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Introduction

Outer membrane vesicles (OMVs) produced by Gram-negative bacteria have
emerged as significant players in bacterial pathogenesis, functioning as potent
delivery systems for a variety of virulence factors, including toxins. These nano-
sized lipid bilayers effectively encapsulate and shield their cargo, enabling efficient
transport and subsequent delivery to host cells. This protective mechanism not
only facilitates bacterial dissemination but also enhances immune evasion and di-
rect host cell damage, thereby promoting disease progression. The study of OMVs
in this capacity is paramount for a comprehensive understanding of infectious dis-
eases and for the development of novel therapeutic interventions [1].

More specifically, research has illuminated the critical role of OMVs in the transport
of toxins produced by Shiga toxin-producing Escherichia coli (STEC). These vesi-
cles protect potent STEC toxins from degradation and promote their delivery to host
intestinal cells, significantly contributing to the pathogenesis of STEC infections.
Insights into the biogenesis and cargo loading of these OMVs offer promising av-
enues for targeted interventions against these pathogens [2].

The intricate mechanisms by which Vibrio cholerae utilizes OMVs to deliver
cholera toxin (CT) and other virulence factors have also been investigated. These
vesicles provide a shield for CT against host antibodies and simultaneously en-
hance its uptake by intestinal epithelial cells, underscoring their pivotal role in the
pathogenesis of cholera. This work strongly emphasizes OMV-mediated delivery
as a key strategy for bacterial virulence [3].

Furthermore, the multifaceted roles of Pseudomonas aeruginosa OMVs in bacte-
rial infection have been explored, with a particular focus on their capacity to deliver
proteases and other toxins. These OMVs contribute to tissue damage, immune
modulation, and the formation of biofilms, collectively promoting chronic infections
and facilitating the establishment of a pathogenic niche for the bacterium [4].

The secretion and functional delivery of toxins via OMVs in uropathogenic Es-
cherichia coli (UPEC) is another critical area of study. UPEC-released OMVs
carrying hemolysin and other toxins are implicated in bladder tissue damage and
inflammation, thereby aiding in the progression of urinary tract infections. This
research firmly establishes the OMV as a crucial mediator of UPEC virulence [5].

Neisseria meningitidis also employs OMVs for the delivery of pore-forming toxins,
such as RTX, to host cells. These OMVs play a significant role in both infection
and vaccine development, as they can carry immunogenic components while also
contributing to pathogenesis by damaging host tissues. This research highlights
the dual nature of OMVs in this context [6].

The delivery of toxins by OMVs in Acinetobacter baumannii, a notable opportunis-

tic pathogen, is also of considerable interest. OMV's produced by A. baumannii are
known to carry various virulence factors, including lipopolysaccharide (LPS) and
outer membrane proteins, which can trigger inflammatory responses and inflict
damage on host cells. This work underscores the contribution of OMV-mediated
inflammation to pathogenesis [7].

Salmonella enterica’s mechanism of toxin secretion through OMVs has been thor-
oughly investigated. OMVs produced by Salmonella are capable of delivering
effector proteins and toxins into host cells, which in turn promotes intestinal in-
flammation and invasion. This research highlights the integral role of OMVs in
Salmonella pathogenesis and host-pathogen interactions [8].

Collectively, OMVs from diverse Gram-negative bacteria are recognized as sophis-
ticated delivery systems for toxins, playing a broad role in bacterial pathogenesis.
They effectively protect toxins from host immunity and facilitate their entry into tar-
get cells, thereby promoting disease development. This review emphasizes the
widespread significance of OMVs in the virulence of Gram-negative bacteria [9].

Finally, the role of Bordetella pertussis OMVs in carrying and delivering pertussis
toxin (PT) and other virulence factors is crucial for understanding the pathogenesis
of whooping cough. These OMVs are instrumental in immune evasion and host
cell modulation, underlining their importance in disease progression. This study
reinforces the critical contribution of OMVs to the development of B. pertussis in-
fections [10].

Description

Outer membrane vesicles (OMVs) produced by Gram-negative bacteria serve as
sophisticated nano-sized lipid bilayers that function as potent delivery systems for
various virulence factors, including toxins. These vesicles effectively encapsulate
and shield their toxic cargo, facilitating efficient transport and subsequent deliv-
ery to host cells. This protective mechanism enhances bacterial pathogenesis by
promoting immune evasion and direct host cell damage, thereby contributing to
disease progression. The detailed study of OMVs as toxin delivery vehicles is
therefore crucial for a deeper understanding of disease mechanisms and for the
development of novel therapeutic strategies against bacterial infections [1].

