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Abstract

Burns are one of the most common and devastating types of 
trauma. Patients suffering from severe thermal injury require im-
mediate specialized care to reduce morbidity and mortality. Signifi-
cant thermal injuries cause immunosuppression, which predisposes 
burn patients to infectious complications. Several etiological factors 
mainly Staphylococcus aureus continues to be the leading cause of 
burn wound infection by producing toxic products that allow it to 
invade local tissues and spread hematogenously, causing generalized 
systemic infection and sepsis. This review aims to emphasize the sig-
nificance of burn wounds and their complications, particularly sepsis, 
which is associated with high morbidity and mortality rates. Sepsis 
and septic complications are responsible not only for poor outcomes 
in burn patients but also for lengthy hospital stays. Integrated man-
agement, which includes but is not limited to fluid resuscitation, nu-
tritional support, antimicrobial therapy, and vasoactive medications, 
is beneficial for the prevention and prognosis of sepsis by focusing on 
the events that lead to sepsis after burn injury.

Introduction

Infection is the leading cause of death and morbidity follow-
ing burn injury; it is a surgical emergency due to the high con-
centrations of bacteria (>105 CFU) in the wound and surrounding 
area [1,2]. It is caused by an infection of the otherwise healthy 
tissues surrounding the wound and is frequently accompanied 
by increased warmth in the area, pain or tenderness, advanc-
ing swelling, or induration. Although Staphylococcus aureus is 
the most common infective bacterium in burn wounds, Pseudo-
monas, Enterobacteriaceae (Escherichia coli, Klebsiella, Entero-
bacter, Serratia, Proteus), and, in rare cases, viral infections also 
play important roles in etiology. The natural pathophysiology 
of burns infection interferes with the activation of the inflam-
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matory cascade, which is mediated by macrophage produc-
tion of inflammatory mediators, resulting in the formation of 
suppressed cell-mediated and humoral immune activities. The 
severity of the immunosuppression is inversely proportional to 
the severity of the burn damage [3,4]. Burn patients may expe-
rience severe local and systemic complications affecting nearly 
every organ system [5]. Sepsis, on the other hand, is the most 
severe. Sepsis is a change in a burn patient that causes concern 
about infection. Sepsis is a potentially fatal disease character-
ized by acute circulatory collapse and prolonged hypotension 
resistant to intravenous fluid therapy. Patients who have been 
severely burned frequently experience varying degrees of or-
gan failure, and when multiple major organs are affected, mor-
tality becomes extremely high [3]. Sepsis caused by a severe, 
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injury-induced immunoinflammatory response remains a com-
mon complication and one of the leading causes of multi-organ 
failure and death in patients with significant wounds [6]. Sep-
sis is a presumptive diagnosis that requires the administration 
of antibiotics as well as the investigation of the source of the 
infection. Whereas clinical interpretation is required, the diag-
nosis must be linked to the discovery of an infection. However, 
strategies for preventing and managing drug resistance must be 
implemented, such as infection control programs that include 
hand hygiene, monitoring agreements with local antimicrobial 
agent guidelines, and the development of antimicrobial stew-
ardship programs in burn centers [7]. Nonetheless, strict infec-
tion control measures, continuous wound surveillance with reg-
ular tissue sampling for quantitative culture, and early excision 
and wound closure remain the primary adjuncts for controlling 
invasive infection in burn patients.

Discussion

Following a burn injury, infection is the leading cause of 
death and morbidity, accounting for 51% of all deaths. It is 
defined as the presence of high concentrations of bacteria in 
the burn wound and scab (>105 organisms/g tissue) [1]. Color 
change, exudative drainage, lesion odor, and systemic sepsis 
differentiate an invasive infection from others [1,8]. Infections 
are classified as bacterial or viral, entering the body directly or 
indirectly through the bloodstream [1,8,9].

