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Objective: To evaluate procalcitonin (PCT), high-sensitivity C-reactive protein (hs-CRP), and interleukin-6 (IL-6) for early diagnosis
and prognosis of burn sepsis.

Methods: A retrospective cohort study included 159 critically ill burn patients (2021-2024) divided into burn sepsis group (n=72) and
non-sepsis group (n=87). Clinical data were analyzed to evaluate the biomarkers’ diagnostic value. Sepsis patients were further
grouped by outcome (mortality/survival) to explore biomarkers’ relationship with severity and prognosis.

Results: Compared with the non-sepsis group, the sepsis group had significantly higher early PCT and hs-CRP (P < 0.05), with no
significant differences in IL-6, white blood cell (WBC) count, or body temperature. Multivariate logistic regression identified PCT and
hs-CRP as independent diagnostic factors. Their areas under the receiver operating characteristic (ROC) curve were 0.802 and 0.768,
respectively; combined areas under the curve (AUC) was 0.821, all higher than those of body temperature, WBC, and IL-6 (0.536,
0.536, 0.579; P < 0.05). In sepsis patients, PCT was positively correlated with creatinine (r=0.625, R?>=0.362; P < 0.05). Mortality
subgroup had higher early PCT, hs-CRP, and IL-6 (P < 0.05), but these were not independent mortality risk factors.

Conclusion: PCT and hs-CRP are useful for early burn sepsis diagnosis, with combined detection improving efficacy. Body
temperature, WBC, and IL-6 have limited diagnostic value. Elevated PCT may relate to acute kidney injury. Early biomarker levels
correlate with sepsis severity but have limited prognostic value.
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Background
Sepsis is a common clinical complication in burn patients and a leading cause of mortality among critically ill burn
victims.! Currently, a consensus exists that early detection, early diagnosis, and early intervention are crucial for the
treatment of sepsis and for reducing its mortality. In patients with extensive burns, the systemic inflammatory response
and hypermetabolic state can mimic and mask underlying sepsis, making the diagnosis of sepsis in burn patients
particularly challenging.

Although the four existing diagnostic criteria for burn-related sepsis® ® have been validated with clinical data and
demonstrate good applicability, they involve numerous and complex parameters. Moreover, under severe burn conditions,
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traditional diagnostic indicators such as elevated heart rate, respiratory rate, body temperature, and white blood cell count
are often unreliable.” Early clinical symptoms in burn patients are typically subtle and easily overlooked until obvious
clinical events, such as severe shock, occur. This oversight can delay antibiotic therapy, ultimately contributing to
increased incidence and mortality of burn-related sepsis.® Furthermore, widely accepted diagnostic guidelines for sepsis
require pathogen confirmation.”'® However, using current culture techniques may take several days, potentially leading
to delays in diagnosis and treatment.

The utilization of readily available biomarkers to facilitate timely and accurate diagnosis would be highly beneficial
for burn sepsis.'" Procalcitonin (PCT), a 116-amino acid peptide precursor of calcitonin, has been described as one of the
most promising biomarkers for bacterial infection.'> While PCT has been extensively studied in burn patients, the
associated clinical findings have yielded conflicting results.'*"'* Moreover, the significance of PCT as an indicator of
systemic infection in severely burned patients remains controversial.'> High-sensitivity C-reactive protein (hs-CRP) is an
acute-phase reactant that increases during inflammatory states,'® and has been widely studied in the fields of cardiovas-
cular disease and neonatal bacterial infections. Regarding its relationship with sepsis, relevant studies have indicated that
hs-CRP may serve as a valuable marker for assessing disease severity in pediatric patients and demonstrates moderate
diagnostic utility.'” However, few studies have reported on the diagnostic value of hs-CRP specifically in burn sepsis.

Interleukin-6 (IL-6) is a pivotal inflammatory cytokine that plays a significant role in immune signaling and the
activation of inflammatory pathways.'® Research by Borden et al indicated that IL-6 is closely associated with the
inflammatory response triggered by microbial invasion.'® Furthermore, significantly elevated serum IL-6 levels have
been correlated with an increased risk of mortality in sepsis.’®?' Nevertheless, findings regarding the predictive value of
IL-6 for burn sepsis remain contentious across studies.”>** In clinical practice, PCT, hs-CRP, and IL-6 are easily
accessible biomarkers with low detection costs, making them feasible for use even in many resource-limited settings.
To promote early diagnosis and treatment of sepsis in critically ill burn patients, thereby reducing mortality risk and rates,
it is valuable to investigate the diagnostic and prognostic utility of these three biomarkers in relation to sepsis.

Methods

Study Design

This retrospective study collected clinical data from patients with burn sepsis admitted to the Department of Burn
Surgery at the Second Affiliated Hospital of Kunming Medical University between 2021 and 2024. The study protocol
was approved by the hospital’s Ethics Committee, and no personal information of any patient was disclosed during the
research.

The inclusion criteria were as follows: (1) Age > 18 years, regardless of gender; (2) Patients with severe burns or
greater, defined as total burn area greater than or equal to 31%, or third-degree burn area greater than or equal to 11%, or
accompanied by moderate to severe inhalation injury;** (3) Burn etiology was thermal injury, including flame burns, hot
liquid scalds, contact burns, and steam burns; (4) Availability of recorded blood test results within the initial two hours of
admission to the burn ward.

