
Novel Vaccine Technologies
Essential Components of an Adequate Response
to Emerging Viral Diseases

The availability of vaccines in response to newly emerg-
ing infections is impeded by the length of time it takes
to design, manufacture, and evaluate vaccines for clini-
cal use. Historically, the process of vaccine develop-
ment through to licensure requires decades; however,
clinicians and public health officials are often faced with
outbreaks of viral diseases, sometimes of a pandemic na-
ture that would require vaccines for adequate control.
New viral diseases emerge from zoonotic and vector-
borne sources, such as Middle East Respiratory Syn-
drome coronavirus and Chikungunya, and while these
diseases are often detected in resource-rich countries,
they usually begin in low- and mid-income countries.1

Therefore, part of the timeline for a vaccine involves sur-
veillance and detection of new pathogens in remote
areas and transfer of specimens to laboratories capable
of vaccine development.

Development of vaccines for viral infections has his-
torically been an empirical and iterative process based on
the use of attenuated or inactivated whole virus. This re-
quires unique methods of cultivation for each virus, de-
velopment of animal models for vaccine testing, and a pro-
longed process of fine-tuning product formulation and
immunogenicity, and for live-attenuated vaccines, patho-
genicity. Thus, preclinical vaccine development can take
years, followed by several more years of early-phase clini-
cal testing and defining of dose and schedule. Moreover,
efficacy testing and registration with regulatory agencies
often takes another 5 to 10 years. In total, 15 to 20 years
would be a typical timeframe from virus discovery to vac-
cineavailability iftheprocessproceedssmoothlyandthere
are no major biological or logistical challenges.

Fortunately, during the last decade, there have been
substantial technological advances for conceiving, de-
veloping, manufacturing, and delivering vaccines. Rapid
genetic sequencing allows both early identification of
new pathogens and the identity of the genes encoding
structural proteins that can form the basis for vaccine im-
munogen development. Also, rapid isolation of human
monoclonal antibodies has proven to be extremely help-
ful in defining epitopes that are the targets of protec-
tive immunity.

Additional tools of modern vaccinology include
(1) delineation of atomic-level structures of viral pro-
teins that facilitates structure-enabled immunogen de-
sign and protein engineering; (2) cell sorting and se-
quencing technologies that allow single-cell analysis of
immune responses; and (3) genetic knock-in technolo-
gies that allow construction of animal models with hu-
man antibody genes for vaccine testing. These tools have
already provided the potential not only for solving long-

standing problems in vaccinology, such as the develop-
ment of a new candidate vaccine for respiratory syncy-
tial virus, but they have facilitated rapid development of
new candidate vaccines for emerging pathogens such as
the Zika virus and pandemic strains of influenza virus.
Synthetic vaccinology and platform manufacturing are
important innovations that can speed the initial vac-
cine immunogen design and vaccine development pro-
cess, and shorten the time needed for manufacturing and
initial regulatory approval to begin phase 1 testing.

Synthetic vaccinology is the process of using viral
gene sequence information to accelerate vaccine
development.2 For example, if a new influenza virus
emerges anywhere in the world and is identified through
genomic sequencing, the digitally transferred informa-
tion can be used to synthesize nucleic acids encoding the
viral surface proteins (hemagglutinin and neuramini-
dase). The process of gene synthesis is now extremely
rapid and relatively inexpensive. Thus, within a few weeks,
DNA plasmids encoding viral proteins can be available for
preclinical testing. These genetic vectors (DNA and
mRNA) can be used directly for immunization whereby
intramuscular immunization leads to muscle cells pro-
ducing the viral proteins. Alternatively, the genetic vec-
tors can be used to express recombinant protein anti-
gens, in vitro, that can be used for immunization.

