
EDITORIAL

Vaccine delivery systems

Ryan F. Donnelly

School of Pharmacy, Queen’s University Belfast, Belfast, UK

ARTICLE HISTORY Received 4 November 2016; Revised 4 November 2016; Accepted 5 November 2016

Vaccination is the most effective means of controlling infec-
tious disease-related morbidity and mortality. The World
Health Organization (WHO) estimates that vaccination pre-
vents over 2.5 million child deaths each year worldwide. A vac-
cine is a biological preparation that improves immunity to a
particular disease. The traditional types of vaccines that have
been used to date clinically are vaccines that contain either
dead or live-attenuated microorganisms, inactivated toxins
(Toxoid), protein subunits, and polysaccharide antigens or con-
jugates. A number of innovative vaccines are in development
such as recombinant vector and DNA vaccines. These agents
resemble a disease-causing microorganism and stimulate the
body’s immune system to recognize the agent as foreign,
destroy it, and "remember" it, so that the immune system can
more easily challenge these microorganisms upon subsequent
encounters.

Appropriate vaccine administration/delivery is the key
element to ensure successful vaccination. Typically, most vac-
cines are administered via the subcutaneous (SC) or intramus-
cular (IM) routes. Hypodermic injections are associated with
pain and distress that might lead to poor patient compliance
and require highly trained personnel for administration. They
are associated with a risk of disease transmission due to the
possibility of needle-stick injuries or reuse of contaminated
needles. Insufficient vaccine supply or limitation of vaccine
production may also prove problematic in instances when mass
vaccination is necessary.1,2

At present, most vaccines are deposited into the subcutane-
ous fat or into the muscle beneath the skin. Relatively few vac-
cines are administered into the viable skin (epidermis and
dermis).3-5 Each of these routes of application relies on the
presence of dendritic cells (DCs) in the tissues that take up the
antigen, process it and present it to T lymphocytes in the drain-
ing lymphoid organs. Whereas subcutaneous fat and muscle
tissue contain relatively few DCs, the dermis and the epidermis
are densely populated by different subsets of DCs. Conse-
quently, antigen delivery by hypodermic injection will bypass
the skin’s immune cells leading to less efficient vaccination. For
this reason, the skin represents an ideal site for vaccine delivery,
as vaccination at this site will evoke strong immune responses
at much lower doses of antigen than intramuscular vaccines.6

Other areas of the body have also recently shown promise as
targets for vaccine delivery, including the nasal mucosa and the
gastrointestinal tract. These alternate sites of delivery offer the

prospect for eliciting immune responses that are qualitatively
different from those of injected vaccines or that stimulate
immune responses at these mucosal sites for more effective
defense against pathogens that invade by these routes, e.g., oral
or nasal.

Vaccines formulated as liquids for injection are not ideal for
the developing world in terms of need for a ‘cold-chain’.
Concerted efforts by researchers on alternative vaccine delivery
routes have yielded a range of novel delivery devices with
potential to enhance immunogenicity and stability.

In this Special Focus, experts in the field describe recent
innovations in the design, evaluation and use of novel vaccine
delivery devices and systems. In particular, they describe novel
polymeric microneedle systems for delivery of DNA vaccines
and review nasal and oral delivery systems for vaccines, paying
particular attention to delivery system design, packaging and
ease of administration. The development of vaccine adjuvants
and the emerging area of nanoparticle-based cancer immuno-
therapeutics are also discussed in detail.

Nathalie Garçon and Alberta Di Pasquale (p 19) review the
history of adjuvant use in vaccination and describe how new
adjuvants and new combinations of adjuvants have opened the
door to the delivery of improved and new vaccines against re-
emerging and difficult pathogens. Helmy Yusuf and Vicky Kett
(p 34) discuss the concept of nasal vaccination, covering deliv-
ery system design and detailing the challenges and opportuni-
ties for the future, include translating in vivo data to clinical
outcomes. Manjari Lal and Courtney Jarrahian (p 46) describe
how oral administration of vaccines is simpler and more
acceptable than injection via needle and syringe, particularly
for infants, but caution that vaccine antigens and adjuvants
given orally need buffering against the degradative effects of
low stomach pH and the type and volume of antacid buffer
require special attention for infants. In addition, they advise
that container/closure systems must be compatible with vaccine
formulations, protect against water and gas transfer and have
minimal impact on the cold chain. Helen McCarthy and col-
leagues (p 50) examine the ability of 4 polymers to formulate
mechanically robust, functional DNA-loaded dissolvable
microneedles. They show that complexation of DNA to a cat-
ionic delivery peptide prior to incorporation into the dissolv-
able microneedle matrix improves transfection efficiency
following subsequent release. Yimei Jia and co-workers (p 63)
review the use of multifunctional nanoparticles, such as
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liposomes, polymers, micelles, dendrimers, inorganic nanopar-
ticles and hybrid nanoparticles, which have the potential to
combine the delivery of a diverse range of therapeutic immuno-
modulators to increase the efficacy of tumor cell killing.

I have enjoyed reviewing these excellent papers, and
I hope that readers find them both interesting and useful.
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