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  Abstract 
Chronic wounds, such as diabetic foot ulcers, pressure sores, and venous stasis 
ulcers, have long posed a challenge in the medical field. The healing process of 
these wounds is influenced by various factors, among which the role of the mi-
crobial community is increasingly recognized. This review delves deep into the 
dynamic changes in the microbial community of chronic wounds and elucidates 
the critical role of microbes in the process of wound healing. The microbial 
community is closely associated with various stages of the wound healing pro-
cess, including inflammation, cell proliferation, and cell migration. In particu-
lar, the inflammatory response, which is directly linked to microbial infection, 
subsequently affects the rate of wound healing. Microbial interventions, such as 
the use of antibiotics and probiotics, are gradually emerging as vital strategies 
for the treatment of chronic wounds. However, with the escalating issue of an-
tibiotic resistance, probiotic therapy is showcasing its unique advantage as an 
alternative strategy. In conclusion, this article provides readers with a thorough 
and comprehensive understanding of the microbial community in chronic 
wounds. It also highlights new avenues for future research and treatment. 

Keywords 
Microbial Communities, Chronic Wounds, Wound Microenvironment 

 

1. Introduction 

Chronic wounds, including diabetic foot ulcers, pressure ulcers, and venous leg ulcers, pose one of the significant 
challenges faced by the global healthcare system. It's estimated that over 6.5 million people in the US alone grapple 
with various types of chronic wounds, imposing substantial economic burdens on the healthcare system [1]. Despite 
the availability of multiple treatment strategies, such as drug therapy, Maggot Debridement Therapy (MDT), and 
surgical intervention, the treatment of chronic wounds remains fraught with challenges. Among these, microbial 
infections and the dynamic shifts in the microbiome stand out as one of the pivotal factors influencing the success 
rate of chronic wound treatment [2]. 

In recent years, an increasing number of studies have begun focusing on the intricate relationship between the 
microbiome and chronic wounds [3]. The microbiome not only plays a role in the inception and persistence of 
wound infections but also wields significant influence over the wound healing process. For instance, certain sym-
biotic microbes may expedite natural wound healing by inhibiting the growth of pathogens. Yet, how the dynamic 
shifts in the microbiome influence the healing of chronic wounds and how to efficiently intervene microbiologically 
to enhance therapeutic outcomes remain hot topics and challenges in current research [4]. 

The aim of this review is to delve deep into the dynamic changes in the microbiome within chronic wounds and 
their foundational and clinical impacts on wound healing [5]. We will commence by introducing the basics of 
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chronic wounds and the microbiome, followed by a comprehensive analysis of the microbiome's composition its 
dynamic shifts, and their associations with various types and stages of chronic wounds. In conclusion, we will 
discuss the advancements in microbial interventions and their potential applications in treating chronic wounds. 

By presenting this review, our goal is to equip clinicians and researchers with a holistic and profound perspective, 
aiding in a better understanding of the significance of the microbiome in chronic wound therapy and exploring new 
therapeutic avenues. 

2. Basic Concepts of Chronic Wounds and the Microbiome 

Chronic wounds refer to injuries that haven't fully healed over 3 months, and their healing processes often get 
delayed or interrupted. Common types of chronic wounds include diabetic foot ulcers, pressure ulcers, and venous 
leg ulcers [3]. Diabetic foot ulcers often result from inadequate blood sugar management, infections, or ill-fitting 
footwear. Pressure ulcers arise from prolonged unrelieved pressure causing damage to the skin and underlying tis-
sues. Venous leg ulcers typically associated with the malfunction of the lower leg veins. The diagnosis of chronic 
wounds typically relies on medical history, physical examination, and possibly further diagnostic tests. Pinpointing 
the type and cause of the wound is paramount since different types may necessitate distinct treatment strategies [1]. 

The microbiome, often referred to as the microbiota, encompasses the aggregate of microbes in a specific envi-
ronment, including bacteria, fungi, viruses, and other microorganisms. Within the human body, each region harbors 
its distinct microbiome [6]. These microbes interact with their host, profoundly impacting the health and disease 
states of the host. 

