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a  b  s  t  r  a  c  t

Given  that  most  pathogens  enter  the  body  at mucosal  surfaces  for infection  and  mucosal  immune
responses  act  as the  first  line  of  defense  against  the  invading  pathogens,  mucosal  vaccination  is  the  most
effective  method  to prevent  infectious  diseases.  However,  the development  of  mucosal  vaccines  requires
an efficient  antigen  delivery  system  which  should  protect the  antigens  from  physical  elimination  and
enzymatic  degradation,  target  mucosal  inductive  sites,  and  appropriately  stimulate  the  mucosal  and
systemic  immunity.  Accordingly,  polymeric  particles  have  garnered  much  attention  because  the  physic-
ochemical  properties  of polymers  can  be adjusted  to resolve  the  issues  associated  with  mucosal  vaccine
delivery.  Particularly,  chitosan-based  polymeric  carriers  are the  most  promising  vehicles  for  mucosal
vaccine  delivery  because  chitosan  is biodegradable,  biocompatible  and  mucoadhesive  in  nature.  Simi-
larly, chitosan  can be  modified  with  chemical  and  biological  molecules  to develop  delivery  carriers  for
controlled  or  targeted  therapy.  Moreover,  they  can  be converted  to  various  formulations,  such  as  solid,
liquid  and  gel,  with  a wide  range  of particle  sizes.  In this  review,  we highlight  and  discuss  advances  in
the  development  of chitosan-based  particulate  systems,  specifically  for  the  delivery  of mucosal  vaccines
against  infections.

© 2017  Elsevier  B.V.  All  rights  reserved.
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1. Introduction

Mucosal surfaces (nasal, respiratory, oropharyngeal, gastroin-
testinal and urinogenital) are the most common routes of entry
of many pathogens (viruses and bacteria) for infection. It is now
increasingly evident that local mucosal immune responses play
a pivotal role in protecting against these invaders. Vaccination
is the simple way of boosting the immunity to fight off the
infections. Unlike parenteral vaccination, mucosal vaccination not
only provides humoral and cell-mediated immune protection at
mucosal sites but also confers systemic immunity [1]. Besides,
mucosal vaccines have garnered much attention due to their ease
of administration, high patient compliance and feasibility of mass
vaccination.

Although several mucosal routes (nasal, pulmonary, oral, vagi-
nal and rectal) are available for vaccine administration, the nasal
and oral routes are more effective to induce immunity at distant
mucosal sites in addition to the local site of vaccine delivery [2,3].
However, both routes of vaccine delivery have their own pros and
cons. While oral route has the largest mucosal surface area and
specialized epithelial cells termed microfold cells (M cells) for the
higher possibility of antigen uptake, the route is compromised by
harsh gastric pH and enzymes for antigen degradation thereby
necessitating protective formulations to overcome the barriers of
the oral delivery route. On contrary to oral route, antigens deliv-
ered through nasal route do not confront with pH and enzyme
barriers requiring only a low dose of antigen for delivery. How-
ever, vaccine delivery through nasal route is compromised by rapid
mucociliary clearance, inefficient antigen uptake, and poor patient
acceptability.

A number of formulations have been developed to improve the
efficacy of mucosal delivery. These formulations, usually prepared
from polymers, are in use as delivery systems because they pro-
tect the antigens from degradation, increase the residence time of
antigens at mucosal surfaces, release the antigens at specific sites
and target M cells to enter into immune compartments. Although a
vast array of polymers, both natural and synthetic, have been rec-
ognized for their potential to deliver mucosal vaccines efficiently,
chitosan holds a special position due to its unique properties. Chi-
tosan is a natural polysaccharide and hence it is biodegradable
and biocompatible. It is cationic, non-toxic and mucoadhesive in
nature. Chitosan can be modified with chemical and/or biological
molecules and they can be converted to various formulations, such
as solid, liquid and gel, with a wide range of particle sizes.