The exclusion criteria were as follows: (1) Severe combined injuries or multiple trauma, defined as: craniocerebral
injury (GCS < 13), severe thoracoabdominal trauma requiring surgery, pelvic or long bone fractures requiring fixation, or
Injury Severity Score (ISS) > 15; (2) Pre-existing severe comorbidities or major organ dysfunction, including: including:
diabetes, hypertension, heart disease, chronic kidney disease, chronic liver disease, active malignancy, long-term
immunosuppressive therapy, or immunodeficiency disorders; (3) Readmission due to causes related to the same burn
wound, including: staged reconstructive surgery, recurrence of wound infection/sepsis, or treatment interruption followed
by readmission; (4) Incomplete clinical data; (5) Patients with electrical burns, chemical burns, or radiation burns; (6)
Other conditions judged by >2 investigators to significantly compromise study quality.

In our burn unit, serum levels of PCT, hs-CRP and IL-6 are routinely measured as part of the standardized admission
laboratory panel for all critically ill burn patients. This protocol is implemented to enable early detection of systemic
inflammation and infection, consistent with institutional practices previously described in studies supporting the utility of
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these biomarkers in high-risk populations, thereby ensuring systematic assessment and minimizing selection bias.
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Additionally, venous blood samples were collected within 2 hours of admission to the burn unit for all enrolled patients.
Following sample submission, standardized testing for PCT, hs-CRP, and IL-6 levels was performed. This blood
collection timing is an integral part of our hospital’s standardized admission protocol for critically ill burn patients,
ensuring all patients undergo biomarker testing within an early and relatively uniform post-burn time window. This
approach minimizes biological variability arising from sampling time differences.

Inhalation injury was diagnosed based on fiberoptic bronchoscopy findings, combined with clinical history and
physical signs. All patients with suspected aspiration injury underwent fiberoptic bronchoscopy upon admission.
Bronchoscopic diagnostic criteria included: mucosal hyperemia, edema, erosion, necrosis, soot deposition, or intralum-
inal soot residue. Inhalation injury was recorded as a key clinical variable and adjusted for in baseline comparisons and
multivariate regression analyses.

Data were extracted from electronic medical records using a standardized case report form. The following variables
were collected: Demographics: age, gender. Burn characteristics: burn index, TBSA, inhalation injury, Tracheal intuba-
tion situation. Clinical parameters: body temperature (T), heart rate (HR), respiratory rate (R), mean arterial pressure
(MAP), Glasgow Coma Scale (GCS), Modified Early Warning Score (MEWS), SOFA score. Laboratory biomarkers:
PCT, hs-CRP, IL-6, white blood cell count (WBC), neutrophil percentage (NEUT%), platelet count (PLT), total bilirubin
(TBIL), creatinine, lactate, glucose, and PaO,/FiO, ratio. Outcomes: development of sepsis, in-hospital mortality.

A total of 159 eligible critically ill burn patients were included in this study. Based on the Sepsis-3 diagnostic criteria,
the patients were divided into two groups for analysis: the burn sepsis group (n = 72) and the burn non-sepsis group (n =
87). The Sepsis-3 criteria define sepsis as a suspected or confirmed infection accompanied by an acute increase in the
Sequential Organ Failure Assessment (SOFA) score of > 2 points.? According to the outcomes of the burn sepsis patients,
they were further classified into a deceased group and a survival group. Clinical data were statistically analyzed to
investigate the relationships of PCT, hs-CRP, and IL-6 with the severity and prognosis of critically ill burn sepsis
patients.

Statistical Analysis

Data collection and recording were performed using Microsoft Excel 2016. Statistical analyses were conducted using
IBM SPSS Statistics version 26.0 (SPSS Inc., Chicago, IL, USA) and MedCalc version 22.019. Normally distributed
quantitative data were expressed as mean =+ standard deviation (X & s), while non-normally distributed data were
presented as median and interquartile range [M (P25~P75)]. For comparisons between two groups, the independent
samples t-test was used if data followed a normal distribution and homogeneity of variance was met; if normality was
met but variance was uneven, the t'-test was applied; otherwise, the Mann—Whitney U-test was employed. Categorical
data were expressed as rates [n (%)], and group comparisons were performed using the chi-square test or Fisher's exact
test, as appropriate. After assessing multicollinearity, multivariate binary logistic regression analysis was conducted to
identify factors associated with the study outcomes.

Receiver operating characteristic (ROC) curve analysis was used to evaluate the diagnostic performance of clinical
indicators. The Youden index was applied to determine the optimal cutoff values for diagnostic markers. The Z-test was
employed to compare differences in the areas under the curve (AUC). Spearman’s correlation coefficient was used to
assess correlations between clinical indicators: an absolute correlation coefficient (r) value of 0.8—1.0 indicated a very
strong correlation; 0.6-0.8, a strong correlation; 0.4—0.6, a moderate correlation; 0.2-0.4, a weak correlation; and
0.0-0.2, a very weak or negligible correlation. Additionally, univariate linear regression analysis was performed to
illustrate linear relationships between clinical indicators. A two-tailed p-value < 0.05 was considered statistically
significant for all analyses.