Friction, cold, heat, radiation, chemical, or electric sources 
can all cause burn injuries, but the heat from hot liquids, sol-
ids, or fire is the most common. As a result, burns are classified 
as thermal, electrical, or chemical. Another classification is the 
depth of the burn. Four factors must be considered when deter-
mining the depth of a burn: look, blanching to pressure, pain, 
and feeling [10]. A burn’s depth is classified into three types 
based on how deep it penetrates the epidermis or dermis. Su-
perficial burns, also known as first-degree burns, are hot, pain-
ful, red, soft, and blanch when touched. Normal blistering does 
not occur. Second-degree partial-thickness burns penetrate the 
epidermis and into the dermis. Depending on whether the pen-
etration is superficial or deep, the depth of penetration into the 
dermis may vary. When touched, these burns are often painful, 
red, blistering, wet, squishy, and blanch. Full-thickness or third-
degree burns reach the epidermis, dermis, subcutaneous fat, 
and deeper layers of skin. These burns are not painful, and they 
can be white, brown, or charred. They have a stiff and leathery 
feel to the touch and no blanching [11].

The etiology of the burn influences its location [12]. Legs are 
the most commonly burned areas in general, with the upper 
limb being more burned than the lower limb. There is some 
variation in burn pathogenesis. The most commonly scalded 
body part in scald-induced burns is the limb, followed by the 
trunk. Electrical burns are most common on limbs, then on 
hands. The most frequently burned areas for explosions are the 
head, face, and neck, followed by the extremities [12,13].

Bloodstream Infections (BSIs) are very common in critically 
ill patients and are associated with an increased risk of mortal-
ity, longer hospital stays, and higher healthcare costs. Because 
of impaired skin barriers, immunocompromised status, the use 
of invasive devices, the occurrence of multiple wound manipu-
lations, and their prolonged hospitalization, burn patients are 

especially vulnerable to BSIs [9]. Bacteremia in burn patients 
has been reported to be caused by more resistant and fatally 
invasive pathogens such as Staphylococcus aureus, Pseudomo-
nas aeruginosa, Klebsiella pneumoniae, and the Acinetobacter 
baumannii -calcoaceticus complex [14]. Methicillin-resistant 
Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa 
(PA) are the most common multidrug-resistant (MDR) bacteria 
found in burn wound infections [15-19]. Due to resistance, such 
infections are frequently fatal and difficult to treat, making them 
a major concern. Though MRSA and P. aeruginosa are common 
causes of nosocomial infections, burn patients who stay in the 
hospital for an extended period of time are at a higher risk of 
infection [20], in addition to Healthcare-associated infections, 
also known as nosocomial infections, are among the most le-
thal sequelae of burn injuries [21]. In contrast, viral infections 
in burn patients are less common and less accurately described 
by healthcare professionals than fungal and bacterial infections 
[22].

Many factors have been identified as risk factors for increased 
mortality and morbidity in burn victims. To begin, gender is a 
predictor of both mortality and morbidity in burn patients, with 
males being more likely than females to develop burn injuries 
[23]. Second, the percentage of total body surface burned is 
linked to infections in burn victims, with 70% of patients with 
more than 20% total body surface area burns requiring surgical 
intervention [24,25]. Third, inhalation injuries frequently result 
in pulmonary and systemic complications, increasing the risk 
of death after burns [25]. Inhalation injury occurs when fumes 
or poisonous gases enter the body. This type of injury can oc-
cur in a variety of settings, including fires, industrial accidents, 
and chemical spills. Breathing hot air damages the bronchus 
and can cause laryngopharyngeal edema, which obstructs the 
upper airway and necessitates immediate intubation. Edema 
caused by neurogenic inflammation can narrow the airway lu-
mina, resulting in clinical problems such as airway mucosal hy-
peremia, the formation of obstructive casts in the airway, and 
bronchospasm [26]. As a result, following an inhalation injury, 
respiratory complications contribute to pulmonary oedema and 
pneumonia, and Acute Respiratory Distress Syndrome (ARDS) 
can develop rapidly [26-28]. Furthermore, delays in sepsis diag-
nosis and antibiotic administration, as well as the early start of 
critical medications, such as appropriate antibiotics, have been 
linked to increased mortality in critically ill patients [29].

