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Discussion and Conclusions
The recent swine-origin H1N1 influenza and avian-origin H7N9 outbreaks1 have illustrated the difficulties associated with ‘standard’ approaches to vaccine development, while recent cancer vaccine research2 has

underscored the danger of auto-reactive vaccines and immunotherapeutics. These studies have provided an opportunity to apply immunoinformatics tools to guide the development of a safe and effective public health

response. With proof of principle established in animal models for three out of five vaccines for which we currently have prototypes3,4,5, the iVAX toolkit is poised to accelerate the development of targeted, efficacious

vaccines which will address important global health and biodefense challenges. Collaborations are accepted and encouraged.

Abstract
Computational vaccine design, also known as computational vaccinology, encompasses epitope mapping, antigen selection and immunogen design using
computational tools. In silico prediction of immune response to emerging infectious diseases and cancers can accelerate the design of novel and next generation
vaccines. The iVAX toolkit is an integrated set of immunoinformatics algorithms that has been in development since 1998. It comprises a suite of
immunoinformatics algorithms for triaging candidate antigens, selecting immunogenic and conserved T cell epitopes, eliminating regulatory T cell epitopes, and
optimizing antigens for immunogenicity and protection against disease.

iVAX harnesses computing power, genomic data, and advanced immunoinformatics tools to identify T cell epitopes capable of inducing productive T cell immune
mechanisms for the generation of safe and effective vaccines. Novel algorithms have been implemented to predict peptide binding to human, murine and swine class I
and class II MHC alleles. Highly immunogenic peptides conserved across multiple strains of pathogen sequences are identified using the Conservatrix, EpiMatrix and
EpiAssembler algorithms. Potential vaccine candidate epitopes can be aggregated into a string-of-beads design with the VaxCAD algorithm, simultaneously minimizing
deleterious junctional epitopes that may be created in the linking process. Two newer tools, discovered and refined in the past few years, include JanusMatrix and
iTEM. JanusMatrix is a specially tailored homology analysis tool that examines pathogen/host sequence similarity at the MHC:TCR interface for any given peptide, and
predicts potentially cross-reactive epitopes, allowing candidate sequences with potential host cross-reactivity to be preferentially excluded from vaccine constructs.
iTEM enables identification of epitopes unique for specific human subjects based on individual MHC allele expression. Combining iTEM and JanusMatrix results (J-
iTEM) allows for selfness-adjusted individualized epitope prediction and is ideal for cancer mutanome processing and personalized cancer vaccine design.

The iVAX toolkit has been adapted to accelerate the development of targeted, safe and efficacious vaccines, which will address important global health and
biodefense challenges for humans and livestock. Most recently, low-immunogenicity H7N9 influenza antigens with high human cross-conservation were
engineered to include epitopes more highly cross-conserved with circulating influenza strains, resulting in a 5-fold increase in post-vaccination antibody titers
compared to wild-type protein. Subsequently, the JanusMatrix tool was utilized to successfully identify cross-reactive epitopes between the MAGE A3
immunotherapeutic and human titin implicated in two fatalities among affinity-enhanced TCR cancer immunotherapy trial participants. The poor immunogenicity
of unadjuvanted H7N9 vaccines illustrates the challenges associated with time-honored approaches to vaccine development, while modern cancer vaccine
research has underscored the danger of auto-reactive vaccines and immunotherapeutics. We have applied immunoinformatics tools to develop safe and
effective responses to these challenges. Academic and commercial collaborations are welcomed and encouraged.
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At the level of an HLA-bound peptide, certain amino acids are in contact with the HLA molecule itself while
others are accessible to the T-cell receptor (TCR). If TCR-facing residues from a pathogenic epitope are
conserved among multiple HLA-binding sequences from the human genome, the pathogenic epitope may
activate T cells specific to these human proteins.
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Differential responses may be expected depending on the particular
autologous protein with which any given vaccine candidate epitope
shares a TCR profile. A detailed printable report allows vaccine
designers to review all possible cross-reactive relationships.

