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Abstract
Polymicrobial infections are common in patients suffering from burn injuries. Hospitalized patients are at a heightened risk 
of contracting hospital-acquired infections and extended hospital stays raise the possibility of infection with resistant 
organisms. Pseudomonas aeruginosa, Proteus mirabilis, Acinetobacter baumannii, and Klebsiella pneumoniae are the most 
often found multidrug-resistant (MDR) Gram-negative bacteria in burn wound infections (BWIs). BWIs caused by Gram 
positive organism like Staphylococcus and Streptococcus are also prevalent. Fungi-like Candida species appear to occur 
also. Nonetheless, opportunistic pathogen infection is highly prevalent in burn victims. Variations in geographic location 
and infection control practices result in variations in the causal agents of BWIs. All things considered, increased serum 
cytokine levels, systemic immune response and immunosuppression are indicative of burn injuries. Therefore, prompt 
identification and intervention can quicken the healing of wounds and lower the chance of developing new infections at the 
site of injury. A multidisciplinary approach from infectious disease experts and burn surgeons is also required to effectively 
track antibiotic resistance in BWI pathogens, prevent the super-spread of MDR infections and enhance treatment results. 
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exudates (BWEs), a biological fluid that predominates in the wound, 
serve as an excellent microenvironment that is optimal for the growth 
of pathogens3. First-degree (superficial) burns damage only the 
epidermal layer, so they heal rather quickly without scarring2. 
Second-degree (partial-thickness) burns involve the deeper layers of 
the epidermis and dermis and heal slowly2. Third-degree 
(full-thickness) burns fully destroy the epidermal and dermal layers of 
the skin and can also cause significant damage to the underlying tissues 
and bones as well2. One extremely prevalent and severe type of trauma 
is burn. With a crude fatality rate of 5%, it is ranked eighth among all 
traumatic injuries by the World Health Organization4. An estimated 
2.65 lakh people die from burn injuries each year worldwide. These 
situations are more common in undeveloped and underdeveloped 
nations, where burns that cover more than 40% of the body's surface 
area have a 100% patient mortality risk3,5. Eighty percent of burns 
happen at home6. Children and teenagers are more likely to get burn 
injuries from domestic sources6,7. Southeast Asia leads the globe in 
deliberate burn injuries, followed by Africa8. Asia has the greatest rate 
of burn injuries worldwide. India is the Asian nation with the greatest 
number of reported cases of burning self-harm, followed by 
Bangladesh, Pakistan, and Bhutan. With a burn injury fatality rate of 
23.5% annually, Africa has the highest rate8. Due to domestic abuse or 
self-immolation, young women make almost 65% of burn casualties in 
India9. Conversely, children are the most common victims of burn 
injuries in Africa. Asia and Africa have high population densities, low 
income rates, low levels of education, and inadequate surveillance 
systems, all of which contribute to the high incidence of burn injuries9. 
Continents like Europe, North America, South America, and Australia 
have notably less reported cases of burn injuries8. Intentional burning 
self-harm victims are more common among men in the 40–50 age 

range in Europe9. Australia is the country with the greatest 
annual hospital admissions of burn patients, followed by 
Asia. When it comes to burn injuries, these developed 
continents are in a far better position than the underdeveloped 
and developing nations. Seventy-five percent of burn deaths 
are the result of polymicrobial infections2. 
Pathogens of Burn Wound Infections: 
Microorganisms colonize and grow quickly at the site of 
injury due to the loss of the skin barrier following burn. The 
skin barrier otherwise serves as the first line of immune 
defense for any individual10,11,12. Any breach in the skin allows 
for easy entry and access of the infecting microbe to the inner 
tissues of the body, thus complicating the etiology10,11,12. 
Hence, it has been observed that microbial infections, 
especially those caused by multidrug-resistant 
(MDR)-bacteria, including Pseudomonas and Acinetobacter, 
are the main cause of increased morbidity and mortality in 
burn patients10,11,12. According to the 2016 National Burn 
Repository Report, polymicrobial burn wound infections 
(BWIs) account for seven out of ten of the most common 
complications in burn patients. UTIs, cellulitis, and 
pneumonia are the most common BWIs, while respiratory 
tract infections are the most common11. The length of hospital 
stay following a burn injury is directly correlated with the 
kinds of bacteria that infect the patients; Staphylococcus 
aureus is the main cause of infection13. Skin and soft tissue 
infections predominate during the first week of 
hospitalization, while bloodstream infections, pneumonia, 
and urinary tract infections typically develop later in the 
stay13.  
Gram-Positive Bacteria: The most commonly found 
Gram-positive bacteria in BWI include Staphylococcus 
species (spp.), Enterococcus spp., and β-hemolytic group A 
Streptococci (GAS)10. Specifically, vancomycin-resistant 
Enterococci (VRE) and methicillin-resistant Staphylococcus 
aureus (MRSA) are the pathogens of high concern in patients 
with severe burns10,11. Over recent decades and with the 
uncontrolled over-the-counter availability of broad-spectrum 
antibiotics, MRSA has become the most predominant 
pathogen in the intensive care unit of burn patients12. 
Colonization with any of these bacteria may also lead to 
biofilm infections, resulting in severe illness and death12. 
Table I. Bacterial pathogens isolated from burn wound infections13

One of the most popular therapies for reducing MRSA 
infection has been vancomycin. However, new antibiot-
ic-resistant strains, such as Vancomycin-intermediate 
Staphylococcus aureus, have been emerging over the last 
few years14. Novel antimicrobials as daptomycin, tigecy-
cline, quinupristin-dalfopristin, dalbavancin, and linezolid 
(an oxazolidinone) may offer some relief from this issue12. 
Despite being a Gram-positive bacterium of concern, 
Enterococcus was luckily not known to be lethal until the 
advent of VRE16. These days, combination therapy is 
utilized to treat VRE infections, which includes ampicillin 
and an aminoglycoside16. The most common cause of graft 
failure in burn patients is group B streptococci (Streptococ-
cus agalactiae), which is followed by GAS (Streptococcus 
pyogenes)15. The penicillin class of medicines is effective in 
eliminating these streptococci17. 
Gram-Negative Bacteria: P. aeruginosa prefers moist condi-
tions, it is not only the primary bacterium that is commonly 
found in invasive burn wounds18. Additionally, sepsis 
caused by these bacteria results in burn-related death18. 
Infections caused by pseudomonas, especially P. aerugino-
sa, typically begin as a small, superficial lesion with a 
characteristic yellow or green color and an unpleasant 
fruity odor. These infections can progress to an invasive 
infection known as "ecthyma gangrenosum," which results 
in blue-purplish "punched-out" lesions in the skin19. Sepsis 
can then be quickly brought on by P. aeruginosa's fast 
spread into deeper tissues20. P. aeruginosa is showing signs 
of developing drug resistance, hence combination therapy 
using piperacillin and tazobactam is used. An alternative 
treatment for MDR-P. aeruginosa is azatreonam20. Another 
Gram-negative bacterium in the list of high- concern 
microbes in burn patients is A. baumannii. Survivability in 
both wet and dry conditions, also on both inanimate and 
animate objects, helps them to achieve this21. As a last 
resort for treating pan-resistant Acinetobacter spp., colisin 
has been developed21. The development of a biofilm in the 
burn wound microenvironment of a patient is the primary 
cause of burn treatment regimen failure, and in many 
complex situations, this can result in mortality22. Important-
ly, the bacterial community enclosed in a polysaccharide 
matrix biofilm is more tolerant to antibiotics and more 
resilient to host immune system stresses and disinfection20. 
MDR Bacteria: The Centers for Disease Control and 
Prevention and the European Centre for Disease Prevention 
and Control state that there are two types of drug-resistant 
(DR) bacteria: pan-drug resistant strains, which are 
resistant to all agents under all antimicrobial categories, 
and extensively drug-resistant strains, which are resistant to 
at least one agent in all antimicrobial categories except a 
few23,24.  The length of the patient's hospital stay and the 
intensity and scope of the burn are the two main variables 
that influence MDR-pathogen attacks25. Extended hospital 
stays elevate the risk of multidrug resistant infections, 
primarily caused by Gram-negative bacteria (GNB)25,26. 
The use of invasive medical devices such urinary catheters 

