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INTRODUCTION 

	 Over the past four decades, advances 
in bacterial engineering, molecular biology, 
and our understanding of pathogenic bacterial 
lifestyles have significantly accelerated 
the rational design of bacterial vectors for 
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in vivo delivery of heterologous antigens 
into antigen-presenting cells (APCs). The 
increasing incidence of infectious diseases 
has heightened the demand for efficient 
vaccines, biologically derived carriers, and 
targeted delivery systems. Intracellular 
delivery of proteins, including antigens, 
transcription factors, signaling molecules, 
and gene-editing enzymes, plays a pivotal 
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role in biomedical research, encompassing 
cellular and molecular biology, immunology, 
and medical genetics (Woltjen et al., 2009). 
Transient protein delivery offers a safe 
alternative to gene-based approaches, 
mitigating concerns about genome disruption 
or incomplete silencing of exogenous genes. 
However, the delivery of proteins into 
mammalian cells remains challenging due 
to the limited capacity of proteins to cross 
cell membranes.

	 Bacterial vectors have emerged as 
versatile platforms for protein and antigen 
delivery, with potential applications in 
vaccine development and immunotherapy. 
Advances in genetic engineering have 
enabled the construction of recombinant 
microorganisms capable of expressing 
heterologous proteins in distinct cellular 
compartments, thereby enhancing their 
antigenic potential for vaccines targeting 
viruses, bacteria, and parasites.

	 In parallel, bacterial secretion systems 
and naturally secreted nanostructures, such 
as outer membrane vesicles (OMVs) and 
bacterial ghosts (BGs), have opened new 
avenues for targeted delivery. Gram-negative 
pathogens utilize type III secretion systems 
(T3SS) to translocate effector proteins into 
host cells, a mechanism evolutionarily 
related to the flagellar apparatus (Cornelis 
and Wolfwatz, 1997). Understanding these 
mechanisms has provided insights into 
designing bacterial platforms for antigen and 
therapeutic delivery. Synthetic nanoparticles 
offer alternative delivery approaches, yet 
they often lack the complex intercellular 

interaction motifs inherent to natural 
bacterial systems (Hu et al., 2015).

	 Advances in synthetic biology and 
genetic engineering have further expanded 
bacterial platforms from passive antigen 
carriers to programmable delivery systems. 
Engineered bacteria can be designed for 
controlled expression and secretion of 
therapeutic proteins, and localized payload 
release, thereby improving delivery 
specificity while potentially reducing 
systemic toxicity (Dey and Sankaran, 
2024). Bacteria-based systems are also 
being explored beyond vaccination 
for targeted delivery of biologics and 
anticancer therapeutics, with engineered 
secretion circuits and surface-targeting 
modules enabling site-specific therapeutic 
activity (Shahid et al., 2024). However, 
challenges related to biosafety, containment, 
manufacturing consistency, host–microbe 
interactions, and clinical translation 
remain important considerations for the 
development of next-generation bacterial 
delivery platforms.

	 This review provides a 
comprehensive overview of current 
bacterial-based delivery systems, including 
live bacteria, bacterial surface proteins, 
spores, OMVs, and BGs.The review aims 
to compare the delivery mechanisms, 
evaluate their applications in vaccine and 
therapeutic protein delivery, critically assess 
their advantages and limitations, and discuss 
emerging strategies and future directions 
for improving their safety, efficacy, and 
translational potential.
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MATERIALS AND METHODS 

Data Description

	 The data for this study were sourced 
from secondary databases, specifically 
focused on bacterial delivery platforms, 
including live vectors, secretion systems, 
surface display, spores, OMVs, and bacterial 
ghosts, were selected based on their 
mechanisms, applications, immunological 
properties, advantages, and limitations. 
The selected literature was qualitatively 
synthesized to provide a comparative 
assessment of these delivery platforms.