Similarly, if an outbreak of a new flavivirus becomes
an epidemic or even a pandemic threat, as with Zika in
2015, the gene sequences that encode the viral surface
proteins premembrane and envelope can be rapidly iden-
tified and form the basis for vaccine immunogen design
strategies, based on prior knowledge of flavivirus struc-
ture and mechanisms of neutralization.3 Once a structur-
ally authentic immunogen is available, the protein or
genetic vectors encoding the protein can be used to im-
munize animals. In addition, the vaccine proteins can be
used as probes to identify monoclonal antibodies se-
creted by B cells of convalescent humans. Such antibod-
ies are valuable not only for refining vaccine immunogen
designs, but also for development of diagnostic assays and
potentially for use in passive transfer as therapeutic
agents. Thus, development of reagents, diagnostics, can-
didate vaccines, and immune assessment assays can be
done without having the actual virus in hand. This has par-
ticular value for viruses with extreme pathogenicity be-
cause it avoids the need for high-level containment in
laboratory and manufacturing facilities.

Platform manufacturing technologies allow more
rapidproductionandclinicalimplementationoncethevac-
cine immunogen design is established. The term platform
is used in many ways; however, in vaccine production,
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it implies that the method for generating and presenting a vaccine im-
munogen can be applied across multiple pathogens. In essence, the
cell substrates, production approach, purification processes, and ana-
lytical assays used as release criteria for products made under cur-
rent Good Manufacturing Procedures are the same even though the
immunogenmaychange.DNAormRNAnucleicacidvaccinesaregood
examples of how platform manufacturing can shorten timelines from
pathogen identification to phase 1 clinical trials.4 DNA vaccine deliv-
ery and immunogenicity have evolved and improved over the last
2 decades, making it a viable platform for vaccination.

For DNA plasmid vaccines, the manufacturing process is well
established, and their toxicity profile is well understood. The Na-
tional Institute of Allergy and Infectious Diseases Vaccine Research
Center has developed candidate DNA vaccines for several viral dis-
ease threats during outbreaks, including SARS coronavirus in 2003,
H5N1 avian influenza in 2005, H1N1 pandemic influenza in 2009, and
most recently for Zika virus in 2016. Once these pathogens were
identified, the time from viral sequence selection to initiation of
the phase 1 clinical trial was shortened from 20 months to slightly
longer than 3 months (Figure).

Other examples of vaccine platform technologies include viral
vector–based approaches where genes encoding viral proteins are in-
corporated into viral vectors (eg, adenovirus, poxvirus, vesicular sto-
matitis virus, or paramyxovirus vectors) for gene-based immunogen
expression and delivery, or chimeric replication-competent viruses in
which the vaccine antigens of one virus are expressed in a common
replication-competent virus allowing uniform manufacturing pro-
cesses (eg, yellow fever or other flavivirus antigens expressed in den-

gue virus, or human parainfluenza or pneumovirus antigens ex-
pressed in bovine parainfluenza or Sendai virus vectors).

Traditional approaches, such as live-attenuated virus vaccines
(eg, Sabin polio) or whole-inactivated virus vaccines (eg, Salk polio)
would not qualify as platform approaches because the requirements
for growth in cell culture and purification are usually different among
virus families. Protein-based approaches are also likely to have dif-
ferent requirements for purification and formulation, and they may
not be amenable to platform approaches unless the display of pro-
teins on nanoparticles or other carrier systems brings more unifor-
mity to downstream manufacturing approaches. Having a standard
manufacturing approach reduces the time needed for current Good
Manufacturing Procedures process development and simplifies regu-
latory approval because the safety database that has accumulated for
a given platform can be applied to multiple vaccine products.

In summary, emerging viral diseases with pandemic potential
are a perpetual challenge to global health. The time-honored ap-
proach to vaccinology, which depends predominantly on isolating
and growing the pathogen, has not adequately met this challenge.
To effectively prepare for and respond to these continually emerg-
ing threats, it will be critical to exploit modern-day technological
advances, preemptively establish detailed information on each fam-
ily of viral pathogens, and invest in more infrastructure for surveil-
lance in developing countries to expedite pathogen identification
and jump-start the process of vaccine development using these new
technologies.2 Failure to do so will result in the untenable situation
of not optimally using vaccinology in the response to newly emerg-
ing infectious disease threats.
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Figure. Decreasing Timelines for Platform Manufacturing of DNA Plasmid Vaccines
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selection to first-in-human studies
with DNA plasmid vaccine platform.
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