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Single Shot Of Dna Vaccines 
An Everlasting Immunity 
A Review Up On Fda Guidance

Abstract: 
DNA vaccines have been termed as The Third Generation of 
Vaccines due to their versatility and potential that can also 
be utilised to produce vaccines against some of the fatal and 
incurable diseases of today (such as HIV/AIDS or malaria). 
The recent successful immunisation of experimental animals 
against a range of infectious agents and several tumour 
models of disease with plasmid DNA testifies to the powerful 
nature of this revolutionary approach in vaccinology. Among 
numerous advantages, a major attraction of DNA vaccines over 
conventional vaccines is that they are able to induce protective 
cytotoxic T-cell responses as well as helper T-cell and humoral 
immunity. These advances and the emerging voluminous 
literature on DNA vaccines highlight the rapid progress that has 
been made in the DNA immunisation field. This article deals 
with FDA evolving policy, regulatory guidance covering a wide 
range of topics including delivery mechanisms, safety issues, 
and documenting the pros and cons of DNA vaccines. Hence 
we conclude that the stringent rules should be made flexible, 
like eliminating the requirement for pre-clinical studies and 
reducing the necessity for performing bio-distribution etc, for 
the sponsors.

Introduction:
DNA (deoxyribonucleic acid) vaccination is a technique for 
protecting an organism against disease by injecting it with 
genetically engineered DNA to produce an immunological 
response. Nucleic acid vaccines are still experimental, and have 
been applied to a number of viral, bacterial and parasitic models 
of disease, as well as to several tumour models. DNA vaccines 
have a number of advantages over conventional vaccines, 
including the ability to induce a wider range of immune response 
types1. DNA vaccine is a DNA sequence used as a vaccine: this 
DNA sequence code is used for forming antigenic proteins of 
pathogen. As this DNA is inserted into cells it is translated to 
form antigenic protein, and since this protein is foreign to cells, 
immune response is raised against this protein. In this way, the 
DNA vaccine provides immunity against that pathogen.

Objective
• To describe the evolution of FDA policy over the period of 

20 years.
• To provide the status of regulatory guidance and 

recommendations for further changes to facilitate 
development in the field of DNA vaccines. 

History
• In 1990, in the University of Wisconsin, Jon Wolff found 

that injection of DNA plasmids produced a protein response 
in mice.2

• In 1993, in Merck Research Laboratories, Dr. Margaret Liu 
found that intramuscular injection of DNA from influenza 

virus into mice produced complete immune response.
• In 1996, trials involving T-cell lymphoma, influenza & 

herpes simplex virus were started.2 

Overview of DNA Vaccines:
Current vaccines consist of inactive pathogens that are inserted 
into the body in order to activate an immune response and 
produce memory white blood cells. While usually effective, 
conventional vaccines can potentially become inert in improper 
environments, or trigger an actual infection in a weakened 
immune system. However, recent advances in DNA vaccines 
represent a new generation of vaccination that can bring 
worldwide relief with lessened probability of causing additional 
damage. Vaccines are considered a baseline in most medical 
records today, inducing an immune response against an inert 
pathogen to prevent future infection. DNA vaccines provide an 
alternative method to produce immunity in organisms. First 
developed during the 1990s, DNA vaccines continue to undergo 
clinical trial and testing today.3 Used when modified pathogenic 
substances are unavailable or difficult to manufacture, DNA 
vaccines produce immunity within an organism without ever 
presenting the pathogen to the subject organism.

DNA vaccines consist of bacterial plasmids with particular 
pathogenic gene inserts. These inserts, which code for the surface 
proteins that cover the infectious agent, become integrated 
within the cell’s DNA. The surface proteins are transcripted and 
displayed by the altered cells, prompting the body to produce 
an immune response. The plasmid also sequences a unique 
promoter sequence that will allow the targeted organism to 
successfully transcript the encoded proteins. White blood cells 
and lymphocytic B-cells and T-cells recognise the displayed 
proteins and produce the appropriate antibodies, creating a 
successful immune response.4, 5

The medical value of DNA vaccines is immense. They have 
the capability to produce a stronger and wider immunity within 
the organism and can be modified to cover multiple diseases. 
Because of their construct with specific inserts, a plasmid can 
encode multiple surface proteins. The versatility and potential 
of DNA vaccines can also be utilised to produce vaccines against 
some of the fatal and incurable diseases of today.6 Studies 
over the past decade have indicated that DNA vaccines can 
be used to mimic diseases such as HIV/AIDS or malaria and 
produce suitable immunity. These two diseases contribute to 
the greatest number of deaths in underdeveloped countries. 
By producing immunity against HIV/AIDS or malaria, the 
mortality rates of individuals will decrease dramatically and the 
population structure of many developing countries will shift to 
have more adults than children, effectively slowing down the 
population growth of those counter
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DNA vaccines are administered by two methods, as follows:
Endogenous: Antigenic protein is presented by the cell in which 
it is produced
Exogenous: Antigenic protein is formed in one cell but presented 
by a different cell