Furthermore, studies have shown that blood alcohol level 
predicts infectious complications in burn patients, and diabetes 
and hypertension are linked to an increased risk of death in old-
er adults [23,30]. Diabetes mellitus has consistently been iden-
tified as one of the top ten leading causes of death. Burns pa-
tients with diabetes mellitus may have poorer clinical outcomes 
and increased complications due to the numerous pathological 
changes and associated disease processes seen in these pa-
tients [31]. The triad of vasculopathy, monopathy, and neuropa-
thy is the primary explanation. Poor blood supply as a result of 
mechanisms such as increased hyperviscosity caused by hyper-
glycemia slows the ingress of oxygen and already defunct in-
flammatory cells into injured areas, compromising healing and 
creating an anaerobic environment conducive to the growth of 
opportunistic bacteria. Diabetes also has a negative impact on 
the immune system by impairing the function of polymorpho-
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nuclear leukocytes, macrophages, and lymphocytes. As a result, 
diabetic patients are more likely to develop infections, have 
poor wound healing, and eventually require amputation [31]. 
Diabetics had significantly lower limb burns [31,32]. Diabetes 
was also linked to an increased risk of bacteremia and sepsis 
[33].

Septic shock, also known as sepsis, is a potentially fatal dis-
ease process characterized by acute circulatory collapse and 
persistent hypotension that does not respond to intravenous 
fluid therapy [34-36]. Many studies have found that being over 
the age of 50, having a total body surface area burn, an inha-
lation injury, and being male are all risk factors for sepsis and 
Multiple Organ Dysfunction Syndrome (MODS). Individuals with 
weakened immune systems, such as those with diabetes, renal 
failure, liver failure, or cancer, are also at risk [36]. Convention-
al diagnostic markers used to determine an inflammatory re-
sponse to infection are neither specific nor sensitive in burn pa-
tients; thus, a fast sequential organ failure assessment QSOFA 
score based on three parameters was developed to diagnose 
sepsis: altered mental status, tachypnea, and hypotension [37]. 
Furthermore, biomarkers can aid in the detection of sepsis in 
burn patients [38,39]. Among a wide range of laboratory tests, 
Procalcitonin (PCT) has emerged as the leading biomarker for 
accurately and quickly indicating the presence of systemic in-
fection. PCT blood levels in healthy people are barely detect-
able. However, in the presence of systemic bacterial infection, 
its levels rise dramatically during the infection course and then 
rapidly fall after the septic process is controlled [40]. It has the 
potential to be regarded as a biomarker with a strong diagnos-
tic ability to differentiate between septic and non-septic burn 
patients [41]. Another useful biomarker is Mid-Regional pro-Ad-
renomedullin (MR-proADM). Increased MRproADM levels have 
been linked to burning injuries.

When compared to other critically ill patients, those who 
have suffered severe burns are more likely to develop infec-
tions, systemic inflammatory responses, and sepsis. Infections 
are frequently linked to both the burn wound and the de-
vices. When a patient is critically ill, hygiene precautions and 
targeted digestive decontamination are used as preventative 
measures because most infections begin with the colonization 
of the digestive tract [42]. Sepsis caused by bacterial translo-
cation from the gastrointestinal tract is a well-known cause of 
morbidity and mortality in people with severe burns (GIT). This 
translocation is dependent on the GIT flora. Consumption of 
Lactobacillus bacteria has been shown to reduce translocation 
[43]. Probiotics have been shown to benefit burn patients by 
regulating the intestinal barrier and reducing inflammation. In 
contrast to interleukin 6, which is a pro-inflammatory mediator 
and is frequently produced in burns, Immunoglobulin A (IgA) is 
an anti-inflammatory antibody [44]. When the intestinal barrier 
fails and inflammatory mediators enter the systemic circulation 
via mesenteric lymph channels, they contribute to the devel-
opment of Multiple Organ Dysfunction Syndrome (MODS) [45]. 
The postburn acute-phase response, on the other hand, is char-
acterized by multiorgan dysfunction [46]. Patients who have 
been severely burned frequently experience varying degrees 
of organ failure, and when multiple major organs are affected, 
mortality becomes extremely high [47]. Sepsis due to a severe, 
injury-induced immunoinflammatory response remains a com-
mon complication and one of the leading causes of multi-organ 
failure and mortality in patients with significant wounds [47]. In 
the early post-burn phase, numerous mediators are released, 
including cytokines (TNF, IL-1, etc.), eicosanoids (Prostaglandins 

