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Abstract: In recent years, the abuse of antibiotics has led to antibiotic tolerance in the process of bacterial
treatment, the morbidity and mortality caused by drug-resistant bacterial infection have further increased
significantly. Drug delivery systems can be precisely designed to achieve controlled drug release, thereby reducing
the risk of antibiotic toxicity and resistance, it is urgent to seek novel drug delivery systems to address the
challenges posed by bacterial infections. This review first outlines the epidemic and prevention situation of
bacterial infection, and further summarizes living microorganisms and their derivatives-based drug delivery
systems, focusing on their natural characteristics such as surface specific proteins, physiological signal sensing,
directed movement, and secretion of antibacterial substances, which show great potential in the treatment of
bacterial infectious diseases by demonstrating their antibacterial effects. This review aims to provide ideas for the
development of novel drug delivery systems based on living microorganisms and their derivatives for the treatment
of bacterial infectious diseases.
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Figure 1 Novel drug delivery system based on living microorganisms and their derivatives for bacterial infection therapy
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Figure 2 Common mechanisms of bacterial antibiotic resistance. Created with BioRender.com
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Figure 3 Living microbial drug delivery system for bacterial infections. A: Living dextran matrix hydrogel with anti-S. aureus activity.

Adapted from Ref. 26 with permission. Copyright © 2022 American Chemical Society; B: Oral delivery of gut microbiota with biofilms

coating show decolonization effect in mice colonized with S. aureus. Adapted from Ref. 33 with permission. Copyright © 2020 The Authors,

some rights reserved; C: MO-1 microrobots was first navigated to the target and mixed with S. aureus under rotating magnetic field (MF) for

their attachment, and then killed S. aureus under swinging MF. Adapted from Ref. 35 with permission. Copyright © 2019 Elsevier B.V. All

rights reserved; D: Polydopamine-coated magnetic micro-swimmer for photoacoustic image tracking and photothermal therapy of multi-

drug-resistant Klebsiella pneumoniae infection. Adapted from Ref. 39 with permission. Copyright © 2020 American Chemical Society
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Figure 4 OMVs-based drug delivery system for bacterial infections. A: OMV-induced immune response. Adapted from Ref. 46 with
permission. Copyright © 2020 Published by Elsevier Ltd; B: OMVs coated MSNs loaded with Van, and the treatment for MRSA-infected
macrophages. Adapted from Ref. 55 with permission. Copyright © 2023 Published by Elsevier B.V.
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Table 1

Research progress of living microorganisms and their derivatives in bacterial infection therapy. SP: Spirulina platensis; MRSA:

Methicillin-resistant S. aureus; LR: Lactobacillus reuteri; Bs: Bacillus subtilis; CA: Candida albicans; CS: Chitosan; HA: Hyaluronic acid;

St: Salmonella typhimurium; MSN: Mesoporous silica; Mg: Magnetosopirrillum gryphiswalen; MO: Magnetooliva massalia strain; PDA:

Polydopamine; NM: Neutrophil membrane; PLGA: Poly (lactic-co-glycolic acid); Cr: Chlamydomonas reinhardtii; OMVs: Outer membrane

vesicles; GANs: Glycyrrhizic acid nanoparticles; BSA: Bovine serum albumin; BGs: Bacterial ghosts.

Microorganism/

Group Synthetic material . . Therapeutic strategy Application Ref
Bacterial derivate
Living bacterial Hydrogel SP Chemo-photodynamic therapy MRSA-infected diabetic ~ [19]
hydrogels wound
LR Secreting antibacterial substances  S. aureus-infected skin [24]
Bs Secreting antifungal molecules CA-infected skin [25]
E. coli Secreting bacteriocin lysostaphin ~~ MRSA infection [26]
CS/HA coating Lactobacillus rhamnosus Modulating lung microbiota Bacterial pneumonia [28]
"Core-shell" microbial Lipids coating E. coli Immune modulation and St induced colitis [31]
delivery system homeostasis maintenance
Biofilm coating Bs Modulating the bacterial Intestinal colonization of  [33]
composition S. aureus
MSN microtubes Mg Magnetically guided drug delivery E. coli biofilms [36]

Antibodies conjunction ~ MO-1
Microrobots
platensis
NM-coated PLGA Cr
nanoparticles
OMVs from E. coli

OMVs from E. coli

GANs OMVs from

B. bronchiseptica
OMVs from

K. pneumoniae

OMVs from E. coli

OMVs BSA nanoparticles

MSN nanoparticles

B. bronchiseptica BGs

BGs Neisseria meningitidis

BGs
E. coli BGs

Fe,0,/PDA modification Magnetized Spirulina

Magnetic hyperthermia S. aureus-infected wound  [37]
Multi-drug-resistant [39]

K. pneumoniae infection

Photoacoustic imaging-trackable
therapy

Deep tissue penetration P. aeruginosa induced [42]
acute pneumonia

Eliciting high antigen specific Vaccine against S. aureus  [47]
antibody titers

Inducing humoral and cellular Vaccine against S. aureus  [48]

immune response

Stimulating immune responses Vaccine against [49]
B. bronchiseptica

Eliciting high specific antibody Vaccine against KP [50]

titers

Homotypic targeting E. coli infection [54]

Macrophages targeting MRSA infection [55]

Inducing humoral and cellular Vaccine against [58]

immune response B. bronchiseptica

Inducing humoral immune Vaccine against Neisseria [60]
response meningitidis
Inducing humoral and cellular Vaccine against E. coli [61]

immune response
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