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DESCRIPTION

Tuberculosis (TB) remains a global health threat, with an
estimated 10 million new cases and 1.4 million deaths annually.
Despite significant advancements in diagnosis and treatment,
the burden of TB persists, underscoring the urgent need for
preventive interventions. Vaccines represent a powerful tool in
the fight TB,
transmission, prevent disease progression, and ultimately curb
the TB epidemic. In this article, we explore the history of TB
the

advances, and the promising prospects on the horizon.
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Historical perspective

The quest for a TB vaccine dates back over a century, with the
landmark discovery of Bacille Calmette-Guérin (BCG) in 1921.
Developed from a strain of Mycobacterium bovis, BCG is the only
licensed TB vaccine currently available and remains the most
widely used vaccine in the world. While BCG has demonstrated
efficacy in protecting against severe forms of childhood TB, its
variable efficacy against pulmonary TB in adults and adolescents
has limited its impact on the overall TB burden. Moreover,
BCG's efficacy wanes over time, necessitating the exploration of
novel vaccine candidates and strategies.

Challenges in vaccine development

formidable

challenges due to the complex biology of Mycobacterium

Developing an effective TB vaccine presents
tuberculosis and the host immune response. M. tuberculosis
employs an array of immune evasion strategies, including
inhibition of phagosome maturation, modulation of host
cytokine responses, and establishment of latent infection.
Additionally, the heterogeneity of TB disease manifestations,
ranging from asymptomatic latent infection to active pulmonary
TB, poses challenges in defining correlates of protection and
assessing vaccine efficacy. Furthermore, the lack of robust animal
models and predictive biomarkers hinders the preclinical
evaluation of vaccine candidates and clinical trial design.

TB vaccine research

Despite these challenges, recent years have witnessed significant
progress in TB with bright
candidates advancing through preclinical clinical

vaccine research, several
and
development stages. Subunit vaccines, based on recombinant
antigens or viral vectors expressing TB antigens, have shown
inducing protective immune responses in

One M72/ASO1E,

demonstrated modest efficacy in preventing TB disease in a

potential for

preclinical  studies. such  candidate,
phase 2b trial among adults with latent TB infection, offering
hope for future vaccine development efforts. Other vaccine
platforms, including live attenuated strains and mRNA vaccines,
are also under investigation for their potential in TB prevention

and control.
Novel vaccine technologies

Advances in vaccine technologies, such as adjuvants, delivery
systems, and immunomodulatory agents, hold commitment for
enhancing the immunogenicity and efficacy of TB vaccines.
Adjuvants, such as the ASO1E adjuvant system used in the M72/
ASO1E vaccine, can stimulate robust immune responses and
improve vaccine efficacy. Novel delivery systems, such as
nanoparticles and micro needle patches, offer targeted delivery of
vaccine antigens and enhanced mucosal immunity. Additionally,
immunomodulatory agents, such as toll-like receptor agonists and
cytokine adjuvants, can augment host immune responses and
improve vaccine-induced protection against TB.

Challenges in vaccine implementation

While the development of new TB vaccines is essential, their
successful implementation faces several challenges, including
regulatory approval, vaccine delivery, and resource constraints.
Regulatory pathways for TB vaccines are complex and require
robust safety and efficacy data from clinical trials, adding time
and costs to the vaccine development process. Vaccine delivery
in TB-endemic regions poses logistical challenges, particularly in
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remote and underserved communities with limited healthcare
infrastructure. Moreover, funding constraints and competing
health priorities may limit the availability of TB vaccines in
resource-limited settings, highlighting the importance of global
investment and collaboration in TB vaccine research and
development.

Despite these challenges, the outlook for TB wvaccines is
encouraged, with a robust pipeline of candidates and innovative
approaches driving progress in the field. Collaborative efforts
between researchers, policymakers, funders, and communities
are essential for advancing TB wvaccine development and
ensuring equitable access to new vaccines once they become
available. Moreover, integration of TB
comprehensive TB control strategies, including early diagnosis,

vaccines  into
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treatment, and infection control measures, will be critical for
maximizing their impact and accelerating progress towards TB
elimination goals.

CONCLUSION

Vaccines have the potential to play a transformative role in the
global effort to end the TB epidemic. While significant
challenges remain, recent advances in TB vaccine research offer
hope for the development of safer, more efficacious vaccines
capable of preventing TB transmission, reducing disease burden,
and ultimately achieving the goal of TB elimination. By
harnessing the power of vaccines and leveraging innovative
technologies and collaborative partnerships, we can realize the
vision of a world free from the scourge of tuberculosis.
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