and prior antibiotic exposure may be the cause of future 
increases in these BWIs25. A research conducted at the 
Canadian Burn Center, with 125 patients, provided support 
for this27. After 28 days in the hospital, 44% of the bacterial 
isolates were MDR, up from 6% during the first 7 days27. 
Thus, a significant treatment issue arises from the rise in 
the prevalence of MDR-GNB during extended hospital 
stays for burn patients28. A. baumannii, P. aeruginosa, 
Stenotrophomonas maltophilia, and carbapenem-resistant 
Enterobacteriaceae strains are a few of the MDR-GNB 
pathogens that are of particular concern. These are thought 
to be the most prevalent MDR-GNB in BWIs, along with 
Escherichia coli, Proteus mirabilis, and Klebsiella pneumo-
niae28,29. MRSA and GAS were shown to be prevalent in a 
study carried out in a burn unit at a tertiary care referral 
center in North India. MRSA strains were found to be 
resistant to erythromycin, ciprofloxacin, netilmicin, genta-
micin, and cefotaxime30. Ninety percent of the bacteria 
cultivated from the infected burn wounds there showed 
resistance to amikacin and ceftazidime, making MDR P. 
aeruginosa one of the most common microbes30. These 
multidrug-resistant bacteria are first identified by examin-
ing their physical morphology, Gram-staining features, and 
biochemical traits31. In addition, to look for the zone of 
growth inhibition, antimicrobial susceptibility tests are 
performed using a variety of antibiotics, including ceftazi-
dime, ciprofloxacin, gentamicin, trimethoprim-sulfame-
thoxazole, and others31. Here, multi-drug resistance is 
defined if a pathogen shows resistance to at least one agent 
in 3 or more antimicrobial classes32. Fungal Infections: The 
second most common microorganism that causes BWI is 
fungus33. Fungi-induced BWIs can be a component of 
opportunistic infections, rare severe soft tissue infections, 
fungemia, and mono- or polymicrobial infections34. Due to 
the similarity of these infections' symptoms to those of 
bacterial infections and the lack of an appropriate mycology 
laboratory, these infections are frequently misdiagnosed35. 
Only when there is early detection and treatment may an 
infection become nonfatal due to the extremely high 
mortality risk of these fungal infections35,36. Between 6.3 
and 44% of all fungal infections that occur have been 
reported from various burn hospitals worldwide35,37-39. 42% 
of the BWI infections from a case study involving 220 burn 
victims were found to be Candida spp.35,37-39. One of the 
main factors contributing to burn victims' morbidity and 
mortality is invasive Candida infections37. Changes in the 
treatment responses and prevalence of these fungal 
infections have been noted as a result of the introduction of 
novel antifungals40-43. It has been observed that common 
anti-mycotic drugs are no longer effective against non-albi-
cans Candida40-44. After the second week of their thermal 
injury, burn victims are typically exposed to these fungal 
infections45. The existence of fungemia, numerous positive 
cultures, and a deep-seated invasion of healthy skin are the 
causes of the high death rate46. Fungal infections in burn 
patients are made worse by the patient's age, the extent of 

the burns, the body surface area (30–60%), full-thickness 
burns, prolonged hospital stays, prolonged artificial ventila-
tion, inhalational injuries, late surgical excision, artificial 
dermis, central venous catheters, fungal wound coloniza-
tion, open dressing, antibiotics (like imipenem, vancomy-
cin, and aminoglycosides), steroid treatment, hyperglyce-
mic episodes, and immunosuppressive 
disorders32,40-43,45.The diagnosis techniques used to identify 
mycoses at the burn site are traditional and primarily organ-
ism-specific40. In certain situations, a direct tissue biopsy is 
carried out40. However, because fungal cultures grow so 
quickly, there are instances when it is too late to begin an 
effective anti-mycotic medication40. Samples from burn 
wounds are taken at appropriate intervals to aid in the 
detection of fungal infections in the lab47. After seven, 
fourteen, twenty-one, and twenty-eight days, the burned 
tissue needs to be removed46. The purpose of tissue biopsy 
is to demonstrate fungal wound infections. The following 
formula is used to analyze tissue-specific biopsy cultures 
semi-quantitatively:
(CFUs × log reciprocal × 2 =colony count) / Tissue weight (g)46

Yeast identity in cultures is assessed using the following 
methods: tetrazolium reduction test, carbon and nitrogen 
assimilation tests, characteristic growth on cornmeal agar, 
and cultural features on HiCrome agar46. Lactophenol 
cotton blue (LPCB) wet mount preparation for conidiogen-
esis, pattern, and organization is used to identify molds46. 
Slide cultures using potato dextrose agar are used to identi-
fy non-sporulating molds46. The assays to determine the 
antifungal susceptibility of yeasts are e-strip or broth 
micro-dilution utilizing antifungals such as amphotericin B, 
fluconazole, itraconazole, voriconazole, and caspofungin47. 
Molds' susceptibility to antifungals is determined using an 
E-strip test employing amphotericin B.47. Compared to 
other Candida species, if Candida albicans is isolated, a 
lower quantity of nystatin is required for local 
treatment35,45,48. The likelihood of developing fungal 
infections rises as burn wounds heal longer44. Thus, 
improvements in topical antifungal therapy, the creation of 
pharmaceutical products to speed up wound healing, and 
the application of suitable systemic antifungal regimens 
based on antifungal susceptibility testing all contribute to 
better treatment outcomes for burn patients who are severe-
ly injured and prone to fungal infections45.
Viral Infections: Burn patients are very susceptible to viral 
infections49. The immunosuppressed state of the patient 
after an injury triggers the reactivation of latent infection. 
This becomes the most common cause of viral infection 
post-injury49. Administration of acyclovir for a minimum 
of 10 days is the most commonly used antiviral therapy to 
treat viral infection49. 
Conclusions: 
The prevention of burn injuries should be given top priority 
right now because it is currently a global public health 
emergency, particularly in developing and impoverished 
nations. During their hospital stay for treatment, patients 
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with burn injuries are more vulnerable to a variety of 
infections, including many multidrug-resistant bacteria, 
fungi, and viruses. Their weakened immune system 
responses, improper vascular arrangement in the burn-in-
jured area, and worsening of severe oxidative stress are the 
main causes of this. Burn patients' vulnerability to deadly 
virus infections and MDR bacteria is influenced by immu-
nosuppression, length of hospital stay, and geographic 
location. Reducing microbial transmission and infestation 
in burn wounds is necessary to increase burn patients' 
chances of survival. An efficient infection control policy is 
necessary for this at every level of the healthcare system. 
The misuse of antibiotics, the provision of a sterile environ-
ment, and the use of efficient medical equipment for the 
effective and critical treatment of patients may all be 
controlled by burn surgeons and burn care units working 
together to address the otherwise dire state of burn care 
worldwide. 
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range in Europe9. Australia is the country with the greatest 
annual hospital admissions of burn patients, followed by 
Asia. When it comes to burn injuries, these developed 
continents are in a far better position than the underdeveloped 
and developing nations. Seventy-five percent of burn deaths 
are the result of polymicrobial infections2. 
Pathogens of Burn Wound Infections: 
Microorganisms colonize and grow quickly at the site of 
injury due to the loss of the skin barrier following burn. The 
skin barrier otherwise serves as the first line of immune 
defense for any individual10,11,12. Any breach in the skin allows 
for easy entry and access of the infecting microbe to the inner 
tissues of the body, thus complicating the etiology10,11,12. 
Hence, it has been observed that microbial infections, 
especially those caused by multidrug-resistant 
(MDR)-bacteria, including Pseudomonas and Acinetobacter, 
are the main cause of increased morbidity and mortality in 
burn patients10,11,12. According to the 2016 National Burn 
Repository Report, polymicrobial burn wound infections 
(BWIs) account for seven out of ten of the most common 
complications in burn patients. UTIs, cellulitis, and 
pneumonia are the most common BWIs, while respiratory 
tract infections are the most common11. The length of hospital 
stay following a burn injury is directly correlated with the 
kinds of bacteria that infect the patients; Staphylococcus 
aureus is the main cause of infection13. Skin and soft tissue 
infections predominate during the first week of 
hospitalization, while bloodstream infections, pneumonia, 
and urinary tract infections typically develop later in the 
stay13.  
Gram-Positive Bacteria: The most commonly found 
Gram-positive bacteria in BWI include Staphylococcus 
species (spp.), Enterococcus spp., and β-hemolytic group A 
Streptococci (GAS)10. Specifically, vancomycin-resistant 
Enterococci (VRE) and methicillin-resistant Staphylococcus 
aureus (MRSA) are the pathogens of high concern in patients 
with severe burns10,11. Over recent decades and with the 
uncontrolled over-the-counter availability of broad-spectrum 
antibiotics, MRSA has become the most predominant 
pathogen in the intensive care unit of burn patients12. 
Colonization with any of these bacteria may also lead to 
biofilm infections, resulting in severe illness and death12. 
Table I. Bacterial pathogens isolated from burn wound infections13

One of the most popular therapies for reducing MRSA 
infection has been vancomycin. However, new antibiot-
ic-resistant strains, such as Vancomycin-intermediate 
Staphylococcus aureus, have been emerging over the last 
few years14. Novel antimicrobials as daptomycin, tigecy-
cline, quinupristin-dalfopristin, dalbavancin, and linezolid 
(an oxazolidinone) may offer some relief from this issue12. 
Despite being a Gram-positive bacterium of concern, 
Enterococcus was luckily not known to be lethal until the 
advent of VRE16. These days, combination therapy is 
utilized to treat VRE infections, which includes ampicillin 
and an aminoglycoside16. The most common cause of graft 
failure in burn patients is group B streptococci (Streptococ-
cus agalactiae), which is followed by GAS (Streptococcus 
pyogenes)15. The penicillin class of medicines is effective in 
eliminating these streptococci17. 
Gram-Negative Bacteria: P. aeruginosa prefers moist condi-
tions, it is not only the primary bacterium that is commonly 
found in invasive burn wounds18. Additionally, sepsis 
caused by these bacteria results in burn-related death18. 
Infections caused by pseudomonas, especially P. aerugino-
sa, typically begin as a small, superficial lesion with a 
characteristic yellow or green color and an unpleasant 
fruity odor. These infections can progress to an invasive 
infection known as "ecthyma gangrenosum," which results 
in blue-purplish "punched-out" lesions in the skin19. Sepsis 
can then be quickly brought on by P. aeruginosa's fast 
spread into deeper tissues20. P. aeruginosa is showing signs 
of developing drug resistance, hence combination therapy 
using piperacillin and tazobactam is used. An alternative 
treatment for MDR-P. aeruginosa is azatreonam20. Another 
Gram-negative bacterium in the list of high- concern 
microbes in burn patients is A. baumannii. Survivability in 
both wet and dry conditions, also on both inanimate and 
animate objects, helps them to achieve this21. As a last 
resort for treating pan-resistant Acinetobacter spp., colisin 
has been developed21. The development of a biofilm in the 
burn wound microenvironment of a patient is the primary 
cause of burn treatment regimen failure, and in many 
complex situations, this can result in mortality22. Important-
ly, the bacterial community enclosed in a polysaccharide 
matrix biofilm is more tolerant to antibiotics and more 
resilient to host immune system stresses and disinfection20. 
MDR Bacteria: The Centers for Disease Control and 
Prevention and the European Centre for Disease Prevention 
and Control state that there are two types of drug-resistant 
(DR) bacteria: pan-drug resistant strains, which are 
resistant to all agents under all antimicrobial categories, 
and extensively drug-resistant strains, which are resistant to 
at least one agent in all antimicrobial categories except a 
few23,24.  The length of the patient's hospital stay and the 
intensity and scope of the burn are the two main variables 
that influence MDR-pathogen attacks25. Extended hospital 
stays elevate the risk of multidrug resistant infections, 
primarily caused by Gram-negative bacteria (GNB)25,26. 
The use of invasive medical devices such urinary catheters 

