


The Role of Tilapia Skin Grafting in Accelerating Burn Wound Healing:Interdependence of Human and Tilapia Skin Microbiota And Molecular Mechanisms
Ishani Sadhukhan1, Adrija Gupta2, Atasi Chel3, Dr. Riya Sarkar*
1Msc. In food processing
Email. Id: ishanidiya14@gmail.com
Dept. of Food Processing
Indian Institute Of Engineering Science And Technology,Shibpur

2Bsc. In Microbiology
Email. Id:iamadrija2001@gmail.com
Dept of Microbiology
Maulana Azad College

3Msc. In food processing
Email. Id: atasichel65@gmail.com
Dept. of Food Processing
Indian Institute Of Engineering Science And Technology,Shibpur
*Corresponding author:
Dr. Riya Sarkar
Assistant Professor
1Department of Medical Laboratory Technology,
Dr. B. C. Roy Academy of professional courses, 
Formally known as Dr. B. C. Roy Engineering College
Durgapur, India, West Bengal, Pin-713206
Email: rsriyasarkar01@gmail.com/ riya.sarkar@bcrec.ac.in
Phone: +91 8250467900




Abstract: The first aquatic animal skin ever tested on burn sufferers was tilapia. Its morphology resembles that of human skin quite closely. It forms a protective layer against the wound and sticks to it. It prevents external pollution. It keeps the wound from drying out and losing proteins and moisture, and it remains attached to the wound bed until it heals. 
Collagen type-I and type-III, which are proteins that aid in wound healing, are abundant in fish skin. For the first time, it has been applied as a biological wound dressing for second- and third-degree burns. Unlike the gauze, no dressing changes were necessary as frequently. Fish skin treatment sped up the healing of wounds and decreased the need for painkillers. Additionally, fish skin dressing includes a variety of amino acids, including proline and alanine, in its collagen structure. The presence of amino acids will promote the growth of fibroblasts, the creation of granulation tissue, and the synthesis of collagen in the wound. 
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Introduction:
In reaction to cutaneously damaging stimuli, wound healing is a complicated, dynamic physiological process that attempts to reestablish the cutaneous barrier. Understanding the underlying mechanical aspects that support wound healing will result in innovative 
therapeutic approaches to skin restoration(Proksch et al. 2008). It was recently discovered through the use of cutting-edge technologies that the cutaneous microbiota and skin immune cells interact. 
Remarkably, commensal Staphylococcus epidermidis-induced CD8+ T cells speed up wound closure by causing the skin to re-epithelize following injury(Vono et al,2017). The microbiome may offer novel therapeutic candidate molecules to quicken skin healing from the standpoint of drug development(Silva et al,2018). Here, we enumerate and assess current developments in the comprehension of the skin microenvironment's microbiota.The human skin is home to a wide variety of typical flora, the quantity of which varies somewhat between people and skin regions. Over time, humans and typical flora have developed a symbiotic relationship(Pflughoeft et al. 2012). The relationship between the host and normal flora can be disrupted by a variety of disease processes. Chronic wounds, particularly in people with diabetes, are wounds that do not heal quickly enough, in contrast to normal wound healing, which is a complicated process that is essential to maintaining the skin's physical barrier. 
The environment becomes suitable for microorganisms to settle and cause skin diseases. These include the release of different types of compounds or molecules or even the inciting of the immune system to target other cells necessary for wound healing
recuperation. Furthermore, by extending the inflammatory phase and postponing wound repair, which further damages the tissue, the healing process might be slowed down. The targeted therapy for treating chronic wounds is the use of antibiotics and wound dressings. Even although healing rates are increased, continued use of these treatments runs the risk of making microorganisms resistant to them or rendering them ineffective. 
This article will go over the physiology of wound healing and talk about the function of the skin's normal flora and long-term wounds.Since they lessen the need for frequent dressing changes, skin replacements are thought to be a helpful alternative to occlusive dressings in the treatment of superficial burns. In order to assess the effectiveness of Nile tilapia (Oreochromis niloticus) skin as an occlusive xenograft dressing for the treatment of burn injuries in humans, a phase II randomized controlled experiment was conducted. The number of days for wound healing, the frequency of changing the occlusive dressing, the use of anesthetics or analgesics, the assessment of pain using the Visual Analogue Scale, and the assessment of burn improvement on the day of dressing removal were all taken into consideration when evaluating the use of tilapia skin.( Elbialy et. al,2020)