In the context of Shiga toxin-producing Escherichia coli (STEC), research under-
scores the critical role of OMVs in transporting potent STEC toxins. These vesi-
cles not only shield the toxins from enzymatic degradation but also facilitate their
delivery into host intestinal cells, a process that significantly contributes to the
pathogenesis of STEC infections. Investigating the biogenesis and cargo loading
mechanisms of these OMVs provides valuable insights for developing interven-
tions against STEC [2].
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The way Vibrio cholerae utilizes OMVs to deliver cholera toxin (CT) and other vir-
ulence factors has been elucidated. OMVs produced by V. cholerae act as a pro-
tective shield, preventing CT from being neutralized by host antibodies, while also
promoting its uptake by intestinal epithelial cells. This OMV-mediated delivery is a
key strategy employed by the bacterium to establish and maintain infection, high-
lighting its importance in cholera pathogenesis [3].

For Pseudomonas aeruginosa, OMVs play a multifaceted role in infection, partic-
ularly in their capacity to deliver proteases and other toxins. These secreted vesi-
cles contribute significantly to host tissue damage, modulation of the host immune
response, and the formation of biofilms, which collectively promote the establish-
ment and persistence of chronic infections. The OMV's role in creating a favorable
pathogenic niche is a significant finding [4].

In uropathogenic Escherichia coli (UPEC), the secretion and function of toxins via
OMVs are central to virulence. UPEC releases OMVs containing hemolysin and
other toxins, which are then delivered to the urinary tract tissues. This delivery
leads to bladder tissue damage and inflammation, thereby facilitating the progres-
sion of urinary tract infections. The OMV is thus identified as a critical mediator of
UPEC virulence [5].

Neisseria meningitidis employs OMVs as a mechanism for delivering pore-forming
toxins, such as RTX toxins, to host cells. These OMVs are relevant not only for
their role in infection but also in vaccine development, as they can carry immuno-
genic components. Their ability to cause host tissue damage underscores their
pathogenic potential [6].

In Acinetobacter baumannii, a significant opportunistic pathogen, OMVs are in-
strumental in toxin delivery. OMVs from A. baumannii carry diverse virulence fac-
tors, including lipopolysaccharide (LPS) and outer membrane proteins, which can
induce potent inflammatory responses and contribute to host cell damage. This
highlights the significant role of OMV-mediated inflammation in the pathogenesis
of A. baumannii infections [7].

Salmonella enterica utilizes OMVs for the secretion of toxins, thereby contributing
to its virulence. These OMVs are capable of delivering effector proteins and toxins
directly into host cells, promoting intestinal inflammation and facilitating bacterial
invasion. The role of OMVs in Salmonella pathogenesis and host-pathogen inter-
actions is a crucial area of study [8].

Across various Gram-negative bacterial species, OMVs are recognized as critical
virulence factors, primarily through their function as toxin delivery systems. They
act as sophisticated mechanisms that shield toxins from host immune defenses
and promote their entry into target cells, ultimately facilitating disease. The broad
significance of OMVs in bacterial pathogenesis is a unifying theme in current re-
search [9].

Bordetella pertussis, the bacterium responsible for whooping cough, utilizes OMVs
to deliver pertussis toxin (PT) and other virulence factors. These vesicles are in-
tegral to the bacterium’s ability to evade the host immune system and modulate
host cell functions, playing a key role in the overall pathogenesis of pertussis. The
importance of OMVs in disease development is strongly emphasized [10].

Conclusion

Outer membrane vesicles (OMVs) are nano-sized lipid bilayers produced by Gram-
negative bacteria that act as potent delivery systems for bacterial toxins and vir-
ulence factors. These vesicles shield their cargo from host immunity, facilitate
transport, and promote delivery to host cells, thereby enhancing bacterial patho-
genesis, immune evasion, and host cell damage. Studies have demonstrated the
critical role of OMVs in the virulence of various pathogens including E. coli (STEC
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and UPEC), Vibrio cholerae, Pseudomonas aeruginosa, Neisseria meningitidis,
Acinetobacter baumannii, Salmonella enterica, and Bordetella pertussis. OMVs
contribute to tissue damage, inflammation, and the establishment of infection. Un-
derstanding OMV biogenesis and function is crucial for developing therapeutic
strategies against bacterial diseases.
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