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Abstract: Trypanosomes are the extracellular protozoan parasites that cause human African trypanosomiasis 
disease in humans and nagana disease in animals. The disease is endemic in African countries where tsetse 
flies which act as a vector for the transmission of disease are present. The animals infected by these parasites 
become useless or workless and disease can become fatal if not treated. Old drugs used for treatment have 
many side effects and some are responsible for death in 5% of the patients. The parasite possesses a major 
surface protein known as variant surface glycoprotein. The immune system of the host develops antibodies 
against this antigen but due to antigenic variation, parasites evade the immune response. Currently, no vaccine 
is available that provides complete protection. Only partial protection using certain antigens in murine models 
was investigated. The tools of molecular biology and immunology have enabled a novel approach to the 
development of vaccines against trypanosomes. Immunization is the sole method for the control of disease 
because the eradication of the vector from endemic areas is an impossible task. Genetic vaccines can carry 
multiple genes encoding different antigens of the same parasite or different parasites. DNA immunization 
induces the activation of both cellular immune response and humoral immune response along with the 
generation of memory. This review highlights the importance of DNA vaccines and advances in the 
development of DNA vaccines against T. brucei. 

Keywords: DNA vaccine; delivery system; variant surface glycoprotein; nanoparticle; antigenic 
variation; endemic 

 

1. Introduction 

Trypanosomes are the causative agent of human African trypanosomiasis and nagana disease 
in animals [1-2]. Trypanosoma brucei sporadically causes disease in humans but it is the etiologic agent 
of trypanosomiasis in animals [3]. This is a vector-borne disease transmitted by the bite of a tsetse fly 
and often becomes fatal if not treated [4]. The diagnosis of the disease depends on the microscopic 
examination of a blood smear to find the extracellular flagellate protozoa in the blood of infected 
animals [5]. Old drugs are used for the therapy that also has side effects such as hypotension, 
anaphylactic shock, hypoglycemia, neurotoxic symptoms, adverse cutaneous reactions, and renal 
failure. These drugs include suramin, pentamidine, melarsoprol, eflornithine, and nifurtimox [6]. 

It is a parasitic disease and clinically characterized by two stages such as the early stage known 
as haemolymphatic infection and late stage meningoencephalatic infection [7]. It is endemic in Sub-
Saharan Africa and its control primarily depends on the prevention of tsetse fly interaction with 
animals and humans, vaccination of the susceptible hosts, and treatment of the infected individuals 
[5]. The advancement in the field of molecular biology and immunology has revealed many proteins 
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encoded by the genome of parasite and opened opportunities for the identification of target antigens 
so that a new drug or vaccine against this parasite become realistic. Trypanosoma brucei has over 800 
genes involved in the synthesis of proteins and meshed in such a way as to evade the immune 
responses of the host [8]. Trypanosomatids have an outer coating made up of variant surface 
glycoproteins (VSGs) having antigenic variation. It is known that pseudogenes and hybrid genes are 
involved in the synthesis of VSGs, where the domains of C- and N-terminals are formed by separate 
genes [9]. 

Trypanosoma brucei can evade the humoral immune response of the host by utilizing variant 
surface glycoproteins. The surface membrane of the parasite creates a physical barrier between the 
host immunity and the pathogen and protects them from the mechanism of the immune system [7]. 
Many researchers are looking to find invariable membranous proteins which can act as candidates 
for the development of vaccines or drugs. Principally the VSG is an ideal candidate for the 
development of an effective vaccine if its antigenic variation is neglected because it is highly 
immunogenic, bloodstream stage-specific, and is the surface protein of the parasite [9]. Variant 
surface glycoprotein is an immunodominant antigen that elicits both cellular immune response and 
humoral immune response. Trypanosoma brucei has extensive diversity in its genome and displays an 
adaptation and specificities of the host with huge diversity. Therefore, the development of efficacious 
vaccines against trypanosomiasis is an urgent need worldwide [10]. 

Trypanosomes can activate macrophages through their coating of lipopolysaccharide and 
Glycosylated phosphatidyl inositol (GPI) anchor. Interferon-γ facilitates the activation of these 
macrophages [11]. IFN-γ provides a signal for the growth of the parasites which are induced by T 
cells using trypanin (a microtubule-binding protein). The immune response elicited by the activation 
of T cells during infection is of helper T cell 1 or helper T cell 2 types depending on the cytokines 
produced at the inflammatory site [10]. The activation of B cells and T cells aids in controlling the 
acute infection. Tolerance of the disease occurs by the immune system during the balance between 
pro-inflammatory and anti-inflammatory production of cytokines which control the extent of 
inflammation in the host to enhance its longevity [12-13]. From the above-mentioned results, it is 
concluded that DNA immunization can stimulate both cell-mediated immunity and humoral 
immunity against parasites causing disease in animals as well as humans (Figure 1). 