Epitope Networks:
Visually distinguish Treg (above) from Teff epitopes (below)
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VAXCAD: Organizes component epitope sequences in order to 

reduce potential nonsense immunogenicity at junctions between ICS

After triage, generate string of beads in optimal epitope order

Case Studies

Web Based Vaccine Design Process

CONSERVATION ANALYSIS
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STRAIN 01 Q X S W P K V E Q F W A K H X W N X I S X I Q Y L

STRAIN 02 Q A S W P K V E X F W A K H M W N F I S G I Q Y L

STRAIN 03 Q X S W P K X E Q F W A K H M W N F I S G I Q Y X

STRAIN 04 Q A S W X K V E Q F W A K H M W N F X S X I Q Y L

STRAIN 05 Q X S W P K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 06 Q A S W P K X E Q F W A X H M W N F I S G I Q Y X

STRAIN 07 Q X S W P K V E Q F W A K H M X N F I S G I Q Y L

STRAIN 08 Q A S W X K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 09 Q X S W P K X E Q F W A K H M W N F X S X I X Y X

STRAIN 10 Q A S W P R V E Q F W A K H M W N F I X G I Q Y L

STRAIN 11 Q A S W P K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 12 Q A S W X K V E Q F W A X H M W N F I S G I Q Y X

STRAIN 13 Q A S W P K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 14 Q A S W X K X E Q F W A K H M W N F I S X I Q Y L

STRAIN 15 Q A S W P K V E X F W X K H M W N F I S G I Q Y L

STRAIN 16 Q X S W P K V E Q F W A K H M W N F I X G I Q Y L

STRAIN 17 X A S W X K V E Q F W A K H M W N F I S G I Q Y X

STRAIN 18 Q X S W P K X E Q F W A K H M W N X I S G I Q Y L

STRAIN 19 Q A S W X K V E Q F W A K H M W N F I S X I Q Y L

STRAIN 20 Q A S W P K V E Q F W A X H M W N F I S G I Q Y L
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Conservation analysis without alignment

CONSERVATRIX:
Conserved peptides scored for epitope content

EPIASSEMBLER: 
Assemble conserved, promiscuous epitopes into Immunogenic Consensus Sequences (ICS)

ICS peptides provide broad strain coverage, bind multiple HLA

JANUSMATRIX: Conserved, promiscuous sequences screened for TCR facing homology with human genome and/or microbiome

epitopes in order to avoid autoimmunity and/or tolerogenic effect

Conserved epitope

CTRPNNTRK

Multiple Databases 

Available to Search: 

HUMAN

•Swiss-Prot, manually annotated

and reviewed.

•Updated monthly.

HUMAN MICROBIOME

•Collected genomes from NIH

Human Microbiome Project.

IEDB

•MHC Binding, T Cell Assays,

and MHC Ligand Elution Assays.

•Updated biweekly.

iVAX

•Search against custom files.

HOMOLOGY ANALYSIS: 
Triage candidate epitopes by evaluating their homology to host, microbiome, published seqs

Online Access

Upload, store, and 
archive thousands of 

input sequences

Avian-origin influenza virus

(H7N9): Shanghai, Feb 20131

• Human-to-human transmission limited,
but high mortality rate (27%)

• Immunoinformatics tools used to estimate
immunogenic potential of H7N9 antigens

A) Found that HA proteins derived from
human-derived H7N9 strains contain
fewer T cell epitopes than most other
circulating strains of influenza,
explaining why previous H7 HA-containing
vaccines have been poorly immunogenic.

Avoid potentially dangerous HLA 
Class I cross-reactivity such as 
observed between A0101, 
MAGE-A3 peptide, and Titin2

B) Human epitope content depleted H7 HA seroconverted earlier and at a lower 
dose than low immunogenicity wild type antigen in VLP format. 
(Study performed in collaboration with T Ross, UGA) Infectious disease Oncology
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