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Introduction Severe burns represent a critical public healthissue, with high mortality
and morbidity associated with wound infections, which are the leading cause of death
in these patients. The present article aims to provide a comprehensive evidence-based
approach for the diagnosis and management of invasive burn wound infections,
highlighting recent scientific advances and effective clinical strategies.

Materials and Methods A thorough review of 35 years of scientific literature was
conducted using recognized databases such as PubMed, EMBASE, and Cochrane
Library. The information was synthesized and validated by a committee of experts in
surgery and burn care. The medical subject heading (MESH) terms used were: Burns,
Infection, Burn wound infections, Sepsis, and Multi-drug resistant.

Results The analysis shows that more than 45% of patients with severe burns develop
infections. The pathophysiology includes immunosuppression secondary to hyperme-
tabolism and inflammatory dysregulation, which predispose patients to infections by
multidrug-resistant microorganisms. Additionally, biomarkers such as procalcitonin
and strategies based on specific cultures improve diagnostic accuracy. The implemen-
tation of personalized protocols reduces complications and mortality in this
population.

Conclusion The present study establishes an evidence-based guide for the early
diagnosis and effective management of burn infections, promoting the rational use of
antibiotics and comprehensive care. The findings contribute to standardizing clinical
practices, optimizing hospital resources, and improving clinical outcomes. This review
serves as a crucial reference for advancing burn patient care and fostering future
research in the field.
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Introducao As queimaduras graves representam um problema critico de saltde
pUblica, com altas taxas de mortalidade e morbidade associadas as infeccGes em
feridas, a principal causa de morte nesses pacientes. Este artigo tem como objetivo
fazer uma abordagem abrangente baseada em evidéncias ao diagndstico e manejo de
infeccbes invasivas em feridas por queimaduras, destacando avancos cientificos
recentes e estratégias clinicas eficazes.

Materiais e Métodos Foi realizada uma revisao abrangente de 35 anos de literatura
cientifica utilizando bases de dados reconhecidas, como PubMed, EMBASE e Cochrane
Library. As informacoes foram sintetizadas e validadas por um comité de especialistas em
cirurgia e cuidados com queimados. Os termos MESH utilizados foram Queimaduras,
Infecc¢do, Infeccoes em feridas por queimaduras, Sepse, e Multirresisténcia a medicamentos.
Resultados A andlise mostra que mais de 45% dos pacientes com queimaduras graves
desenvolvem infeccoes. A fisiopatologia inclui imunossupressao secundaria ao hiper-
metabolismo e a desregulacdo inflamatoria, que predispoe os pacientes a infecgdes por
microrganismos multirresistentes. Biomarcadores como a procalcitonina e estratégias
baseadas em culturas especificas melhoram a precisao diagnéstica. A implementacao
de protocolos personalizados reduz as complicagdes e a mortalidade nessa populagao.
Conclusao Este estudo estabelece um guia baseado em evidéncias para o diagndstico
precoce e manejo eficaz das infeccdoes em queimaduras, promovendo o uso racional de
antibiodticos e cuidados abrangentes. Os achados contribuem para a padronizacao das
praticas clinicas, otimizacdo dos recursos hospitalares e melhora dos desfechos
clinicos. Esta revisao é uma referéncia crucial para o avanco no cuidado de pacientes

medicamentos

Introduction

The World Health Organization (WHO) estimates that ~ 180
thousand people die each year due to burns, a problem that
predominantly affects low- and middle-income countries. In
addition to fatalities, non-lethal burns are a significant cause
of morbidity, leaving thousands with physical and psycho-
logical sequelae that affect their quality of life. These inci-
dents often occur in everyday spaces, such as homes and
workplaces, where risks are elevated, and safety measures
are often insufficient. Despite their severity, most burns are
preventable with adequate prevention strategies and safety
education in these environments.

In low- and middle-income countries, burns rank among
the leading causes of disability-adjusted life years (DALYs)
lost. Hospitalization for burns varies by country and health
coverage programs. However, studies indicate a global trend
toward shorter hospital stays and increased treatment of
burns in specialized centers across many countries.’

In patients with severe burns, infections represent one of
the main threats to life, particularly in those who have
survived the initial resuscitation phase. In this context,
infections not only become the leading cause of mortality
but also present complex challenges in terms of diagnosis
and effective treatment. Therefore, this document becomes
essential to explore various critical aspects related to inva-
sive infections in burn wounds.

Burn patients undergo specific physiological changes
due to their thermal trauma response. The inflammatory
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queimados e estimulo de futuras pesquisas na area.

response triggered by burns inherently leads to immuno-
suppression, increasing the risk of infections, particularly
affecting the tissue involved in the wound. Additionally, the
variety of infectious complications and their potential man-
ifestations pose challenges for timely diagnosis and treat-
ment.” Finally, specific strategies for clinical management
are proposed with the aim of improving prognostic out-
comes for this special group of patients.

The indiscriminate use of broad-spectrum antibiotics in
burn patients can have several adverse effects, such as
promoting bacterial translocation, increasing the risk of
infections in distant organs like the liver and lungs.? Further-
more, the use of antibiotics can disrupt the intestinal flora,
leading to increased intestinal permeability and further
promoting translocation, compromising the host’s defenses.
Another significant effect is the increased risk of colonization
or infection by multidrug-resistant organisms related to
prior exposure to antibiotics such as extended-spectrum
cephalosporins and carbapenems. Associations have been
found between these antibiotics and an increased risk of
infection by multidrug-resistant gram-negative bacteria in
critically ill burn patients,> as well as the induction of
resistance in enterobacteriaceae like Escherichia.® On the
other hand, the use of antibiotics with high sodium content
can contribute to hypernatremia in patients with severe
burns, further complicating the clinical management of
these patients.’