and prior antibiotic exposure may be the cause of future 
increases in these BWIs25. A research conducted at the 
Canadian Burn Center, with 125 patients, provided support 
for this27. After 28 days in the hospital, 44% of the bacterial 
isolates were MDR, up from 6% during the first 7 days27. 
Thus, a significant treatment issue arises from the rise in 
the prevalence of MDR-GNB during extended hospital 
stays for burn patients28. A. baumannii, P. aeruginosa, 
Stenotrophomonas maltophilia, and carbapenem-resistant 
Enterobacteriaceae strains are a few of the MDR-GNB 
pathogens that are of particular concern. These are thought 
to be the most prevalent MDR-GNB in BWIs, along with 
Escherichia coli, Proteus mirabilis, and Klebsiella pneumo-
niae28,29. MRSA and GAS were shown to be prevalent in a 
study carried out in a burn unit at a tertiary care referral 
center in North India. MRSA strains were found to be 
resistant to erythromycin, ciprofloxacin, netilmicin, genta-
micin, and cefotaxime30. Ninety percent of the bacteria 
cultivated from the infected burn wounds there showed 
resistance to amikacin and ceftazidime, making MDR P. 
aeruginosa one of the most common microbes30. These 
multidrug-resistant bacteria are first identified by examin-
ing their physical morphology, Gram-staining features, and 
biochemical traits31. In addition, to look for the zone of 
growth inhibition, antimicrobial susceptibility tests are 
performed using a variety of antibiotics, including ceftazi-
dime, ciprofloxacin, gentamicin, trimethoprim-sulfame-
thoxazole, and others31. Here, multi-drug resistance is 
defined if a pathogen shows resistance to at least one agent 
in 3 or more antimicrobial classes32. Fungal Infections: The 
second most common microorganism that causes BWI is 
fungus33. Fungi-induced BWIs can be a component of 
opportunistic infections, rare severe soft tissue infections, 
fungemia, and mono- or polymicrobial infections34. Due to 
the similarity of these infections' symptoms to those of 
bacterial infections and the lack of an appropriate mycology 
laboratory, these infections are frequently misdiagnosed35. 
Only when there is early detection and treatment may an 
infection become nonfatal due to the extremely high 
mortality risk of these fungal infections35,36. Between 6.3 
and 44% of all fungal infections that occur have been 
reported from various burn hospitals worldwide35,37-39. 42% 
of the BWI infections from a case study involving 220 burn 
victims were found to be Candida spp.35,37-39. One of the 
main factors contributing to burn victims' morbidity and 
mortality is invasive Candida infections37. Changes in the 
treatment responses and prevalence of these fungal 
infections have been noted as a result of the introduction of 
novel antifungals40-43. It has been observed that common 
anti-mycotic drugs are no longer effective against non-albi-
cans Candida40-44. After the second week of their thermal 
injury, burn victims are typically exposed to these fungal 
infections45. The existence of fungemia, numerous positive 
cultures, and a deep-seated invasion of healthy skin are the 
causes of the high death rate46. Fungal infections in burn 
patients are made worse by the patient's age, the extent of 

the burns, the body surface area (30–60%), full-thickness 
burns, prolonged hospital stays, prolonged artificial ventila-
tion, inhalational injuries, late surgical excision, artificial 
dermis, central venous catheters, fungal wound coloniza-
tion, open dressing, antibiotics (like imipenem, vancomy-
cin, and aminoglycosides), steroid treatment, hyperglyce-
mic episodes, and immunosuppressive 
disorders32,40-43,45.The diagnosis techniques used to identify 
mycoses at the burn site are traditional and primarily organ-
ism-specific40. In certain situations, a direct tissue biopsy is 
carried out40. However, because fungal cultures grow so 
quickly, there are instances when it is too late to begin an 
effective anti-mycotic medication40. Samples from burn 
wounds are taken at appropriate intervals to aid in the 
detection of fungal infections in the lab47. After seven, 
fourteen, twenty-one, and twenty-eight days, the burned 
tissue needs to be removed46. The purpose of tissue biopsy 
is to demonstrate fungal wound infections. The following 
formula is used to analyze tissue-specific biopsy cultures 
semi-quantitatively:
(CFUs × log reciprocal × 2 =colony count) / Tissue weight (g)46

Yeast identity in cultures is assessed using the following 
methods: tetrazolium reduction test, carbon and nitrogen 
assimilation tests, characteristic growth on cornmeal agar, 
and cultural features on HiCrome agar46. Lactophenol 
cotton blue (LPCB) wet mount preparation for conidiogen-
esis, pattern, and organization is used to identify molds46. 
Slide cultures using potato dextrose agar are used to identi-
fy non-sporulating molds46. The assays to determine the 
antifungal susceptibility of yeasts are e-strip or broth 
micro-dilution utilizing antifungals such as amphotericin B, 
fluconazole, itraconazole, voriconazole, and caspofungin47. 
Molds' susceptibility to antifungals is determined using an 
E-strip test employing amphotericin B.47. Compared to 
other Candida species, if Candida albicans is isolated, a 
lower quantity of nystatin is required for local 
treatment35,45,48. The likelihood of developing fungal 
infections rises as burn wounds heal longer44. Thus, 
improvements in topical antifungal therapy, the creation of 
pharmaceutical products to speed up wound healing, and 
the application of suitable systemic antifungal regimens 
based on antifungal susceptibility testing all contribute to 
better treatment outcomes for burn patients who are severe-
ly injured and prone to fungal infections45.
Viral Infections: Burn patients are very susceptible to viral 
infections49. The immunosuppressed state of the patient 
after an injury triggers the reactivation of latent infection. 
This becomes the most common cause of viral infection 
post-injury49. Administration of acyclovir for a minimum 
of 10 days is the most commonly used antiviral therapy to 
treat viral infection49. 
Conclusions: 
The prevention of burn injuries should be given top priority 
right now because it is currently a global public health 
emergency, particularly in developing and impoverished 
nations. During their hospital stay for treatment, patients 

with burn injuries are more vulnerable to a variety of 
infections, including many multidrug-resistant bacteria, 
fungi, and viruses. Their weakened immune system 
responses, improper vascular arrangement in the burn-in-
jured area, and worsening of severe oxidative stress are the 
main causes of this. Burn patients' vulnerability to deadly 
virus infections and MDR bacteria is influenced by immu-
nosuppression, length of hospital stay, and geographic 
location. Reducing microbial transmission and infestation 
in burn wounds is necessary to increase burn patients' 
chances of survival. An efficient infection control policy is 
necessary for this at every level of the healthcare system. 
The misuse of antibiotics, the provision of a sterile environ-
ment, and the use of efficient medical equipment for the 
effective and critical treatment of patients may all be 
controlled by burn surgeons and burn care units working 
together to address the otherwise dire state of burn care 
worldwide. 
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range in Europe9. Australia is the country with the greatest 
annual hospital admissions of burn patients, followed by 
Asia. When it comes to burn injuries, these developed 
continents are in a far better position than the underdeveloped 
and developing nations. Seventy-five percent of burn deaths 
are the result of polymicrobial infections2. 
Pathogens of Burn Wound Infections: 
Microorganisms colonize and grow quickly at the site of 
injury due to the loss of the skin barrier following burn. The 
skin barrier otherwise serves as the first line of immune 
defense for any individual10,11,12. Any breach in the skin allows 
for easy entry and access of the infecting microbe to the inner 
tissues of the body, thus complicating the etiology10,11,12. 
Hence, it has been observed that microbial infections, 
especially those caused by multidrug-resistant 
(MDR)-bacteria, including Pseudomonas and Acinetobacter, 
are the main cause of increased morbidity and mortality in 
burn patients10,11,12. According to the 2016 National Burn 
Repository Report, polymicrobial burn wound infections 
(BWIs) account for seven out of ten of the most common 
complications in burn patients. UTIs, cellulitis, and 
pneumonia are the most common BWIs, while respiratory 
tract infections are the most common11. The length of hospital 
stay following a burn injury is directly correlated with the 
kinds of bacteria that infect the patients; Staphylococcus 
aureus is the main cause of infection13. Skin and soft tissue 
infections predominate during the first week of 
hospitalization, while bloodstream infections, pneumonia, 
and urinary tract infections typically develop later in the 
stay13.  
Gram-Positive Bacteria: The most commonly found 
Gram-positive bacteria in BWI include Staphylococcus 
species (spp.), Enterococcus spp., and β-hemolytic group A 
Streptococci (GAS)10. Specifically, vancomycin-resistant 
Enterococci (VRE) and methicillin-resistant Staphylococcus 
aureus (MRSA) are the pathogens of high concern in patients 
with severe burns10,11. Over recent decades and with the 
uncontrolled over-the-counter availability of broad-spectrum 
antibiotics, MRSA has become the most predominant 
pathogen in the intensive care unit of burn patients12. 
Colonization with any of these bacteria may also lead to 
biofilm infections, resulting in severe illness and death12. 
Table I. Bacterial pathogens isolated from burn wound infections13