 

Figure 1. Both types of immune responses induced by DNA vaccine. 

2. Is it rational to design DNA vaccines for T. brucei? 

The third generation of vaccines is the DNA or nucleic acid vaccines being evaluated against 
various parasitic diseases for their efficacy, safety, and cross-protection in animals. The development 
of third-generation vaccines offers opportunities for the prevention and control of protozoal parasitic 
diseases like trypanosomiasis [14]. This novel approach emerged a decade ago in the immunological 
prophylaxis of pathogenic diseases and trials have been conducted in laboratory animals and non-
human primates to evaluate both immune responses namely humoral and cellular immune responses 
in them [15]. In 1990, Wolff et al. demonstrated that the direct inoculation of DNA or RNA encoding 
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antigens without any delivery system could result in the expression of proteins in the myocytes of 
the murine, and this activity remained in the skeletal muscle for about 60 days post-inoculation [16]. 
Later in 1992 Tang in another study demonstrated that inducing an immune response in the host 
against foreign proteins requires the purification of proteins which is a time-consuming and labor-
intensive process. The direct injection of genetic material or plasmid encoding human growth 
hormone elicited the production of antibodies in mice [17]. Therefore, the concept of DNA vaccine 
development for the control of trypanosomiasis would revolutionize the prevention of tropical 
diseases. 

2.1. Advantages 

DNA vaccination has many beneficial features that make it attractive for the control of various 
pathogenic diseases and mass vaccination of animals. There is a chance for the reversal of virulence 
in the case of killed or live-attenuated vaccines, however, the DNA vaccines are subunit vaccines that 
diminish the reversal of virulence because the whole pathogens are not involved in the synthesis of 
vaccines [13]. The manufacturing of subunit DNA vaccines is easy, time and labor-saving when 
compared with the subunit recombinant protein vaccines. Recombinant protein subunit vaccines are 
not like each other, but all DNA vaccines have similarities with each other. The immunization of 
plasmid or nucleic acid-based vaccines induces both protective responses such as cellular immune 
response and humoral immune response [14]. The developing countries could not afford the cost 
associated with the transportation and maintenance of the cold chain, therefore DNA vaccines serve 
as the best method for this purpose [13]. Multiple antigens of the same pathogen or different 
pathogens can be incorporated into a single DNA vaccine [18]. These facts suggest the potential of 
DNA vaccine development. 

2.2. Disadvantages 

The health and safety of the animals are very important. The incorporation of the vaccinating 
DNA into the genome of the host can result in activation of the oncogenes and anti-DNA antibodies 
can destroy the foreign nucleic acid. These are the limitations of DNA vaccines but are rarely 
recognized in laboratory animals during experiments. The immunogenicity of the DNA vaccine is 
poor compared to other methods of immunization. The appropriate level of adjuvants is required to 
overcome this disadvantage [14]. For the administration of the vaccine, two routes are employed 
namely intramuscular injection of naked plasmid in murine and gene gun-mediated inoculation. The 
first approach is very effective in eliciting antibody production in laboratory animals, however, the 
results are not sufficient in humans and non-human primates [18]. The administration of inoculum 
through a gene gun showed a better immune response as compared to intramuscular injection of 
plasmid [14]. If these limitations could be removed, then DNA-based vaccines become more effective. 

