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ABSTRACT
With the technological advances in biomedical sciences and the better understanding of how the immune system
works, new immunisation strategies and vaccine delivery options, such sprays, patches, and edible formulations have
been developed. Needle-free delivery of vaccines has become a global priority. Transcutaneous immunisation (TCI),
topical application of vaccine antigens to the skin, can elicit systemic antibody and T-cell responses, suggesting that
this new technique may provide a means for vaccination without needles. TCI requires the use of an adjuvant such as
cholera toxin added to a vaccine antigen, such as diphtheria toxoid, to induce antibodies to diphtheria toxoid. The
adjuvant and antigen are thought to target Langerhans cells, potent antigen-presenting cells found in the superficial
layers of the skin. TCI appears to be a highly practical technique for delivery of vaccines that provides unique access
to the immune system.
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SITE OF TOPICAL IMMUNIZATION
INTRODUCTION
The traditional way to inject a vaccine is to deliver the
Topical immunization and its advantages
Research has yielded an abundance of vaccine candidates antigen through intramuscular injection, which usually
against mucosal infections, but only few mucosal requires needle injections by medical personnel. The skin
vaccines have been registered for human use. Extensive interfaces directly with the external environment and is
research is being carried out to identify new and safe constantly in contact with potential pathogens.
adjuvants for mucosal immunization, novel delivery Immunological components that elicit both humoral and
systems, including live vectors and reporter molecules cytotoxic cellular immune responses must be present in
for tissue- and cell-specific targeting of vaccine antigens. the skin for counteracting undesirable infections. In
If these candidates are to reach those in need, several addition, the large accessible area of the skin and its
lessons from clinical and field research carried out under durability is another advantage of applying vaccines to
resource-poor settings must be considered. These lessons this tissue. Many modalities of skin vaccination have
include the need to develop new vaccines that can be been developed1. A variety of adjuvants have been also
administered topically onto the skin or to the mucosa, used in skin vaccination2. The use of different modalities
without needles or expensive delivery devices. Such of skin vaccination is based on which stratum of the skin
topical vaccines must be able to protect all age groups at is targeted. Recent development of a needle-free nonrisk, be safe and effective in immunocompromised invasive method such as a skin patch for the inoculation
people, and be able to contain epidemics following of vaccines may reduce medical costs by allowing
complex
emergencies.
The
anatomical personnel with a lower level of medical training to
compartmentalization of immune responses imposes administer the vaccine3,4,5. The needle-free non-invasive
constraints on the selection of topical route(s) of vaccine method may potentially be even more efficacious than
administration and on strategies for measuring these vaccines administered by conventional needle injections,
responses, especially in young infants. Thus, the given equivalent dose, because it has been demonstrated
selection of any particular route of immunization is that antigens expressed in the epidermis are more
critical when designing and formulating vaccines against immunogenic than those expressed in the dermis,
organ-specific infections.
probably attributable to a sensitive immune surveillance
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mechanism along the skin border6. Injection of vaccines
underneath the epidermis, as commonly practiced, is
likely to bypass the epidermis-associated immune
surveillance zone, resulting in suboptimal immunity. The
elimination of the use of syringe needles for vaccination
would minimize problems associated with disposal of
needles and undesirable transmission of diseases by reused needles. The public in developed countries should
favor the needle-free non-invasive method due to patient
comfort. The lining of skin by the stratum corneum is a
major obstacle for skin vaccination7,8. Minor disruption
of the stratum corneum may be necessary to enhance
antigen penetration and skin immunity. After disruption,
keratinocytes in the stratum corneum are able to produce
cytokines and chemokines that regulate the T helper 1
(Th1) and Th2 skin immunity9,10,11,( Figure 1). Our
laboratory recently found that partial extraction of
lamellar lipids in the stratum corneum by pre-treating
skin with a surfactant significantly enhances skin
vaccination12. Surfactants are ingredients of many
products such as shower gels, bath foam, shampoos, and
soaps, which our skins are exposed to every day. Thus,
surfactants may potentially be widely used for skin
vaccination in the future.
