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ABSTRACT 

Extracellular vesicles (EVs), including exosomes, have emerged as critical 

mediators of microbial communication and immune modulation. 

Microorganisms secrete EVs containing proteins, nucleic acids, and lipids 

that facilitate intercellular signaling, virulence factor delivery, and 

modulation of host immune responses. This review examines the biogenesis, 

composition, and functional roles of microbial EVs, highlighting their impact 

on pathogenesis and host defense. Mechanisms of immune evasion, activation 

of innate and adaptive immunity, and modulation of cytokine production by 

EVs are discussed. Tables summarize EV types, their contents, and effects on 

microbial communication and immune modulation. Understanding EV-

mediated interactions provides insights into therapeutic strategies, biomarker 

discovery, and vaccine development. Challenges in EV isolation, 

standardization, and translational applications are also outlined. 
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INTRODUCTION 

Extracellular vesicles (EVs) are lipid-bound vesicles released by cells, including bacteria, 

fungi, and mammalian cells, that play crucial roles in intercellular communication. Microbial 

EVs carry diverse molecular cargo such as proteins, RNAs, lipids, and virulence factors, 

influencing both microbial communities and host immune responses. EVs can mediate 

horizontal gene transfer, biofilm formation, and modulation of immune signaling, 

contributing to pathogen survival and virulence. In host organisms, EVs derived from 

microbes can trigger or suppress immune responses, highlighting their dual role in 

pathogenesis and immune regulation. This paper reviews the molecular mechanisms, immune 

interactions, and therapeutic implications of microbial EVs. 

 

BIOGENESIS AND COMPOSITION OF MICROBIAL EVs 

1. Biogenesis: EVs are generated through budding of the plasma membrane or endosomal 

pathways, resulting in microvesicles and exosomes, respectively. In bacteria, outer 

membrane vesicles (OMVs) are prominent in Gram-negative species, while Gram-

positive bacteria secrete membrane vesicles through peptidoglycan remodeling. 

2. Molecular Composition: EV cargo includes proteins (enzymes, adhesins), nucleic acids 

(mRNAs, miRNAs), lipids, and small molecules. This diverse content enables 

communication, virulence delivery, and modulation of recipient cells. 

3. Functional Roles: EVs facilitate microbial communication, horizontal gene transfer, 

virulence factor dissemination, biofilm formation, and modulation of host immune 

responses. 

 

Table 1: Types and Contents of Microbial EVs 

EV Type Source Contents Functional Role 

Outer Membrane 

Vesicles 

Gram-negative 

bacteria 

Proteins, lipids, 

RNAs 

Virulence factor delivery, 

communication 

Membrane Vesicles Gram-positive Enzymes, DNA, Biofilm formation, immune 
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bacteria proteins modulation 

Exosomes 
Fungi, mammalian 

cells 

Proteins, miRNAs, 

lipids 

Host-pathogen signaling, 

immune regulation 

 

Table 1 summarizes the types of microbial EVs, their source, molecular content, and 

functional roles. 

 

ROLE IN MICROBIAL COMMUNICATION 

1. Intercellular Signaling: EVs facilitate quorum sensing, gene regulation, and 

coordination of metabolic activities within microbial populations. 

2. Horizontal Gene Transfer: EVs can transport DNA and RNA, contributing to the spread 

of antimicrobial resistance genes and virulence factors. 

3. Biofilm Formation: EVs support biofilm maturation by delivering structural 

components, extracellular enzymes, and signaling molecules. 

 

ROLE IN IMMUNE MODULATION 

1. Innate Immune Activation: Microbial EVs interact with pattern recognition receptors 

(PRRs) such as Toll-like receptors (TLRs) and C-type lectin receptors (CLRs), triggering 

cytokine production, phagocytosis, and antimicrobial responses. 

2. Immune Evasion: EVs can carry immunosuppressive molecules, mask surface antigens, 

or induce regulatory T-cell responses, enabling pathogens to escape host defense 

mechanisms. 

3. Adaptive Immune Modulation: EVs influence antigen presentation, B-cell activation, 

and T-cell differentiation, modulating long-term immune memory and pathogen 

clearance. 

Table 2: Effects of Microbial EVs on Host Immunity 

EV Source 
Host Immune 

Interaction 
Immune Outcome Pathogen Examples 

Bacterial OMVs PRR activation 
Cytokine release, 

inflammation 

Escherichia coli, 

Pseudomonas aeruginosa 

Fungal EVs Dendritic cell T-cell activation, Candida albicans, 
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modulation immune suppression Cryptococcus neoformans 

Mammalian Cell 

Exosomes 

Antigen 

presentation 

Immune priming, 

tolerance induction 

Various pathogens 

interacting via EVs 

 

Table 2 summarizes the interactions of microbial EVs with host immune systems and their 

functional consequences. 

 

THERAPEUTIC AND RESEARCH IMPLICATIONS 

1. Vaccine Development: EVs carrying pathogen-derived antigens can be exploited as 

vaccine candidates to induce protective immunity. 

2. Biomarkers: EVs in biological fluids serve as non-invasive biomarkers for infection 

diagnosis and monitoring. 

3. Immunotherapy: Modulation of EV content or blocking EV-mediated immune 

suppression offers potential strategies for enhancing host defense. 

4. Antimicrobial Strategies: Targeting EV biogenesis or cargo delivery can limit pathogen 

communication and virulence. 

 

CHALLENGES AND FUTURE DIRECTIONS 

1. Standardization: EV isolation and characterization require standardized methodologies 

for reproducibility and clinical translation. 

2. Mechanistic Insights: Further studies are needed to delineate cargo selection, EV-host 

interactions, and immune outcomes. 

3. Clinical Translation: Integrating EV research into therapeutics, vaccines, and 

diagnostics demands careful evaluation of safety, efficacy, and scalability. 

 

CONCLUSION 

Extracellular vesicles represent a versatile and dynamic mechanism of microbial 

communication and immune modulation. By transferring molecular cargo between microbes 

and host cells, EVs regulate virulence, biofilm formation, and immune responses. 

Understanding the molecular basis of EV biogenesis, cargo selection, and immune 

interactions offers novel opportunities for vaccine development, biomarker discovery, and 

therapeutic interventions. While challenges remain in standardization and clinical translation, 
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EV-based strategies hold promise for improving the diagnosis, treatment, and prevention of 

infectious diseases. 
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