Live Bacteria as Delivery Vehicles
	
	 The use of live bacterial cells as 
vectors for recombinant antigen delivery has 
gained significant attention over the past two 
decades. The innate immune-stimulating 
properties of bacterial pathogens—mediated 
by pathogen-associated molecular patterns 
(PAMPs) such as lipopolysaccharides (LPS) 
in Gram-negative bacteria and lipoteichoic 
acids in Gram-positive bacteria—activate 
pattern recognition receptors (PRRs) on 
host cells. This triggers inflammatory 
cytokine production and antimicrobial gene 
expression, thereby bridging innate and 
adaptive immune responses (Janeway and 
Medzhitov, 2002). Live bacterial vectors 
naturally target APCs, facilitating antigen 
presentation and robust immune activation. 
For example, Salmonella enterica invades 
intestinal M cells and macrophages, 
enabling heterologous antigen exposure to 
the host immune system (Jones et al., 1995). 
Dendritic cells also capture these bacteria 

in the lamina propria, further enhancing 
immune priming (Rescigno et al., 2001). The 
localization of antigens within the bacterial 
vector significantly influences the magnitude 
and type of immune response. Surface-
expressed antigens, often fused to bacterial 
surface proteins such as Lpp-OmpA, 
FliC, or OprF, primarily elicit humoral 
responses, whereas secreted antigens can 
enhance cellular immunity (Kaufmann and 
Hess, 1999; Kotton and Hohmann, 2004). 
Live bacterial vaccines are being actively 
developed, with companies such as Advaxis 
and Aduro Biotech advancing Listeria-based 
vectors into clinical trials targeting HPV and 
tumor-associated antigens, demonstrating 
both safety and immunogenicity in humans 
(Le Gouëllec et al., 2012). Mucosal 
delivery of live bacterial vaccines offers the 
additional advantage of inducing local and 
systemic immunity, reducing side effects 
and lowering production costs (Cortes-Perez 
et al., 2007). Synthetic biology have enabled 
precise attenuation, metabolic engineering, 
and genetic control of bacterial vectors, 
improving their safety and therapeutic 
potential. Engineered Salmonella and other 
live bacterial platforms are increasingly 
being investigated for vaccination, targeted 
antigen delivery and cancer therapy, 
although biosafety, containment, and 
translational challenges remain (Bansal et 
al., 2024; Kwon et al., 2024).

	 Live bacterial vehicles with 
various modes of delivery: (1) Intracellular 
expression, (2) secretion, (3)membrane- and 
cell wall display, (4) pilus-mediated display 
(5) heterologous display 

Ind. J. Vet. & Anim. Sci. Res., 55 (5) 01-16, September - October 2026 3

Bacterial delivery systems for immunogenic proteins: current advances ............. challenges



Bacterial Secretion Systems as Protein 
Delivery Tools

	 Bacteria have evolved sophisticated 
secretion systems to transport proteins across 
their cell envelopes into the extracellular 
environment or directly into host cells. 
Among these, Type III, Type IV and Type VI 
secretion systems (T3SS, T4SS and T6SS) 
are particularly well-characterized for their 
roles in pathogenesis and are increasingly 
repurposed as precise tools for intracellular 
delivery of immunogenic proteins (Mori 
and Ito, 2001). The T3SS, often described 
as a “molecular syringe” or injectisome, 
is extensively studied in Gram-negative 
pathogens such as Salmonella, Shigella, 
and Yersinia. This system enables direct 
translocation of effector proteins into the host 
cytosol, bypassing extracellular degradation 
and allowing temporal and spatial control of 
antigen presentation—a critical feature for 
vaccines targeting intracellular pathogens 
(Cornelis and Wolfwatz, 1997; Toussaint et 
al., 2013).

Structure and Mechanism of T3SS

	 The T3SS injectisome is a 
multimeric protein complex comprising over 
20 proteins, forming a needle-like apparatus 
spanning the bacterial envelope (Buttner, 
2012). The basal structure, anchored in 
inner and outer bacterial membranes, 
houses an ATPase that powers effector 
translocation. Recent structural studies 
using cryo-electron microscopy (cryo-EM) 
and cryo-electron tomography (cryo-ET) 
have provided detailed insights into the 
architecture and dynamic organization of 

the injectisome, including its membrane 
rings, export apparatus, cytoplasmic sorting 
platform, and ATPase complex (Chen and 
Goldberg, 2023; Worrall et al., 2023).The 
extracellular needle, with a narrow internal 
channel of approximately 2–3 nm, provides a 
continuous conduit through which secretion 
substrates are transported in an unfolded 
or partially unfolded state (Andrade et al., 
2007; Chen and Goldberg, 2023).The needle 
tip or translocon inserts into the eukaryotic 
membrane, allowing effectors to enter host 
cells, where host folding machinery refolds 
them into active conformations. Effector 
proteins can manipulate host cell processes, 
promote bacterial attachment, evade immune 
responses, or induce apoptosis. Functional 
T3SS activity is therefore an important 
determinant of virulence, and disruption 
of T3SS components generally results in 
reduced pathogenicity (Kimura et al., 2011; 
Pais et al., 2023).