SKIN IMMUNITY INDUCED BY TOPICAL
VACCINATION
The skin is composed of three major layers: the outer
layer or stratum corneum, composed of dead, cornified
keratinocytes; the epidermis, composed of keratinocytes
and immunocompetent cells; and the underlying dermis,
which supports the epidermis with blood vessels,
lymphatics,
and
other
components.
The
immunocompetent cells in the epidermis contain
keratinocytes, T cells and Langerhans cells that may
initiate potent immunity when skin is exposed to various
antigens12 (Fig. 1). Langerhans cells are efficient
antigen-presenting cells and populate about 20% of the
entire surface area of the skin. They are located at the
basal layer of the epidermis as immature cells playing a
sentinel role in the epidermis. Once skin is exposed to
antigens, Langerhans cells take up and process antigens,
and during their migration via the efferent lymphatics to
the paracortical T cell areas of the draining lymph nodes,
they mature and present antigenic peptides to naïve T
cells13 (Fig. 2).
It has been reported that Langerhans cells express costimulatory molecules of the B7 family, up-regulate the
surface expression of major histocompatibility complex
(MHC) class I and class II molecules bound to peptides,
and secrete high levels of cytokines, such as interleukin
(IL)-12 and IL-114, 15. Recent studies indicate that the
skin behaves immunologically much like a mucosal

surface16. In a recent report using an HIV peptide
vaccine in mice, activated dendritic cells carrying an
antigen delivered via the skin migrated primarily to the
draining lymph node but were also demonstrated to
migrate from the skin to the gut mucosa, where they
presented the antigen to resident lymphocytes17. These
cells provided robust cytotoxic T-lymphocyte (CTL)
responses to the delivered antigen. The movement of
Langerhans cells from the skin to systemic and mucosal
compartments may explain how skin elicits immune
responses. Inductions of CTL responses after
immunization onto bare skin play a critical role in
eradicating virus-infected cells and tumors.
CHITOSAN AS A CARRIER IN IMMUNIZATION
Chitosan has been considered for pharmaceutical
formulation and drug delivery applications in which
attention has been focused on its absorption-enhancing,
controlled release and bioadhesive properties.
Synthesized from a naturally occurring source, this
polymer has been shown to be both biocompatible and
biodegradable18. Chitosan is a linear copolymer of b(1-4)
linked 2-acetamido- 2-deoxy-b-D-glucopyranose and 2amino-2-deoxy-b-D-glycopyranose (Fig. 1).

It is easily obtained by deacetylation of chitin, a
polysaccharide widely distributed in nature (e.g.
crustaceans, insects and certain fungi)19,20. Due to the
limited solubility of chitin in aqueous solutions, chitosan
is more suitable for industrial applications21. Whereas
chitin is a polymer of acetylamino-D-glucose units,
chitosan is less easily defined in terms of its exact
chemical composition. It usually refers to a family of
polymers that are characterized by the number of sugar
units per polymer molecule (n), which defines the
molecular weight, and the degree of deacetylation. Even
though the degree of deacetylation affects the solubility
of chitosan in aqueous solutions, the polymer is soluble
in acidic solutions and slightly soluble in weak alkaline
solutions22. Chitosan lacks irritant or allergic effects and
is biocompatible with both healthy and infected human
skin23. When chitosan was administered orally in mice,
the LD50 was found to be in excess of 16 g/kg, which is
higher than that of sucrose24. The intriguing properties of
chitosan have been known for many years and the
polymer has been used in the fields of agriculture,
industry and medicine. In agriculture, chitosan has been
described as a plant antivirus, an additive in liquid
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multicomponent fertilizers25 and it has also been
investigated as a metal-recovering agent in agriculture
and industry26. Chitosan has been noted for its
application as a film-forming agent in cosmetics27, a dyebinder for textiles, a strengthening additive in paper28
and a hypolipidic material in diets29. It has been used
extensively as a biomaterial, owing to its
immunostimulatory
activities30,
anticoagulant
properties31, antibacterial and antifungal action32 and for
its action as a promoter of wound healing in the field of
surgery33. In addition, chitosan has a variety of
promising pharmaceutical uses and is presently
considered as a novel carrier material in drug delivery
systems, as indicated by the large number of studies
published over the last few years.