The study was finished by 62 individuals in total. Complete reepithelialization was observed in significantly fewer days in participants treated with tilapia skin; study arms B and C reported lower levels of pain intensity, fewer anesthetics and analgesics were needed, and dressing changes were not necessary and was much lower than in those receiving silver sulfadiazine treatment. The tilapia skin xenograft demonstrated good performance as an occlusive biological dressing for the treatment of burn wounds in humans in our investigation. 
Taking into account all of these variables, further research is required to fully clarify the part that normal human skin flora plays in a chronic damage at the cellular and molecular levels. 
Cell Immunology in burn healing 
Burn  injuries trigger a complex immune response that involves both innate and adaptive immune systems. The immune response can be broadly divided into three phases: the initial inflammatory phase, the proliferative phase, and the remodeling phase. Each phase involves different types of immune cells and signaling molecules.( Belkaid et al. 2014)
Inflammatory Phase: 
· Neutrophils: These are among the first responders to a burn injury. They migrate to the wound site and help clear debris and bacteria through phagocytosis and the release of reactive oxygen species (ROS). However, excessive neutrophil activity can lead to tissue damage.(Vono et al. 1991)
· Macrophages: These cells arrive shortly after neutrophils and play a dual role. M1 macrophages promote inflammation by secreting pro-inflammatory cytokines (e.g., TNF-α, IL-1β) and ROS, which are crucial for pathogen clearance. Later, M2 macrophages facilitate the resolution of inflammation and promote tissue repair by releasing anti-inflammatory cytokines (e.g., IL-10, TGF-β) and growth factors.
Proliferative Phase: 
· Fibroblasts: While not immune cells, fibroblasts are influenced by the cytokines released by immune cells. They proliferate and synthesize extracellular matrix (ECM) components such as collagen, which are essential for wound closure(Desmouliere et al,2014)
· Keratinocytes: These cells also respond to cytokines and growth factors, leading to their proliferation and migration to cover the wound, re-establishing the epidermal barrier.( Secor et al,2011)
Remodeling Phase:
· T Cells: Various subsets of T cells, including regulatory T cells (Tregs), contribute to tissue remodeling and the resolution of inflammation. Tregs help in modulating the immune response, preventing excessive tissue damage, and facilitating wound healing.
· Mast Cells: These cells release factors that influence fibrosis and tissue remodeling. They can secrete both pro-inflammatory and anti-inflammatory mediators, impacting the balance of scar formation and tissue regeneration.
Cytokines and Chemokines: 
· Cytokines such as IL-1, IL-6, and TNF-α play significant roles in the early inflammatory response, while IL-10 and TGF-β are crucial for anti-inflammatory responses and tissue repair.
· Chemokines like CXCL8 (IL-8) attract neutrophils to the wound site, whereas others, like CCL2 (MCP-1), recruit monocytes and macrophages.
Angiogenesis:
· The formation of new blood vessels is essential for delivering nutrients and oxygen to the healing tissue. VEGF (Vascular Endothelial Growth Factor) is a key player in promoting angiogenesis and is regulated by immune cell activity(Tonnesen et al.2000).
Innate Lymphoid Cells (ILCs):
· ILCs, particularly ILC2s, have been shown to promote wound healing through the secretion of cytokines that influence epithelial cell proliferation and tissue repair.
PROCEDURE:
To understand the role of tilapia fish microbiota on burn injury healing, we must go step by step through the following points –
1. Type of burn wounds and use of grafting as a standard method of treatment
2. Use of Tilapia fish skin as xenograft
3. Microbiome associated with tilapia fish skin
4. [bookmark: _Hlk167724940]Mechanisms involved in faster healing of burn wounds with the help of fish skin microbiome
1. Type of burn wounds and use of grafting as a standard method of treatment
Burns represent some of the most severe forms of soft tissue injuries, often resulting in extensive, deep wounds that can be fatal. These injuries frequently cause significant mental and emotional distress due to excessive scarring and skin contractures. Treating burns has always posed a substantial medical challenge, with numerous methods employed for local treatment. The most commonly used standard method is skin grafting, which significantly reduces infection-related fatalities. However, this approach has the disadvantage of causing long-lasting and chronic pain for patients. In cases of deep-dermal partial-thickness burns, re-epithelialization can be delayed for a minimum of three weeks(Pan et al. 2013). If the condition does not improve within this period, wound debridement and grafting may be necessary.( Monstrey et al. 2008)
According to the tissue affected, the severity, and resultant complications, burn injuries are classified into four groups(Figure 1). (Oryan et al, 2017)