FDA Regulatory Policy:

1) Development of Regulatory Policy

Continued progress towards the clinical development of 
DNA vaccines is influenced by the regulatory environment 
created by the Center for Biologics Evaluation and Research 
of the US Food and Drug Administration (CBER/FDA). CBER 
sets and implements vaccine policy in accordance with its  
interpretation of relevant Federal statutes, laws and guidelines. 
Existing CBER guidelines reflect the agency’s experience in the 
regulation of other types of vaccines and biological agents. This 
conservative approach helps maintain consistency in product 
regulation, thereby insuring compliance with the US Code of 
Federal Regulations. CBER policy mandates that sufficient 
pre-clinical data be obtained in one or more “relevant” animal 

Endogenous Pathway Exogenous Pathway

How DNA Vaccine Works:

When a 
virus enters 

the body

Muscle Cells Plasma DNA
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models to conclude that a DNA vaccine is likely to be safe and 
immunogenic before that vaccine proceeds into human clinical 
studies. Typically, pre-clinical studies are performed in mice to 
determine whether a vaccine is immunogenic, and in rabbits 
to determine whether the vaccine causes acute or chronic 
toxicity. A variety of studies are also required to establish that 
the vaccine can be synthesised reproducibly, and that it remains 
stable under prolonged storage. Results from such pre-clinical 
studies influence decisions concerning the number, timing, and 
dose of vaccine that can be administered to humans.

The regulation of prophylactic DNA vaccines has evolved 
since clinical trials of these agents were initiated in the mid 
1990s. The accumulation of pre-clinical and clinical experience, 
including information concerning plasmid manufacture, vector 
construction, vaccine immunogenicity, and safety, has informed 
changes to regulatory guidelines. In 2007, the FDA updated its 
guidance document concerning the manufacture and testing 
of DNA vaccines designed to reduce susceptibility to infectious 
diseases.7 DNA vaccines intended for other uses, such as the 
treatment of autoimmune disease or cancer, were not covered 
by that document. This reflected differences in the level of 
risk deemed acceptable for products used to treat pre-existing 
illnesses versus prophylactic vaccines intended for use by the 
general public. The FDA’s initial approval of Phase I clinical trials 
of prophylactic DNA vaccines relied on evidence that plasmids 
could be manufactured consistently, coupled with extensive pre-
clinical safety data. Early recommendations concerning DNA 
vaccine manufacture and testing were largely based on FDA 
experience involving other types of vaccines and DNA-based 
products.8 Since that time, considerable additional information 
and experience has accumulated concerning DNA vaccine 
manufacture, activity and safety.9 That new information formed 
the basis for revisions in FDA regulatory guidelines.

2) Assessment of Regulatory Policy

The development of pharmaceutical products is envisioned as 
a linear process, wherein drugs or biologics discovered through 
basic research progress to pre-clinical animal testing and then 
into Phase I - III clinical trials. The development of DNA vaccines 
has not followed this linear route, as immunogenicity concerns 
have short-circuited efforts to progress from small Phase I 
to larger Phase II/III immunogenicity and efficacy studies. 
To date, numerous Phase I studies have been conducted to 
distinguish among the various plasmid components, sequence 
motifs, adjuvants, sites/methods of administration, and other 
variables in terms of their impact on vaccine immunogenicity.10 
Indeed, rather than developing a single product, those involved 
in DNA vaccine trials commonly design multiple “candidate” 
constructs (simultaneously or in succession) to identify elements 
that can be incorporated to improve the immunogenicity of 
subsequent vaccines. While existing CBER guidelines seek to 
maintain consistency in product regulation and maximise 
compliance with the Code of Federal Regulations, such policy 
does not recognise or accommodate to the exigencies of DNA 
vaccine development. Thus, the conservative nature of current 
regulations may hinder efforts to improve vaccine performance. 
As noted above, most Phase I DNA vaccine trials utilise 
“candidate” plasmids (or plasmid/adjuvant combinations) that 
are unlikely to proceed further towards licensure. An optimised 

regulatory policy for DNA vaccines would therefore facilitate the 
conduct of multiple Phase I trials, with each trial involving only a 
small number of human volunteers.