Results

Comparison of Baseline Characteristics
The study included 159 critically ill burn patients: 72 (45%) in the sepsis group and 87 (55%) in the non-sepsis group. No
significant differences were found between groups in age, gender, burn index, GCS score, PaO,/FiO, ratio, T, HR, R, and
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MAP (P > 0.05), indicating good comparability. Significant differences were observed in MEWS, hs-CRP, PCT, TBIL,
creatinine, lactate, presence of inhalation injury, and rate of tracheal intubation (P < 0.05). No significant differences were
found in IL-6, WBC, NEUT%, PLT, and blood glucose (P > 0.05). The in-hospital mortality rate was significantly higher
in the sepsis group compared to the non-sepsis group (P < 0.05). (See Table 1).

Analysis of Factors Associated with Burn Sepsis Diagnosis

Multicollinearity Diagnostics

The eight significantly different variables (MEWS, hs-CRP, PCT, TBIL, creatinine, lactate, inhalation injury, tracheal
intubation) underwent collinearity diagnosis. Tolerance values were all less than 1 but greater than 0.1, and variance
inflation factors (VIF) were all less than 10 (Table 2), indicating no significant multicollinearity.

Table | Comparison of Baseline Characteristics of the Patients

Sepsis Group Non-Sepsis Group | Ziy*t | p-value

(n=72) (n = 87)
Age (years) 48 (37~55) 42 (34~51) —1.504 | 0.133
Gender (n,%)
Male 61 (84.7%) 65 (74.7%) 2.40 0.121
Female Il (15.3%) 22 (25.3%)
Burn Index (%) 49.3 (25~79.5) 44 (35.5~56.5) —-1.272 | 0.203
GCs I5 (15~15) I5 (15~15) —1.008 | 0.314
PO,/FiO, (mmHg) 296+117 331109 —1.969 | 0.051
T (°C) 37.2 (36.9~37.8) 37.3 (37~37.8) —0.784 | 0.433
HR (beats/min) 109 (98~130) |14 (100~124) —0.564 | 0.573
R (times/min) 22 (21~23) 22 (21~22) —-1.329 | 0.184
MAP (mmHg) 83 (74~87) 84 (79~88) —0.658 | 0.511
MEWS 5 4~7) 4 (3~5) —3.556 | <0.001
hs-CRP (mg/L) 57.2 (285~117.1) 10 (1.4~33.8) —-5.81 <0.001
PCT (ng/mL) 4.77 (1.14~17.66) | 0.42 (0.13~1.56) —6.536 | <0.001
IL-6 (pg/mL) 166.8 (72.1~415.4) | 131.9 (59.1~272.5) —1.702 | 0.089
WBC (10°IL) 17.5 (11.2~29.5) 21.2 (14.7~27.6) —0.775 | 0.438
NEUT (%) 84.9 (77.3~88) 86.5 (81.4~89.4) -1.9 0.057
PLT (10°/L) 271 (101~409) 243 (152~320) —-0.31 0.757
TBIL (umol/L) 24.4 (13.9~36.3) 19.1 (13.8~27.9) —2.047 | 0.041
Glucose (mmol/L) 7.6 (6.2~9.9) 7.5 (5.9~9.5) —0.542 | 0.588
Creatinine (umol/L) 97 (71~140) 77 (61~97) -3.101 | 0.002
Lactic acid (mg/L) 3.2 (1.6~5.6) 2.1 (1.2~4) —2.991 | 0.003
Inhalation injury [n(%)] 41 (56.9%) 32 (36.8%) 6.45 0.011
Tracheal intubation [n(%)] | 36 (50%) 23 (26.4%) 9.373 0.002
Mortality [n(%)] 32 (44.4%) 4 (4.6%) 35.713 | <0.001

Table 2 Results of the Multicollinearity Test

Factor Tolerance (Tol) | Variance Inflation Factor (VIF)
MEWS 0.702 1.424
hs-CRP 0.876 1.142
PCT 0.624 1.601
TBIL 0.695 1.439
Creatinine 0.626 1.598
Lactic acid 0.692 1.444
Inhalation injury 0.496 2017
Tracheal intubation | 0.457 2.189
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Figure | Results of the binary logistic regression analysis.

Multivariate Logistic Regression Analysis

Multivariate binary logistic regression analysis of the eight variables identified only PCT (OR 1.168, 95% CI:
1.062~1.284, P=0.001) and hs-CRP (OR 1.01, 95% CI: 1.003~1.017, P=0.004) as independent factors significantly
associated with the diagnosis of burn sepsis (Figure 1).

ROC Curve Analysis for Burn Sepsis Diagnosis

ROC curve analysis was performed for T, WBC, IL-6, hs-CRP, PCT, and the combined hs-CRP+PCT indicator. The AUC
values for T, WBC, and IL-6 were 0.536, 0.536, and 0.579, respectively (P > 0.05). For hs-CRP and PCT, the AUC values were
0.768 and 0.802, with sensitivities of 81.94% and 69.44%, specificities of 65.52% and 79.31%, and optimal cut-off values of
>22.47 mg/L and >1.76 ng/mL, respectively (P < 0.05). The combined hs-CRP+PCT indicator had an AUC of 0.821,
sensitivity of 77.78%, and specificity of 78.16% (P < 0.05). The diagnostic performance (AUC) of the combined indicator was
not significantly different from PCT alone (P > 0.05) but was significantly better than T, WBC, IL-6, and hs-CRP alone (P <
0.05). PCT performed significantly better than T, WBC, and IL-6 (P < 0.05) but not significantly better than hs-CRP alone (P >
0.05). Hs-CRP performed significantly better than T, WBC, and IL-6 (P < 0.05). (See Table 3 and Figure 2).