ADVANTAGES WITH THE USE OF CHITOSAN
Chitosan with excellent biodegradable, biocompatible
and bioadhesive properties is a naturally occurring
polysaccharide. Due to its unique polymeric cationic
character, gel and film forming properties, chitosan has
been extensively examined in the pharmaceutical
industry for its potential use in the development of drug
delivery systems. As there is not any report on the use of
chitosan bioadhesive gels for transdermal delivery of
vaccine, the aim of this study was to design a
formulation containing chitosan for prolonged local
delivery of vaccine to the skin.
It possesses the requirements for making contact lenses,
as it has mechanical stability, sufficient optical
correction, gas permeability, wet ability and
immunological compatibility34. Chitosan has structural
characteristics similar to glycosaminoglycans, like
hyaluronic acid, that make it suitable for preparing
wound dressings and artificial skin35. It has been
demonstrated that it has wound healing properties and
has been used for the reduction of periodontal pockets in
dentistry36.37. In the food industry the production of
functional food has been studied since it can form
functional foods when it is attached to a protein via
Maillard reaction38. Chitosan has also fat binding and
hypocholesterolemic properties and is included in many
nutritional supplements that can prevent fat absorption
by the digestive tract39. It is also used for wine and juice
clarification and for making protective fruit coatings in
the food industry40. Another important application of
chitosans in industry is the development of drug delivery
systems. The use of controlled release systems has
certain advantages compared with conventional dosage
forms, as they can minimize side effects, and prolong the
efficacy of the drug. These release forms regulate the
drug release rate and can reduce the frequency of
administration of the drug, thus assuring better patient

compliance. Pulsatile delivery systems based on chitosan
have also been described, which are interesting with
regard to adjusting drug release to physiological needs of
the body, as in the case of hormone release41. The
potential of chitosan as a novel excipient which might
yet receive extensive application in pharmaceutical
products has been highlighted in several reports42, 43.
Chitosan has recently been approved by the authorities,
and a monograph relating to chitosan hydrochloride was
included in the fourth edition of the European
Pharmacopeia (2002). This chitosan salt extracted from
crustaceans’ shells must have a deacetylation degree of
70-95%, and has an added advantage compared to
chitosan base because it is soluble in water at neutral pH.
Because of its gel-forming ability in low pH range44,
chitosan has been used to prepare slow release systems.
It has been used as a pharmaceutical excipient, as a
diluent for direct compression of tablets, a binder in wet
and
filler
in
extrusion
and
granulation45
spheronization46,47.
NEW DEVELOPMENT IN TOPICAL VACCINES
The Apollo technology can successfully deliver tetanus
toxoid vaccine directly through the skin of mice, without
needles. The technology has the potential to be applied in
the delivery of influenza and measles-mumps- rubella
vaccines that are given to Australian children. Needlefree vaccines would provide a better alternative to
injections by: Removing the stress of needle –
particularly for childern; Reducing the risk and incidence
of needle-stick injuries; Reducing the cost of
immunisation as the vaccines could be delivered
conveniently and easily without medical intervention;
Being cheaper to store and easier to deploy than
injectable vaccines which require refrigeration; and
cutting re-use of needles in developing countries,
reducing the spread of disease.
CONCLUSION
The skin is a highly accessible organ and thus provides
an attractive immune environment for cost-effective,
simple, and needle-free delivery of vaccines, adjuvants,
and immunomodulators. It has been known that once
Langerhans cells in the skin are exposed to antigens, they
uptake and process antigens and traffic to draining lymph
nodes to present antigenic peptides to T cells. However,
it will be beneficial for vaccine development if
Langerhans cells behave like intestinal dendritic cells,
which can extend their dendrites to the intestinal barriers
and clean up bacteria in intestinal lumen. Although many
techniques have been developed to elicit the skin
immunity via topical vaccination, there are still
challenges for skin vaccination such as the toxicities of
adjuvants and standardization of disruption of epidermis
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structure. This review wishes to present a brief overview
of the state of drug delivery systems based on chitosan,
which has proven to be a suitable excipient for the
vaccine delivery.
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Figure 2: Skin immunity induced by topical vaccination

Figure 1: Site of topical immunization
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