[PGs], thromboxane, leukotrienes), and Platelet Aggregating 
(Activating) Factor (PAF). They promote vascular permeability 
and tissue injury in a variety of ways. 

Burn injuries can result in a variety of complications, which 
can be classified as local or systemic. Skin contracture, hypertro-
phic scar and keloid, alopecia, wound infections, and ophthal-
mic complications are examples of local ones, whereas systemic 
ones affect nearly every organ system [48,49]. Local complica-
tions include skin contractures, which are known to be serious 
complications following burn injury. Burn scar contracture is a 
condition in which the skin is replaced by pathologic scar tis-
sue that is too short and extensible, impairing mobility or tissue 
alignment of an associated joint or anatomical structure [50]. 
Another local complication is wound infection, which, if left 
untreated, can lead to systemic infection and death. Staphylo-
coccus and Pseudomonas species are the most common patho-
gens. In the diagnosis and treatment of infections in burn pa-
tients, physical examination, cultures, and wound pathology all 
play roles. Organisms should be treated appropriately based on 
their temporal relationships to the time of admission, and those 
prevalent in the burn unit should be treated specifically based 
on their antibiograms [51]. Ocular burns can cause peri-orbital 
tissue edema as a result of aggressive fluid resuscitation, eyelid 
retraction leading to ocular exposure, direct injury to the globe, 
blunted Bell’s and blink response secondary to sedation, and 
direct injury to the eye. All of these factors, individually or col-
lectively, can result in exposure keratopathy, corneal infection, 
ulceration, and, finally, corneal scarring or perforation [52].

Local complications include alopecia, hypertrophic scar, ke-
loid formation, and Margolin ulcer, a cutaneous ulcer that de-
velops in the presence of previously burned skin, longstanding 
scars, and chronic wounds [53,54].

Systemic complications from burns, on the other hand, can 
result in organ failure and death. One of the most serious burn-
related complications, with a high mortality rate [55], is acute 
renal failure. The majority of renal failures occur immediately 
after an injury or later, when sepsis develops. Despite adequate 
fluid therapy, decreased urine production is usually the first 
sign of acute renal failure. If renal failure in burn victims is ad-
equately predicted and treated promptly, morbidity and over-
all mortality will be significantly reduced, particularly in severe 
burn injuries [56]. Cellular hypoxia, on the other hand, causes 
cerebral edema and an increase in intracranial pressure in cas-
es of severe burns. Agitation, disorientation, ataxia, abnormal 
posture, brief loss of consciousness, seizures, and even shock 
are other symptoms of central nervous dysfunction [49]. One 
of the most common complications in people who have had se-
vere burns is intestinal infection. It has the potential to cause 
sepsis and multiple organ dysfunction syndrome (MODS), both 
of which are leading causes of death in these patients. Most 
gut-derived infections are caused by abnormal translocation of 
intestinal bacteria or endotoxins caused by a faulty gut barrier 
[57]. Furthermore, burn patients may experience intraabdomi-
nal hypertension (IAH) and secondary abdominal compartment 
syndrome (ACS), which are two potential side effects of system-
ic burn injuries, particularly in those with burns covering more 
than 60% of the body surface area [49,58].