One of the most popular therapies for reducing MRSA 
infection has been vancomycin. However, new antibiot-
ic-resistant strains, such as Vancomycin-intermediate 
Staphylococcus aureus, have been emerging over the last 
few years14. Novel antimicrobials as daptomycin, tigecy-
cline, quinupristin-dalfopristin, dalbavancin, and linezolid 
(an oxazolidinone) may offer some relief from this issue12. 
Despite being a Gram-positive bacterium of concern, 
Enterococcus was luckily not known to be lethal until the 
advent of VRE16. These days, combination therapy is 
utilized to treat VRE infections, which includes ampicillin 
and an aminoglycoside16. The most common cause of graft 
failure in burn patients is group B streptococci (Streptococ-
cus agalactiae), which is followed by GAS (Streptococcus 
pyogenes)15. The penicillin class of medicines is effective in 
eliminating these streptococci17. 
Gram-Negative Bacteria: P. aeruginosa prefers moist condi-
tions, it is not only the primary bacterium that is commonly 
found in invasive burn wounds18. Additionally, sepsis 
caused by these bacteria results in burn-related death18. 
Infections caused by pseudomonas, especially P. aerugino-
sa, typically begin as a small, superficial lesion with a 
characteristic yellow or green color and an unpleasant 
fruity odor. These infections can progress to an invasive 
infection known as "ecthyma gangrenosum," which results 
in blue-purplish "punched-out" lesions in the skin19. Sepsis 
can then be quickly brought on by P. aeruginosa's fast 
spread into deeper tissues20. P. aeruginosa is showing signs 
of developing drug resistance, hence combination therapy 
using piperacillin and tazobactam is used. An alternative 
treatment for MDR-P. aeruginosa is azatreonam20. Another 
Gram-negative bacterium in the list of high- concern 
microbes in burn patients is A. baumannii. Survivability in 
both wet and dry conditions, also on both inanimate and 
animate objects, helps them to achieve this21. As a last 
resort for treating pan-resistant Acinetobacter spp., colisin 
has been developed21. The development of a biofilm in the 
burn wound microenvironment of a patient is the primary 
cause of burn treatment regimen failure, and in many 
complex situations, this can result in mortality22. Important-
ly, the bacterial community enclosed in a polysaccharide 
matrix biofilm is more tolerant to antibiotics and more 
resilient to host immune system stresses and disinfection20. 
MDR Bacteria: The Centers for Disease Control and 
Prevention and the European Centre for Disease Prevention 
and Control state that there are two types of drug-resistant 
(DR) bacteria: pan-drug resistant strains, which are 
resistant to all agents under all antimicrobial categories, 
and extensively drug-resistant strains, which are resistant to 
at least one agent in all antimicrobial categories except a 
few23,24.  The length of the patient's hospital stay and the 
intensity and scope of the burn are the two main variables 
that influence MDR-pathogen attacks25. Extended hospital 
stays elevate the risk of multidrug resistant infections, 
primarily caused by Gram-negative bacteria (GNB)25,26. 
The use of invasive medical devices such urinary catheters 

and prior antibiotic exposure may be the cause of future 
increases in these BWIs25. A research conducted at the 
Canadian Burn Center, with 125 patients, provided support 
for this27. After 28 days in the hospital, 44% of the bacterial 
isolates were MDR, up from 6% during the first 7 days27. 
Thus, a significant treatment issue arises from the rise in 
the prevalence of MDR-GNB during extended hospital 
stays for burn patients28. A. baumannii, P. aeruginosa, 
Stenotrophomonas maltophilia, and carbapenem-resistant 
Enterobacteriaceae strains are a few of the MDR-GNB 
pathogens that are of particular concern. These are thought 
to be the most prevalent MDR-GNB in BWIs, along with 
Escherichia coli, Proteus mirabilis, and Klebsiella pneumo-
niae28,29. MRSA and GAS were shown to be prevalent in a 
study carried out in a burn unit at a tertiary care referral 
center in North India. MRSA strains were found to be 
resistant to erythromycin, ciprofloxacin, netilmicin, genta-
micin, and cefotaxime30. Ninety percent of the bacteria 
cultivated from the infected burn wounds there showed 
resistance to amikacin and ceftazidime, making MDR P. 
aeruginosa one of the most common microbes30. These 
multidrug-resistant bacteria are first identified by examin-
ing their physical morphology, Gram-staining features, and 
biochemical traits31. In addition, to look for the zone of 
growth inhibition, antimicrobial susceptibility tests are 
performed using a variety of antibiotics, including ceftazi-
dime, ciprofloxacin, gentamicin, trimethoprim-sulfame-
thoxazole, and others31. Here, multi-drug resistance is 
defined if a pathogen shows resistance to at least one agent 
in 3 or more antimicrobial classes32. Fungal Infections: The 
second most common microorganism that causes BWI is 
fungus33. Fungi-induced BWIs can be a component of 
opportunistic infections, rare severe soft tissue infections, 
fungemia, and mono- or polymicrobial infections34. Due to 
the similarity of these infections' symptoms to those of 
bacterial infections and the lack of an appropriate mycology 
laboratory, these infections are frequently misdiagnosed35. 
Only when there is early detection and treatment may an 
infection become nonfatal due to the extremely high 
mortality risk of these fungal infections35,36. Between 6.3 
and 44% of all fungal infections that occur have been 
reported from various burn hospitals worldwide35,37-39. 42% 
of the BWI infections from a case study involving 220 burn 
victims were found to be Candida spp.35,37-39. One of the 
main factors contributing to burn victims' morbidity and 
mortality is invasive Candida infections37. Changes in the 
treatment responses and prevalence of these fungal 
infections have been noted as a result of the introduction of 
novel antifungals40-43. It has been observed that common 
anti-mycotic drugs are no longer effective against non-albi-
cans Candida40-44. After the second week of their thermal 
injury, burn victims are typically exposed to these fungal 
infections45. The existence of fungemia, numerous positive 
cultures, and a deep-seated invasion of healthy skin are the 
causes of the high death rate46. Fungal infections in burn 
patients are made worse by the patient's age, the extent of 

the burns, the body surface area (30–60%), full-thickness 
burns, prolonged hospital stays, prolonged artificial ventila-
tion, inhalational injuries, late surgical excision, artificial 
dermis, central venous catheters, fungal wound coloniza-
tion, open dressing, antibiotics (like imipenem, vancomy-
cin, and aminoglycosides), steroid treatment, hyperglyce-
mic episodes, and immunosuppressive 
disorders32,40-43,45.The diagnosis techniques used to identify 
mycoses at the burn site are traditional and primarily organ-
ism-specific40. In certain situations, a direct tissue biopsy is 
carried out40. However, because fungal cultures grow so 
quickly, there are instances when it is too late to begin an 
effective anti-mycotic medication40. Samples from burn 
wounds are taken at appropriate intervals to aid in the 
detection of fungal infections in the lab47. After seven, 
fourteen, twenty-one, and twenty-eight days, the burned 
tissue needs to be removed46. The purpose of tissue biopsy 
is to demonstrate fungal wound infections. The following 
formula is used to analyze tissue-specific biopsy cultures 
semi-quantitatively:
(CFUs × log reciprocal × 2 =colony count) / Tissue weight (g)46

