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Abstract— Although vaccination is still the most cost-effective
strategy for tuberculosis control, there is an urgent need for an
improved vaccine. Current BCG vaccine lacks efficacy in
preventing adult pulmonary tuberculosis, the most prevalent
form of the disease. Targeting nasal mucosa, Mycobacterium
tuberculosis infection site, will allow a simpler, less prone to risk
of infection and more effective immunization against disease. Due
to its biodegradable, immunogenic and mucoadhesive properties,
chitosan particulate delivery systems can act both as carrier and
as adjuvant, improving the elicited immune response. In this
study, BCG was encapsulated in alginate and chitosan
microparticles, via a mild ionotropic gelation procedure with
sodium tripolyphosphate as a counterion. The particulate system
developed shows effective modulation of BCG surface
physicochemical properties, suitable for mucosal immunization.
Intracellular uptake was confirmed by effective transfection of
human macrophage cell lines.

Index Terms— BCG, microencapsulation, chitosan, mucosal
immunization

1. INTRODUCTION

Tuberculosis remains the leading cause of death from
infectious diseases throughout the world, killing an estimated
1.9 million people every year. The only available vaccine - the
attenuated Mycobacterium bovis Bacillus Calmette-Guerin
(BCG) lacks efficacy in preventing adult pulmonary
tuberculosis, the most prevalent form of the disease. Also, there
is the risk of infection from HIV, hepatitis, and other serious
diseases due to unsterilized needles during subcutaneous
administration. [1]

Mycobacterium tuberculosis is usually transmitted via
aerosols and establishes itself in the lungs. Thus, mucosal
vaccination at this site can help to prevent pathogen entry and
infection [2]. A vaccine with an appropriate adjuvant can
induce both mucosal and systemic immune responses,
preventing not only infectious disease but also colonization of
mucosal surfaces [3].

Biodegradable particulate delivery systems have been
successfully used in recent vaccine development. Not only
particles present adjuvant properties, favoring antigen uptake
by antigen presenting cells such as macrophages, they also act

as antigen depot, increasing the immune response at the target
site. Particle features, such as size and composition, can direct
a different pattern of MHC presentation and acquired
immunity, thus, improving the immune response [4-6]. The
encapsulation of live attenuated BCG for storage extension has
already been described [7], and mucosal delivery systems
designed to enhance the immune response following mucosal
immunization have been evaluated for efficacy in tuberculosis
vaccines [8].

II.  GOALS

In this work we developed a cell-based particulate delivery
system, using alginate-chitosan microparticles to encapsulate
monodisperse BCG. The cell viability under different
conditions was evaluated. The capacity to transfect human
macrophage cell lines was also studied.

III.  MATERIALS AND METHODS

A.  Materials

Chitosan of different molecular weight (low molecular
weight (CH-LMW, 150 kDa); medium molecular weight
(CHMMW), MW = 450 kDa) and high molecular weight 600
kDa (CH-HMW), sodium alginate with different viscosities
and TPP were obtained from Sigma Aldrich, UK. BCG strains
(Pasteur and GFP) were kindly supplied by Prof. Elsa Anes
(FFUL). All cell culture reagents were from Invitrogen, UK.

B.  Microparticles Preparation

Alginate-chitosan microparticles containing whole
live attenuated BCG were formulated avoiding solvents, high
shear stress and high temperature. Microparticle formation
was carried out via ionotropic gelation with sodium
tripolyphosphate (TPP) [9]. Briefly, 2.0 mL of 0.1% TPP was
added to 5.0 mL of 0.1% Chitosan containing different
amounts of sodium alginate in water. The particles with BCG
were prepared by adding different amounts of BCG to the
solution of TPP containing chitosan and then alginate was
added to this solution with agitation.



C. Characterization of Alginate/Chitosan microparticles

The microparticles were assessed according to size
distribution and surface charge (zeta potential) by dynamic
light scattering and electrophoretic mobility, respectively
(Malvern Instruments, UK). For particle size analysis, each
sample was diluted to the appropriate concentration with
filtered purified water. Each analysis was carried out in
triplicate at 25°C. For the determination of the electrophoretic
mobility, samples were diluted with filtered purified water to
an appropriate concentration to yield count rate per second
(KCps) in the appropriate range. All measurements were
performed in triplicate.

