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ABSTRACT

Emerging infectious diseases (EIDs) pose significant threats to global
health security, necessitating novel strategies for enhancing host defense
mechanisms. Trained immunity, a concept that describes the adaptive-like
memory of innate immune cells, has emerged as a promising avenue for
bolstering host resilience against pathogens. This review explores the
molecular and cellular basis of trained immunity, its impact on
immunological memory, and its potential applications in combating EIDs.
By examining current research and clinical implications, we highlight how
trained immunity may be leveraged for vaccine development and immune
modulation to address the challenges posed by emerging infections.

1. INTRODUCTION

The rapid emergence and re-emergence of infectious
diseases, such as SARS-CoV-2, Ebola, and Zika,
highlight the pressing need for innovative
immunological interventions. While adaptive
immunity has long been the focus of vaccine
development and immune defense, emerging
evidence suggests that innate immune cells can also
develop memory-like properties, a phenomenon
termed ‘trained immunity.” Unlike classical adaptive
immunity, trained immunity is mediated through
epigenetic and metabolic reprogramming of innate
immune cells, primarily monocytes and
macrophages, allowing for an enhanced and
prolonged immune response to subsequent
infections. This article delves into the mechanisms
underlying trained immunity, its role in host defense,
and its potential applications in preventing and
mitigating EIDs.
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2. Mechanisms Underlying Trained Immunity

Trained immunity is induced through metabolic and
epigenetic reprogramming of innate immune cells.
Stimulation by microbial ligands, such as B-glucans
and Bacillus Calmette-Guérin (BCG) vaccine
components, leads to modifications in histone
methylation and acetylation, thereby altering gene
expression profiles in monocytes and macrophages.
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o Epigenetic Modifications: Changes in histone
marks such as H3K4me3 and H3K27ac enhance
gene  accessibility, promoting  sustained
inflammatory responses.

e Metabolic Reprogramming: A shift from
oxidative phosphorylation to aerobic glycolysis
(Warburg effect) provides energy for enhanced
immune responses.

e Cytokine Modulation: Increased production of
TNF-0, IL-6, and IL-1B upon secondary
exposure to pathogens leads to heightened
antimicrobial activity.

[ ]

Mechanism Key Players Outcome
Epigenetic H3K4me3, Enhanced gene
Modifications H3K27ac, transcription for
DNMTs, TET immunity
enzymes
Metabolic mTOR, HIF-1a, Increased energy
Reprogramming AMPK, supply for
glycolysis shift immune response
Cytokine IL-1B, TNF-a, Enhanced
Modulation IL-6 pathogen
recognition and
clearance

3. Impact of Trained Immunity on Host Defense
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on Host Defense

Trained  immunity confers  broad-spectrum
resistance against various pathogens. Unlike
adaptive immunity, which is antigen-specific,

trained immunity provides cross-protection against

multiple infectious agents. This section discusses:

e Protection Against Viral Infections: BCG
vaccination has been shown to reduce the
severity of respiratory viral infections, including
SARS-CoV-2.

e Enhanced Response to Bacterial Pathogens:
B-glucan priming of monocytes enhances
antimicrobial activity against tuberculosis and
sepsis.

e Fungal and Parasitic Infections: Trained
immunity mechanisms contribute to resistance
against fungal infections such as Candida
albicans and parasitic diseases like malaria.

4. Trained Immunity in Vaccine Development

Recent advances suggest that leveraging trained
immunity could enhance vaccine efficacy. Several
experimental and clinical studies have indicated that
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non-specific immune priming can improve the

protective effects of vaccines. This section explores:

e BCG as a Model for Trained Immunity:
Evidence from epidemiological studies and
clinical trials supporting BCG's role in
heterologous protection.

e Next-Generation Vaccines: Development of
novel adjuvants targeting trained immunity
pathways.

e Challenges and Future Directions: Potential
risks of chronic inflammation and autoimmune
activation, necessitating precise
immunomodulatory approaches.

5. Clinical Implications and Future Prospects

Trained immunity holds promise for improving host

defense against EIDs, but several challenges remain

in its clinical application. This section addresses:

e Personalized Immunotherapy: Tailoring
trained immunity-based interventions based on
genetic and epigenetic profiles.

e Combination Therapies: Integrating trained
immunity enhancers with traditional antiviral
and antibacterial treatments.

e Long-Term Effects and Safety: Understanding
the persistence and regulation of trained immune
responses to minimize adverse effects.

6. CONCLUSION

Trained immunity represents a paradigm shift in our
understanding of host defense mechanisms. By
harnessing the epigenetic and metabolic plasticity of
innate immune cells, trained immunity offers a novel
approach to combating EIDs. Future research should
focus on optimizing trained immunity-based
interventions while addressing potential challenges
associated with immune hyperactivation. With
continued advancements in immunology and
vaccine technology, trained immunity may become

a cornerstone of global infectious disease
preparedness.
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