3. How does the DNA vaccine work? 

The immune response shown by the organism to foreign antigens includes humoral immune 
response (production of antibodies), cytotoxic T lymphocytic response, and T helper responses (Th1 
and Th2) mediated by cytokines. Besides these, the immune response is determined by the antigen-
presenting cells (APCs) and B lymphocytes which act as detectors, B lymphocytes, and CD8+ toxic T 
cells which act as effectors, and CD4+ T cells which act as facilitators [18]. When DNA vaccine is 
introduced into the cell, polypeptides are encoded from the nucleic acid activating the local immune 
response of the host. It is different from gene therapy in which the introduction of genes into the host 
genome is desired but in DNA immunization expression of the protein is required [14]. As DNA 
vaccine is administered by either Intramuscular injection or gene gun into the skin, the expression of 
plasmid occurs in myoblast and somatic cells (fibroblast and keratinocytes) respectively. The 
expression of major histocompatibility complex class I molecules can occur at the site of inoculation 
of plasmid which activates T cells [18]. The proteins expressed by the DNA in host cells are involved 
in the activation of T cells (CD8+ and CD4+) and B cells [19]. At present, the presentation of antigens 
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by plasmid immunization involves three mechanisms such as transfection and presentation of 
expressed proteins by dendritic cells, priming by keratinocytes and myocytes, and transfection of 
somatic cells and antigen-presenting cells with the resultant protein presented to T cells by other 
APCs [20]. The cytotoxic function is performed by CD8+ T cells which act as an effector of a cell-
mediated immune response. On the other hand, CD4+ T cells are involved in the activation and 
differentiation of B cells into plasma cells which ultimately secrete antibodies and memory cells 
namely B cells [21]. Therefore, to induce complete immune protection, activation of professional 
APCs and accurate delivery of plasmid in tissue and proper cell type are necessary (Figure 2). 

 

Figure 2. Mechanism of DNA immunization in the host. 

4. Nanoparticulate and microparticulate for the delivery of DNA vaccines 

The immunogenicity of the naked DNA vaccines is poor due to cellular nuclease enzymes which 
degrade plasmids before expression. Therefore, to enhance its immunogenicity an adjuvant or proper 
delivery system is required. These microparticulate and nanoparticulate have their role in improving 
and generating immune responses [19]. The size of the particles also has a role in the transfection of 
the genes and the preferred range of size is 1 to 10 µm so that the plasmid can be easily taken up by 
the APCs over other cell types. The nanoparticle delivery system of DNA vaccine has certain 
characteristics over the microparticle delivery system such as their direct approach to lymph nodes, 
multiple routes of uptake, and more efficiency of transfection [21]. Various strategies are adopted to 
boost the potency of plasmids such as the use of genetic adjuvants, optimization of the codon, 
utilization of highly efficient promotors, intradermal delivery, and electroporation [22]. Such 
plasmids can be constructed through the same principles followed by recombinant DNA technology. 
The resultant plasmid when inoculated into animals or humans elicit an immune response [23]. The 
introduction of foreign DNA into the host mediated by nanoparticle delivery system has certain 
benefits over the traditional delivery methods such as simple and cost-effective procedure, high 
solubility, and stability, protection from degradation by cellular DNases, and promotion of 
endocytosis for cellular uptake of the genes. A nanoparticle delivery system is a controlled 
administration of antigens in terms of time at a specific site where antigens are recognized by 
professional APCs due to diffusion, dissolution of nano- or microparticles, and degradation of 
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polymers [24]. The nanoparticle structure has a resemblance to certain viruses such as adenovirus. 
Therefore, with some modifications, these viruses can serve as an ideal delivery vehicle for DNA 
vaccines [23]. The non-viral gene transfer agents include cationic polymers and cationic lipids. When 
plasmid is incorporated with lipids or polymers the resultant product becomes positively charged 
and small enough to pass the cell membrane with the interventions of receptor-mediated endocytosis. 
Chitosan is a biodegradable polymer that acts as an ideal agent for the delivery of DNA [24]. The 
types of nanoparticulate are polymers, metals, ceramics, lipid-based nanoparticles, carbon-based 
nanoparticles, semiconductors, biological molecules, and immune stimulating complexes (ISCOMs) 
with many shapes such as round, branched, or carapace-like. 