3. The Impact of Microbial Communities on Wound Healing 

Wound healing is a complex, multi-step biological process that involves the collaborative action of various cells, 
extracellular matrix, growth factors, and enzymes. Microbial communities play a pivotal role at all stages of wound 
healing, from the initial inflammatory response to the remodeling phase of the wound [7]. 

When a wound becomes infected, inflammation serves as the body's primary defense against microbial invasion. 
In this process, neutrophils and macrophages quickly gather at the infection site. These cells release an abundance 
of inflammatory cytokines, such as TNF-α, IL-1β, and IL-6, which are crucial in neutralizing invading microbes 
[8]. However, persistent inflammatory responses and excessive cytokine release can damage surrounding healthy 
tissue, obstructing wound healing. 

For instance, Staphylococcus aureus which forms biofilms can produce a variety of toxins. These toxins activate 
the host's inflammatory pathways, leading to the excessive production of inflammatory cytokines like IL-8 and IL-
6 [9]. This chronic inflammatory state not only damages cells but also hinders the normal wound-healing process. 

Microbes present in the wound can directly or indirectly influence the surrounding skin cells. Some beneficial 
skin microbes, like certain strains of Bacillus, can release growth factors, promoting the proliferation of skin cells, 
such as keratinocytes and fibroblasts [10]. 

Conversely, some pathogenic microbes can release cytotoxins, which can disrupt cell migration, proliferation, 
and division. For example, Pseudomonas aeruginosa can produce a molecule called "exotoxin A," which can bind 
to receptors on the host cell membrane, resulting in cellular dysfunction and death [11]. Another common skin 
pathogen, Streptococcus, can damage host cells by releasing superoxides and enzymes [12]. 

The relationship between microbial communities and wound healing is inextricable. Understanding how these 
microbes interact with host cells and their microenvironment, and how these interactions affect the biological pro-
cesses of the wound, is vital for developing novel and effective wound treatment strategies [13]. By deeply studying 
these mechanisms, we can better understand the causes of wound infections and delayed healing, thereby developing 
targeted treatments to improve patient outcomes and quality of life. 

4. Interactions Between Microbes and the Wound Microenvironment 

Microbial communities play a crucial role in chronic wounds, and their interaction with the wound microenvi-
ronment affects the wound-healing process. A deep understanding of this interaction is essential for designing treat-
ment strategies and optimizing clinical outcomes. 

Firstly, the wound microenvironment is a complex biological system consisting of various cells, nutrients, growth 
factors, and signaling molecules. Through their interactions with these components, microbial communities can 
significantly influence the wound microenvironment. For instance, microbes can produce metabolic byproducts, 
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such as short-chain fatty acids, acids, bases, and other organic compounds, through various metabolic pathways, 
altering the wound's pH, oxygen concentration, and nutrient content [14]. 

Anaerobic bacteria, like Clostridium, are a crucial part of the wound microbial community. In anoxic conditions, 
these microbes proliferate extensively and produce short-chain fatty acids, like butyrate and acetate, through fer-
mentation metabolism [15]. These organic acids can lead to a decrease in wound pH, creating an acidic environment. 
This acidic environment not only inhibits the growth of other beneficial microbes but may also affect wound cell 
functions, disrupting the microbial balance and thus delaying the healing process [16]. 

Additionally, some bacteria within the microbial community can form biofilms, a tightly interacting biological 
structure composed of multiple microbes. Microbes within the biofilm are more resistant to antibiotics and immune 
system clearance than those dispersed on the wound [17]. Consequently, biofilm formation may lead to persistent 
microbial infections, further hindering wound healing [18]. 

Moreover, interactions between microbes and wound cells can also influence the wound microenvironment. For 
instance, certain pathogenic microbes can release toxins that disrupt cell membranes, causing cell death [19]. This 
not only results in tissue damage at the wound site but can also induce inflammatory responses, further delaying 
healing [20]. 

In summary, the interaction between microbes and the wound microenvironment is a multifaceted process in-
volving various biological and non-biological factors. Understanding the mechanisms of these interactions is crucial 
for devising effective treatment strategies and optimizing clinical outcomes. Achieving this goal requires in-depth 
research into the interactions between microbes and the wound microenvironment and how these interactions influ-
ence the wound-healing process. 