Yeast identity in cultures is assessed using the following 
methods: tetrazolium reduction test, carbon and nitrogen 
assimilation tests, characteristic growth on cornmeal agar, 
and cultural features on HiCrome agar46. Lactophenol 
cotton blue (LPCB) wet mount preparation for conidiogen-
esis, pattern, and organization is used to identify molds46. 
Slide cultures using potato dextrose agar are used to identi-
fy non-sporulating molds46. The assays to determine the 
antifungal susceptibility of yeasts are e-strip or broth 
micro-dilution utilizing antifungals such as amphotericin B, 
fluconazole, itraconazole, voriconazole, and caspofungin47. 
Molds' susceptibility to antifungals is determined using an 
E-strip test employing amphotericin B.47. Compared to 
other Candida species, if Candida albicans is isolated, a 
lower quantity of nystatin is required for local 
treatment35,45,48. The likelihood of developing fungal 
infections rises as burn wounds heal longer44. Thus, 
improvements in topical antifungal therapy, the creation of 
pharmaceutical products to speed up wound healing, and 
the application of suitable systemic antifungal regimens 
based on antifungal susceptibility testing all contribute to 
better treatment outcomes for burn patients who are severe-
ly injured and prone to fungal infections45.
Viral Infections: Burn patients are very susceptible to viral 
infections49. The immunosuppressed state of the patient 
after an injury triggers the reactivation of latent infection. 
This becomes the most common cause of viral infection 
post-injury49. Administration of acyclovir for a minimum 
of 10 days is the most commonly used antiviral therapy to 
treat viral infection49. 
Conclusions: 
The prevention of burn injuries should be given top priority 
right now because it is currently a global public health 
emergency, particularly in developing and impoverished 
nations. During their hospital stay for treatment, patients 

with burn injuries are more vulnerable to a variety of 
infections, including many multidrug-resistant bacteria, 
fungi, and viruses. Their weakened immune system 
responses, improper vascular arrangement in the burn-in-
jured area, and worsening of severe oxidative stress are the 
main causes of this. Burn patients' vulnerability to deadly 
virus infections and MDR bacteria is influenced by immu-
nosuppression, length of hospital stay, and geographic 
location. Reducing microbial transmission and infestation 
in burn wounds is necessary to increase burn patients' 
chances of survival. An efficient infection control policy is 
necessary for this at every level of the healthcare system. 
The misuse of antibiotics, the provision of a sterile environ-
ment, and the use of efficient medical equipment for the 
effective and critical treatment of patients may all be 
controlled by burn surgeons and burn care units working 
together to address the otherwise dire state of burn care 
worldwide. 
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range in Europe9. Australia is the country with the greatest 
annual hospital admissions of burn patients, followed by 
Asia. When it comes to burn injuries, these developed 
continents are in a far better position than the underdeveloped 
and developing nations. Seventy-five percent of burn deaths 
are the result of polymicrobial infections2. 
Pathogens of Burn Wound Infections: 
Microorganisms colonize and grow quickly at the site of 
injury due to the loss of the skin barrier following burn. The 
skin barrier otherwise serves as the first line of immune 
defense for any individual10,11,12. Any breach in the skin allows 
for easy entry and access of the infecting microbe to the inner 
tissues of the body, thus complicating the etiology10,11,12. 
Hence, it has been observed that microbial infections, 
especially those caused by multidrug-resistant 
(MDR)-bacteria, including Pseudomonas and Acinetobacter, 
are the main cause of increased morbidity and mortality in 
burn patients10,11,12. According to the 2016 National Burn 
Repository Report, polymicrobial burn wound infections 
(BWIs) account for seven out of ten of the most common 
complications in burn patients. UTIs, cellulitis, and 
pneumonia are the most common BWIs, while respiratory 
tract infections are the most common11. The length of hospital 
stay following a burn injury is directly correlated with the 
kinds of bacteria that infect the patients; Staphylococcus 
aureus is the main cause of infection13. Skin and soft tissue 
infections predominate during the first week of 
hospitalization, while bloodstream infections, pneumonia, 
and urinary tract infections typically develop later in the 
stay13.  
Gram-Positive Bacteria: The most commonly found 
Gram-positive bacteria in BWI include Staphylococcus 
species (spp.), Enterococcus spp., and β-hemolytic group A 
Streptococci (GAS)10. Specifically, vancomycin-resistant 
Enterococci (VRE) and methicillin-resistant Staphylococcus 
aureus (MRSA) are the pathogens of high concern in patients 
with severe burns10,11. Over recent decades and with the 
uncontrolled over-the-counter availability of broad-spectrum 
antibiotics, MRSA has become the most predominant 
pathogen in the intensive care unit of burn patients12. 
Colonization with any of these bacteria may also lead to 
biofilm infections, resulting in severe illness and death12. 
Table I. Bacterial pathogens isolated from burn wound infections13

One of the most popular therapies for reducing MRSA 
infection has been vancomycin. However, new antibiot-
ic-resistant strains, such as Vancomycin-intermediate 
Staphylococcus aureus, have been emerging over the last 
few years14. Novel antimicrobials as daptomycin, tigecy-
cline, quinupristin-dalfopristin, dalbavancin, and linezolid 
(an oxazolidinone) may offer some relief from this issue12. 
Despite being a Gram-positive bacterium of concern, 
Enterococcus was luckily not known to be lethal until the 
advent of VRE16. These days, combination therapy is 
utilized to treat VRE infections, which includes ampicillin 
and an aminoglycoside16. The most common cause of graft 
failure in burn patients is group B streptococci (Streptococ-
cus agalactiae), which is followed by GAS (Streptococcus 
pyogenes)15. The penicillin class of medicines is effective in 
eliminating these streptococci17. 
Gram-Negative Bacteria: P. aeruginosa prefers moist condi-
tions, it is not only the primary bacterium that is commonly 
found in invasive burn wounds18. Additionally, sepsis 
caused by these bacteria results in burn-related death18. 
Infections caused by pseudomonas, especially P. aerugino-
sa, typically begin as a small, superficial lesion with a 
characteristic yellow or green color and an unpleasant 
fruity odor. These infections can progress to an invasive 
infection known as "ecthyma gangrenosum," which results 
in blue-purplish "punched-out" lesions in the skin19. Sepsis 
can then be quickly brought on by P. aeruginosa's fast 
spread into deeper tissues20. P. aeruginosa is showing signs 
of developing drug resistance, hence combination therapy 
using piperacillin and tazobactam is used. An alternative 
treatment for MDR-P. aeruginosa is azatreonam20. Another 
Gram-negative bacterium in the list of high- concern 
microbes in burn patients is A. baumannii. Survivability in 
both wet and dry conditions, also on both inanimate and 
animate objects, helps them to achieve this21. As a last 
resort for treating pan-resistant Acinetobacter spp., colisin 
has been developed21. The development of a biofilm in the 
burn wound microenvironment of a patient is the primary 
cause of burn treatment regimen failure, and in many 
complex situations, this can result in mortality22. Important-
ly, the bacterial community enclosed in a polysaccharide 
matrix biofilm is more tolerant to antibiotics and more 
resilient to host immune system stresses and disinfection20. 
MDR Bacteria: The Centers for Disease Control and 
Prevention and the European Centre for Disease Prevention 
and Control state that there are two types of drug-resistant 
(DR) bacteria: pan-drug resistant strains, which are 
resistant to all agents under all antimicrobial categories, 
and extensively drug-resistant strains, which are resistant to 
at least one agent in all antimicrobial categories except a 
few23,24.  The length of the patient's hospital stay and the 
intensity and scope of the burn are the two main variables 
that influence MDR-pathogen attacks25. Extended hospital 
stays elevate the risk of multidrug resistant infections, 
primarily caused by Gram-negative bacteria (GNB)25,26. 
The use of invasive medical devices such urinary catheters 

and prior antibiotic exposure may be the cause of future 
increases in these BWIs25. A research conducted at the 
Canadian Burn Center, with 125 patients, provided support 
for this27. After 28 days in the hospital, 44% of the bacterial 
isolates were MDR, up from 6% during the first 7 days27. 
Thus, a significant treatment issue arises from the rise in 
the prevalence of MDR-GNB during extended hospital 
stays for burn patients28. A. baumannii, P. aeruginosa, 
Stenotrophomonas maltophilia, and carbapenem-resistant 
Enterobacteriaceae strains are a few of the MDR-GNB 
pathogens that are of particular concern. These are thought 
to be the most prevalent MDR-GNB in BWIs, along with 
Escherichia coli, Proteus mirabilis, and Klebsiella pneumo-
niae28,29. MRSA and GAS were shown to be prevalent in a 
study carried out in a burn unit at a tertiary care referral 
center in North India. MRSA strains were found to be 
resistant to erythromycin, ciprofloxacin, netilmicin, genta-
micin, and cefotaxime30. Ninety percent of the bacteria 
cultivated from the infected burn wounds there showed 
resistance to amikacin and ceftazidime, making MDR P. 
aeruginosa one of the most common microbes30. These 
multidrug-resistant bacteria are first identified by examin-
ing their physical morphology, Gram-staining features, and 
biochemical traits31. In addition, to look for the zone of 
growth inhibition, antimicrobial susceptibility tests are 
performed using a variety of antibiotics, including ceftazi-
dime, ciprofloxacin, gentamicin, trimethoprim-sulfame-
thoxazole, and others31. Here, multi-drug resistance is 
defined if a pathogen shows resistance to at least one agent 
in 3 or more antimicrobial classes32. Fungal Infections: The 
second most common microorganism that causes BWI is 
fungus33. Fungi-induced BWIs can be a component of 
opportunistic infections, rare severe soft tissue infections, 
fungemia, and mono- or polymicrobial infections34. Due to 
the similarity of these infections' symptoms to those of 
bacterial infections and the lack of an appropriate mycology 
laboratory, these infections are frequently misdiagnosed35. 
Only when there is early detection and treatment may an 
infection become nonfatal due to the extremely high 
mortality risk of these fungal infections35,36. Between 6.3 
and 44% of all fungal infections that occur have been 
reported from various burn hospitals worldwide35,37-39. 42% 
of the BWI infections from a case study involving 220 burn 
victims were found to be Candida spp.35,37-39. One of the 
main factors contributing to burn victims' morbidity and 
mortality is invasive Candida infections37. Changes in the 
treatment responses and prevalence of these fungal 
infections have been noted as a result of the introduction of 
novel antifungals40-43. It has been observed that common 
anti-mycotic drugs are no longer effective against non-albi-
cans Candida40-44. After the second week of their thermal 
injury, burn victims are typically exposed to these fungal 
infections45. The existence of fungemia, numerous positive 
cultures, and a deep-seated invasion of healthy skin are the 
causes of the high death rate46. Fungal infections in burn 
patients are made worse by the patient's age, the extent of 