Figure 1: Classification of Burn Injuries
Skin grafting is regarded as the surgical gold standard for managing severe burn injuries. In this procedure, a piece of healthy skin is transplanted onto a cleaned area of burned skin. This technique promotes rapid healing of severe burns with minimal scarring. It is frequently employed to treat deep-dermal second-degree and third-degree burns, which are unable to naturally regenerate damaged skin cells.( Atiyeh et al.2005)
There are 4 kinds of grafts or transplants based on the genetic variations between the recipient's and donor's tissues – Autograft, Allograft, and Xenograft(Table 1). (Oryan et al, 2017)



Table 1: Use of grafting as a standard method of treatment and its advantages and disadvantages
Now, we will discuss the Tilapia Fish Skin which is successfully used as a xenograft against burn injuries, and the attributes that make it an ideal xenograft.
2. Use of Tilapia fish skin as xenograft
[image: ]
Figure 2: processing of burn wounds
Burn incidents are common throughout the world and are linked to high rates of morbidity and death. Burn care is expensive for the healthcare system since it requires long hospital stays, multiple evaluations, dressing changes, and ongoing treatment.
An innovative method developed in Brazil uses tilapia skin as a dressing for burns(Figure 2). This technique, employing a "biological dressing," has shown its potential in the medical treatment of burns and has been used since 2016 (Farias et al, 2022).
The Nile tilapia, Oreochromis niloticus, a member of the Cichlidae family, is native to East Africa's Nile River basin. It possesses several characteristics that make it an ideal xenograft, including:
· The morphological features of tilapia skin are similar to those of human skin. The dermis is made up of long, compact collagen bundles that are oriented horizontally and vertically, and they exhibit considerable strength and flexibility under stress.
· It is rich in type I collagen and has non-infectious microbiota, which makes it an effective choice for xenografts in the treatment of burns.(chen et al. 2016)
The skin of Nile tilapia has the biological ability to conceal burns and maintains its tensiometric strength and collagen qualities even after undergoing a variety of treatments and sterilization procedures. (Pruitt et al, 2022)
We would like to discuss a notable case study. This phase II clinical investigation was a random, monocentric, open-label, and took place in Fortaleza, Brazil, between October 2016 and September 2017. The study protocol and informed consent were approved by the local Institutional Review Board (IRB). The research adhered to the 1975 Declaration of Helsinki. No conflicts of interest are present.(Lima Junior et al, 2020)
The raw Tilapia fish skin was treated by various means before applying to the surgery as a xenograft.(Costa et al, 2019)


Flow Chart 1: Pre-treatment of the Nile Tilapia Fish Skin before use as a Xenograft in burn wounds
The patient, a 23-year-old male without comorbidities, suffered burns from a gunpowder explosion, resulting in superficial and deep partial-thickness burns across various body regions. During surgery, the prepared fish skin was applied after thorough cleaning of the wounds with saline and chlorhexidine, followed by removal of necrotic tissue. Secure dressing with gauze and bandages completed the procedure (Flow chart 1).
Observation over time showed stable vital signs and clinical status. The fish skin adhered well to the wound bed, eliminating the need for frequent dressing changes. By the 12th day, it began to dry and harden, necessitating removal, revealing healed skin beneath. A similar process occurred on the 17th day with no adverse effects noted.
The 17-day period for complete re-epithelialization suggests the effectiveness of tilapia skin as a xenograft, attributed to its lack of antigenicity and toxicity. Additionally, its application facilitates water permeability, and heat retention, and acts as a microbial barrier. (Lima Junior et al, 2019)
3. Mechanisms involved in faster healing of burn wounds with the help of fish skin microbiome :To describe and understand the molecular mechanisms involved in the faster healing of burn wounds with the help of Nile Tilapia Fish Skin, we will focus on some famous studies(Figure 3).[image: ]
Figure 3: Mechanism behind treatment