Engineering Bacteria for Heterologous 
Protein Delivery

	 Several pathogenic bacteria naturally 
encode T3SS as a virulence factor, including 
Salmonella, Shigella, enteropathogenic 
E. coli (EPEC), Yersinia, Pseudomonas 
aeruginosa, and Xanthomonas campestris. 
To repurpose T3SS for protein delivery, 
these pathogens are first attenuated to reduce 
cytotoxicity while maintaining secretion 
capacity.

	 Salmonella spp. have been 
engineered as vectors for heterologous 
antigens, eliciting robust humoral, 
mucosal, and cellular immunity upon oral 

Ind. J. Vet. & Anim. Sci. Res., 55 (5) 01-16, September - October 20264

Himani



administration. Attenuation strategies 
include deletions of virulence genes 
(∆msbB, ∆sptP, ∆phoP/phoQ) and metabolic 
auxotrophies (∆asd, ∆purI/purD, ∆aroA) to 
enable self-limiting growth in vivo while 
preserving immunogenicity (Panthel et al., 
2008; Frahm et al., 2015; Juárez-Rodríguez 
et al., 2012).

	 Yersinia spp. encode T3SS on the 
virulence plasmid pYV, delivering Yersinia 
outer proteins (Yops) to modulate host 
intracellular processes. Attenuated strains, 
such as ∆YopHOPEMT combined with asd 
deletion, maintain the ability to translocate 
proteins without cytotoxicity, providing a 
platform for heterologous antigen delivery 
(Trülzsch et al., 2003; Ittig et al., 2015).

	 Pseudomonas aeruginosa T3SS 
delivers exotoxins (ExoS, ExoT, ExoY, 
ExoU) to evade host defenses. Its ~40-gene 
cluster, organized in five operons, can be 
exploited for protein delivery following 
attenuation and modulation of secretion 
pathways.

Strategies for Heterologous Protein 
Secretion

	 Two principal approaches are 
employed to target proteins via T3SS: 
secretion tagging and whole-protein fusions.
Secretion Tags: Effector proteins often 
contain N-terminal sequences recognized 
by the T3SS sorting platform. Cytosolic 
chaperones bind these tags to stabilize 
effectors, prevent premature folding, and 
maintain the linear conformation necessary 
for translocation (Akeda and Galan, 2005). 

By appending these tags to heterologous 
proteins, they can be efficiently secreted. 
Translocation efficiency varies among tags, 
allowing hierarchical delivery of multiple 
effectors (Munera et al., 2010).  For instance, 
Salmonella minimal translocation sequences 
from SspH2 have been optimized to deliver 
adenylate cyclase reporter fusions into host 
cells (Miao and Miller, 2000).

	 Whole-Protein Fusions: Fusing 
heterologous proteins to native effectors 
addresses folding constraints and ensures 
translocation through the T3SS needle. 
Chaperone-binding domains stabilize the 
fusion, facilitating efficient delivery. The 
necessity of chaperone pairing is exemplified 
by SseB-CyaA fusions in Salmonella, where 
deletion of the SseA chaperone abolished 
secretion (Zurawski and Stein, 2003).

Bacterial Surface Proteins as Delivery 
Vehicles

	 Bacterial surface display systems 
exploit naturally expressed surface proteins 
for antigen presentation. These proteins 
can trigger host immune recognition 
and serve as platforms for engineered 
immunotherapeutics.

	 S-layer Proteins: S-layer proteins 
form crystalline arrays on bacterial surfaces 
and exhibit strong adjuvant properties. They 
have been employed as carriers for allergens 
and antigens, demonstrating enhanced 
T-cell responses and Th1 polarization in 
experimental models (Sleytr et al., 2014; 
Jahn-Schmid et al., 1997). Recombinant 
fusion strategies have further improved 
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S-layer-based delivery, enabling endotoxin-
free antigen presentation in non-pathogenic 
hosts such as Bacillus subtilis (Ilk et al., 
2011).
Albumin Binding Protein: Fusion of 
antigens to streptococcal albumin-binding 
proteins has enabled the presentation of IgE 
mimotopes in a monovalent form, eliciting 
protective IgG responses without triggering 
allergic reactions, highlighting the safety 
and versatility of surface protein-based 
carriers (Ganglberger et al., 2001).