Correlation Analysis of Early PCT and Hs-CRP with Other Clinical Indicators in Burn

Sepsis Patients

Correlation Analysis of Early PCT

PCT levels showed significant positive correlations with burn index (r=0.36, R?=0.083, P=0.014), HR (r=0.409,
R?=0.158, P<0.001), R (1=0.29, R?=0.1, P=0.007), MEWS score (r=0.361, R?=0.157, P<0.001), IL-6 (r=0.41,

Table 3 ROC Curve Analysis of the Predictive Model for Burn Sepsis Diagnosis

Factor AUC Cut-Off | Sensitivity (%) | Specificity (%) | Youden’s Index 95% ClI p—value
T 0.536 <36.9 29.17 8l.61 0.108 0.455~0.615 0.441
WBC 0.536 <19.58 58.33 58.62 0.17 0.455~0.615 0.453
IL-6 0.579 >262.5 40.28 74.71 0.15 0.498~0.656 0.086
hs-CRP 0.768 * >22.47 81.94 65.52 0.475 0.695~0.831 <0.001
PCT 0.802 "¢ >1.76 69.44 79.31 0.488 0.731~0.861 <0.001
hs-CRP + PCT * | 0.821 % | >0.35 77.78 78.16 0.559 0.752~0.877 | <0.001

Notes: “The logistic regression equation is defined by the regression coefficients (B) as follows: Logit(p) = —1.434 + 0.01 * hs-CRP + 0.153 * PCT. *hs-
CRP vs T/WBC/IL-6, P<0.05; °PCT vs hs-CRP, P>0.05; PCT vs T/WBC/IL-6, P<0.05; *hs-CRP+PCT vs PCT, P>0.05; ®hs-CRP+PCT vs T/WBC/IL-6/hs-
CRP, P<0.05.
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Figure 2 ROC curve analysis.
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R?=0.158, P<0.001), WBC (r=0.308, R?=0.092, P=0.035), TBIL (r=0.325, R?=0.139, P=0.008), creatinine (r=0.625,
R?=0.362, P<0.001), and lactate (r=0.391, R*=0.06, P=0.038). (Details would be in Table 4 and Figure 3).

Correlation Analysis of Early Hs-CRP
Hs-CRP levels correlated with PaO,/FiO, (r=0.33, R2:0.09, P<0.05), T (r=0.334, R2:0.15, P<0.05), HR (1=0.276,
R?=0.067, P<0.05), R (r=0.274, R*=0.049, P<0.05), IL-6 (r=0.257, R*=0.164, P<0.05), WBC (r=—0.409, R?<0.001,
P=0.932, ns), and NEUT% (r=—0.328, R2=0.055, P<0.05). The relationships with PaO,/FiO,, NEUT%, and WBC were
negative, while those with T, HR, R, and IL-6 were positive. The correlation with WBC was not statistically significant.
(Details would be in Table 5 and Figure 4).

Table 4 Correlation Analysis Between PCT Levels and
Clinical Indicators in Burn Sepsis Patients

Correlation Coefficient (r) | p—value

Burn Index (%) 0.36 0.002
GCS —0.049 0.681
PO,/FiO, —0.076 0.527
T (°C) —0.062 0.607
HR 0.409 <0.001
R 0.29 0.013
MAP -0.2 0.093
MEWS 0.361 0.002
hs-CRP 0.217 0.066
IL-6 0.41 <0.001
WBC 0.308 0.009
NEUT% 0.225 0.057
PLT 0.205 0.084
TBIL 0.325 0.005
Glucose 0.08 0.504
Creatinine 0.625 <0.001
Lactic acid 0.391 0.001
Inhalation injury 0.208 0.08
Tracheal intubation | 0.211 0.075
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Figure 3 Univariate linear regression analysis of PCT.

Analysis of Early PCT, Hs-CRP, IL-6 Levels and Prognosis in Burn Sepsis Patients
Comparison of Baseline Characteristics (Sepsis Subgroups)

Within the burn sepsis group (n=72), patients were divided into a death group (n=32, 44%) and a survival group (n=40,
56%). Univariate analysis showed significant differences (P < 0.05) in burn index, SOFA score, R, MEWS score, hs-CRP,
PCT, IL-6, TBIL, creatinine, lactate, proportion with inhalation injury, and proportion with tracheal intubation, all being

Table 5 Correlation Analysis Between Hs-CRP Levels and
Clinical Indicators in Burn Sepsis Patients

Correlation Coefficient (r) | p—value
Burn Index (%) 0.117 0.327
GCs —0.072 0.55
PO,/FiO, —-0.33 0.005
T(°C) 0.334 0.004
HR 0.276 0.019
R 0.274 0.02
MAP 0.065 0.585
MEWS 0.16 0.18
(Continued)
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Table 5 (Continued).