(TLR: Toll Like Receptor, ROS: Reactive Oxygen Species, BCR: B Cell Receptor DAMPs: Damage Associated Molecular Pattern)
Role of Staphylococcus epidermidis, a microorganism common in fish skin and human skin normal flora: Bacteria-derived peptides play a crucial role in the communication between cutaneous bacteria and host skin cells. Linehan and colleagues discovered that Staphylococcus epidermidis prompts the accumulation of CD8+ T lymphocytes in the skin through antigen presentation by dendritic cells. Interestingly, these same strains of Staphylococcus epidermidis are more abundant in the skin of healthy individuals compared to those with skin diseases(Meric et al.2018).Through genome analysis of Staphylococcus epidermidis and in vitro experiments, the authors demonstrated that dendritic cells present N-formyl methionine peptides, secreted by Staphylococcus epidermidis, on major histocompatibility complex Ib (MHCIb) to CD8+ T lymphocytes. Furthermore, Linehan et al conducted RNA sequencing of CD8+ T lymphocytes induced by topical application of Staphylococcus epidermidis. The global transcriptome analysis revealed that these CD8+ T lymphocytes upregulate numerous genes related to immune regulation and tissue repair(Harrison et al. 2019). Additionally, the authors investigated the impact of prior exposure to Staphylococcus epidermidis on wound healing using the punch biopsy method to create skin injuries. Remarkably, CD8+ T cells induced by Staphylococcus epidermidis enhanced the re-epithelialization of the damaged skin and accelerated wound repair. This review discusses these findings and explores recent advancements in understanding how the cutaneous microbiota influences the skin microenvironment. (Leonel et al, 2019).
Besides that, Staphylococcus epidermidis releases sphingomyelinase, which helps it get the nutrients it needs. At the same time, this substance helps the body produce ceramides, which are key for keeping the skin's barrier strong and preventing dryness and aging. In studies with mice, S. epidermidis was shown to significantly boost ceramide levels in the skin and reduce water loss in damaged skin. These findings highlight a beneficial relationship where the skin's natural bacteria play a crucial role in keeping the skin protected. (Zheng et al, 2022)
However, the intense pre-treatment of Nile Tilapia skin might completely wipe out all the microbes on the fish skin, including Staphylococcus epidermidis. If this happens, the Staphylococcus epidermidis-based treatment would rely entirely on the bacteria from human skin.(Grice et al 2009). But there's always a chance that some of the natural microbes might survive the treatment and come back once the stress is removed, potentially aiding in faster wound healing. More research is needed to fully understand the role of this bacterium in wound healing, the mechanisms involved, and the contribution of other natural microbes, if any.( Linehan et al. 2018)
Role of collagen that is present in the Nile Tilapia skin: Collagen, the most prevalent structural protein in mammalian connective tissue, constitutes about 30% of animal protein. This study evaluated the potential of collagen extract from Nile tilapia skin to enhance cutaneous wound healing in rats and explored the possible underlying mechanisms. A rat model was employed, comprising a control group (CG) and a tilapia collagen-treated group (TCG). Full-thickness wounds were created on the backs of all rats under general anesthesia, and the tilapia collagen extract was applied topically to the wound area in the TCG. Wound areas in both groups were measured on days 0, 3, 6, 9, 12, and 15 post-wounding. The stages of wound granulation tissue were assessed through histopathological examination, and the expression of vascular endothelial growth factor (VEGF) and transforming growth factor (TGF-ß1) was analyzed using immunohistochemistry. Additionally, the relative gene expression of transforming growth factor-beta (TGF-ß1), basic fibroblast growth factor (bFGF), and alpha-smooth muscle actin (α-SMA) were quantified by real-time qPCR.( Pasparakis et al. 2014). Histopathological evaluation revealed significant signs of skin healing in the TCG compared to the CG(Azuma et al 2016). Immunohistochemistry results showed a notable increase in the expression levels of VEGF and TGF-ß1 in the TCG. Furthermore, the TCG demonstrated substantial upregulation in the gene expression of VEGF, bFGF, and α-SMA. These findings indicate that the topical application of Nile tilapia collagen extract can enhance the cutaneous wound healing process in rats, likely due to its ability to stimulate macrophage recruitment(Silva et al.2018) and activation, leading to the production of chemotactic growth factors, fibroblast proliferation, and angiogenesis. (Elbialy et al, 2020)