Thus, burn wound infection is the most severe complica-
tion, as it significantly prolongs hospitalization and worsens



both aesthetic and functional outcomes. It also greatly
increases sequelae and costs due to the need for additional
surgeries, anesthesia, antibiotics, and hospital time, notably
increasing the patient’s risk of mortality.?

While in other infection sites extended studies are re-
quired to locate the infection, in burn patients, the primary
infection site is easily accessible—the injured skin—so daily
physical examinations allow for early detection and antici-
pation of infection progression. Timely diagnosis and treat-
ment are crucial to prevent the spread of infection, and
visible clinical characteristics are key to identifying the
problem before laboratory results are available. Therefore,
a serial physical examination performed by a trained profes-
sional is essential for success.?

Materials and Methods

The present study consisted of a systematic review of the
available literature over the past 35 years, focused on
invasive infections in burn wounds. The methodology was
developed following the steps outlined below:

Sources of information: Internationally recognized data-
bases such as PubMed, EMBASE, and Cochrane Library were
used, along with guidelines and recommendations from the
International Society for Burn Injuries, the American Burn
Association, and other specialized organizations.

Inclusion and exclusion criteria: Studies published be-
tween 1988 and 2024 that addressed epidemiology, patho-
physiology, diagnosis, and management of infections in burn
patients were included. Peer-reviewed articles, clinical
guidelines, meta-analyses, and prospective cohorts were
prioritized. Studies with insufficient samples, those without
full text access, or those that did not meet methodological
quality standards were excluded.

Selection process: Titles and abstracts identified in the
initial search were evaluated by two independent reviewers.
Those that met the criteria were analyzed in depth. Discrep-
ancies were resolved by consensus with a third reviewer.

Data synthesis: The extracted data were categorized into
four key areas:

» Epidemiology and risk factors;

» Pathophysiology;

« Diagnostic tools (biomarkers, cultures);

» Therapeutic strategies (rational use of antibiotics).

Validation and review: The content was presented and
discussed with a multidisciplinary group of experts in sur-
gery and burn care, who made final adjustments to ensure
the clinical applicability of the findings. This methodology
allowed for the integration of current knowledge with clini-
cal practices, providing a solid framework for the creation of
an evidence-based guide.

Epidemiology

The incidence of infections in burn patients’ wounds varies
depending on the study and the population analyzed. A
retrospective study conducted in a burn intensive care unit
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found that 45.8% of patients developed infections, with an
infection rate of 45.8 per one thousand patient-days.® The
progression of infections toward sepsis is a significant phe-
nomenon. According to the study by Belba et al., the preva-
lence of sepsis in adult burn patients was 26%, with an
accumulated incidence of 30 patients per one hundred
adults.'® The highest rates of burn wound infections occur
in the lower extremities, but specific pathogens are not
limited to any particular anatomical location."’

Burn patients also have high rates of other types of
infections, such as catheter-related infections, bacteremia,
and pneumonia, but wound infections rank first.'"'? In a
study with a cohort of 175 patients with severe burns, wound
infections preceded multiorgan dysfunction in 83% of
patients and were considered the direct cause of death in
36% of those who died.'? Studies have linked infection in
general as the leading cause of mortality in burn patients,
being responsible, either directly or indirectly, for 33 to 80%
of deaths.'*1°

Pathophysiology

When any type of wound occurs, a series of cellular and
biochemical events are triggered, with the final goal being
wound closure. Healing can be divided into three overlap-
ping phases: inflammation, proliferation, and remodeling.'®
Depending on the degree of the burns, the tissue restitu-
tion time will vary, directly affecting the aesthetic outcome
and increasing the exposure of the tissue usually protected
by the epidermis, making it more susceptible to infection.

* Superficial (grade I): Only the epidermis is affected. For
example, sunburns, healing in 7 to 10 days.

* Partial-thickness superficial and deep (grade II): Affects
various degrees of the dermis. When superficial, it is
called type A, healing without significant sequelae in
less than 14 days. When the intermediate dermis is
involved, it is considered type AB, healing after 18 days,
resulting in poor-quality scars, with the appearance of
keloids, hyper or hypopigmentation, and retractions.

* Full-thickness (grade III): Destroys the entire dermis,
preventing epithelialization, also known as type B, heal-
ing by secondary intention, requiring debridement until
granulation tissue is obtained and grafting.

 Grade IV: Involves the destruction of muscle and/or bone
structures, generally resulting from electrical burns.

Infection in a burn can even compromise the unaffected
dermis from the initial injury, preventing epithelialization
and worsening the lesion. For example, a superficial second-
degree burn can rapidly deepen if not properly managed,
transforming into a full-thickness burn in a few days, pro-
longing recovery time and requiring debridement and graft-
ing instead of healing in less than 15 days.8

An important effect of burn injuries is the deregulated
inflammatory response that can progress to a state of im-
munosuppression. In experimental mouse models with
burns, when leukocyte populations from severely burned
mice were transferred to healthy mice, they altered pathogen
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recognition and negatively affected the balance between
regulatory T cells and helper T cells.'”