Correlation Coefficient (r) | p—value

IL-6 0.257 0.029
WBC —0.409 <0.001
NEUT% —-0.328 0.005
PLT —-0.19 0.11
TBIL -0.132 0.268
Glucose —0.175 0.141
Creatinine 0.038 0.752
Lactic acid 0.084 0.484
Inhalation injury 0.037 0.757
Tracheal intubation | 0.171 0.151

higher in the death group. No significant differences were found in age, gender, GCS score, PaO,/FiO,, T, HR, MAP,
WBC, NEUT%, PLT, or blood glucose (P > 0.05). (See Table 6).

Analysis of Prognostic Factors in Burn Sepsis
Multicollinearity diagnosis for the factors significant in univariate analysis showed no multicollinearity issues.

Subsequent multivariate logistic regression analysis indicated that burn index, SOFA score, R, MEWS, hs-CRP, PCT,
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Table 6 Comparison of Baseline Characteristics Between Non-Survivors and Survivors in

Burn Sepsis

Non-Survivors Survivors Ziy*Itifisher | p—value

(n=32) (n = 40)
Age (years) 48 (40~54) 48 (32~56) —-1.06 0.289
Gender (n,%)
Male 27 (84.4%) 34 (85%) 1.00
Female 5 (15.6%) 6 (15%)
Burn Index (%) 77.3 (34.5~88.9) 38.3 (24.6~63) —-3.293 0.001
GCs 15 (15~15) I5 (15~15) —0.744 0.457
SOFA 8+3 5+3 4.38 <0.001
PO,/FiO, (mmHg) 269119 318113 —-1.797 0.077
T (°C) 37 (36.8~37.5) 37.5 (36.9~37.9) —1.429 0.153
HR (beats/min) 11620 109+18 1.592 0.16
R (times/min) 22 (22~25) 22 (21~23) —2.06 0.039
MAP (mmHg) 7915 84+10 —1.653 0.105
MEWS 6+2 4+2 3.84 <0.001
hs-CRP (mg/L) 87.7 (40.3~135.9) 45.5 (19.4~1142) | —2.266 0.023
PCT (ng/mL) 16.67 (5.41~34.83) | 2.25 (0.6~4.85) —4.261 <0.001
IL-6 (pg/mL) 362.3 (155.6~968.8) | 105.5 (63.9~259.6) | —3.547 <0.001
WBC (10°/L) 17.9 (10.4~30.3) 17.1 (11.6~29.1) —0.045 0.964
NEUT (%) 84.2 (78~87.2) 84.9 (76.3~89.3) —0.561 0.575
PLT (10°/L) 277 (134~491) 244 (96~385) —0.595 0.552
TBIL (umol/L) 31.2 (17.5~46.8) 18.6 (13.1~33.1) —2.425 0.015
Glucose (mmol/L) 7.3 (6.3~9.9) 7.6 (6~10) —0.402 0.687
Creatinine (umol/L) 118 (91~171) 79 (61~111) —-3.576 <0.001
Lactic acid (mg/L) 5(2.8~7.6) 1.9 (1.3~4.2) —3.667 <0.001
Inhalation injury [n(%)] 25 (78.1%) 16 (40%) 10.539 <0.001
Tracheal intubation [n(%)] | 22 (68.8%) 14 (35%) 8.1 0.004

IL-6, TBIL, creatinine, lactate, inhalation injury, and tracheal intubation were

mortality in burn sepsis patients (Figure 5).

Discussion

not independent factors associated with

Early diagnosis and timely therapeutic intervention for burn sepsis can effectively mitigate disease progression and
improve patient survival rates. However, the signs and symptoms of burn sepsis are non-specific and often mimic those
of various other disorders, making early diagnosis challenging. Furthermore, currently established diagnostic criteria
have limited ability to identify sepsis in its initial stages. Studies have demonstrated that prospective diagnosis using
clinical markers recorded within the first 48 hours can reliably predict the development of early sepsis prior to definitive
clinical confirmation.'"*'® In this study, we investigated the value of three biomarkers—PCT, hs-CRP, and IL-6—both
individually and in combination, for the early diagnosis of burn sepsis, and further explored their predictive value for
mortality.

Value of PCT, Hs-CRP, and IL-6 in Diagnosing Early Burn Sepsis

PCT has been extensively studied as a marker associated with infection and sepsis and is effectively utilized in clinical
practice. PCT, the prohormone of calcitonin, is a 116-amino acid peptide encoded by the CALC-1 gene. It is primarily
produced by thyroid neuroendocrine cells, and its expression in non-endocrine tissues is suppressed under normal
physiological conditions. Bacterial infection promotes the transcription of the CALC-1 gene in non-endocrine cells,
leading to a peak in PCT levels within the first 20 hours post-infection.”” In 1993, Assicot et al first reported elevated
serum PCT levels in burn patients, suggesting an association with the progression of infection, sepsis, and septic shock.*
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OR(95%Cl) P
Burn Index = * 1.003(0.973~1.033) 0.869
SOFA - —— 1.105(0.828~1.474) 0.497
R 4 — 0.977(0.643~1.485) 0.913
MEWS + —+—— 1.313(0.829~2.077) 0.246
hs-CRP 4 [ J 1.01(0.998~1.022) 0.106
PCT + P 1.031(0.977~1.088) 0.261
IL-6 - é 1(0.999~1.001) 0.594
TBIL 4 0.987(0.955~1.021) 0.456
Creatinine - [ 1.007(0.987~1.026) 0.502
Lactic acid —o— 1.241(0.98~1.572) 0.074
Inhalation injury = L 4 3.374(0.587~19.41) 0.173
Tracheal intubation - ° 0.686(0.129~3.655) 0.659
] ‘ M - L — |
0.1 1 10 100
OR

Figure 5 Multivariate logistic regression analysis of prognostic factors in burn sepsis.