the burns, the body surface area (30–60%), full-thickness 
burns, prolonged hospital stays, prolonged artificial ventila-
tion, inhalational injuries, late surgical excision, artificial 
dermis, central venous catheters, fungal wound coloniza-
tion, open dressing, antibiotics (like imipenem, vancomy-
cin, and aminoglycosides), steroid treatment, hyperglyce-
mic episodes, and immunosuppressive 
disorders32,40-43,45.The diagnosis techniques used to identify 
mycoses at the burn site are traditional and primarily organ-
ism-specific40. In certain situations, a direct tissue biopsy is 
carried out40. However, because fungal cultures grow so 
quickly, there are instances when it is too late to begin an 
effective anti-mycotic medication40. Samples from burn 
wounds are taken at appropriate intervals to aid in the 
detection of fungal infections in the lab47. After seven, 
fourteen, twenty-one, and twenty-eight days, the burned 
tissue needs to be removed46. The purpose of tissue biopsy 
is to demonstrate fungal wound infections. The following 
formula is used to analyze tissue-specific biopsy cultures 
semi-quantitatively:
(CFUs × log reciprocal × 2 =colony count) / Tissue weight (g)46

Yeast identity in cultures is assessed using the following 
methods: tetrazolium reduction test, carbon and nitrogen 
assimilation tests, characteristic growth on cornmeal agar, 
and cultural features on HiCrome agar46. Lactophenol 
cotton blue (LPCB) wet mount preparation for conidiogen-
esis, pattern, and organization is used to identify molds46. 
Slide cultures using potato dextrose agar are used to identi-
fy non-sporulating molds46. The assays to determine the 
antifungal susceptibility of yeasts are e-strip or broth 
micro-dilution utilizing antifungals such as amphotericin B, 
fluconazole, itraconazole, voriconazole, and caspofungin47. 
Molds' susceptibility to antifungals is determined using an 
E-strip test employing amphotericin B.47. Compared to 
other Candida species, if Candida albicans is isolated, a 
lower quantity of nystatin is required for local 
treatment35,45,48. The likelihood of developing fungal 
infections rises as burn wounds heal longer44. Thus, 
improvements in topical antifungal therapy, the creation of 
pharmaceutical products to speed up wound healing, and 
the application of suitable systemic antifungal regimens 
based on antifungal susceptibility testing all contribute to 
better treatment outcomes for burn patients who are severe-
ly injured and prone to fungal infections45.
Viral Infections: Burn patients are very susceptible to viral 
infections49. The immunosuppressed state of the patient 
after an injury triggers the reactivation of latent infection. 
This becomes the most common cause of viral infection 
post-injury49. Administration of acyclovir for a minimum 
of 10 days is the most commonly used antiviral therapy to 
treat viral infection49. 
Conclusions: 
The prevention of burn injuries should be given top priority 
right now because it is currently a global public health 
emergency, particularly in developing and impoverished 
nations. During their hospital stay for treatment, patients 

with burn injuries are more vulnerable to a variety of 
infections, including many multidrug-resistant bacteria, 
fungi, and viruses. Their weakened immune system 
responses, improper vascular arrangement in the burn-in-
jured area, and worsening of severe oxidative stress are the 
main causes of this. Burn patients' vulnerability to deadly 
virus infections and MDR bacteria is influenced by immu-
nosuppression, length of hospital stay, and geographic 
location. Reducing microbial transmission and infestation 
in burn wounds is necessary to increase burn patients' 
chances of survival. An efficient infection control policy is 
necessary for this at every level of the healthcare system. 
The misuse of antibiotics, the provision of a sterile environ-
ment, and the use of efficient medical equipment for the 
effective and critical treatment of patients may all be 
controlled by burn surgeons and burn care units working 
together to address the otherwise dire state of burn care 
worldwide. 
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Introduction:  
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range in Europe9. Australia is the country with the greatest 
annual hospital admissions of burn patients, followed by 
Asia. When it comes to burn injuries, these developed 
continents are in a far better position than the underdeveloped 
and developing nations. Seventy-five percent of burn deaths 
are the result of polymicrobial infections2. 
Pathogens of Burn Wound Infections: 
Microorganisms colonize and grow quickly at the site of 
injury due to the loss of the skin barrier following burn. The 
skin barrier otherwise serves as the first line of immune 
defense for any individual10,11,12. Any breach in the skin allows 
for easy entry and access of the infecting microbe to the inner 
tissues of the body, thus complicating the etiology10,11,12. 
Hence, it has been observed that microbial infections, 
especially those caused by multidrug-resistant 
(MDR)-bacteria, including Pseudomonas and Acinetobacter, 
are the main cause of increased morbidity and mortality in 
burn patients10,11,12. According to the 2016 National Burn 
Repository Report, polymicrobial burn wound infections 
(BWIs) account for seven out of ten of the most common 
complications in burn patients. UTIs, cellulitis, and 
pneumonia are the most common BWIs, while respiratory 
tract infections are the most common11. The length of hospital 
stay following a burn injury is directly correlated with the 
kinds of bacteria that infect the patients; Staphylococcus 
aureus is the main cause of infection13. Skin and soft tissue 
infections predominate during the first week of 
hospitalization, while bloodstream infections, pneumonia, 
and urinary tract infections typically develop later in the 
stay13.  
Gram-Positive Bacteria: The most commonly found 
Gram-positive bacteria in BWI include Staphylococcus 
species (spp.), Enterococcus spp., and β-hemolytic group A 
Streptococci (GAS)10. Specifically, vancomycin-resistant 
Enterococci (VRE) and methicillin-resistant Staphylococcus 
aureus (MRSA) are the pathogens of high concern in patients 
with severe burns10,11. Over recent decades and with the 
uncontrolled over-the-counter availability of broad-spectrum 
antibiotics, MRSA has become the most predominant 
pathogen in the intensive care unit of burn patients12. 
Colonization with any of these bacteria may also lead to 
biofilm infections, resulting in severe illness and death12. 
Table I. Bacterial pathogens isolated from burn wound infections13

One of the most popular therapies for reducing MRSA 
infection has been vancomycin. However, new antibiot-
ic-resistant strains, such as Vancomycin-intermediate 
Staphylococcus aureus, have been emerging over the last 
few years14. Novel antimicrobials as daptomycin, tigecy-
cline, quinupristin-dalfopristin, dalbavancin, and linezolid 
(an oxazolidinone) may offer some relief from this issue12. 
Despite being a Gram-positive bacterium of concern, 
Enterococcus was luckily not known to be lethal until the 
advent of VRE16. These days, combination therapy is 
utilized to treat VRE infections, which includes ampicillin 
and an aminoglycoside16. The most common cause of graft 
failure in burn patients is group B streptococci (Streptococ-
cus agalactiae), which is followed by GAS (Streptococcus 
pyogenes)15. The penicillin class of medicines is effective in 
eliminating these streptococci17. 
Gram-Negative Bacteria: P. aeruginosa prefers moist condi-
tions, it is not only the primary bacterium that is commonly 
found in invasive burn wounds18. Additionally, sepsis 
caused by these bacteria results in burn-related death18. 
Infections caused by pseudomonas, especially P. aerugino-
sa, typically begin as a small, superficial lesion with a 
characteristic yellow or green color and an unpleasant 
fruity odor. These infections can progress to an invasive 
infection known as "ecthyma gangrenosum," which results 
in blue-purplish "punched-out" lesions in the skin19. Sepsis 
can then be quickly brought on by P. aeruginosa's fast 
spread into deeper tissues20. P. aeruginosa is showing signs 
of developing drug resistance, hence combination therapy 
using piperacillin and tazobactam is used. An alternative 
treatment for MDR-P. aeruginosa is azatreonam20. Another 
Gram-negative bacterium in the list of high- concern 
microbes in burn patients is A. baumannii. Survivability in 
both wet and dry conditions, also on both inanimate and 
animate objects, helps them to achieve this21. As a last 
resort for treating pan-resistant Acinetobacter spp., colisin 
has been developed21. The development of a biofilm in the 
burn wound microenvironment of a patient is the primary 
cause of burn treatment regimen failure, and in many 
complex situations, this can result in mortality22. Important-
ly, the bacterial community enclosed in a polysaccharide 
matrix biofilm is more tolerant to antibiotics and more 
resilient to host immune system stresses and disinfection20. 
MDR Bacteria: The Centers for Disease Control and 
Prevention and the European Centre for Disease Prevention 
and Control state that there are two types of drug-resistant 
(DR) bacteria: pan-drug resistant strains, which are 
resistant to all agents under all antimicrobial categories, 
and extensively drug-resistant strains, which are resistant to 
at least one agent in all antimicrobial categories except a 
few23,24.  The length of the patient's hospital stay and the 
intensity and scope of the burn are the two main variables 
that influence MDR-pathogen attacks25. Extended hospital 
stays elevate the risk of multidrug resistant infections, 
primarily caused by Gram-negative bacteria (GNB)25,26. 
The use of invasive medical devices such urinary catheters 

