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ABSTRACT
The outcome of drug therapy is often unpredictable, ranging from beneficial effect to lack of efficacy to serious
adverse effects. The improved understanding of the human immune system and the genetic make-up of pathogens, have
provided the new insights into variation of immune response within population. Vaccination has always played a significant
role in controlling and eliminating life-threatening diseases. However, arrival of genome era has revolutionized vaccine
development and catalyzed a shift from conventional-culture based approaches to genome-based vaccinology. There are many
challenges which need to be overcome which holds the promise for development of new drug and ultimately selection of
appropriate drug and dosage form. This ever-growing body of genomic data and new genome-based approaches will play a
critical role in the future to enable timely development of vaccines and therapeutics to control emerging diseases.
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INTRODUCTION
The
development
of
the
field
of
pharmacogenomics (associations of whole genomes and
drug or vaccine response) and pharmacogenetics
(associations of individual genes and drug or vaccine
response) has provided both the science base and clinical
outcomes that together increasingly allow for the practice
of individualized drug therapy. The application of this
same science when applied to vaccines is labeled as
vaccinomics.[1]
The terms pharmacogenetics and pharma
cogenomics are often used interchangeably, which causes
some confusion. However, the term pharmacogenomics is
preferred when referring to clinical practice. This is
because the field of pharmacogenetics deals with the
genetic determinants of a single gene that affects drug
therapy, whereas pharmacogenomics focuses on candidate
genes, often more than one, and may include transcriptome
and proteome information that affect drug metabolism,
pharmacokinetics and pharmacodynamics.
The Genome Era, initiated with the completion of
first bacterial genome, that of heamophilus influenza in
1995 [2], catalyzed a long overdue revolution in vaccines
development. The application of genome analysis to
vaccine
development, a concept termed “reverse
vaccinology,” initiated a positive feedback loop in terms of

the development and application of novel approaches to
the field of vaccinology [3].
Vaccinomics and vaccine development
It is clear that the ability to respond to the threat
of disease depends on the ability of the host to mount an
effective defense against an invading pathogen. The goal
of pharmacogenomics and vaccinomics is to identify
genetic variants that predict adverse responses to vaccines,
predict aberrant immune responses, contribute to
personalized therapy and that predict susceptibility to
diseases and response to vaccines [4].
Vaccinomics may also be useful in the
development and use of existing and novel vaccine
adjuvants and stimulants. For example, specific
polymorphisms of the TLR3 gene are associated with
significantly diminished humoral and cell-mediated
immune responses to the measles vaccine [5].
Understanding the mechanism by which such
polymorphisms diminish innate and other immune
responses may offer a critical insight into designing work
around the limitations imposed by such polymorphisms
either by developing new adjuvants that utilize other
receptors, or by the addition of stimulant molecules that
can potentiate or augment the immune response. Another
area of importance is genetically determined vaccineassociated adverse events, which referred as adversomics.
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More recently, Vestergaard et al demonstrated an
association between receipt of the MMR vaccine and
subsequent febrile reactions and febrile seizures [6],
providing a logical genetic basis for increased
susceptibility to adverse events to live viral vaccines.
Concerns over more severe vaccine-related side effects,
such as neurotropic and viseotropic reactions to yellow
fever vaccine, encephalitis-related reactions to smallpox
vaccine, temporally occurring with vaccination and others,
warrant further investigation for the potential of
identifying genetic predictors of risk [7-10].
Challenges associated
Application of proper method for discovery of
genetic variance and their future in pharmaceutical
industry for providing better patients care as economic
incentive will be a break through [11]. However, a lot of
hurdles are yet to be overcome. Various issues like ethical,
social and legal issues need to be addressed. What next?

DISCUSSION
The field of vaccinomics, adversomics and
personalized vaccinology represents the evolution of new
fields of study with new scientific possibilities informed
by new paradigms and discoveries in immunology,
genetics and bioinformatics. Growth in this field will be
driven not only by scientific reasons, but also by consumer
demands for increasingly safe and risk-free medical
treatment, prevention and the desire to understand and
prevent serious and severe vaccine adverse events. In
general, while substantial difficulties need to be solved, it
is believed that the vaccinomics era of personalized
predictive vaccinology is coming and that this will
eventually allow clinicians to predict the likelihood of a
significant adverse event to a specific vaccine [18].
CONCLUSION

In many ways the era of personalized vaccines has already
begun [12].
For example, the rationale behind and utilization
of personalized vaccinology in cancer vaccines is
increasingly clear and a benchmark in this regard [13, 14].
At a minimum, we predict that the role of genomics in the
field of vaccinology will serve to elucidate new
mechanisms and biologic pathways in understanding
vaccine-induced immune responses and adverse responses,
as well as provide new insights into vaccine development
[15]. As sophistication increases, the ability to detect
meaningful associations through the contributions of
multiple genes will be discernible and potentially clinically
useful. Finally, the ability to understand and predict the
effect of the presence/absence and interactions of the entire
genome or heritable non-DNA encoded differences
(epigenetics, complementation and so on) may prove the
most useful in understanding an individualpatients benefit
or risk in receiving a specific vaccine [16,17].