5. Microbial Interventions 

In recent years, microbial interventions have emerged as a focal point in the treatment of chronic wounds. These 
interventions aim to modify the microbial community of the wound to promote healing. 

Traditionally, the treatment strategies for chronic wounds have largely relied on broad-spectrum antibiotics to 
suppress or eradicate infections. However, frequent or improper use has exacerbated the issue of antibiotic resistance. 
Furthermore, antibiotics might also disrupt beneficial microbial communities, thus affecting the natural healing 
process of the wound [21]. Hence, principles of selection and application are crucial for the use of antibiotics. This 
mandates clinicians to carry out bacterial cultures and antibiotic susceptibility tests to ensure targeted treatment [22]. 

In recent years, as our understanding of the role of microbial communities in health and disease deepens, re-
searchers have begun exploring strategies to modulate these communities to treat various conditions, including 
chronic wounds. Probiotics and prebiotics, as tactics to balance microbial equilibria, have shown immense potential 
in this domain [23]. 

Probiotics are a collection of live microorganisms beneficial to the host. Their principal functions include com-
peting with pathogenic microbes for nutrients and adhesion sites or producing antimicrobial agents, thereby sup-
pressing or excluding the growth and activity of pathogenic microbes [24]. Moreover, probiotics can modulate the 
host's immune response, provide essential nutrients, and enhance the host's resilience to detrimental external factors. 
In wound treatment, probiotics primarily [25]: 

Form Biofilms: Some probiotics can create biofilms on wounds, a structure that can deter the adhesion and pro-
liferation of pathogenic microbes. This biofilm formation acts as a physical barrier, making it challenging for path-
ogens to infiltrate the wound. 

Produce Antimicrobial Agents: Many probiotics can generate antimicrobial peptides or other types of antimicro-
bial substances. These compounds can directly kill or inhibit pathogenic microbes, thus safeguarding the wound 
from infections. 

Regulate Host Immune Response [26]: Probiotics can modulate the host's immune response by producing specific 
signaling molecules like short-chain fatty acids. This can assist in mitigating excessive inflammatory reactions, 
consequently promoting wound healing. 

Prebiotics are food ingredients that are nearly indigestible for the host but can be utilized by probiotics. They 
promote the growth and activity of probiotics, thereby aiding in maintaining the balance of the microbial community. 
In wound treatment, prebiotics mainly function through: 

Promote Probiotic Growth: Prebiotics offer a nutrient source for probiotics, enabling their rapid proliferation on 
the wound, thereby excluding or inhibiting pathogenic microbes. 

Enhance the Wound Microenvironment: Decomposition of products of prebiotics, such as short-chain fatty acids, 
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can help adjust the pH of the wound, crafting a microenvironment conducive to healing. 
In summary, microbial interventions have charted a new direction for chronic wound treatment. As technology 

advances and research deepens, we anticipate the development of more effective and personalized therapeutic strat-
egies. 

6. Discussion 

When discussing the relationship between chronic wounds and their microbial communities, it's essential not only 
to understand their fundamental knowledge and dynamic changes but more importantly, to elucidate how their in-
teractions affect wound healing and to explore effective microbial intervention strategies. This section will summa-
rize and delve deeper into the aforementioned research. 

Firstly, chronic wounds present a complex biological environment where the dynamic changes in microbial com-
munities closely relate to the degree of wound healing. Data extracted from different types of chronic wounds (e.g., 
diabetic foot ulcers, pressure sores, and venous leg ulcers) suggests that each wound type possesses its unique mi-
crobial characteristics. This microbial diversity might be influenced by various factors such as the patient's health 
status, age, gender, and lifestyle [27]. Importantly, as wound healing progresses, these microbial communities also 
change. 

Secondly, microbial communities are associated not only with wound infections but also with healing. Some 
microbes might stimulate inflammatory responses, slowing healing, while others might promote wound repair. For 
example, certain probiotics can modulate the host's immune response, accelerating wound healing. This interaction 
offers a fresh perspective on understanding wound repair mechanisms and suggests future therapeutic strategies. 