4.1. Polymeric nanoparticulate and microparticulate  

It is proved that the efficacy of DNA vaccines can be enhanced when encapsulated in micro- or 
nanoparticulate that maintains the function of plasmid and taken orally to induce both mucosal and 
systematic immune responses. Polymers are macromolecules that can encapsulate or dissolve nucleic 
acid to provide better protection from nucleases, control the release of DNA, and facilitate reaching 
a specific target cell [25]. The polymeric particle delivery system was also evaluated for gene therapy 
and tissue engineering. An example of such polymer nano- and microparticulate is polylactide-co-
glycolide (PLGA). It is used to encapsulate plasmids against parasitic infections as well as certain 
bacterial and viral infections [21]. This delivery system elicits a systemic humoral immune response. 
Cationic PLGA microparticulate loaded with DNA is involved in long-lasting immunity along with 
higher titer of antibodies and proliferation of lymphocytes [26]. Besides the benefits of polymer 
microparticles, it also has some demerits such as their large size as compared to nanoparticle upon 
degradation making the environment of the cell acidic which decrease the immunogenicity of 
plasmid and vaccine efficacy. Therefore, PLGA nanoparticles are an alternative to these PLGA 
microparticles [21]. The cationic glycol chitosan shell developed by Lee et al. (2010) can enhance the 
nucleic acid loading capacity of the delivery system along with the pH-dependent release of plasmid 
inside the cell. These nanoparticles can transfect the Langerhans cells in the dermis of the host and 
professional APCs residing in the dermis of the host. The expression of the foreign gene is increased 
in the lymph node after the migration of Langerhans cells demonstrating the capacity of the delivery 
system to activate APCs and their movement towards lymph nodes required for the stimulation of B 
and T naïve cells [27]. Chitosan is a natural polymer obtained from the chitin of insects and 
crustaceans. It is a partially deacetylated compound having a positive charge that can form 
electrostatic interaction with a negatively charged DNA phosphate group. This interaction modifies 
the complex into the nanoscale. Moreover, chitosan has an amine group that makes it suitable for a 
variety of chemical alterations required for the enhancement of the delivery of the foreign gene, its 
intracellular dissociation, and the target of the specific cell [28]. Besides the usefulness of chitosan, it 
also has low immunogenicity and transfection efficacy. Due to its high positive surface charge, it has 
limited stability in the presence of negatively charged serum proteins [21]. 

4.2. Lipid nano- and micro particulates 

Lipid-based nanoparticles provide a promising delivery system for DNA immunization. They 
provide improved delivery of plasmid to professional APCs, cellular uptake of DNA, and protection 
from cellular nuclease enzymes. An example of such a particle used for the delivery of DNA in 
humans is cationic solid lipid nanoparticulate. Along with protection, it also provides control release 
of DNA inside the cell. The manufacturing of this nanoparticle is easy, and it offers limited or no 
toxicity [29]. Cationic lipids are used for the delivery of non-viral genes such as parasitic genes. This 
delivery platform can control the size of liposomes and is involved in the activation of protein 
recognition receptors; and innate immune receptors [30]. 

4.3. Inorganic nanoparticulate 
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The scientist also investigated the inorganic material that can be used as a delivery platform for 
genes like DNA or RNA immunization, gene therapy, drug delivery, vaccine adjuvants, and tissue 
engineering. As organic particles have many advantages, similarly inorganic particles also have 
certain advantages such as the chances of microbial infection for these inorganic particles are 
minimal, cheap to prepare, manufacturing is easy, and have good storage capacity [23]. They can be 
manufactured in a variety of small-sized, and offer a larger surface area to incorporate DNA or 
plasmid. Currently, examples of such inorganic particles that are used for the delivery of antigens 
include silver, gold, and magnetic nanoparticles. Gold has also proved to have anti-cancer properties 
[31]. The lamina propria of the intestine contains many APCs, macrophages, and dendritic cells. 
Therefore, the administration of DNA vaccine through an oral route encapsulated with metal 
nanoparticles provides good local and systemic immunity. These APCs activate both B-cells and T-
cells [21]. 

5. Advancement in the development of anti-Trypanosoma brucei DNA-based vaccines 

Researchers have demonstrated the importance of DNA vaccines for the prevention of protozoal 
diseases like trypanosomiasis (Table 1). The complete mechanism of the DNA vaccine still needs to 
be investigated. However, how DNA vaccines provoke an immune response is discussed above. 
Based on the strategy that DNA vaccine induces protection. Lanca et al. (2011) conducted research in 
which they studied the immunization provided by the genes encoding trans-sialidase. It could induce 
the production of anti-T. brucei antibodies and provide partial protection against this parasitic 
infection. They also studied the immunogenic role of invariant surface glycoprotein (ISG). Plasmid 
DNA (ISGpVAX1) encodes ISG and can be a promising candidate for the development of vaccines 
due to its high immunogenicity. Th1 like IgG2a antibodies produced by the expression of these genes 
gives partial protection in mice [7]. Silva et al. (2009) studied the humoral immune response induced 
by DNA immunization in murine. T. brucei trans-sialidase (TbTSA) is expressed only on the surface 
of the parasite’s procyclic form. Plasmid (nTSApVAX1) encodes amino acids and catalytic domains 
of TbTSA when inoculated resulting in the production of IgG antibodies against T. brucei. Thus, it 
showed that a humoral immune response was induced by this antigen, and it provided partial 
protection of up to 60% when compared with the control group [32]. 