Conclusion: The utilization of tilapia skin for the treatment of burn injuries has emerged as a groundbreaking and promising approach in modern wound care. This innovative method taps into the unique biological properties of tilapia skin, which are proving to be highly effective in promoting wound healing and pain management for burn patients.
Tilapia skin is rich in type I collagen, an essential protein that plays a crucial role in wound healing by providing a scaffold for new tissue growth. The high collagen content helps accelerate the healing process by promoting cell proliferation and tissue regeneration. Additionally, tilapia skin contains high levels of moisture and natural oils, which help maintain a moist wound environment. This is beneficial because moist wounds heal faster and are less prone to infection than dry wounds.  Clinical trials and studies have demonstrated the efficacy of tilapia skin in treating burn injuries. Patients treated with tilapia skin dressings experience less pain compared to those receiving conventional treatments. This is attributed to the cooling effect of the moist tilapia skin, which soothes the burn site and reduces discomfort. Moreover, tilapia skin adheres well to the wound, acting as a natural barrier against infection while allowing for gas exchange, essential for healing. A notable advantage of tilapia skin is its ability to reduce the need for frequent dressing changes. Traditional burn dressings often require regular replacement, which can be painful and distressing for patients. Tilapia skin, on the other hand, can remain in place for extended periods, minimizing disturbance to the healing tissue and reducing pain associated with dressing changes.
References: Atiyeh, B. S., Hayek, S. N., & Gunn, S. W. (2005). New technologies for burn wound closure and healing—Review of the literature. Burns, 31(8), 944–956. https://doi.org/10.1016/j.burns.2005.08.023
Azuma, K., Osaki, T., Tsuka, T., Imagawa, T., Okamoto, Y., & Minami, S. (2014). Effects of fish scale collagen peptide on an experimental ulcerative colitis mouse model. PharmaNutrition, 2(4), 161–168. https://doi.org/10.1016/j.phanu.2014.10.001 
Belkaid, Y., & Hand, T. W. (2014). Role of the microbiota in immunity and inflammation. Cell, 157(1), 121–141. https://doi.org/10.1016/j.cell.2014.03.011
Chen, J., Li, L., Yi, R., Xu, N., Gao, R., & Hong, B. (2016). Extraction and characterization of acid-soluble collagen from scales and skin of tilapia (Oreochromis niloticus). Lebensmittel-Wissenschaft + Technologie/Food Science & Technology, 66, 453–459. https://doi.org/10.1016/j.lwt.2015.10.070
Chiu, T., & Burd, A. (2005). “Xenograft” dressing in the treatment of burns. Clinics in Dermatology, 23(4), 419–423. https://doi.org/10.1016/j.clindermatol.2004.07.027
Cirodde, A., Leclerc, T., Jault, P., Duhamel, P., Lataillade, J., & Bargues, L. (2011). Cultured epithelial autografts in massive burns: A single-center retrospective study with 63 patients. Burns, 37(6), 964–972. https://doi.org/10.1016/j.burns.2011.03.011
Costa, B. A., Júnior, E. M. L., De Moraes Filho, M. O., Fechine, F. V., De Moraes, M. E. A., Júnior, F. R. S., Soares, M. F. a. D. N., & Rocha, M. B. S. (2019). Use of tilapia skin as a xenograft for pediatric burn treatment: a case report. Journal of Burn Care & Research, 40(5), 714–717. https://doi.org/10.1093/jbcr/irz085 
Desmouliere, A., Darby, I. A., Laverdet, B., & Bonté, F. (2014). Fibroblasts and myofibroblasts in wound healing. Clinical, Cosmetic and Investigational Dermatology, 301. https://doi.org/10.2147/ccid.s50046
Elbialy, Z. I., Atiba, A., Abdelnaby, A., Al-Hawary, I. I., Elsheshtawy, A., El-Serehy, H. A., Abdel-Daim, M. M., Fadl, S. E., & Assar, D. H. (2020). Collagen extract obtained from Nile tilapia (Oreochromis niloticus L.) skin accelerates wound healing in rat model via up regulating VEGF, bFGF, and α-SMA genes expression. BMC Veterinary Research, 16(1). https://doi.org/10.1186/s12917-020-02566-2
Grice, E. A., Kong, H. H., Conlan, S., Deming, C. B., Davis, J., Young, A. C., Bouffard, G. G., Blakesley, R. W., Murray, P. R., Green, E. D., Turner, M. L., & Segre, J. A. (2009). Topographical and temporal diversity of the human skin microbiome. Science, 324(5931), 1190–1192. 
Harrison, O. J., Linehan, J. L., Shih, H., Bouladoux, N., Han, S., Smelkinson, M., Sen, S. K., Byrd, A. L., Enamorado, M., Yao, C., Tamoutounour, S., Van Laethem, F., Hurabielle, C., Collins, N., Paun, A., Salcedo, R., O’Shea, J. J., & Belkaid, Y. (2019). Commensal-specific T cell plasticity promotes rapid tissue adaptation to injury. Science, 363(6422). https://doi.org/10.1126/science.aat6280