Bacterial Spores as Delivery Vehicles

	 Bacterial spores, particularly from 
Bacillus subtilis, offer a durable, safe and 
cost-effective platform for antigen delivery 
(Duc et al., 2003). Recombinant antigens 
can be displayed on the spore surface or 
expressed intracellularly using appropriate 
promoters, facilitating antigen protection 
and delivery to mucosal immune sites 
(Paccez et al., 2007; Saggese et al., 2023). 
Surface-expressed antigens favor Th1 
responses, whereas cytoplasmic expression 
during germination promotes Th2 responses 
(Uyen et al., 2007). Recent studies 
demonstrate that B. subtilis spores possess 
intrinsic immunostimulatory properties and 
can enhance innate and adaptive immune 
responses, supporting their application as 
oral and intranasal vaccine carriers (Yuan 
et al., 2024). Spore-based vaccines have 
demonstrated protective efficacy in parasite 
challenge models, underscoring their 
potential as versatile immunization tools.

Outer Membrane Vesicles (OMVs) as 
Delivery Vehicles

	 OMVs are naturally secreted 
nanoscale vesicles from Gram-negative 
bacteria, comprising LPS, proteins, 
phospholipids, and periplasmic content 
(Liu et al., 2016). OMV biogenesis is often 
stress-induced and enables the efficient 
packaging of bacterial components. 
Their multifunctional composition allows 
simultaneous delivery of antigens and 
intrinsic adjuvanticity, promoting both 
innate and adaptive immune responses 
(Underhill and Goodridge, 2012; Toyofuku 
et al., 2023). OMVs interact with various 
immune cells, including dendritic cells, 
macrophages, neutrophils, and eosinophils, 
inducing proinflammatory cytokines and 
promoting T- and B-cell activation (Jager 
et al., 2014; Ko et al., 2015). They also 
modulate non-immune cells, enhancing 
endothelial adhesion molecule expression 
and leukocyte recruitment (Kim et al., 
2013). These attributes render OMVs 
promising candidates for vaccine delivery 
and immunotherapy, though challenges such 
as endotoxin toxicity, scalable production, 
and standardized characterization remain 
(Hu et al., 2015; Toyofuku et al., 2023).

Bacterial Ghosts (BGs) as Delivery 
Vehicles

	 Bacterial ghosts are empty envelopes 
of Gram-negative bacteria produced through 
controlled expression of bacteriophage 
phiX174 lysis gene E (Henrich et al., 
1982). The E protein forms transmembrane 
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tunnels that expel cytoplasmic content while 
preserving the cell envelope, including 
surface antigens and pathogen-associated 
molecular patterns. BGs can be loaded 
with heterologous antigens in the lumen, 
periplasm, or on the surface, making them 
highly versatile delivery platforms (Mayr 
et al., 2005). BGs are efficiently recognized 
by APCs and induce robust humoral and 
cellular immunity, while the LPS content 
contributes adjuvant activity with minimal 
toxicity (Jawale and Lee, 2014; Cai et 
al., 2015). Fusion strategies using anchor 
sequences or secretion signals allow targeted 
localization of antigens within the BG, 
enhancing immune responses. Engineered 
BGs have demonstrated efficacy in antigen 
delivery through DNA-vaccine and surface-
antigen display approaches (Yu et al., 2022). 
Lipidated antigen-engineered E. coli ghosts 
elicited strong humoral and Th1-biased 
cellular responses and enhanced clearance 
of Chlamydia abortus infection in mice, 
highlighting their potential as adjuvant-
free veterinary vaccine platforms (Zhang 
et al., 2024). BG-based vaccines have 
demonstrated protective efficacy in models 
of Chlamydia trachomatis genital infection, 
suggesting their potential for mucosal and 
systemic immunization (Chakameh et al., 
2004).

Comparative Overview of Bacterial 
Delivery Platforms

	 Bacterial systems have evolved 
diverse strategies to deliver antigens, 
therapeutic proteins, and nucleic acids. 
Table 1 summarizes the key bacterial 
delivery vehicles discussed in this review, 

highlighting their mechanisms, advantages, 
limitations, and applications.