Biochemically, in response to tissue injury, molecules are
activated that trigger the immune system, especially dam-
age-associated molecular patterns (DAMPs) and pathogen-
associated molecular patterns (PAMPs). An example of the
latter includes lipopolysaccharides from the cell wall of
gram-negative bacteria, viral double-stranded RNA, and
flagellin. Initially, DAMPs emerge as intracellular proteins,
uric acid, extracellular DNA, and ATP released by affected
cells in the burned tissue, entering the systemic circulation
and activating recognition signals mediated by Toll-like
receptors (TLRs). These are molecules expressed on circulat-
ing leukocytes and various skin cells, including keratinocytes,
Langerhans cells, T and B cells, mast cells, endothelial cells,
myofibroblasts, and primary fibroblasts, with the primary
function being the immunological stimulation for cytokine
secretion to protect the damaged tissue from potential
infections and participate in the repair of the damaged
skin. In severe burns, this process reaches extreme levels,
affecting the immune system, even interfering with healing
and increasing the risk of infection. This disruption in
homeostasis is directly proportional to the severity and
extent of the burn, which can trigger a cytokine storm
with immune system paralysis, resulting in decreased pro-
duction of interleukins (IL)-6 and IL-12, leading to reduced
antigen presentation and decreased T cell proliferation, two
key processes in a regulated immune response. This inflam-
matory process can progress to multiorgan dysfunction
syndrome and death. "-17-18

In a large-scale burn study, it was found that when the
total body surface area (TBSA) burned exceeded 20%, the
gene expression of white blood cells changed drastically (80%
of genes), a phenomenon known as a “genomic storm”.'® The
DAMPs that activate TLRs and other pattern recognition
receptors can be classified into:

1. Proteins expelled through secretory lysosomes, such as
high mobility group box (HMGB1) and galectin-3.

2. Molecules released by necrotic cells such as S100 proteins,
HMGB1, IL-1a, galectin-3, HSP60, HSP70, HSP72, histones,
and nucleic acids.

3. Molecules from the extracellular matrix like hyaluronic
acid, heparan sulfate, fibronectin, and degraded matrix
components.

Although numerous DAMPs have been identified, theo-
retically, any molecule that normally resides inside cells and
is expelled or altered by tissue damage can act as a DAMP. It
has been proposed that hydrophobic surfaces in general act
as DAMPs.

On the other hand, PAMPs come from pathogens and the
skin microbiota that enter the dermis through the broken
epidermal barrier. In normal skin, bacterial load has been
quantified using quantitative real-time polymerase chain
reaction (16S rRNA gene) in deep epidermal layers (punch
biopsies), intermediate layers (scrapings), and epidermal
surfaces (swabs), with 10 thousand; 50 thousand; and 1
million colony-forming units (CFU) per square centimeter,
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respectively,?® of bacteria from various species.?’ Therefore,
once the epidermis is affected by the burn, these bacterial
PAMPs, like DAMPs, activate TLR signaling, which converges
on a common pathway, with more power in the area sur-
rounding hair follicles, as it is the microenvironment where
bacteria concentrate.?? As the exposure continues due to the
defect in the epidermal barrier, pathogens that colonize the
surface have the opportunity to infiltrate the wound and
develop an infection.

Exposure to pathogens occurs not only through the burn
wound but also through invasive devices, and bacterial
translocation from the gastrointestinal tract has even been
described.”> These microorganisms can come from the
patient’s endogenous microbiota (skin, intestine, and upper
respiratory tract) as well as from contaminated external
sources, such as the hospital environment and healthcare
workers, the latter associated with cross-contamination,
which extends the appearance and spread of antimicrobial
resistance, posing a severe threat to healthcare,?*2° particu-
larly among critically ill patients.

On the other hand, the indiscriminate use of antibiotics,
combined with water loss from the evaporation of the injured
epidermis, increases sodium concentration. A 10% increase in
sodium concentration stimulates keratinocytes to secrete
higher amounts of TLRs, enhancing the described inflamma-
tory response. The burn eschar also contributes to inflamma-
tory signaling and healing, at least partially acting as a
reservoir for DAMPs and PAMPs. It has been found that
patients with burns involving more than 50% of the TBSA
who are fully debrided and covered within 3 days of the
injury have an approximate 40% reduction in basal metabolic
rate, preventing further net protein loss from muscle catabo-
lism and a decrease in bacterial load in cultures, having a 30%
lower risk of developing sepsis, thus reducing mortality.2®

Another phenomenon associated with eschar formation is
biofilm development. These are microbial communities that
adhere to the surfaces of wounds and are protected by an
extracellular matrix, making them resistant to antibiotics
and the host's immune system.?’ It has been identified that
serum from patients with severe burns can increase biofilm
formation due to oxidative stress, which worsens infections
and complicates wound management.?

The glycocalyx, a gel-like layer covering the luminal
surface of vascular endothelial cells, composed of proteogly-
cans bound to the membrane, glycosaminoglycan chains,
glycoproteins, and attached plasma proteins, plays a crucial
role in vascular homeostasis, regulating permeability, mi-
crovascular tone, preventing thrombosis, and modulating
leukocyte adhesion.”® When degradation of this protective
structure occurs, known as “shedding,” exacerbated by the
inflammatory response and oxidative stress associated with
thermal trauma in patients with severe burns, it increases
vascular permeability, directly facilitating microbial invasion
(biofilm formation) and indirectly allowing the access of
immune cells and harmful agents (such as proteases and
reactive oxygen species), which enhance endothelial damage
and predispose to infections. Endothelial dysfunction man-
ifests through the release of components such as syndecan-1



and heparan sulfate into the bloodstream, which has been
correlated with burn severity,?’3° being more pronounced
in older patients and those with more extensive burns,
suggesting a relationship between injury severity and
the degree of glycocalyx shedding.’’