In people who have had systemic burns, smoke inhalation 
injuries are common. Thermal damage and irritant adhesion to 
the upper respiratory tract cause the release of inflammatory 
mediators and reactive oxygen species, as well as increased 
vascular permeability and edema [59]. Finally, tachycardia, in-
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creased cardiac output, and increased myocardial oxygen de-
mand are signs of severe burn-related cardiac dysfunction [58]. 
These complications, however, are regarded as difficult, particu-
larly in children. Children require more fluid resuscitation than 
adults for burns of any size because their body surface area to 
mass ratio is greater, making them more susceptible to hypo-
thermia. They also have smaller and narrower tracheas than 
adults, making them more prone to airway obstruction and ne-
cessitating intubation by a medical professional who is familiar 
with dealing with difficult juvenile airways [60].

The first step in burn therapy is wound cleaning and debride-
ment to remove necrotic tissue, which significantly reduces 
blood flow and immune system access [61]. The implementation 
of a universal decolonization protocol in an adult and pediatric 
burn center resulted in a significant reduction in all hospital-
acquired infections. This is explained by the lack of a treatment 
delay because it does not require evidence of positive MRSA 
culture to be applied. Furthermore, daily chlorhexidine bath-
ing has been shown to reduce both skin colonization and the 
overall environmental microbial burden. These precautions 
help to reduce the possibility of secondary infections and the 
risk of patient-to-patient transmission [62]. If topical antibiotics 
and dressings do not work, or if the patient rapidly develops 
a high level of resistance to multiple antibiotics, IV antibiotics 
are administered. However, drug resistance in burn patients can 
be caused by several factors, which is a major concern due to 
limited therapeutic options and decreased treatment efficacy 
[63]. Long-term antibiotic use, prophylactic antibiotics in un-
necessary situations (first 3 days of new burn cases), antibiotic 
misuse or inadequate dosing, and overuse of broad-spectrum 
antibiotics due to their low cost are among these factors [64]. 
As a result, it is critical to determine the pathogen spectrum 
and drug sensitivity of pathogens associated with nosocomial 
infection in burn patients [65]. As a result, drug resistance pre-
vention and management strategies such as infection control 
programs that include hand hygiene, monitoring of agreements 
with local antimicrobial agent guidelines, and the development 
of antimicrobial stewardship programs in burn centers are criti-
cal. As a result, drug resistance prevention and management 
strategies such as infection control programs that include hand 
hygiene, monitoring of agreements with local antimicrobial 
agent guidelines, and the development of antimicrobial stew-
ardship programs in burn centers are critical.

In severe inhalation injury due to severe respiratory distress 
or because the patient’s airway is compromised by laryngeal 
edema, however, airway management, including endotracheal 
intubation and mechanical ventilation, may be required [66]. 
Immediate assessment includes conscious level and vital signs 
assessment, airway evaluation with cervical spine stabilization, 
breathing, circulation, and coexisting whole body burns and 
trauma [67].

Conclusion

The burn wound is a vulnerable site for opportunistic coloni-
zation by organisms of endogenous and exogenous origin. The 
likelihood of invasive burn wound infection is determined by pa-
tient factors such as age, the extent of injury, and depth of burn 
combined with microbial factors such as type and several organ-
isms, enzyme and toxin production, and motility. Burn wound 
infections are classified based on the causative organism, the 
depth of invasion, and the tissue response. Although the sur-
vival rate after devastating burn injuries has increased in recent 
decades due to medical advances in burn wound care, nutri-

tional and fluid resuscitation, and improved infection control 
practices, there are still a large number of patients at a high risk 
of death. Sepsis is a common burn complication that is defined 
as “severe organ dysfunction attributed to the host’s disordered 
response to infection” and is the leading cause of death in burn 
patients. Indeed, burn injuries are associated with a cascade of 
events that can lead to sepsis and multiple organ dysfunction 
syndrome, such as hypovolaemic shock, immune and inflam-
matory responses, and metabolic changes. As a result, critical 
care is a critical step in preventing mortality in burn patients. 
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