Table 1. Studies conducted for the evaluation of DNA-based vaccines against T. brucei. 

Candidate antigen Strain Extraction site Host Effect Reference 

Metacyclic invariant 
surface proteins 

Trypanosoma brucei 

brucei strain AnTat 
1.1 90:13 

T. brucei-infected 
tsetse saliva 

BALB/c 6–8 weeks 
old female mice 

May act as a 
transmission 

blocking vaccine 
target 

[2] 

DNA encoding trans-
sialidase 5′-terminal 

region 

T. brucei brucei 
GVR 35/1.5 

Genome BALB-c mice 

IgG antibodies were 
produced and 
provided 60% 
protection in 

challenged mice 

[32] 

DNA encoding 
invariant surface 

glycoprotein specific 
for bloodstream stage 

T. b. brucei GVR 
35/1.5 

Genome Balb/C mice 

Anti-trypanosoma 
IgG antibodies were 
produced suggesting 
T helper cell type 1 

response (Th1) 

[7] 

T. brucei DNA - 
Trypomastigotes were 

isolated from rats 
Cattle 

macrophages 

Promotes B-
lymphocyte 
proliferation 

[33] 

Variant surface 
glycoprotein 

In silico study 

Immunogenic [10] 

Proteins harboring 
transmembrane 

helices 

May stimulate 
cellular and humoral 
immune responses 

[35] 
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Shoda et al. (2001) studied the activation of macrophages by DNA encoding a specific antigen 
of T. brucei. Interestingly, DNA was involved in the stimulation of B-lymphocyte proliferation and 
activation of macrophages resulting in the production of interleukin-12, tumor necrosis factor-alpha, 
and nitric oxide. The stimulation of the immune response is dependent on the unmethylated cytosine-
guanine dinucleotide (CpG). This unmethylated CpG-dependent mechanism of stimulation of B-
lymphocytes and macrophages by parasitic DNA provides the mechanism of innate immune 
response to control the parasitic infection through the development of a vaccine based on this 
mechanism [33]. The other genetic-based vaccine includes the genes encoding thiol-specific 
antioxidants and provides partial protection against T. brucei infection [34]. 

6. Conclusion and future perspectives 

For the control of pathogenic diseases, vaccines are the most effective tool. DNA-based vaccines 
are a novel approach for the control of infection caused by T. brucei and they provide long-lasting 
immunity as well as elicit both cell-mediated immune response and humoral immune response that 
distinguish them from the conventional method of immunization [10,35]. Epitopes derived from the 
protein of parasites could serve as the best candidate for the development of the vaccine. The 
attachment of these epitopes with the major histocompatibility complex (MHC) protein is necessary 
for the stimulation of the immune response. Antigens derived from the VSGs are no longer effective 
for inducing a protective immune response due to the ability of the parasite to make an antigenic 
variation. But invariant surface glycoprotein derived from the bloodstream stage of the parasite was 
evaluated to provide partial protection against the lethal dose of the parasite [2,7]. During infection, 
the extracellular protozoa are continuously eliminated from the bloodstream of the host by the 
immune system through IgG anti-T. brucei antibodies and other immune cells. These antibodies are 
produced against VSG which is not constant and change over time. This mechanism of the parasite 
to evade the immune system of the host is the major obstacle to the development of a vaccine that 
also provides memory. The solution for the prevention of T. brucie infection is only the development 
of a new DNA-based vaccine effective against all different VSGs variants of the parasite. The plasmid 
encoding ISG (the second most abundant protein on the surface of parasites), and tubulin could be 
potential candidates for the development of novel vaccines against trypanosomes [34-35] 

The expression of DNA in cells of the host is limited due to the presence of cellular nucleases 
that degrade the DNA and decrease the expression of antigens. Therefore, the use of a delivery system 
not only provides protection from these enzymes but also enhances the immunogenicity of the 
vaccine and targets professional APCs [36]. The advancement in nanotechnology has provided such 
particles that are effectively used for the delivery of antigens via various routes. From the above 
discussion, we have concluded that only T. brucie is very sharp in changing its antigens so the 
identification of a new target that is equally effective against all variants of this parasite is necessary. 
The third-generation vaccine (DNA vaccine) can carry multiple antigens against the same pathogen 
and can be promising in the control of parasitic infection. The nanoparticles and microparticles have 
a role in generating the immune response. 
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