However, current research on microbial interventions is still in its infancy. While antibiotics can be effective in 
certain scenarios, the problem of antibiotic resistance is undeniable. The application of probiotics and prebiotics 
requires further clinical validation. Nonetheless, they still offer hope for chronic wound treatment. 

Yet, existing studies have limitations. Most are based on small sample observations and lack large-scale clinical 
validation. Accurately assessing the effect of microbial interventions and devising personalized treatment strategies 
for each patient are challenges requiring further research. 

Looking ahead, we aim to develop more effective and personalized therapeutic strategies. This demands a pro-
found understanding of the functionalities of wound microbial communities and their interactions with the host. 
Only then can we truly realize effective treatment for chronic wounds. 

7. Conclusion 

Chronic wounds, especially common types like diabetic foot ulcers, pressure sores, and venous leg ulcers, remain 
a significant challenge in the medical field. Our deepening understanding of the role of microbial communities in 
wound healing offers a novel therapeutic perspective and strategy. The dynamic changes in wound microbial com-
munities are closely related to the wound healing process, and their balanced state plays a decisive role in influenc-
ing inflammation, cell function, and the microenvironment. 

Moreover, microbial interventions, such as antibiotic applications and probiotic and prebiotic treatments, show 
potential advantages. However, as the issue of antibiotic resistance becomes increasingly prominent, seeking alter-
native methods and strategies becomes paramount. The application of probiotics offers a new direction, but further 
research is needed to ensure its efficacy and safety. 

In conclusion, the microbial communities of chronic wounds not only unravel the intricate mechanisms of wound 
healing but also provide invaluable insights for future treatment strategies. We look forward to future studies un-
veiling more effective and safe therapeutic methods, promising a brighter healing prospect for patients. 

References 
[1] Jones, R. E., Foster, D. S. & Longaker, M. T. Management of Chronic Wounds-2018. Jama 320, 1481-1482, 

doi:10.1001/jama.2018.12426 (2018). 

[2] Morton, L. M. & Phillips, T. J. Wound healing and treating wounds: Differential diagnosis and evaluation of chronic wounds. 
Journal of the American Academy of Dermatology 74, 589-605; quiz 605-586, doi:10.1016/j.jaad.2015.08.068 (2016). 

[3] Powers, J. G., Higham, C., Broussard, K. & Phillips, T. J. Wound healing and treating wounds: Chronic wound care and man-
agement. Journal of the American Academy of Dermatology 74, 607-625; quiz 625-606, doi:10.1016/j.jaad.2015.08.070 (2016). 

[4] Wilkinson, H. N. & Hardman, M. J. Wound healing: cellular mechanisms and pathological outcomes. Open biology 10, 200223, 



Linxuan Zou, Xingkai Wang, Zhe Zhang, Tianke Yang, Junwei Zong 
 

 

DOI: 10.26855/ijcemr.2023.10.032 700 International Journal of Clinical and Experimental Medicine Research 
 

doi:10.1098/rsob.200223 (2020). 

[5] Zhao, R., Liang, H., Clarke, E., Jackson, C. & Xue, M. Inflammation in Chronic Wounds. International journal of molecular 
sciences 17, doi:10.3390/ijms17122085 (2016). 

[6] Durand, B. et al. Bacterial Interactions in the Context of Chronic Wound Biofilm: A Review. Microorganisms 10, 
doi:10.3390/microorganisms10081500 (2022). 

[7] Holmes, C. J., Plichta, J. K., Gamelli, R. L. & Radek, K. A. Dynamic Role of Host Stress Responses in Modulating the Cutaneous 
Microbiome: Implications for Wound Healing and Infection. Advances in wound care 4, 24-37, doi:10.1089/wound.2014.0546 
(2015). 

[8] Ibberson, C. B. & Whiteley, M. The social life of microbes in chronic infection. Current opinion in microbiology 53, 44-50, 
doi:10.1016/j.mib.2020.02.003 (2020). 

[9] Kadam, S. et al. Bioengineered Platforms for Chronic Wound Infection Studies: How Can We Make Them More Human-Rele-
vant? Frontiers in bioengineering and biotechnology 7, 418, doi:10.3389/fbioe.2019.00418 (2019). 