3) Recommended Changes to Regulatory Policy
Several policy changes would significantly lower the cost and 
accelerate the initiation of Phase I studies:
 
• CBER should require less extensive toxicology (including 
integration) testing for “candidate” vaccines entering Phase I 
trials. The requirement for such data could be shifted to vaccines 
intended for Phase II/III study.

Rationale: The authors recognise that this policy change might 
be perceived as increasing the risk to subjects participating 
in Phase I trials. However, even extensive pre-clinical animal 
testing does not necessarily reduce subject risk, as the predictive 
value of rodent studies for DNA vaccines used in humans is 
unreliable. Indeed, strong protective immune responses have 
been repeatedly achieved in mice but not in man. In terms of 
the safety and toxicity studies performed in mice and/or rabbits, 
such studies uniformly indicate that DNA vaccines are safe.11 In 
the absence of a DNA vaccine that causes toxicity, the reliability 
of either animal model in predicting an adverse clinical outcome 
cannot be ascertained. Thus, the added value of extensive 
toxicology testing for “candidate” vaccines is unclear. Moreover, 
the safety of DNA vaccines is by now well-established in human 
clinical trials.12

• CBER should require less demanding product manufacturing 
data for “candidate” vaccines entering Phase I trials. The 
requirement for such data could be shifted to vaccines intended 
for Phase II/III study.

Rationale: The safety profile of DNA vaccines has been excellent. 
Manufacturers need to establish that candidate vaccines used in 
Phase I studies are sterile and free of endotoxin. As “candidate” 
vaccines are administered to only a handful of volunteers, issues 
of lot-to-lot consistency and purity become important primarily 
for those plasmids that proceed into Phase II trials. Any 
potential risks associated with such a relaxation in regulatory 
requirements could be managed by conducting dose escalation 
studies that minimised the number of volunteers exposed to 
novel vaccines.

• Increase the access of biotech and academic investigators to 
the FDA for advice on trial design/conduct. This would include 
increasing the number of pre-IND meetings allowed and 
permitting sponsors to contact FDA reviewers for advice “on 
the record” concerning their product. Mirroring the European 
regulatory model, the FDA could receive reimbursement for such 
broadened access, enabling the organisation to hire and train 
the additional personnel needed to provide these services.

Rationale: Pre-IND meetings facilitate the open exchange of 
data and ideas between those producing new DNA vaccines 
and those regulating such agents. These meetings have proven 
extremely useful to manufacturers and CBER reviewers alike. 
The number of pre-IND meetings was restricted years ago when 
CBER resources were limited. New resources have been provided 
to the FDA, and should be channelled into supporting more 
of these highly effective interactions. Similarly, allowing FDA 
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reviewers to provide reliable advice on an ongoing basis would 
be of considerable benefit to vaccine manufacturers.

• Define “candidate” vaccines as “well-characterised products”. 
This would allow the biochemical analysis of plasmids to 
substitute for biological potency assays of “candidate” vaccines. 
Similarly, the conduct of comprehensive biodistribution and 
integration studies could be shifted to those products entering 
Phase II trials, speeding and reducing the cost of Phase I studies.

Rationale: All biological agents entering clinical trial should be 
sterile and non-reactogenic. However most “candidate” DNA 
vaccines will not progress beyond Phase I study. In such cases, 
requirements concerning the nature and extent of product 
characterisation should be limited.

4) The Regulatory Status of DNA Vaccines:
DNA vaccines combine the biotechnological manufacturing 

aspects of a subset of gene therapeutic medical products with 
the mode of action of a classical vaccine. Due to this hybrid state, 
the regulation of DNA vaccines requires expertise from both 
gene therapy and vaccine experts. The regulatory authorities 
in Europe and the USA have established slightly different 
regulatory pathways for plasmid DNA vaccines for prophylaxis 
against infectious diseases versus for therapeutic use.13

 
In the European Union, a therapeutic DNA (vaccine) is 

considered as a Gene Therapy Medicinal Product (GTMP), whereas 
vaccines against infectious diseases are explicitly excluded from 
the GTMP definition (2001/83/EC). The centralised procedure 
for the marketing authorisation application is mandatory for 
DNA vaccines, whether they are used for therapeutic purposes 
or against infectious disease (726/2004/EC).