2. Mucosal immunity

Mucosal surfaces represent a major portal of entry for many
pathogens and the immunological activity occurred at these sur-
faces by mucosal immune system plays a key role, as the first line
of defense, to protect these surfaces from the external invaders.
The mucosal immune system consists of an integrated network
of tissues, lymphoid and constitutive cells, and effector molecules
(antibodies, cytokines, and chemokines) [4]. These factors respond
to pathogens (or mucosal vaccines) through a complex orchestra-
tion of cellular processes stimulating innate and adaptive immune
responses to confer protection (Fig. 1).

Mucosal immune responses are initiated in organized mucosa-
associated lymphoid tissues (MALT), namely gut-associated

lymphoid tissue (GALT) or Peyer’s patches in the small intestine and
bronchus-associated lymphoid tissues (BALT) in respiratory tracts.
The MALT is a highly compartmentalized immunological system
that functions independently from the systemic immune system,
and it consists of large populations of antigen presenting cells (den-
dritic cells, T lymphocytes) and plasma cells (B lymphocytes). In
the presence of signals, antigen-specific antibodies produced by
the plasma cells are secreted to mucosal surfaces as secretory IgA
(sIgA) which can bind, neutralize and eliminate the pathogens from
the body. As sIgA is the very first line of defense against the invad-
ing pathogens, induction of potent IgA responses is a pre-requisite
for successful mucosal vaccination.

Above all, the critical barrier to successful antigen delivery is
to pass pathogens or antigens from mucosal tissues to immune
compartments through M cells. The M cells are specialized epithe-
lial cells, specifically located on the follicle-associated epithelium
(FAE) in mucosal tissues, that capture and transport foreign parti-
cles across the epithelial barrier to underlying lymphoid cells [5].
The transcytosed particles are then passed either to B cells to acti-
vate the secretion of sIgA (mucosal response) or to dendritic cells
which present antigens to T cells to initiate the production of IgG
(humoral response). Hence, considering the key role of M cells
in antigen delivery across the epithelial barrier, M cells are the
most amenable targets for antigen delivery in the mucosal route
to induce mucosal immunity.

3. Mucosal vaccine delivery by particulate systems

The use of polymers as carrier systems has flourished in mucosal
vaccine delivery as they offer an advantage of delivering antigens
to a specific target site. The other benefit of polymeric carrier sys-
tems is the way  they control the release of antigens, slow or burst,
from their grip in the mucosal sites. In the case of oral delivery, the
antigens should be protected from harsh gastric pH, bile juices and
digestive enzymes in the gastrointestinal (GI) tract. To overcome
these barriers in GI tract, the encapsulation of antigens in polymeric
particulates such as microparticles and nanoparticles has emerged
as a promising approach for mucosal delivery [6,7]. The choice of
polymeric particulate systems for antigen delivery arises from their
ease of modifications to tune up physicochemical properties such
as surface charge, hydrodynamic size, and solubility of the parti-
cles. Besides, polymeric particles have the capability to enhance
the immune responses to mucosally delivered antigens. In many
cases, particulate antigens have greater access to immune com-
partments in MALT through M cells compared to soluble antigens
[6]. Additionally, particulate antigens also find their way through
paracellular route to enter to underlying lymphoid cells from FAE
in mucosal tissues [8].

Naturally, innate immune system interacts with invad-
ing pathogens through a ligand-receptor interaction between
pathogen associated molecular patterns (PAMPs) of pathogens [9]
and pattern recognition receptors (PRRs) of the cells of immune
system [10]. Various cells, including neutrophils, macrophages and
dendritic cells express PRRs on their cell surfaces which recognize
a pathogen as an extracellular particulate antigen. Upon detec-
tion of PAMPs on pathogens, PRRs trigger inflammatory responses
that not only destroy the invading pathogens but also activate the
adaptive immune system. In the same way, polymeric particles
with antigens mimic natural pathogens and efficiently present to
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