D. Human Macrophages Cell Lines

Different mycobacteria strains (M. bovis BCG and
recombinant M. bovis BCG expressing Green Fluorescent
Protein (GFP)) were tested in human macrophages THPI1.
Following the trypan blue exclusion method, macrophage live
cells were differentiated with retinoic acid and maintained in
Roswell Park Memorial Institute 1640 medium supplemented
with 10% foetal bovine serum, 100-units/ml penicillin, 100-
pg/ml  streptomycin  and L-glutamine, in humidified
atmosphere of 5% CO, at 37°C. BCG-beads intracellular
uptake was monitored after infection of THP-1 cells, following
colony- forming units (cfu).

E. Cell Viability and Citotoxicity Assays

BCG surface charge was modulated either through direct
ressuspension in  biocompatible media (0,9%NaCl /
0,025%CS), or via encapsulation in ALG/CS-TPP
microparticles (M13 / H13). A micro colony-forming units
assay was used during procedures, by counting bacteria able to
produce colonies in a solid agar Middlebrook 7H10 medium
supplemented with OADC, widely used to cultivate and access
the CFUs in the specific case of fastidious slow growing
mycobacteria such as M. Bovis [10].

Cell viability of BCG-beads in suspension was monitored
through an assay using THP-1 cell line. A viability assay was
performed using the common propidium iodide PI/SYBR 14
assay to assess viability of THP-1 cells in the presence of
Alg:CS microparticles. Cells were incubated at 37°C for 72h.

>

IV. RESULTS AND DISCUSSION

A. Microparticles Preparation and Characterization

Alginate was found to be a stabilizing agent to the
produced microparticles under the used conditions. The size
range was 12.5-16.3 um (Fig. 1) and zeta potential varied
from -14.9 to -49.8 mV for microparticles produced with low
or medium viscosity alginate:low or medium molecular weight
Chitosan:TPP (w:w:w) from 0.8:1:0.4 to 1:1:0.4.

The micrographs shown in Fig. 2 indicate the
microparticles have a spherical shape and form homogeneous

populations, which is consistent with previous described
systems. No significant difference is observed for
microparticles with and without encapsulated BCG.

ALG:CS:TPP ratio Size distribution (um)

(w:w:w) d(0,1) d (0,5) d (0,9) Span *
1:1:0.4 5.450 12.520 28.047 1.805
0.8:1:0.4 6,430 16,322 38,368 1,957

* Span =[d(0,9)-d(0,1)] /d (0,5)

Fig. 1 - Mean Particle size of Alg/CS-TPP microparticles
prepared with different proportions of alginate of Low and
Medium viscosity and chitosan of Low and Medium
Molecular weight (mean + sd; n=3).

Fig. 2 - Contrast microphotographs showing alginate—chitosan
microparticles (Alg/CS (w:w) 0.8:1).

B.  Cell viability and Cell transfection

Microparticles containing encapsulated BCG were able to
transfect THP-1 macrophage cell lines (Fig. 3). Cell viability
measured by MTT reduction assay show that both
microparticles with encapsulated BCG and BCG only,
modulated by Nacl 0.9% or chitosan, present low toxicity
levels (Fig.4), which is in agreement with the biocompatibility
of the two polymers.



Fig. 3 - Fluorescence micrographs showing the intracellular
uptake of particulated or modulated BCG-GFP. Blue: DAPI;
Red: Lysotrack™; Green: GFP (Green fluorescence protein).
Multiplicity of Infection: MOI = n BCG-GFP cells /n THP-1
cells. A- M13 BCG (MOI of 1); B- 0,9%NaCl BCG (MOI of
1); C- 0,025%CS BCG (MOI of 10); D- 0,025%CS BCG
(MOI of 10); E- 0,9%NaCl BCG (MOI of 10).
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Fig. 4 — Cell viability of THP-1 cells transfected with Alg:CS
microparticles of different proportions (w:w) containing
encapsulated or modulated BCG-GFP, for several tested
concentrations.

V. CONCLUSIONS

Present work proposes a new strategy with particulate
delivery systems to design an improved anti-TB vaccine,
capable of elicit a strong pulmonary mucosal response and to
induce protective cell-mediated immunity, in a more stable
and long-lasting formulation.

Preliminary results showed to be possible to modulate
the surface physicochemical properties of BCG through
coating/encapsulation of whole mycobacteria in suitable
polymeric particulate carriers with immunological adjuvant
properties.

VI. PLANNED DEVELOPMENTS

Current work includes evaluation of the intracellular
traffic of these beads to the phagolysosome compartment. Next
steps will be the assessment of cell viability and formulation
stability after freeze-drying and further testing of the
innovative formulation as potential vaccine in mice, through a
mycobacterial growth inhibition in vitro assay.
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