In the USA, the distinction between the alternative usage of 
plasmid DNA as a medical product is similarly recognised and 
impacts on their regulations. DNA vaccines against infectious 
diseases are regulated by the Center for Biologics and Evaluation 
and Research (CBER) Office of Vaccines Research and Review 
(OVRR), whilst DNA vaccines that are intended for non-infectious 
therapeutic indications fall under the responsibility of CBER’S 
Office of Cellular, Tissues and Gene Therapies (OCTGT).

Vaccinations Guide:14

DNA vaccines offer a novel method of immunising people 
against not only viral and bacterial diseases, but a host of 
parasitic and fungal infections as well. This technique relies 
on the introduction of genetic material from a particular 
disease-causing pathogen into human cells through a specially 
engineered delivery system. This leads to the secretion of 
proteins normally expressed on the surface of pathogens from 
human cells, and these proteins trigger a defensive response 
that can immunise an individual against the actual pathogen 
without any need for exposure to the disease-causing agent.

While still in development, this vaccination technology offers 
some distinct advantages that would make it an invaluable 
asset in vaccination and immunisation programmes. In this 
article we look at some of the benefits of DNA vaccines when 
compared to existing vaccination techniques, and some of the 
obstacles we face in getting these vaccines into popular use.

Pros of DNA Vaccines:
Because of a number of distinct advantages DNA vaccines can 
offer over existing vaccination techniques, the technology has 
drawn a lot of interest. It would not be under development 
if it didn’t offer a distinct solution to problems we face with 
immunisations today.

Increasing the Scope of Administering to a Variety of 
Populations
Firstly DNA vaccines do not contain an actual infectious agent, 
whether dead or alive. One of the classic methods of vaccination 
is the introduction of a live but weakened version of a pathogen 
into a person. This has proven effective thus far, but does offer 
some distinct safety concerns. The risk of reversion for example, 
where the vaccination strain mutates and becomes virulent, is 
one such issue, as is the fact that these vaccines can’t safely be 
used in people who are pregnant, elderly, or suffering from any 
one of a number of chronic diseases. These concerns are not 
relevant to DNA vaccines, which could potentially be given to 
virtually anyone regardless of health status safely, and without 
any risk of reversion.

In Terms of Transport DNA vaccines are also less susceptible 
to damage due to environmental conditions, such as extreme 
temperatures or humidity. They can safely be administered to 
people who live in areas where regular vaccines are difficult 
to maintain or may be compromised due to the lack of proper 
storage facilities in unique environmental conditions (EX: 
India - particularly in countries where healthcare and transport 
infrastructure isn’t as well-established). DNA vaccines, if 
integrated into the body appropriately, can produce a sustained 
immune response, making booster vaccinations unnecessary.
By receiving a DNA vaccine, an individual can have lifelong 
immunity towards a disease by simply receiving a single shot. 
One of the problems with some vaccination technologies is the 
fact that multiple booster doses are needed for a vaccine to 
effectively immunise an individual, which would decrease the 
demand for boosters along with the price of the vaccines.

Economical Benefits
Besides the general medical benefits, DNA vaccines can 
provide a large economic benefit as well. Due to the decreased 
restrictions in the production and storage of DNA vaccines 
compared to regular vaccines, the cost of producing and 
maintaining DNA vaccines is much lower. The prevention of 
disease by using DNA vaccines reduces the amount of money 
spent on medication. This can be especially beneficial to people 
in developing countries. This lower price can also be attributed 
to the difference in the production cost of current vaccines and 
DNA vaccines. According to specific case studies, it can be seen 
that the cost of developing and manufacturing a successful and 
beneficial regular vaccine can range from $500 million to $1 
billion. Comparatively, the development and manufacturing of 
a DNA vaccine ranges between $200 and $300 million.15DNA 
vaccines also offer advantages in terms of their production. Once 
tested for efficiency and safety, a DNA vaccine can be generated 
in large volumes at a much lower cost than some traditional 
vaccine types. The DNA vaccine in question would also be easier 
to transport as there are no particular storage requirements (live 
vaccines for example need to be kept refrigerated). 
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Vaccination is Not Limited to Viruses/Bacteria 
Finally, DNA vaccines can potentially be applied to a broader 
range of disease-causing pathogens like fungi and parasitic 
organisms. At present, most vaccination technologies are 
limited to viruses and bacteria.16