and prior antibiotic exposure may be the cause of future 
increases in these BWIs25. A research conducted at the 
Canadian Burn Center, with 125 patients, provided support 
for this27. After 28 days in the hospital, 44% of the bacterial 
isolates were MDR, up from 6% during the first 7 days27. 
Thus, a significant treatment issue arises from the rise in 
the prevalence of MDR-GNB during extended hospital 
stays for burn patients28. A. baumannii, P. aeruginosa, 
Stenotrophomonas maltophilia, and carbapenem-resistant 
Enterobacteriaceae strains are a few of the MDR-GNB 
pathogens that are of particular concern. These are thought 
to be the most prevalent MDR-GNB in BWIs, along with 
Escherichia coli, Proteus mirabilis, and Klebsiella pneumo-
niae28,29. MRSA and GAS were shown to be prevalent in a 
study carried out in a burn unit at a tertiary care referral 
center in North India. MRSA strains were found to be 
resistant to erythromycin, ciprofloxacin, netilmicin, genta-
micin, and cefotaxime30. Ninety percent of the bacteria 
cultivated from the infected burn wounds there showed 
resistance to amikacin and ceftazidime, making MDR P. 
aeruginosa one of the most common microbes30. These 
multidrug-resistant bacteria are first identified by examin-
ing their physical morphology, Gram-staining features, and 
biochemical traits31. In addition, to look for the zone of 
growth inhibition, antimicrobial susceptibility tests are 
performed using a variety of antibiotics, including ceftazi-
dime, ciprofloxacin, gentamicin, trimethoprim-sulfame-
thoxazole, and others31. Here, multi-drug resistance is 
defined if a pathogen shows resistance to at least one agent 
in 3 or more antimicrobial classes32. Fungal Infections: The 
second most common microorganism that causes BWI is 
fungus33. Fungi-induced BWIs can be a component of 
opportunistic infections, rare severe soft tissue infections, 
fungemia, and mono- or polymicrobial infections34. Due to 
the similarity of these infections' symptoms to those of 
bacterial infections and the lack of an appropriate mycology 
laboratory, these infections are frequently misdiagnosed35. 
Only when there is early detection and treatment may an 
infection become nonfatal due to the extremely high 
mortality risk of these fungal infections35,36. Between 6.3 
and 44% of all fungal infections that occur have been 
reported from various burn hospitals worldwide35,37-39. 42% 
of the BWI infections from a case study involving 220 burn 
victims were found to be Candida spp.35,37-39. One of the 
main factors contributing to burn victims' morbidity and 
mortality is invasive Candida infections37. Changes in the 
treatment responses and prevalence of these fungal 
infections have been noted as a result of the introduction of 
novel antifungals40-43. It has been observed that common 
anti-mycotic drugs are no longer effective against non-albi-
cans Candida40-44. After the second week of their thermal 
injury, burn victims are typically exposed to these fungal 
infections45. The existence of fungemia, numerous positive 
cultures, and a deep-seated invasion of healthy skin are the 
causes of the high death rate46. Fungal infections in burn 
patients are made worse by the patient's age, the extent of 

the burns, the body surface area (30–60%), full-thickness 
burns, prolonged hospital stays, prolonged artificial ventila-
tion, inhalational injuries, late surgical excision, artificial 
dermis, central venous catheters, fungal wound coloniza-
tion, open dressing, antibiotics (like imipenem, vancomy-
cin, and aminoglycosides), steroid treatment, hyperglyce-
mic episodes, and immunosuppressive 
disorders32,40-43,45.The diagnosis techniques used to identify 
mycoses at the burn site are traditional and primarily organ-
ism-specific40. In certain situations, a direct tissue biopsy is 
carried out40. However, because fungal cultures grow so 
quickly, there are instances when it is too late to begin an 
effective anti-mycotic medication40. Samples from burn 
wounds are taken at appropriate intervals to aid in the 
detection of fungal infections in the lab47. After seven, 
fourteen, twenty-one, and twenty-eight days, the burned 
tissue needs to be removed46. The purpose of tissue biopsy 
is to demonstrate fungal wound infections. The following 
formula is used to analyze tissue-specific biopsy cultures 
semi-quantitatively:
(CFUs × log reciprocal × 2 =colony count) / Tissue weight (g)46

Yeast identity in cultures is assessed using the following 
methods: tetrazolium reduction test, carbon and nitrogen 
assimilation tests, characteristic growth on cornmeal agar, 
and cultural features on HiCrome agar46. Lactophenol 
cotton blue (LPCB) wet mount preparation for conidiogen-
esis, pattern, and organization is used to identify molds46. 
Slide cultures using potato dextrose agar are used to identi-
fy non-sporulating molds46. The assays to determine the 
antifungal susceptibility of yeasts are e-strip or broth 
micro-dilution utilizing antifungals such as amphotericin B, 
fluconazole, itraconazole, voriconazole, and caspofungin47. 
Molds' susceptibility to antifungals is determined using an 
E-strip test employing amphotericin B.47. Compared to 
other Candida species, if Candida albicans is isolated, a 
lower quantity of nystatin is required for local 
treatment35,45,48. The likelihood of developing fungal 
infections rises as burn wounds heal longer44. Thus, 
improvements in topical antifungal therapy, the creation of 
pharmaceutical products to speed up wound healing, and 
the application of suitable systemic antifungal regimens 
based on antifungal susceptibility testing all contribute to 
better treatment outcomes for burn patients who are severe-
ly injured and prone to fungal infections45.
Viral Infections: Burn patients are very susceptible to viral 
infections49. The immunosuppressed state of the patient 
after an injury triggers the reactivation of latent infection. 
This becomes the most common cause of viral infection 
post-injury49. Administration of acyclovir for a minimum 
of 10 days is the most commonly used antiviral therapy to 
treat viral infection49. 
Conclusions: 
The prevention of burn injuries should be given top priority 
right now because it is currently a global public health 
emergency, particularly in developing and impoverished 
nations. During their hospital stay for treatment, patients 
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with burn injuries are more vulnerable to a variety of 
infections, including many multidrug-resistant bacteria, 
fungi, and viruses. Their weakened immune system 
responses, improper vascular arrangement in the burn-in-
jured area, and worsening of severe oxidative stress are the 
main causes of this. Burn patients' vulnerability to deadly 
virus infections and MDR bacteria is influenced by immu-
nosuppression, length of hospital stay, and geographic 
location. Reducing microbial transmission and infestation 
in burn wounds is necessary to increase burn patients' 
chances of survival. An efficient infection control policy is 
necessary for this at every level of the healthcare system. 
The misuse of antibiotics, the provision of a sterile environ-
ment, and the use of efficient medical equipment for the 
effective and critical treatment of patients may all be 
controlled by burn surgeons and burn care units working 
together to address the otherwise dire state of burn care 
worldwide. 
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range in Europe9. Australia is the country with the greatest 
annual hospital admissions of burn patients, followed by 
Asia. When it comes to burn injuries, these developed 
continents are in a far better position than the underdeveloped 
and developing nations. Seventy-five percent of burn deaths 
are the result of polymicrobial infections2. 
Pathogens of Burn Wound Infections: 
Microorganisms colonize and grow quickly at the site of 
injury due to the loss of the skin barrier following burn. The 
skin barrier otherwise serves as the first line of immune 
defense for any individual10,11,12. Any breach in the skin allows 
for easy entry and access of the infecting microbe to the inner 
tissues of the body, thus complicating the etiology10,11,12. 
Hence, it has been observed that microbial infections, 
especially those caused by multidrug-resistant 
(MDR)-bacteria, including Pseudomonas and Acinetobacter, 
are the main cause of increased morbidity and mortality in 
burn patients10,11,12. According to the 2016 National Burn 
Repository Report, polymicrobial burn wound infections 
(BWIs) account for seven out of ten of the most common 
complications in burn patients. UTIs, cellulitis, and 
pneumonia are the most common BWIs, while respiratory 
tract infections are the most common11. The length of hospital 
stay following a burn injury is directly correlated with the 
kinds of bacteria that infect the patients; Staphylococcus 
aureus is the main cause of infection13. Skin and soft tissue 
infections predominate during the first week of 
hospitalization, while bloodstream infections, pneumonia, 
and urinary tract infections typically develop later in the 
stay13.  
Gram-Positive Bacteria: The most commonly found 
Gram-positive bacteria in BWI include Staphylococcus 
species (spp.), Enterococcus spp., and β-hemolytic group A 
Streptococci (GAS)10. Specifically, vancomycin-resistant 
Enterococci (VRE) and methicillin-resistant Staphylococcus 
aureus (MRSA) are the pathogens of high concern in patients 
with severe burns10,11. Over recent decades and with the 
uncontrolled over-the-counter availability of broad-spectrum 
antibiotics, MRSA has become the most predominant 
pathogen in the intensive care unit of burn patients12. 
Colonization with any of these bacteria may also lead to 
biofilm infections, resulting in severe illness and death12. 
Table I. Bacterial pathogens isolated from burn wound infections13

