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ABSTRACT

The global rise of multidrug-resistant (MDR) bacterial infections poses a
critical threat to public health, necessitating innovative therapeutic
approaches beyond conventional antibiotics. Host-directed therapies
(HDTs) represent an emerging strategy that leverages the host immune
system to enhance pathogen clearance while circumventing bacterial
resistance mechanisms. This review explores the molecular basis of HDTs,
their mechanisms of action, and their potential clinical applications. By
modulating immune pathways, HDTs offer a promising adjunct to
antibiotic therapy, reducing reliance on traditional antimicrobials and
mitigating resistance development. We discuss key immunomodulatory
strategies, including autophagy induction, immune checkpoint inhibition,
and cytokine therapy, alongside challenges and future directions in HDT
research and clinical translation.

1. INTRODUCTION

Multidrug-resistant ~ bacterial infections have
emerged as one of the greatest challenges in modern
medicine, driven by excessive antibiotic use and the
rapid evolution of resistance mechanisms.
Traditional antibiotic discovery has struggled to
keep pace with bacterial adaptation, necessitating
alternative approaches. Host-directed therapies
(HDTs) provide an innovative solution by targeting
the host’s immune response rather than the pathogen
itself. This strategy enhances immune-mediated
bacterial clearance, reduces pathogen fitness, and
minimizes the selective pressure for resistance. This
section introduces the principles of HDTs and their
significance in combating MDR bacterial infections.

2. Mechanisms of Host-Directed Therapies

HDTs operate by modulating host pathways to
enhance antimicrobial defense while avoiding
bacterial ~resistance mechanisms. The key
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e Autophagy Activation: Enhancing autophagic
pathways to degrade intracellular bacteria.

e Immune Checkpoint Modulation: Inhibiting
negative immune regulators such as PD-1/PD-
L1 to enhance immune activation.

e Cytokine Therapy: Utilizing pro-inflammatory
and anti-inflammatory cytokines to balance
immune responses.
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o Iron Sequestration: Restricting bacterial access
to iron to limit growth and virulence.
e Microbiome Modulation: Enhancing gut

microbiota  composition to  outcompete
pathogenic bacteria.
HDT Key Targets Therapeutic
Mechanism Potential
Autophagy mTOR, Degradation of
Activation Beclin-1, LC3 intracellular
pathogens
Checkpoint PD-1, PD-L1, Enhancing T-cell
Inhibition CTLA-4 responses
Cytokine IFN-y, IL-10, Modulating immune
Therapy TNF-a activation
Iron Hepcidin, Restricting bacterial
Sequestration Ferroportin iron availability
Microbiome Probiotics, Enhancing gut
Modulation SCFAs immunity

3. Autophagy and Intracellular
Clearance

Autophagy, a cellular degradation pathway, plays a
crucial role in eliminating intracellular bacterial
pathogens. Several studies have demonstrated that
enhancing autophagy can improve host defenses
against MDR bacteria such as Mycobacterium
tuberculosis and Salmonella enterica. Small-
molecule autophagy inducers, including rapamycin
and resveratrol, have shown promising antimicrobial

Pathogen

effects. This section examines the molecular
mechanisms linking autophagy activation to
bacterial clearance and potential therapeutic
interventions.

4. Immune Checkpoint Inhibitors in Bacterial
Infections

Immune checkpoint molecules such as PD-1 and
CTLA-4 act as brakes on the immune system,
preventing excessive inflammation but also
contributing to immune evasion by pathogens.
Recent studies suggest that checkpoint inhibitors,
initially developed for cancer immunotherapy, may
enhance host defenses against MDR bacteria. This
section explores preclinical and clinical evidence
supporting immune checkpoint blockade as an HDT
strategy.

5. Cytokine-Based Immunotherapy

Cytokines play a pivotal role in orchestrating
immune responses against bacterial infections.
Interferon-gamma (IFN-y) has been shown to
enhance macrophage activation and bacterial
clearance, while IL-10 modulation can prevent
immune suppression. However, cytokine therapy
carries risks of excessive inflammation and immune
dysregulation. This section discusses potential
cytokine-based interventions and their therapeutic
challenges.
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6. Iron Sequestration as an Antibacterial
Strategy

Iron is an essential nutrient for bacterial growth and
virulence. Host cells employ iron-sequestering
mechanisms to limit bacterial access to this critical
resource. Hepcidin, a regulatory peptide, plays a key
role in controlling iron homeostasis and restricting
bacterial proliferation. This section examines how
iron-sequestering strategies can be harnessed for
HDTs and their implications in managing MDR
bacterial infections.

7. Modulation of the Gut Microbiome
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The gut microbiota plays a crucial role in host
defense by outcompeting pathogenic bacteria and
regulating immune responses. Strategies to enhance
beneficial  microbiota, including  probiotic
supplementation and fecal microbiota
transplantation (FMT), have shown promise in
reducing MDR bacterial colonization. This section
reviews recent advancements in microbiome-based
HDTs and their clinical relevance.

8. Clinical Implications and Future Perspectives
HDTs offer a promising adjunct to conventional
antibiotics, but several challenges remain in their
clinical translation. The risks of immune
hyperactivation, patient-specific variability, and
regulatory hurdles must be addressed to optimize
HDT applications. This section discusses potential
combination therapies, personalized medicine
approaches, and future research directions to refine
HDTs for broader clinical use.

9. CONCLUSION

Host-directed therapies (HDTs) offer a promising
alternative in the fight against multidrug-resistant
(MDR) bacterial infections by targeting host
pathways rather than directly attacking pathogens.
Unlike conventional antibiotics, which exert
selective pressure leading to resistance, HDTs
enhance the host’s immune response, making it more
effective in eliminating bacterial infections. These
therapies can involve boosting immune cell activity,
modulating inflammatory responses, or disrupting
bacterial ~survival mechanisms within  host
cells.HDTs have shown potential in infections like
tuberculosis, where host-targeted interventions can
enhance macrophage function and restrict bacterial
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persistence. Additionally, strategies such as
repurposing immunomodulatory drugs or leveraging
metabolic reprogramming are being explored to
optimize treatment outcomes.However, translating
HDTs into clinical practice requires a deeper
understanding of host-pathogen interactions, careful
selection of therapeutic targets, and rigorous clinical
validation. Future research should focus on refining
HDT approaches, improving safety profiles, and
integrating them with existing antimicrobial
therapies to develop a holistic strategy against MDR
infections.
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