Limitations and Challenges of Bacterial 
Delivery Platforms

	 Despite the significant progress in 
engineering bacterial systems as antigen and 
protein delivery vehicles, each platform faces 
intrinsic limitations that hinder translational 
application. Bacterial spores, such as those 
from Bacillus subtilis, exhibit low intrinsic 
immunogenicity, often requiring potent 
adjuvants to achieve strong responses. Their 
spore coat architecture restricts the size and 
complexity of antigens that can be displayed, 
and overexpression may compromise 
sporulation efficiency. Oral delivery further 
suffers from rapid gastrointestinal transit 
and limited mucosal retention, while strain-
to-strain variability in coat composition 
complicates reproducibility and regulatory 
standardization. Likewise, outer membrane 
vesicles (OMVs) are challenged by the 
inherent toxicity of their lipopolysaccharide 
(LPS) content, which, although adjuvanting, 
risks excessive inflammation. OMV 
production remains difficult to scale given 
the reliance on ultracentrifugation and the 
heterogeneity of naturally packaged cargo, 
resulting in batch variability. Furthermore, 
antigen-loading strategies are still imprecise, 
and standardized analytical methods for 
particle quantification, cargo loading, and 
pharmacokinetics remain underdeveloped. 
Bacterial ghosts (BGs) also present hurdles, 
including complex production processes 
requiring tightly controlled lysis conditions 
and often yielding low quantities. While 
residual endotoxin levels are reduced, they 
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still pose concerns for clinical use. Antigen 
loading is constrained by the need to fuse 
proteins to membrane anchors or periplasmic 
targeting signals, limiting the size and 
structural complexity of deliverable cargo. 
Additionally, BG stability can be sensitive 
to storage conditions, and the reproducible 
large-scale manufacturing of structurally 
intact ghosts remains technically demanding. 
Live attenuated bacteria, although potent 
inducers of mucosal and systemic immunity, 
present inherent biosafety challenges. Risks 
include reversion to virulence, horizontal 
gene transfer of resistance markers, and 
environmental transmission. Pre-existing 
immunity against the vector strain may 
diminish efficacy, and maintaining stable 
expression of heterologous antigens 
imposes high metabolic burden, often 
leading to genetic instability and attenuation 
of antigen expression. Regulatory 
approval for live vectors also requires 
extensive safety evaluation, particularly 
for immunocompromised populations. 
Complexity is further magnified in bacterial 
secretion systems such as T3SS, T4SS and 
T6SS. These systems require attenuation 
of cytotoxic parent strains to ensure safety, 
which can inadvertently limit secretion 
efficiency. Structural constraints of secretion 
machinery—particularly the narrow T3SS 
needle—necessitate translocation of 
proteins in an unfolded state, resulting in 
poor delivery efficiency for large or highly 
stable proteins. Expression and secretion of 
heterologous cargo are often inconsistent 
due to mRNA secondary structures, 
chaperone competition, and hierarchical 
secretion order. Engineering custom 
secretion tags, effector fusions, or chaperone 

interactions adds additional layers of 
complexity, and host immune responses 
against bacterial machinery may limit 
repeated dosing. Finally, surface display 
systems are constrained by antigen size and 
folding limitations, as large or structurally 
complex proteins may destabilize surface 
anchoring or impair bacterial viability. 
Surface-exposed antigens are susceptible to 
proteolysis and environmental degradation, 
and tuning antigen orientation or density to 
achieve predictable immune polarization 
remains challenging. High expression levels 
impose metabolic stress on host bacteria, 
while species-specific differences in cell 
surface architecture necessitate bespoke 
engineering strategies for each antigen–
bacterium combination.

CONCLUSION

	 Bacterial platforms offer versatile 
and innovative strategies for the delivery 
of vaccines, therapeutic proteins, and 
other biologics. Systems such as bacterial 
spores, outer membrane vesicles (OMVs), 
bacterial ghosts, live attenuated bacteria, 
bacterial secretion systems, and surface 
display approaches each provide unique 
advantages, including robust stability, 
intrinsic adjuvanticity, and the ability 
to target antigens to specific cellular 
compartments. These features make them 
attractive alternatives to conventional 
delivery systems and highlight their potential 
in eliciting potent humoral, mucosal, and 
cellular immune responses. Despite these 
advantages, significant challenges remain 
that limit their broad clinical translation. 
Bacterial spores face low intrinsic 
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immunogenicity and short gastrointestinal 
residence time, while OMVs are constrained 
by LPS toxicity, batch variability, and 
cargo heterogeneity. Bacterial ghosts, 
though safe and immunogenic, suffer from 
complex production processes, low yield, 
and residual endotoxin concerns. Live 
attenuated bacteria present risks of reversion 
to virulence, horizontal gene transfer, and 
instability of recombinant antigens, whereas 
bacterial secretion systems, such as T3SS, 
require careful engineering to overcome 
cytotoxicity, folding constraints, and 
variable translocation efficiencies. Surface 
display systems are limited by antigen size, 
stability, and strain-specific optimization 
requirements. Collectively, these challenges 
underscore the need for continued refinement 
in strain engineering, antigen design, delivery 
optimization, and scalable manufacturing 
processes. Future research should focus 
on integrating synthetic biology, protein 
engineering, and immunomodulatory 
strategies to enhance antigen stability, 
improve targeted delivery, and minimize 

