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Abstract
Vaccines are widely regarded as one of the greatest achievements of modern medicine. By

substantially reducing the burden of infectious diseases, they have dramatically improved global public
health and life expectancy. Vaccination has successfully controlled or eliminated many life-threatening
diseases, including smallpox, plague, poliomyelitis, and tetanus. However, effective vaccines remain
unavailable for several diseases in which protection depends predominantly on cell-mediated immunity
rather than humoral immune responses. Third-generation vaccines, also known as DNA vaccines,
represent a major advance in vaccine technology because they are capable of inducing robust cellular
immune responses and offer several advantages over conventional vaccine platforms. Nevertheless, no
DNA vaccine has yet been approved for the prevention of human infectious diseases. One of the major
limitations is the presence of prokaryotic sequences within conventional plasmid DNA vectors. These
bacterial elements are required during plasmid construction and propagation but serve no functional
purpose once the vector is delivered into human cells. Moreover, they raise safety concerns, including the
potential spread of antibiotic resistance genes. Fortunately, advances in molecular biotechnology have led
to the development of next-generation DNA vectors designed to overcome these limitations. This review
summarizes these emerging vector platforms and the mechanisms by which they function. Replacing
conventional plasmid vectors with these next-generation systems may facilitate the development of
effective DNA vaccines against diseases that require strong cell-mediated immunity, such as
leishmaniasis. Furthermore, these advanced plasmid platforms have the potential to enhance not only
DNA vaccine efficacy but also other applications of molecular medicine, including gene therapy, genome
editing, and immunotherapy.
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