Leonel, C., Sena, I. F. G., Silva, W. N., Prazeres, P. H. D. M., Fernandes, G. R., Agresti, P. M., Drumond, M. M., Mintz, A., Azevedo, V. a. C., & Birbrair, A. (2019). Staphylococcus epidermidis role in the skin microenvironment. Journal of Cellular and Molecular Medicine, 23(9), 5949–5955. https://doi.org/10.1111/jcmm.14415
Lima-Junior, E. M., De Moraes Filho, M. O., Costa, B. A., Fechine, F. V., De Moraes, M. E. A., Silva-Junior, F. R., Soares, M. F. a. D. N., Rocha, M. B. S., & Leontsinis, C. M. P. (2019). Innovative treatment using tilapia skin as a xenograft for partial thickness burns after a gunpowder explosion. Journal of Surgical Case Reports, 2019(6). https://doi.org/10.1093/jscr/rjz181
Linehan, J. L., Harrison, O. J., Han, S., Byrd, A. L., Vujkovic-Cvijin, I., Villarino, A. V., Sen, S. K., Shaik, J., Smelkinson, M., Tamoutounour, S., Collins, N., Bouladoux, N., Dzutsev, A., Rosshart, S. P., Arbuckle, J. H., Wang, C., Kristie, T. M., Rehermann, B., Trinchieri, G., . . . Belkaid, Y. (2018). Non-classical immunity controls microbiota impact on skin immunity and tissue repair. Cell, 172(4), 784-796.e18. https://doi.org/10.1016/j.cell.2017.12.033
Méric, G., Mageiros, L., Pensar, J., Laabei, M., Yahara, K., Pascoe, B., Kittiwan, N., Tadee, P., Post, V., Lamble, S., Bowden, R., Bray, J. E., Morgenstern, M., Jolley, K. A., Maiden, M. C. J., Feil, E. J., Didelot, X., Miragaia, M., De Lencastre, H., . . . Sheppard, S. K. (2018). Disease-associated genotypes of the commensal skin bacterium Staphylococcus epidermidis. Nature Communications, 9(1). https://doi.org/10.1038/s41467-018-07368-7
Monstrey, S., Hoeksema, H., Verbelen, J., Pirayesh, A., & Blondeel, P. (2008). Assessment of burn depth and burn wound healing potential. Burns, 34(6), 761–769. https://doi.org/10.1016/j.burns.2008.01.009
Obeng, M., McCauley, R., Barnett, J., Heggers, J., Sheridan, K., & Schutzler, S. (2001). Cadaveric allograft discards as a result of positive skin cultures. Burns, 27(3), 267–271. https://doi.org/10.1016/s0305-4179(00)00116-9
Oryan, A., Alemzadeh, E., & Moshiri, A. (2017). Burn wound healing: present concepts, treatment strategies and future directions. Journal of Wound Care, 26(1), 5–19. https://doi.org/10.12968/jowc.2017.26.1.5  
Pan, S. C. (2013b). Burn blister fluids in the neovascularization stage of burn wound healing: A comparison between superficial and deep partial-thickness burn wounds. Burns and Trauma, 1(1), 27. https://doi.org/10.4103/2321-3868.113332
Pasparakis, M., Haase, I., & Nestle, F. O. (2014). Mechanisms regulating skin immunity and inflammation. Nature Reviews. Immunology, 14(5), 289–301. https://doi.org/10.1038/nri3646
Pflughoeft, K. J., & Versalovic, J. (2012). Human microbiome in health and disease. Annual Review of Pathology, 7(1), 99–122. https://doi.org/10.1146/annurev-pathol-011811-132421
Proksch, E., Brandner, J. M., & Jensen, J. (2008). The skin: an indispensable barrier. Experimental Dermatology, 17(12), 1063–1072. https://doi.org/10.1111/j.1600-0625.2008.00786.x
Pruitt, B. A. (1984). Characteristics and uses of biologic dressings and skin substitutes. Archives of Surgery, 119(3), 312. https://doi.org/10.1001/archsurg.1984.01390150050013 
Secor, P. R., James, G. A., Fleckman, P., Olerud, J. E., McInnerney, K., & Stewart, P. S. (2011). Staphylococcus aureus Biofilm and Planktonic cultures differentially impact gene expression, mapk phosphorylation, and cytokine production in human keratinocytes. BMC Microbiology, 11(1), 143. https://doi.org/10.1186/1471-2180-11-143
Silva, W. N., Prazeres, P. H. D. M., Paiva, A. E., Lousado, L., Turquetti, A. O. M., Barreto, R. S. N., De Alvarenga, E. C., Miglino, M. A., Gonçalves, R., Mintz, A., & Birbrair, A. (2018). Macrophage-derived GPNMB accelerates skin healing. Experimental Dermatology, 27(6), 630–635. https://doi.org/10.1111/exd.13524
Tonnesen, M. G., Feng, X., & Clark, R. A. (2000). Angiogenesis in wound healing. The Journal of Investigative Dermatology Symposium Proceedings, 5(1), 40–46. https://doi.org/10.1046/j.1087-0024.2000.00014.x
Vono, M., Lin, A., Norrby-Teglund, A., Koup, R. A., Liang, F., & Loré, K. (2017). Neutrophils acquire the capacity for antigen presentation to memory CD4+ T cells in vitro and ex vivo. Blood, 129(14), 1991–2001. https://doi.org/10.1182/blood-2016-10-744441
Zheng, Y., Hunt, R. L., Villaruz, A. E., Fisher, E. L., Liu, R., Liu, Q., Cheung, G. Y. C., Li, M., & Otto, M. (2022). Commensal Staphylococcus epidermidis contributes to skin barrier homeostasis by generating protective ceramides. Cell Host & Microbe, 30(3), 301-313.e9. https://doi.org/10.1016/j.chom.2022.01.004 