Cons of DNA Vaccines:14

At present there still some obstacles limiting the potential uses 
of DNA vaccines, including the fact that this type of vaccination 
would be limited to pathogens with a distinctive protein 
immunogen (molecule that triggers an immune response). 
Some pathogens possess non-protein immunogens - bacteria 
with sugar coats for example.  DNA vaccines also present a slight 
risk of potentially disrupting normal cellular processes. This has 
yet to be shown as a major concern; however, there is a chance 
that the introduction of foreign DNA into the body could affect 
a cell’s normal protein expression pathways. Two concerns 
regarding the effectiveness of the vaccine itself revolve around 
the body’s reaction to the vaccine. The first is the chance of an 
immune response against the DNA itself, or the DNA delivery 
vector, which would defeat the point of the vaccine as a whole. 
If such a reaction were to occur, no protein immunogens would 
be expressed, and there would be no immune response to those 
immunogens, and hence no immunity against the pathogen in 
question. Secondly, there is a chance that the body develops 
a resistance or tolerance towards the protein the vaccine 
introduces. This would again defeat the purpose of the vaccine, 
which is to stimulate a lasting immune response against the 
injection.

DNA Vaccines on Infants:
There is also some concern over the application of DNA 
vaccines on infants. Since the fetal immune system often 
cannot differentiate between the transformed cells and regular 
cells, this child essentially develops no immunity. This raises 
concerns that DNA vaccines may in fact be highly detrimental 
to the immune system of the infant. This inability of self-
differentiation renders many potential, and basic, infant DNA 
vaccines ineffectual. Adults do not face this problem as the 
immune system can readily differentiate between the self and 
the non-self. While theoretically, and in the future, a single 
dosage of DNA vaccine could be applied to an infant for all 
common childhood diseases and produce a strong immunity, 
current methods of construction of DNA vaccines do not allow 
this to be successful. At the current stage, however, DNA vaccines 
cannot be administered to infants.4 Though the methodology is 
not foolproof as of yet, DNA vaccines could potentially become 
the next greatest technology of the century and give rise to 
further biotechnological advances in the future.

Ethical Concerns about this New Method of Inoculation
Despite the medical, economic, and humanitarian benefits of 
DNA vaccines, there are also several ethical concerns about 
this new method of inoculation. Because DNA vaccines alter 
the genome of the targeted cells, many consider DNA vaccines 
to be a form of genetically modifying organisms, a cause for 
great ethical debate. Some individuals feel that scientists are 
attempting to alter organisms at the molecular level and are 
thereby “playing God.” Others worry about the long-term 

impacts  of adding sequences to the human genome.4 By 
inserting a foreign DNA fragment into an organism’s genome, 
there is a concern about the possible effect that the new 
encoding will have on the host. If DNA can be introduced to 
produce specific proteins to prevent infection, could the same 
procedure not also be used to deliberately modify an organism? 
A DNA fragment could potentially be inserted into an organism’s 
genome at an early stage of development and could alter the 
organism as a whole. The long-term effects of DNA vaccines on 
the human genome are not yet fully understood. Theoretically 
speaking, the DNA vaccine should only be potent for a short 
amount of time due to the natural cell cycle. However, there is 
still not enough scientific evidence to indicate the conclusive 
long-term impacts of tinkering with an organism’s DNA.

Conclusion:
The FDA’s guidance evolved over time, reflecting the 
understanding gained concerning issues associated with DNA 
vaccine manufacture, immunogenicity and safety. Many of 
those changes involved a relaxation in regulatory requirements, 
such as: 

1. Providing sponsors with greater flexibility in the selection 
of potency assays for lot release testing during early 
clinical development,

2. Eliminating the requirement for pre-clinical studies 
designed to specifically evaluate whether DNA vaccines 
induce autoimmunity, and 

3. Reducing the necessity for performing biodistribution, 
persistence and/or integration studies of certain DNA 
plasmids.

In developing countries like India, where financial conditions/
growth are at a much slower phase compared to other 
developed nations. Here the country is already investing so 
much to develop vaccines to protect the human race against 
deadly diseases, besides which if the country has to spend 
on preserving these medicines, this will be an unbearable 
burden on the financial conditions of the country, which in 
turn will impact on the development process. To overcome 
these drawbacks, development of DNA vaccines will be more 
appropriate, which does not require any special storage 
conditions and is also cost-effective.

DNA vaccines 
• Use only the DNA 

from infectious 
organisms.

• Avoid the risk of using 
actual infectious 
organisms.

• Provide both humoral 
& cell-mediated 
immunity.

• Refrigeration is not 
required.

Traditional 
• Use weakened 

or killed form of 
infectious organism.

• Create possible risk 
of the vaccine being 
fatal.

• Provide primarily 
humoral immunity.

• Usually require 
refrigeration.

DNA vaccines vs Traditional vaccines:
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