Research by Xu et al also indicated that markedly elevated PCT levels in the early phase of severe burns could, to some
extent, predict subsequent burn-related sepsis.”' Furthermore, some clinical studies have explicitly stated that serum PCT
levels can serve as an early indicator of septic complications in severely burned patients.''**** In contrast, some study
results showed no association between PCT levels and sepsis in adult burn patients.'*'>** However, our findings
revealed that serum PCT concentrations were significantly higher in patients with early burn sepsis compared to non-
septic patients, with an optimal diagnostic threshold of 1.76 ng/mL, which is largely consistent with the results reported
by Tan et al.*

Synthesizing the existing research on the predictive and diagnostic value of serum PCT concentration in burn sepsis
patients, its advantages and reliability are evident. Two meta-analyses indicated that serum PCT is a useful biomarker for
early diagnosis;*>®*” the confidence intervals for sensitivity and specificity encompass our results, although the reported
AUC values were slightly higher than ours. A systematic review and meta-analysis concluded that PCT is a meaningful
biomarker for the early diagnosis of burn sepsis,'’ and the 95% ClIs for sensitivity, specificity, and AUC included our
findings. The globally recognized guidelines from the Surviving Sepsis Campaign recommend considering a PCT
increase > 2 ng/mL from baseline as a trigger for diagnosing burn sepsis, although this recommendation lacks robust
evidential support.'® Moreover, comparative studies on the roles of PCT and CRP in sepsis diagnosis generally indicate
the superiority of PCT.>*>° Therefore, our results are highly reliable, suggesting that PCT holds significant value for the
early diagnosis of burn sepsis.

CRP is an acute-phase protein closely associated with systemic inflammatory states. CRP has also been studied in
sepsis; research by Giilhan et al showed that elevated CRP levels (=6 mg/dL) are a risk factor for sepsis in pediatric burn
patients.*® Furthermore, a meta-analysis conducted by Tan et al demonstrated the diagnostic utility of CRP for sepsis in
adult burn patients, albeit with slightly lower accuracy and specificity than PCT.*' hs-CRP, measured using high-
sensitivity detection technology, allows for efficient monitoring of low CRP concentrations, significantly enhancing
detection capability. Current research on the relationship between hs-CRP and sepsis is more common in neonates,

1*? and

primarily because newborns cannot produce sufficient quantities of acute-phase proteins. Studies by Abdollahi et a
Ganesan et al** showed that hs-CRP levels were significantly higher in the neonatal sepsis group compared to the control
group. Related studies also indicate that hs-CRP levels are significantly elevated in adult sepsis patients compared to non-
sepsis groups, but its diagnostic value is not high.**

Research specifically on hs-CRP and burn sepsis is currently scarce. Xu et al only reported that serum hs-CRP levels
were significantly higher in burn sepsis patients compared to a control group with infection alone but did not elucidate its

diagnostic value for burn sepsis.*> Our results show that hs-CRP levels were significantly higher in the early critical burn
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sepsis group than in the non-sepsis group, and it possessed a moderate degree of diagnostic value, with an optimal
threshold of 22.47 mg/L, and sensitivity, specificity, and AUC of 81.94%, 65.52%, and 0.768, respectively. Although the

optimal threshold in our study differs from previous CRP studies,***’

results such as sensitivity and AUC fall within the
95% CI of the meta-analysis results by Li et al'' The target population of this study is burn patients, who differ
pathophysiologically from non-burn sepsis patients to some extent. Furthermore, current reports on hs-CRP in the field of
burns are few, and high-quality data are lacking. The optimal diagnostic threshold for hs-CRP from our study should only
serve as a clinical reference; we believe that larger-sample, multicenter, prospective clinical data are needed to better
determine a cutoff value.

Current related studies have reported that measuring PCT or CRP levels alone is valuable for the early diagnosis of
burn sepsis.'"***** Our results also indicate that PCT and hs-CRP can be useful biomarkers for the early diagnosis of
adult burn sepsis. Although the diagnostic capabilities of the two did not show a statistically significant difference, they
were far superior to those of body temperature, WBC, IL-6, and other indicators. What would be the effect of combining
these two markers on diagnostic efficacy? Several related non-burn sepsis studies suggest that the combined use of PCT
and CRP can improve the accuracy of sepsis diagnosis, but further research is needed to confirm these findings.**>°
However, reports on whether combining PCT and hs-CRP improves the diagnostic capability for burn sepsis are scarce.
Our results show that combined detection somewhat enhanced diagnostic capability, bringing both sensitivity and
specificity to a more balanced and satisfactory level. Statistical results indicated that the diagnostic capability of the
combined hs-CRP+PCT test, while not significantly different from PCT alone, was significantly better than that of T,
WBC, IL-6, or hs-CRP alone. Given that hs-CRP and PCT are readily available markers early in burn patients and that
the diagnostic performance of their combination is satisfactory, they can be used together in clinical practice as
a reference for the early diagnosis of burn sepsis.