AUTOGRAFT


The split-thickness autologous skin grafting technique is considered the best method. For patients with extensive burns, such as third-degree burns, Cultured Epithelial Autograft (CEA) is often preferred. However, there are challenges with this approach. There is a limited amount of skin that can be taken from the patient, and the donor site can suffer from complications and cosmetic issues like scarring and changes in color and texture. Additionally, since two surgeries are needed, the costs are higher. The larger wound area also leads to more water and electrolyte loss. Moreover, CEA is expensive and highly prone to infections.(Cirodde et al. 2011) 


ALLOGRAFT


Involve using donated human skin from a cadaver as a temporary covering for wounds. 


Also known as cadaver skin or homograft. Cadaveric skin allografts are a standard method for temporary skin replacement and are used only after thorough serological and microbiological testing ensures their safety. These grafts help prepare the wound bed before placing autografts, reduce fluid, electrolyte, and protein loss, and promote the formation of new skin. However, there is a significant risk of transmitting infectious diseases like AIDS or Hepatitis-B from the cadaver skin. Additionally, these grafts have a limited blood supply, can be rejected due to unmatched MHC complexes, and are difficult to store and handle.(Obeng et al 2001)


XENOGRAFT


Temporary skin grafts taken from animals. 


Also known as heterograft. They are available in larger quantities and can be processed according to specific needs. These grafts help reduce fluid loss and minimize microbial infection effectively. However, a major drawback is the risk of rejection by the recipient's body. They can also cause high levels of hypersensitivity and potentially transmit various known or unknown diseases from the animal. Additionally, xenografts are only temporary solutions.(Chiu et al. 2005)


Skin grafts are taken from the patient’s own body. 


the collection of tilapia fish skin from farms in Castanhão Dam, Ceará.


Washing


Transporatation


Cutting


Additional saline washes


Immersed in 2% chlorhexidine for 60 minutes


Soak in a solution of 75% glycerol and 25% saline


Separation from muscle


Massaging in 100% glycerol


Centrifugation


Gamma iraadiation sterilization


Staorage at 4oC



CLASSIFICATION OF BURN INJURIES


SECOND DEGREE BURN
(Epidermis and portions of dermis are damaged)


SUPERFICIAL


DEEP DERMAL


FOURTH DEGREE BURN
(Along with the skin layers, underlying tissues like muscles, tendons, bones, and associated nerve endings are also damaged. Generally it is lethal)


FIRST DEGREE BURN
(Damage in the epidermis only)


THIRD DEGREE BURN
(All the three layers of skin, i. e., epidermis, dermis and hypodermis are damaged)
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