One of the most popular therapies for reducing MRSA 
infection has been vancomycin. However, new antibiot-
ic-resistant strains, such as Vancomycin-intermediate 
Staphylococcus aureus, have been emerging over the last 
few years14. Novel antimicrobials as daptomycin, tigecy-
cline, quinupristin-dalfopristin, dalbavancin, and linezolid 
(an oxazolidinone) may offer some relief from this issue12. 
Despite being a Gram-positive bacterium of concern, 
Enterococcus was luckily not known to be lethal until the 
advent of VRE16. These days, combination therapy is 
utilized to treat VRE infections, which includes ampicillin 
and an aminoglycoside16. The most common cause of graft 
failure in burn patients is group B streptococci (Streptococ-
cus agalactiae), which is followed by GAS (Streptococcus 
pyogenes)15. The penicillin class of medicines is effective in 
eliminating these streptococci17. 
Gram-Negative Bacteria: P. aeruginosa prefers moist condi-
tions, it is not only the primary bacterium that is commonly 
found in invasive burn wounds18. Additionally, sepsis 
caused by these bacteria results in burn-related death18. 
Infections caused by pseudomonas, especially P. aerugino-
sa, typically begin as a small, superficial lesion with a 
characteristic yellow or green color and an unpleasant 
fruity odor. These infections can progress to an invasive 
infection known as "ecthyma gangrenosum," which results 
in blue-purplish "punched-out" lesions in the skin19. Sepsis 
can then be quickly brought on by P. aeruginosa's fast 
spread into deeper tissues20. P. aeruginosa is showing signs 
of developing drug resistance, hence combination therapy 
using piperacillin and tazobactam is used. An alternative 
treatment for MDR-P. aeruginosa is azatreonam20. Another 
Gram-negative bacterium in the list of high- concern 
microbes in burn patients is A. baumannii. Survivability in 
both wet and dry conditions, also on both inanimate and 
animate objects, helps them to achieve this21. As a last 
resort for treating pan-resistant Acinetobacter spp., colisin 
has been developed21. The development of a biofilm in the 
burn wound microenvironment of a patient is the primary 
cause of burn treatment regimen failure, and in many 
complex situations, this can result in mortality22. Important-
ly, the bacterial community enclosed in a polysaccharide 
matrix biofilm is more tolerant to antibiotics and more 
resilient to host immune system stresses and disinfection20. 
MDR Bacteria: The Centers for Disease Control and 
Prevention and the European Centre for Disease Prevention 
and Control state that there are two types of drug-resistant 
(DR) bacteria: pan-drug resistant strains, which are 
resistant to all agents under all antimicrobial categories, 
and extensively drug-resistant strains, which are resistant to 
at least one agent in all antimicrobial categories except a 
few23,24.  The length of the patient's hospital stay and the 
intensity and scope of the burn are the two main variables 
that influence MDR-pathogen attacks25. Extended hospital 
stays elevate the risk of multidrug resistant infections, 
primarily caused by Gram-negative bacteria (GNB)25,26. 
The use of invasive medical devices such urinary catheters 

and prior antibiotic exposure may be the cause of future 
increases in these BWIs25. A research conducted at the 
Canadian Burn Center, with 125 patients, provided support 
for this27. After 28 days in the hospital, 44% of the bacterial 
isolates were MDR, up from 6% during the first 7 days27. 
Thus, a significant treatment issue arises from the rise in 
the prevalence of MDR-GNB during extended hospital 
stays for burn patients28. A. baumannii, P. aeruginosa, 
Stenotrophomonas maltophilia, and carbapenem-resistant 
Enterobacteriaceae strains are a few of the MDR-GNB 
pathogens that are of particular concern. These are thought 
to be the most prevalent MDR-GNB in BWIs, along with 
Escherichia coli, Proteus mirabilis, and Klebsiella pneumo-
niae28,29. MRSA and GAS were shown to be prevalent in a 
study carried out in a burn unit at a tertiary care referral 
center in North India. MRSA strains were found to be 
resistant to erythromycin, ciprofloxacin, netilmicin, genta-
micin, and cefotaxime30. Ninety percent of the bacteria 
cultivated from the infected burn wounds there showed 
resistance to amikacin and ceftazidime, making MDR P. 
aeruginosa one of the most common microbes30. These 
multidrug-resistant bacteria are first identified by examin-
ing their physical morphology, Gram-staining features, and 
biochemical traits31. In addition, to look for the zone of 
growth inhibition, antimicrobial susceptibility tests are 
performed using a variety of antibiotics, including ceftazi-
dime, ciprofloxacin, gentamicin, trimethoprim-sulfame-
thoxazole, and others31. Here, multi-drug resistance is 
defined if a pathogen shows resistance to at least one agent 
in 3 or more antimicrobial classes32. Fungal Infections: The 
second most common microorganism that causes BWI is 
fungus33. Fungi-induced BWIs can be a component of 
opportunistic infections, rare severe soft tissue infections, 
fungemia, and mono- or polymicrobial infections34. Due to 
the similarity of these infections' symptoms to those of 
bacterial infections and the lack of an appropriate mycology 
laboratory, these infections are frequently misdiagnosed35. 
Only when there is early detection and treatment may an 
infection become nonfatal due to the extremely high 
mortality risk of these fungal infections35,36. Between 6.3 
and 44% of all fungal infections that occur have been 
reported from various burn hospitals worldwide35,37-39. 42% 
of the BWI infections from a case study involving 220 burn 
victims were found to be Candida spp.35,37-39. One of the 
main factors contributing to burn victims' morbidity and 
mortality is invasive Candida infections37. Changes in the 
treatment responses and prevalence of these fungal 
infections have been noted as a result of the introduction of 
novel antifungals40-43. It has been observed that common 
anti-mycotic drugs are no longer effective against non-albi-
cans Candida40-44. After the second week of their thermal 
injury, burn victims are typically exposed to these fungal 
infections45. The existence of fungemia, numerous positive 
cultures, and a deep-seated invasion of healthy skin are the 
causes of the high death rate46. Fungal infections in burn 
patients are made worse by the patient's age, the extent of 

the burns, the body surface area (30–60%), full-thickness 
burns, prolonged hospital stays, prolonged artificial ventila-
tion, inhalational injuries, late surgical excision, artificial 
dermis, central venous catheters, fungal wound coloniza-
tion, open dressing, antibiotics (like imipenem, vancomy-
cin, and aminoglycosides), steroid treatment, hyperglyce-
mic episodes, and immunosuppressive 
disorders32,40-43,45.The diagnosis techniques used to identify 
mycoses at the burn site are traditional and primarily organ-
ism-specific40. In certain situations, a direct tissue biopsy is 
carried out40. However, because fungal cultures grow so 
quickly, there are instances when it is too late to begin an 
effective anti-mycotic medication40. Samples from burn 
wounds are taken at appropriate intervals to aid in the 
detection of fungal infections in the lab47. After seven, 
fourteen, twenty-one, and twenty-eight days, the burned 
tissue needs to be removed46. The purpose of tissue biopsy 
is to demonstrate fungal wound infections. The following 
formula is used to analyze tissue-specific biopsy cultures 
semi-quantitatively:
(CFUs × log reciprocal × 2 =colony count) / Tissue weight (g)46

Yeast identity in cultures is assessed using the following 
methods: tetrazolium reduction test, carbon and nitrogen 
assimilation tests, characteristic growth on cornmeal agar, 
and cultural features on HiCrome agar46. Lactophenol 
cotton blue (LPCB) wet mount preparation for conidiogen-
esis, pattern, and organization is used to identify molds46. 
Slide cultures using potato dextrose agar are used to identi-
fy non-sporulating molds46. The assays to determine the 
antifungal susceptibility of yeasts are e-strip or broth 
micro-dilution utilizing antifungals such as amphotericin B, 
fluconazole, itraconazole, voriconazole, and caspofungin47. 
Molds' susceptibility to antifungals is determined using an 
E-strip test employing amphotericin B.47. Compared to 
other Candida species, if Candida albicans is isolated, a 
lower quantity of nystatin is required for local 
treatment35,45,48. The likelihood of developing fungal 
infections rises as burn wounds heal longer44. Thus, 
improvements in topical antifungal therapy, the creation of 
pharmaceutical products to speed up wound healing, and 
the application of suitable systemic antifungal regimens 
based on antifungal susceptibility testing all contribute to 
better treatment outcomes for burn patients who are severe-
ly injured and prone to fungal infections45.
Viral Infections: Burn patients are very susceptible to viral 
infections49. The immunosuppressed state of the patient 
after an injury triggers the reactivation of latent infection. 
This becomes the most common cause of viral infection 
post-injury49. Administration of acyclovir for a minimum 
of 10 days is the most commonly used antiviral therapy to 
treat viral infection49. 
Conclusions: 
The prevention of burn injuries should be given top priority 
right now because it is currently a global public health 
emergency, particularly in developing and impoverished 
nations. During their hospital stay for treatment, patients 

with burn injuries are more vulnerable to a variety of 
infections, including many multidrug-resistant bacteria, 
fungi, and viruses. Their weakened immune system 
responses, improper vascular arrangement in the burn-in-
jured area, and worsening of severe oxidative stress are the 
main causes of this. Burn patients' vulnerability to deadly 
virus infections and MDR bacteria is influenced by immu-
nosuppression, length of hospital stay, and geographic 
location. Reducing microbial transmission and infestation 
in burn wounds is necessary to increase burn patients' 
chances of survival. An efficient infection control policy is 
necessary for this at every level of the healthcare system. 
The misuse of antibiotics, the provision of a sterile environ-
ment, and the use of efficient medical equipment for the 
effective and critical treatment of patients may all be 
controlled by burn surgeons and burn care units working 
together to address the otherwise dire state of burn care 
worldwide. 
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