Risk Factors

Burn patients are particularly predisposed to infections due
to the loss of skin integrity, immunosuppression, and the
need for invasive procedures. Various studies have described
risk factors for infections in these patients, which can be
classified into three main groups.

1. Patient-related factors:

Advanced age: Both early (< 5 years) and advanced age
have been associated with an increased risk of infections
in burn patients, with the risk increasing from age 50,
peaking at age 65.32

Female sex: The female sex has been identified as an
independent predictor of infections in burn patients,
usually associated with the nature of burns due to do-
mestic tasks.>3

2. Extent and depth of the burn:
Total body surface areaburned: ATBSA burn greater than 20%
is significantly associated with a higher risk of infections.3*
Full-thickness burns: The presence of full-thickness burns
is an independent risk factor for wound infections.>?
Inhalation injury: Inhalation injury increases the risk of
infections associated with medical care, such as health-
care-associated pneumonia.>*

3. Hospital interventions:
Use of catheters: The insertion of urinary, arterial, and
central venous catheters is associated with an increased
risk of colonization and infection by multidrug-resistant
gram-negative organisms. The use of central venous
catheters has also been identified as an independent
risk factor for infections.3>-3
Mechanical ventilation: Mechanical ventilation is a sig-
nificant risk factor for respiratory infections in critically ill
burn patients.36
Blood transfusions: The administration of blood products
is associated with a higher risk of infections.33-3°
Hospitalization duration: Prolonged hospitalization (>30
days) correlates with a higher risk of infection, including
bacteremia and fungemia.?’-38

4. Other factors:
Sepsis: The presence of sepsis is an independent predictor of
recurrent infections in burn patients.>3
Surgical interventions: Procedures such as burn excision
and skin grafting increase the risk of recurrent infections.>>
Hydrotherapy: Hydrotherapy has been associated with a
higher risk of infections.3?

The systemic severity of a burn is, therefore, multifactori-
al. For example, a 40% TBSA burn carries an 11% mortality
risk in a 20-year-old patient, whereas the same burn
in a 65-year-old patient has a mortality risk over 80%.3’

Burn Wound Infections Benitez et al.

Identifying and managing these risk factors is crucial for
improving clinical outcomes and reducing the incidence of
infections in this vulnerable population.

Diagnostic Approach

There are well-defined criteria for diagnosing various infec-
tions in non-burn patients. However, in burn trauma, as
mentioned earlier, a hypermetabolic response is triggered
that differs from any other type of injury. For example, the
normal basal temperature in a patient with severe burns
rises to 38.5°C instead of 37.5°C, as in typical patients.
Metabolism has been identified to increase by up to
180%,%% and heart and respiratory rates may remain elevated
for weeks or even months. Considering these factors, the
American Burn Association held a consensus meeting in
2007 regarding sepsis in burn patients, defining a guide to
establish high suspicion criteria described below.>®

Subsequent studies and classifications have been devel-
oped to seek criteria with better diagnostic performance for
sepsis in burn patients. In 2018, Yan et al.>® published a
prospective cohort study aimed at validating current sepsis
scores for burn patients. This study evaluated the accuracy of
3 sepsis diagnostic criteria scales for burn patients and
compared the results: the 2007 American Burn Association
(ABA) criteria, Mann-Salinas 2013 sepsis predictors, and the
2016 Sepsis-3 definition from the Surviving Sepsis Cam-
paign. The study included 418 patients with severe burns
treated at a hospital in Toronto between 2006 and 2016, 21%
of whom developed sepsis. Sepsis diagnoses were made
prospectively, considering specific clinical signs and using
selected criteria to compare their predictive capabilities.

The results indicated that the Sepsis-3 criteria had the
highest accuracy, identifying 85% of sepsis cases, compared
with 59% for the ABA criteria and 28% for Mann-Salinas.
However, none of the criteria evaluated showed sufficient
reliability to be a diagnostic standard for this specific popu-
lation. The authors recommend that the diagnosis of sepsis in
burn patients be based on a comprehensive clinical assess-
ment performed by a specialized burn care team, rather than
relying solely on predictive criteria.>®

It is essential that the treating surgeon be trained to
clinically identify an infected burn, as early and accurate
diagnosis is crucial to avoid serious complications. Under-
standing key concepts allows differentiation between the
normal course of wound healing and signs indicative of
infection, providing clinicians with the necessary tools to
effectively discern the presence of infection. This ability not
only improves treatment outcomes but also contributes to
better resource management and avoids unnecessary inter-
ventions. Therefore, it is crucial to define fundamental con-
cepts that will alter the patient’s therapeutic course.

- Colonization: Refers to the presence of fewer than 100
thousand germs per gram of tissue without evidence of
invasion or systemic signs of infection. This colonization
could have beneficial effects, as it may stimulate growth
factors, cytokines, and the cellular immune response.
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- Non-invasive infection: Occurs when there are more
than 100 thousand germs per gram, but without inva-
sion into the underlying healthy tissue. This bacterial
level may cause deterioration of the wound or failure in
graft integration. The patient is considered infected and
should be evaluated for the risk of invasive infection and
sepsis.