host toxicity. Combining multiple bacterial 
delivery platforms or incorporating hybrid 
systems may further enhance efficacy and 
safety profiles. With these advancements, 
bacterial-based delivery systems hold the 
promise of transforming vaccinology and 
therapeutic protein administration, offering 
precise, safe, and highly adaptable tools for 
next-generation immunotherapies.

	 Future research should prioritize 
the development of genetically controllable 
and precisely attenuated and genetically 
controllable bacterial platforms, standardized 
manufacturing, and rigorous evaluation 
of safety and immunogenicity. Integration 
of multi-omics, synthetic biology, and AI-
assisted protein design may enable rational 
optimization of antigen–carrier systems and 
targeted delivery. Scalable manufacturing, 
regulatory harmonization, and robust 
translational studies remain essential for 
advancing bacterial delivery platforms 
toward clinical application.

Table 1. Comparative Overview of Bacterial Delivery Systems

Delivery System Mechanism Advantages Limitations/ 
Challenges

Application

Bacterial Spores 
(e.g., Bacillus 
subtilis)

Dormant spores 
expressing antigen 
on surface or 
within spore

Heat-resistant, 
stable in harsh 
conditions, GRAS 
status, low 
production cost, 
probiotic effect

Low 
immunogenicity, 
short GI residence, 
limited antigen 
expression

Oral/nasal 
vaccines, mucosal 
immunity 
induction
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Outer Membrane 
Vesicles (OMVs)

Naturally secreted 
nanoscale 
vesicles from 
Gram-negative 
bacteria, carrying 
LPS, proteins, 
periplasmic 
components

Self-adjuvanting 
(LPS),multi-
antigen 
presentation, 
interaction with 
APCs, can elicit 
both humoral & 
cellular immunity

LPS toxicity, 
scalable 
purification 
challenges, 
heterogeneity, 
PK/PD 
characterization 
needed

Bacterial vaccines, 
antigen delivery, 
therapeutic 
delivery

Bacterial Ghosts 
(BGs)

Empty Gram-
negative envelopes 
generated by 
controlled lysis 
(gene E); antigens 
can be loaded 
internally or 
expressed on 
surface/periplasm

Safe, non-
replicating, 
particulate nature 
facilitates APC 
uptake, contains 
TLR agonists, 
flexible antigen 
loading

Complex 
production, LPS 
toxicity, low yield 
efficiency

Vaccine 
delivery, viral & 
bacterial antigen 
presentation, 
adjuvant 
applications

Live Attenuated 
Bacteria

Replication-
competent bacteria 
engineered 
to express 
heterologous 
antigens

Strong 
immunogenicity, 
can induce 
systemic, mucosal, 
and cellular 
immunity, versatile 
antigen delivery

Risk of reversion 
to virulence, 
horizontal gene 
transfer, pre-
existing immunity, 
stability issues

Traditional and 
recombinant 
vaccines, 
intracellular 
pathogen models

Bacterial 
Secretion Systems 
(T3SS, T4SS, 
T6SS)

Injectisome-
mediated delivery 
of linearized 
effector proteins 
into host cytosol

Direct intracellular 
delivery, precise 
temporal/spatial 
control, potent 
antigen-specific 
T cell responses, 
compatible with 
live attenuated or 
non-replicating 
vectors

Cytotoxicity of 
parent strain, 
folding/size 
constraints of 
cargo, variable 
expression and 
translocation 
efficiency

Intracellular 
antigen delivery, 
vaccine 
developmen, 
antiviral activity

Bacterial Surface 
Display Systems

Heterologous 
antigens anchored 
on bacterial 
surface via fusion 
proteins (OmpA, 
pili, spore coat 
proteins)

Easy APC 
recognition, 
can display 
multiple antigens, 
simple genetic 
engineering

Limited antigen 
size, potential 
interference with 
bacterial fitness, 
low antigen 
stability

Oral vaccines, 
subunit vaccines, 
mucosal immunity 
induction
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Fig,1. Bacterial Delivery Platforms
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