At the current time, a major barrier to
vaccinomics and personalized vaccinology remains the
cost. For the widespread application of personalized
vaccinology, much d ata remains to be developed, genetic
sequencing costs must be inexpensive and rapidly obtained
with high-throughput sequencers, and increasingly more
sophisticated and less labor-intensive bioinformatic
approaches will need to be developed and validated. All
these issues continue to experience substantial scientific
and public interest, with regular new discoveries. Hence
we believe that the future of vaccinology is bright indeed,
and the era of empiric vaccine development, and a strict
one-size-fits-all public health approach to vaccine delivery
will diminish, with adoption instead of a philosophy of the
best vaccine solution for each individual or subgroup of
individuals.

REFERENCES
1. Poland GA. Pharmacology, vaccinomics and the 2nd golden age of vaccinology. Clin Pharmacol Ther, 82, 2007, 623-626.
Recent review of the field of vaccinomics.
2. Fleischmann RD, et al. Whole-genome random sequencing and assembly of Haemophilus influenzae Rd. Science, 269,
1995, 496-512.

133

Vol 4 | Issue 2 | 2014 | 132-134.

3.
4.
5.

6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.

Vaccinology in the genome era C. Daniela Rinaudo, John L. Telford, Rino Rappuoli and Kate L. Seib Clin Invest, 119(9),
2009, 2515–2525.
Meyer UA. Pharmacogenetics five decades of therapeutic lessons from genetic diversity. Nat Rev Genet, 5, 2004, 669676.
Dhiman N, Ovsyannikova IG, Vierkant RA, et al. Associations between SNPs in toll-like receptors and related
intracellular signaling molecules and immune responses to measles vaccine, preliminary results. Vaccine, 26, 2008, 17311736.
Black FL, Hierholzer W, Woodall JP, Pinhiero F. Intensified reactions to measles vaccine in unexposed populations of
American Indians. J. Infect. Dis. 124, 1971, 306-317.
Kitchener S. Viscerotropic and neurotropic disease following vaccination with the 17D yellow fever vaccine, ARILVAX.
Vaccine, 22, 2004, 2103-2105.
Haber P, DeStefano F, Angulo FJ, et al. Guillainâ€BarrÃ© syndrome following influenza vaccination. JAMA, 292, 2004,
2478-2481.
Kemper AR, Davis MM, Freed GL. Expected adverse events in a mass smallpox vaccination campaign. Eff. Clin. Pract, 5,
2002, 84-90.
Halsell JS, Riddle JR, Atwood JE, et al. The Department of Defense Smallpox Vaccination Clinical Evaluation Team,
Myopericarditis following smallpox vaccination among vaccinia-naive US military personnel. JAMA, 89, 2003, 32833289.
Bansal V, Kumar V and Medhi B,Future Challenges of Pharmacogenomics in Clinical Practice, JK Science, 7 (3), 2005,
176-179.
Poland GA, Ovsyannikova IG, Jacobson RM. Personalized vaccines, The emerging field of vaccinomics. Expert Opin.
Biol. Ther, 8, 2008, 1659-1667.
Debinski W. Personalized, multivalent, and more affordable, the globalization of vaccines. Clin. Cancer Res, 11, 2005,
5663-5664
Itoh K, Yamada A. Personalized peptide vaccines, A new therapeutic modality for cancer. Cancer Sci, 97, 2006, 970-976.
Heidecker B, Hare JM. The use of transcriptomic biomarkers for personalized medicine. Heart Fail. Rev, 12, 2007, 1-11.
Germenis AE, Karanikas V. Immunoepigenetics, the unseen side of cancer immunoediting. Immunol. Cell Biol, 85, 2007,
55-59.
Wang TT, Nestel FP, Bourdeau V, et al. Cutting edge, 1,25-dihydroxyvitamin D3 is a direct inducer of antimicrobial
peptide gene expression. J. Immunol, 173, 2004, 2909-2912.
Stanley SL, Jr, Frey SE, Taillon-Miller P, et al. The immunogenetics of smallpox vaccination. J. Infect Dis, 196, 2007,
212-219.

134