- Invasive burn wound infection: Refers to a wound with
local or systemic signs of infection and more than 100
thousand germs per gram of tissue, compromising the
underlying healthy tissue.

- Cellulitis: An inflammatory process in the wound area,
characterized by erythema and edema that exceed the
normal boundaries, usually associated with other local
and systemic signs.

- Ecthyma gangrenosum: Presents as necrotic ulcers with
well-defined borders and an inflammatory halo that
arises at the base of the wound.

- Impetigo: A late lesion observed in previously epithe-
lialized areas, such as between already integrated grafts
or in donor sites that have already epithelialized.

Local signs of infection:

» Erythema at the wound edges.

» Adherent scab of any color.

* Foul odor or a characteristic smell of germs.

* Lack of improvement with standard treatment.
» Deepening of the wound.

Systemic signs of infection: The systemic signs are similar
to those of other infections, but in burn patients, there are
special considerations for diagnosis and management:

Vital signs:

- Blood pressure: Unexplained drops in mean or diastolic
blood pressure are signs of vasodilation associated with
infection.

- Respiratory rate: An increase of more than 10 breaths
per minute above baseline may indicate infection.

-Temperature: Increase or decrease in body temperature
(36.5°-38.5° C) and fever above 39° C are indicative of
infection. Hypothermia suggests a gram-negative
pathogen.

- Neurological: Altered consciousness without a justified
cause may indicate infection.

- Gastrointestinal signs: Nutrition intolerance, ileus with-
out abdominal injury, unexplained diarrhea, or gastro-
intestinal bleeding are signs of uncontrolled infection.

In burn patients, leukocytosis is often present with slight-
ly elevated white blood cell levels, between 10 thousand and
11 thousand cells per microliter. Values higher than 12
thousand require investigation of a potential infection focus,
such as unresected necrosis or infection by gram-positive
cocci, especially staphylococci.

On the other hand, leukopenia is a concern in these patients,
especially when there is a sudden drop in the leukocyte count
from baseline. For example, a blood test showing 6 thousand
leukocytes and 60% neutrophils may be normal in a healthy
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individual, but in a burn patient, it indicates a low count. If
48 hours earlier the count was high (15 thousand leukocytes
and 85% neutrophils), followed by leukopenia and neutropenia,
it may indicate sepsis associated with gram-negative organ-
isms. However, it should be noted that silver sulfadiazine can
induce neutropenia and act as a distractor.

Finally, thrombocytopenia with a platelet count below
100 thousand per microliter may indicate infection by
consumption, especially in infections related to Staphylococ-
cus aureus, potentially progressing to disseminated intravas-
cular coagulation.8-40

Skin Culture and Biopsy

Surgical technique: Involves excising a 1 cm x 0.5 cm piece of
skin without subcutaneous tissue and determining the num-
ber of germs per gram of tissue. A biopsy culture with more
than 100 thousand CFU per gram of tissue is considered
microbiological criteria for invasive infection.®

Regarding wound colonization, a study conducted in the
burn unit of the Hospital Universitario del Valle, Cali-
Colombia collected paired samples and showed that surface
culture coincided with biopsy culture in only ~ 20% of cases.
This means that administering antimicrobials based on a
surface culture involves a risk of error of nearly 80%.%’

Furthermore, positive blood cultures in burn patients
should not be considered contaminants due to the immuno-
suppression described. A positive blood culture associated
with clinical signs of infection is an indication to begin
specific antimicrobial treatment as soon as possible. The
Infectious Diseases Society of America (IDSA) and the Amer-
ican Society for Microbiology advise against collecting sam-
ples with swabs due to significant limitations such as: (1)
high risk of surface and subcutaneous contamination, and (2)
limited sample capacity (500 pL), leading to insufficient
sample quantity, especially when cultures other than bacte-
riological (fungal, mycobacterial) are requested. Additional-
ly, before any sampling or biopsy, the wound must be
thoroughly cleaned and free of topical antimicrobials and
residues that could affect culture results.*?

The approximate chronological aspects of wound coloni-
zation and infection processes in burn wounds and the
characteristics of the microorganisms involved have been
identified. Initially, with normal flora predominantly consist-
ing of gram-positive cocci, bacterial invasion by gram-negative
bacteria, some of which come from the hospital environment,
starts between 2 to 4 days. Finally, fungi such as Candida sp.
and multidrug-resistant bacteria can invade the wound.

Clinical Characteristics of Each Pathogen

Some pathogens exhibit important clinical characteristics
that should be detected during the physical examination, as
they help raise clinical suspicion before laboratory results are
obtained.

Pseudomonas aeruginosa: Enterobacteria, particularly P.
aeruginosa, is characterized by the onset of leukopenia, as
mentioned earlier, which can progress to multiple organ
dysfunction. Therefore, if the leukogram is suspicious,



Fig. 1 Early infection by Pseudomonas aeruginosa. Notice the pete-
chial speckling (A) and the greenish areas corresponding to the
secretion products of Pseudomonas (B). Note: Published with per-
mission from the author.?

showing leukopenia, signs specific to this pathogen should
be sought in the wound, such as blue/green or intense
yellow/green tissue (pyocyanin and pyoverdine), petechial
hemorrhagic speckling, positive fluorescence, and a charac-
teristic sweet odor, described as corn or grapes.® The devel-
opment of severe septic shock, accompanied by a wound
turning gray, purple, or black, is indicative of invasive P.
aeruginosa infection, known as “ecthyma gangrenosum.”
These patients require immediate excision of the affected
tissue, as the condition is associated with high mortality.*3
(=Fig. 1; =Fig. 2.)

