigen processing with linear epi-
topes as predominant targets [21]. In this regard, the epitopes
selected for a vaccine must have binding affinity with more than
one major histocompatibility complex (MHC) allele and must cover
a major population [25,26].

The proteins that contain many epitopes recognized by the
common MHC alleles are known as promiscuous binders [26].
The human leukocyte antigen (HLA) supertype refers to a set of
HLA alleles with overlapping peptide binding specificities. The
alleles in the given HLA super type often represent the same epi-
tope, which refers to the region on the surface of an antigen capa-
ble of eliciting an immune response for T cell recognition [25,27].

On the other hand, elicitation of humoral responses relies on
the recognition of linear epitopes and conformational epitopes.
The latter constitute a challenge for chimeric vaccine design as
they must retain their native conformation to be functional [28].
Therefore, knowledge on the whole antigen structure is necessary
to aid on the rational design of vaccines targeting conformational B
cell epitopes [27].

Fig. 1. Schematic representation of the workflow to identify epitopes for vaccine development.
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