[10] Kalan, L. & Grice, E. A. Fungi in the Wound Microbiome. Advances in wound care 7, 247-255, doi:10.1089/wound.2017.0756 
(2018). 

[11] Kigerl, K. A., Zane, K., Adams, K., Sullivan, M. B. & Popovich, P. G. The spinal cord-gut-immune axis as a master regulator of 
health and neurological function after spinal cord injury. Experimental neurology 323, 113085, doi:10.1016/j.expneu-
rol.2019.113085 (2020). 

[12] Mechelli, R. et al. MAIT Cells and Microbiota in Multiple Sclerosis and Other Autoimmune Diseases. Microorganisms 9, 
doi:10.3390/microorganisms9061132 (2021). 

[13] Misic, A. M., Gardner, S. E. & Grice, E. A. The Wound Microbiome: Modern Approaches to Examining the Role of Microor-
ganisms in Impaired Chronic Wound Healing. Advances in wound care 3, 502-510, doi:10.1089/wound.2012.0397 (2014). 

[14] Rodríguez-Rodríguez, N. et al. Wound Chronicity, Impaired Immunity and Infection in Diabetic Patients. MEDICC review 24, 
44-58, doi:10.37757/mr2021.V23.N3.8 (2022). 

[15] Sundman, M. H., Chen, N. K., Subbian, V. & Chou, Y. H. The bidirectional gut-brain-microbiota axis as a potential nexus 
between traumatic brain injury, inflammation, and disease. Brain, behavior, and immunity 66, 31-44, 
doi:10.1016/j.bbi.2017.05.009 (2017). 

[16] Vlastarakos, P. V., Nikolopoulos, T. P., Maragoudakis, P., Tzagaroulakis, A. & Ferekidis, E. Biofilms in ear, nose, and throat 
infections: how important are they? The Laryngoscope 117, 668-673, doi:10.1097/MLG.0b013e318030e422 (2007). 

[17] Wang, J. et al. The Role of Neutrophil Extracellular Traps in Periodontitis. Frontiers in cellular and infection microbiology 11, 
639144, doi:10.3389/fcimb.2021.639144 (2021). 

[18] Wang, Y., Yan, M., Or, P. M. & Chan, A. M. The genetic landscapes of inflammation-driven gastrointestinal tract cancers. 
Current pharmaceutical design 21, 2924-2941, doi:10.2174/1381612821666150514103332 (2015). 

[19] Bottery, M. J. Ecological dynamics of plasmid transfer and persistence in microbial communities. Current opinion in microbiol-
ogy 68, 102152, doi:10.1016/j.mib.2022.102152 (2022). 

[20] Byrd, A. L., Belkaid, Y. & Segre, J. A. The human skin microbiome. Nature reviews. Microbiology 16, 143-155, 
doi:10.1038/nrmicro.2017.157 (2018). 

[21] Chen, Y. E., Fischbach, M. A. & Belkaid, Y. Skin microbiota-host interactions. Nature 553, 427-436, doi:10.1038/nature25177 
(2018). 

[22] Centurion, F. et al. Nanoencapsulation for Probiotic Delivery. ACS nano 15, 18653-18660, doi:10.1021/acsnano.1c09951 (2021). 

[23] Chevallereau, A., Pons, B. J., van Houte, S. & Westra, E. R. Interactions between bacterial and phage communities in natural 
environments. Nature reviews. Microbiology 20, 49-62, doi:10.1038/s41579-021-00602-y (2022). 

[24] Flowers, L. & Grice, E. A. The Skin Microbiota: Balancing Risk and Reward. Cell host & microbe 28, 190-200, 
doi:10.1016/j.chom.2020.06.017 (2020). 

[25] Grosskopf, T. & Soyer, O. S. Synthetic microbial communities. Current opinion in microbiology 18, 72-77, 
doi:10.1016/j.mib.2014.02.002 (2014). 

[26] Knight, R. et al. Best practices for analysing microbiomes. Nature reviews. Microbiology 16, 410-422, doi:10.1038/s41579-018-
0029-9 (2018). 

[27] Ronda, C. & Wang, H. H. Engineering temporal dynamics in microbial communities. Current opinion in microbiology 65, 47-
55, doi:10.1016/j.mib.2021.10.009 (2022). 