S. aureus: Unlike P. aeruginosa, S. aureus has a slower
progression and is characterized by leukocytosis instead of
leukopenia. Progression to multiple organ failure is less likely
in the early stages. Wounds infected by this pathogen are
characterized by findings like paleness of granulation tissue,
depressed granulation tissue, and the appearance of pustules
or comedones. It is characterized by multiple small superficial
abscesses that tend to merge. This type of infection can lead to
the breakdown of previously healed epithelialized areas and
compromise already integrated grafts. Local treatment involves
wound cleansing, debridement, and mupirocin application,
alongside systemic antibiotic therapy. (~Fig. 3; ~Fig. 4.)

Benitez et al.
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Fig. 3 Late infection by Staphylococcus aureus results in impetigo-like
lesions with epithelialization loss and ulcers in previously epithelial-
ized areas. Note: Published with permission from the author.?

Streptococcus pyogenes: This infection presents with cel-
lulitic lesions characterized by erythema, edema, and hyper-
esthesia in the area adjacent to the burn, donor site, or
grafted area. When it affects a grafted area, the grafts may
appear destroyed or absent the next day. Cellulitis can be
caused by a variety of pathogens, but in burn wounds, the
most common pathogen is group A B-hemolytic streptococ-
cus. It should not be confused with early cellulitis related to
trauma, where there is a perilesional erythematous reaction
of 5mm to 1cm. When it is more extensive and associated
with pain and fever, bacterial cellulitis should be suspected.
Management includes washing, debridement, and immedi-
ate tangential excision of the wound in suspected areas. The
area of cellulitis without an open wound should not be
excised. (~Fig. 5; ~Fig. 6.)

Laboratory Studies

Li et al.** conducted a meta-analysis that reviewed all
available published data on biomarkers for the early detec-
tion of sepsis in hospitalized burn patients. The study
encompassed 28 research papers assessing 57 distinct bio-
markers and included a total of 1,517 participants. Given the
inflammatory and hypermetabolic response triggered by

Fig. 2 Late infection by P. aeruginosa. Notice the confluent petechial
speckling corresponding to bacterial colony nests. Note: Published
with permission from the author.®

Fig. 4 In the late stages, S. aureus infection is characterized by
epithelial loss (A), graft loss (B), and ulcers (C). Note: Published with
permission from the author.®
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Fig. 5 (A) Early cellulitis. Normally, trauma causes a perilesional
erythematous reaction of 5mm to 1 cm. When it is more extensive
and associated with pain and fever, bacterial cellulitis should be
suspected, usually caused by hemolytic streptococcus. Note: Pub-
lished with permission from the author.®

thermal injuries, the article explores the diagnostic accuracy
of these biomarkers, highlighting the challenges associated
with early sepsis detection in burn patients, Of the 57
biomarkers evaluated, procalcitonin (PCT) showed moderate
sensitivity (73%) and specificity (75%), while C-reactive
protein (CRP) had high sensitivity (86%) but low specificity
(54%). Other biomarkers such as brain natriuretic peptide,
stroke volume index, TNF-a, and free DNA showed potential
in isolated studies, but further research is needed to confirm
their utility. The need to standardize evaluation approaches,
considering sampling times, cut-off points, and sepsis defi-
nitions, is emphasized. The study concludes that no single
biomarker is reliable enough to diagnose sepsis, recom-
mending the exploration of combinations of biomarkers
and standardized methodologies.

While relying on a single biomarker for diagnosis is not
effective, most studies endorse their use in monitoring the
progression of sepsis, as their levels are initially elevated and
gradually decline as the condition resolves. Nevertheless,
further prospective research is required to determine the
most precise biomarkers for tracking sepsis progression.** It
is important to recognize that procalcitonin (PCT) has limit-
ed utility in the early diagnosis and management of sepsis, As
it is secreted within three hours of endotoxin exposure
but reaches its peak ~ 14 hours later.***> However, a 2015
meta-analysis evaluated the effectiveness of PCT as a biomark-
er to differentiate septic from non-septic patients in burn

Fig. 6 Management should include tangential excision and antimi-
crobials. Note: Published with permission from the author.?
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cases. It analyzed previous studies measuring PCT levels and
their diagnostic capacity, determining an area under the curve
(AUC) of 0.83 and a significant effect of sepsis on PCT levels
(Cohen’s d=2.1; 95%CI: 1.1-3.2). With an estimated cut-off
value of 1.47 ng/mL, the results highlight the usefulness of PCT
to guide antimicrobial management, promoting informed
decisions about the initiation and discontinuation of therapies,
thereby improving clinical outcomes in burn patients.*®

In 2022, a new meta-analysis was published that evaluat-
ed the utility of PCT to diagnose sepsis in adults with burns,
analyzing 15 studies selected from 856 found. The results
showed a sensitivity of 0.78, specificity of 0.85, and an area
under the curve (AUC) of 0.88, indicating good early diag-
nostic performance. Although PCT shows potential as a
marker for sepsis in this context, more high-quality studies
are needed to confirm its clinical value.*’

Overall, current evidence does not support the use of a
single biomarker for sepsis diagnosis, as significant variabili-
ty exists among published studies regarding patient popu-
lations, sepsis definitions, diagnostic thresholds, and
reported outcomes. However, when accessible, these bio-
markers can play a valuable role in guiding the initiation,
monitoring, and discontinuation of antimicrobial therapy.