Severe burns are typically accompanied by an inflammatory response, leading to the activation of inflammatory
pathways and an increase in various cytokines, including pro-inflammatory cytokines (TNF-o, IL-6, IL-8) and anti-
inflammatory cytokines (IL-10).>' The potential of these cytokines for the early diagnosis of post-burn sepsis has been
investigated. Compared to burn patients without signs of sepsis, serum IL-6 is significantly elevated in septic burn
patients, but study results have been unable to establish the diagnostic value of IL-6.***> However, one non-burn sepsis
clinical study showed that IL-6 has good diagnostic value for it.*?> Currently, the diagnostic value of IL-6 remains
controversial. Our results showed no significant difference in early IL-6 levels between the critical burn sepsis group and
the critical burn non-sepsis group. The AUC value of the ROC curve was only 0.579, and the diagnostic sensitivity was
merely 40.28%, indicating low diagnostic efficacy.

In clinical practice, we also find that IL-6 is an unstable factor, susceptible to significant fluctuations due to varying
degrees of trauma. The instability of IL-6 in burn serum may be related to the multiple inflammatory pathways it
mediates; evidence suggests IL-6 amplifies inflammation and participates in tissue damage and cell death.’> Moreover,
studies have shown that IL-6 levels can exhibit rapid and wide fluctuations following burn injury, influenced by factors
such as burn depth, timing of measurement, and concurrent interventions, which may limit its reliability as a stable early
diagnostic marker in this population.>>>* The altered internal environment in critically ill burn patients, along with
changes in the coagulation, respiratory, digestive, and circulatory systems, likely exacerbates this instability. Therefore,
we conclude that IL-6 has limited value for the early diagnosis of burn sepsis, and high-quality studies are still needed to
validate this conclusion.

Body temperature (T) and white blood cell count (WBC) remain the most commonly used indicators and basis for
infection diagnosis in clinical practice due to their simple measurement, speed, and low cost. In critically ill burn sepsis
patients, body temperature may not only be elevated but can also be decreased in some patients. Our results showed no
significant difference in early body temperature between the critical burn sepsis group and the non-sepsis group. The
AUC value for temperature was only 0.536, significantly lower than that for indicators like hs-CRP and PCT. Therefore,
although temperature is a commonly used clinical indicator, its diagnostic accuracy is relatively low, and it has limited
reference value when used alone for early burn sepsis, which is consistent with the findings of other studies.””’
Regarding the diagnostic value of WBC for burn sepsis, numerous studies have also shown that WBC is not a reliable
indicator for infection and early burn sepsis diagnosis.”''***¢ Our results also show that the AUC value for WBC in
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diagnosing burn sepsis was only 0.536, with both sensitivity and specificity below 60%, indicating it is not a valuable
diagnostic indicator. However, in clinical practice, WBC remains a worthwhile reference indicator for infection.

Relationship Between PCT, Hs-CRP, IL-6 and Disease Severity and Prognosis in Burn
Sepsis

PCT not only provides guidance for the diagnosis of burn sepsis but also offers some indication of its severity.”' The
pathophysiological progression of sepsis is primarily characterized by organ dysfunction; therefore, impairment of
various organ functions also indicates the severity of sepsis.”>~> In this study, we analyzed the correlation between
PCT levels and other clinical indicators in burn sepsis patients. PCT levels correlated with indicators reflecting organ
function such as HR, respiratory rate (R), MEWS score, IL-6, WBC, total bilirubin (TBIL), creatinine, and lactate. Linear
correlation regression analysis showed positive correlations, all of which were statistically significant. The results suggest
that PCT levels can, to some extent, reflect the degree of organ dysfunction in burn sepsis patients. Notably, PCT showed
a strong correlation with creatinine levels (r=0.625), indicating it might reflect the severity of acute kidney injury (AKI)
in these patients. Related studies also show that PCT levels are associated with the severity of septic AKI and may play
a role in the process of septic kidney injury; it is worth noting that impaired renal function itself can affect PCT
clearance.”® In clinical application, a low PCT level in a septic patient can also be an effective indicator to rule out a high
risk of developing AKIL.>’

Data from Mokline et al showed that in burn sepsis patients, the peak serum PCT levels in non-survivors far exceeded
the baseline levels for sepsis diagnosis; this change was closely related to sepsis severity, showing a positive linear
correlation.** Another study also indicated that persistently elevated PCT levels serve as an early warning for increased
patient mortality.”® Research by Xu et al showed that elevated early PCT levels could predict the occurrence of sepsis
within 60 days post-injury and were significantly associated with patient mortality, suggesting it might be a potential
early severity indicator.>' In our study, univariate analysis showed that PCT levels were significantly higher in the
mortality group among burn sepsis patients. However, in multivariate regression analysis, PCT was not a statistically
significant independent factor associated with mortality. Therefore, we conclude that PCT levels in the early stage cannot
provide an early warning for the prognosis of burn sepsis patients. Our findings are consistent with those of Zu et al,
namely that early PCT has low predictive value for the prognosis of burn sepsis.”® However, Kim et al reported that
serum PCT levels within 48 hours post-burn, particularly between 14-24 hours, are a useful prognostic indicator for
mortality in sepsis patients.®” The main reason for this discrepancy may be the difference in sample sizes between the
two studies, which influences the results to some extent. Additionally, burn patients in different studies have varying
disease characteristics, such as differences in burn severity and complications, which also affect the outcomes. Therefore,
the significance of the trend in early PCT levels for understanding the prognosis of critically ill burn sepsis patients
requires further investigation.