International Guidelines

International Society for Burn Injuries (ISBI) Recommenda-
tions Formulation 2022

On August 28, 2022, during the biennial ISBI meeting in
Guadalajara, Mexico, based on the Surviving Sepsis Campaign
strategy, a consensus was developed on burn-related sepsis
statements, resulting in a series of recommendations.*®

Use of Systemic Inflammatory Response Syndrome
(SIRS) as a Method of Detecting Sepsis in Burn Patients
Systemic inflammatory response syndrome features are
evident in all major burns, as leukocytes are continuously
recruited to the wound, leading to fluctuations in white
blood cell counts, either increased or decreased. These
physiological alterations often result in positive SIRS scores,
even in the absence of infection. Patients with burns covering
more than 20% of the TBSA experience a pronounced hyper-
metabolic response, characterized by an elevated baseline
temperature, tachycardia, and tachypnea. Therefore, they
recommend not using SIRS as a method for detecting sepsis,
but instead adhering to the definition of sepsis. Recommen-
dation 1a strong, high-quality evidence.*

In this context, the Sequential Organ Failure Assessment
(SOFA) score should serve as a foundation for developing a
more refined set of criteria tailored to burn patients, As the
current version does not adequately account for all organ
systems commonly involved in burn-related sepsis, includ-
ing the gastrointestinal, dermal/wound, and endocrine sys-
tems. Refining existing parameters, like the Glasgow Coma
Scale, could enhance its utility. For instance, fluctuations in
blood glucose levels exceeding 150 mg/dL, wound alterations
(in appearance or odor), graft failure, and ileus are commonly
linked to burn sepsis. During the resuscitation phase,



elevated serum lactate levels and their clearance serve as
prognostic markers but are not definitive indicators of
sepsis.*®

Routine use of any criteria to diagnose sepsis within the first
72 hours is not recommended. However, this does not mean
that sepsis does not occur in burn patients, so the attending
professional must identify alarm signals during that period;
the best criterion is that of the clinical professional.

Several clinical and paraclinical factors have been identi-
fied as key indicators for suspecting sepsis in burn patients,
including an increase of > 2 points in the SOFA score, lactate
elevation > 2 mmol/L (> 18 mg/dL) as a proxy for base deficit,
temperature fluctuations such as new-onset fever or hypo-
thermia (with no established threshold), a sudden decline in
platelet count, reduced urine output or rising fluid require-
ments, and acute kidney injury of stage > 1 based on the
Kidney Disease: Improving Global Outcomes (KDIGO) crite-
ria. Other relevant factors include respiratory disturbances,
altered mental status, gastrointestinal dysfunction, wound
changes suggestive of infection, and a procalcitonin increase
of > 2 ng/mL from baseline. No single test provides a defini-
tive sepsis diagnosis in burn patients. Instead, a combination
of these factors proves more effective in prompting diagnos-
tic or empirical treatment decisions. Consequently, labora-
tory results should be interpreted in the context of overall
trends rather than isolated values, with any changes assessed
relative to the patient’s baseline progression.48

There is currently no consensus on the exact triggering
factors for initiating treatment, and no studies have identi-
fied specific biomarkers that can definitively diagnose sepsis
in burn patients. Burn wounds that are not initially excised
are initially colonized by gram-positive organisms; however,
over time, the microbial composition shifts to gram-negative
bacteria, yeasts, molds, and eventually multidrug-resistant
pathogens. Due to these dynamic changes in wound flora, it is
preferable to assess the wound for clinical signs of infection
before obtaining cultures, as burn wounds are invariably
colonized. Conducting a wound culture in the absence of
infection signs may lead to inappropriate treatment.

Whenever possible, wound cultures should be obtained
before initiating antibiotic therapy if signs or symptoms of
infection are present. However, routine wound cultures are
not recommended in the absence of infection indicators, as
bacterial presence alone is not diagnostic. Surface swabbing
has low diagnostic specificity, and the primary method for
detecting infection remains the identification of significant
changes in wound appearance. This is a weak recommenda-
tion based on very low-quality evidence.*®

In 2024, an expert consensus*’ evaluated recommendations
on antibiotic use in burn patients, involving organizations such
as the Global Alliance for Infection in Surgery, the Surgical
Infection Society Europe, the World Surgical Infection Society,
the American Association for the Surgery of Trauma, and the
World Society of Emergency Surgery. These groups emphasize
that routine systemic antibiotic prophylaxis is not recom-
mended for burn patients, except in specific circumstances.

They recommend its use to prevent infections in skin
grafts or in patients undergoing intubation and mechanical

Burn Wound Infections Benitez et al.

ventilation, preferably administering them before intubation
and adjusting them based on the pharmacokinetics of the
antibiotic. Additionally, they emphasize the importance of
proper source control, such as extensive irrigation and
removal of contaminated material, to reduce the risk of
infection without fostering antimicrobial resistance.*3

Therapeutic Strategies

Antibiotic therapy should be tailored to the pathogen’s
susceptibility and the patient’s pharmacokinetics. The selec-
tion of antibiotics should be guided by regional resistance
patterns and, whenever feasible, tailored to the results of
pathogen-specific susceptibility testing, specific institution-
al resistance patterns, enabling identification of resistance
prevalence and subsequently guiding treatment according to
the patient’s specific cultures.*? It is essential to identify the
infecting organism to administer the appropriate treatment.
Some studies have documented a high incidence of negative
cultures in burn patients with sepsis, reaching up to 52.6%.
Therefore, clinical findings should not be disregarded even
when cultures yield negative results.*

Additional Considerations

* Adjustment according to culture and antibiogram: Thera-
py should be modified based on microbiological results
and the clinical progression of the patient.

 Therapeutic monitoring: Monitoring of vancomycin levels
in critically ill patients and dose adjustments in cases of
renal insufficiency.

* Infection prevention and control: Strict adherence to
protocols for managing invasive devices, removing them
if they are not necessary for management, and maintain-
ing strict isolation measures.

The burn wound should be evaluated within one hour of
diagnosis, and if there are indications of invasive infection,
prompt excision should be performed, with cultures
obtained to guide antibiotic therapy. Empirical broad-spec-
trum antibiotics should ideally be initiated within one hour
in cases of septic shock and within three hours for sepsis.
This is a weak recommendation based on very low-level
evidence.

For comprehensive management, behaviors have been
extrapolated from the Surviving Sepsis Campaign that, in
theory, should improve outcomes in burn patients with
sepsis. This recommendation is the first step in providing
measurable resuscitation goals to validate them or at least
develop better goals for burn patients with sepsis.

1. Obtain serum lactate levels and base deficit to guide
response to management.

2. Obtain adequate intravenous (IV) access.

3.Insert a Foley catheter for strict urine monitoring.

4.Insert an arterial line to monitor blood pressure and
arterial blood gases.

5. Administer an appropriate fluid bolus if hypotension or
reduced urine output is present.

Revista Brasileira de Cirurgia Plastica  Vol. 40/2025 © 2025. The Author(s).

9



10 Burn Wound Infections

Benitez et al.

BURN PATIEN WITH SUSPECTED
INVASIVE WOUND INFECTION o Y
LOCAL SINGS OF INFECTION RISK FACTORS
» i o ] (TBSA) >20%
Eyilierns at the wount edges. LOCAL/SISTEMIC SIGNS OF Ribrapin
- y - & D yed F 200 year
Adherent scab of any color. MECHOI‘E}';VE'R\%UATED BY = Female sex
Foul odor or a characteristic smell of Flame or scalds busss
Use of invasive devices
germs. Blood transfusions
YES Hospitalization »30 days
Adherent scab of any color.
Lack of improvement with usual treatment. EEMODYNAMIC NO
Deepening of the wound. INSTABILITY?
SYSTEMIC SIGNS OF INFECTION
Hypotension, Pulse pressure.
. . . ANTIBIOTIC THERAPY GUIDED R
Respiratory rate = 10 breaths per minute BY LOCAL PATHOGENS BIOPSY CULTURE
above baseline.
Temperature <-36.5°C -= 39°C.
Neurological alteration. BIOPSY CULTURE AND
. . . BLOOD CULTURE.
Gastrointestinal signs: Intolerance to oral
intake, ileus. diarrhea. gastrointestinal
bleeding.
COMPREHENSIVE MANAGEMENT START/ADJUSTEMENT OF ANTIBIOTIC
UNDER THE SURVIVING SEPSIS THERAPY ACCORDING TO
CAMPAIGN IN INTENSIVE CARE MICROBIOLOGICAL REPORT AND
UNIT. PATIENT EVOLUTION.

Fig. 7 Proposed Flowchart for the Diagnostic and Therapeutic Approach to Wound Infections in Burn Patients. Abbreviation: TBSA, total body

surface area.

6. If mean arterial pressure (MAP)is < 65 mm Hg, initiate vaso-
pressors and establish invasive hemodynamic monitoring.
7.The use of an inotropic agent should be considered if
there are signs of heart failure and other causes of shock,
such as hypovolemia, have been excluded.
8. Start broad-spectrum antibiotics (after obtaining cul-
tures, use direct antimicrobial therapy).
9. Obtain source control.
10. Prevent hypothermia (< 35° C).
Strong recommendation, very low-level evidence.*®
Management of burn patients with deep infection should be
addressed comprehensively in a specialized burn unit where
surgical care, hemodynamic support, and proper infection
identification and management can be provided. It is essential
to apply the Surviving Sepsis Campaign goals to complement
clinical suspicion and optimize the body’s response, minimiz-
ing organ dysfunction. The patient’s evolution will be variable,
depending on factors such as the extent of burns, treatment
response, and associated complications. From the perspective
of the general surgeon, early stabilization, control of the
infection focus with timely surgical debridement, and infection
prevention should be prioritized, always adjusting treatment
according to the patient’s clinical response.

Conclusion
The present document establishes a clear guideline based

on the most recent scientific evidence available for the
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diagnosis and management of invasive wound infections in
burn patients at the Hospital Universitario del Valle, Cali-
Colombia. Through a structured approach, the aim is to
standardize practices that prioritize early diagnosis through
defined clinical criteria, based on changes in the physical
aspects of the wound, supported by signs of systemic in-
flammation and alterations in laboratory parameters specific
to this population. Additionally, it promotes the selection of
initial antibiotics based on the local epidemiological and
resistance profile, always adjusting treatment according to
microbiological findings and the clinical progression of the
patient.

The implementation of these guidelines will not only
optimize the care of burn patients but also reduce compli-
cations, improve resource efficiency, and establish an inte-
grated management model that can serve as a reference for
other institutions (~Fig. 7).
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