Reportedly, CRP levels rise within 12-24 hours of onset, remain high for 20-72 hours, and return to baseline within
3—7 days.®' Research by Lobo et al found that high CRP in non-burn ICU patients was associated with organ failure and
increased risk of death.®* Another study also indicated that elevated CRP showed good consistency with organ function
damage in non-burn sepsis patients.®> CRP levels have some guiding significance for disease progression and injury
severity; related studies have verified that CRP shows an increasing trend in non-burn sepsis, severe sepsis, and septic
shock.®* So, what is the value of hs-CRP in assessing disease severity and prognosis in burn sepsis patients? This study
showed that in burn sepsis patients, hs-CRP only correlated with clinical indicators such as PO2/FiO2, body temperature,
HR, R, IL-6, WBC, and NEUT%. It showed negative linear correlations with PO2/FiO2, NEUT%, and WBC, and
positive linear correlations with T, HR, R, and IL-6, indicating that hs-CRP does not adequately reflect changes in organ
function related to sepsis.

In this study, we compared hs-CRP levels between the mortality and survival groups of burn sepsis patients.
Univariate analysis showed that hs-CRP levels were significantly higher in the mortality group. However, in multivariate
regression analysis, hs-CRP was not an independent factor associated with poor prognosis in burn sepsis. Therefore, we
believe that hs-CRP levels in the early stagecannot provide a warning for the prognosis of burn sepsis patients. Our
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results are similar to two previous studies, both suggesting that early CRP levels have limited prognostic value in burn
sepsis patients.”*®> Furthermore, Yu et al used the CRP-to-albumin ratio to predict sepsis and prognosis in severe burn
patients, concluding that this ratio is an independent risk factor for sepsis and prognosis in severe burns.®® Therefore,
given the limited early warning value of hs-CRP alone, it could be considered as an auxiliary predictive tool for
prognosis research.

Currently, most studies indicate that IL-6 levels are indicative of disease severity in non-burn sepsis patients and
suggest that IL-6 has high value in predicting mortality.>"*” However, some studies still show that IL-6 cannot predict
mortality in non-burn sepsis patients.’®%” The pathophysiological conditions and organ functional status differ between
burn sepsis and non-burn sepsis patients. What is the value of IL-6 for disease severity and prognosis in critically ill burn
sepsis patients? Related research shows that serum IL-6 levels correlate with burn severity.”®> Our results showed that
early IL-6 levels were significantly elevated in the sepsis mortality group. However, multivariate regression analysis
indicated that IL-6 was not an independent factor associated with poor prognosis in burn sepsis. The results of this study
are consistent with two previous clinical studies.””’® Therefore, we believe that IL-6 levels in the early stagecannot
provide a warning for the prognosis of burn sepsis patients. Currently, data on IL-6 and burn sepsis prognosis are limited,
and larger-sample, multicenter, high-quality trials are still needed for further exploration.

In this study, besides the three biomarkers PCT, hs-CRP, and IL-6 being significantly elevated in burn sepsis patients,
other observed indicators such as burn index, SOFA score, R, MEWS score, TBIL, creatinine, lactate, the proportion of
inhalation injury, and the proportion of tracheal intubation were also significantly increased. After performing multi-
variate logistic regression analysis, no independent factors associated with mortality in burn sepsis patients were
identified. The analysis suggests that this may be due to the limited sample size included, which ultimately led to the
failure to identify independent factors. Therefore, future clinical studies with larger sample sizes are warranted to further
verify these findings.

Strengths and Limitations

The primary strength of this study lies in its focus on the critical early window for diagnosing and treating burn sepsis,
along with the practical comparison of three readily available biomarkers (PCT, hs-CRP, IL-6) against traditional
indicators, within a strictly defined and uniformly implemented blood sampling time window. Patient stratification
using the Sepsis-3 criteria enhanced the modernity and diagnostic accuracy of grouping, while the exploration of
combined PCT and hs-CRP indices offered new perspectives for improving diagnostic efficacy. Furthermore, this
study preliminarily examined their relationship with disease severity and prognosis, providing a basis for understanding
the potential role of these markers in the comprehensive management of burn sepsis.

However, this study has several limitations. The retrospective design may introduce selection bias and confounding
factors, and relies on the completeness of medical records. The single-center design and the inclusion of only critically ill
burn patients limit the generalisability of the study conclusions and the proposed cutoff values in different institutions
and in patients with mild-to-moderate burns. In addition, the established diagnostic thresholds for PCT and hs-CRP lack
external validation and need to be confirmed in future by larger, multicenter prospective studies. The limited sample size
in the prognostic analysis of sepsis subgroups may have weakened the statistical power to identify independent
prognostic factors.

Conclusion

Serum PCT and hs-CRP may serve as valuable biomarkers for the early diagnosis of burn sepsis, with optimal diagnostic
thresholds of >1.76 ng/mL and >22.47 mg/L, respectively. No significant difference was observed in the diagnostic
performance between serum PCT and hs-CRP; however, their combined detection further improved diagnostic efficacy.
In contrast, body temperature, WBC, and IL-6 levels demonstrated limited utility for early diagnosis of burn sepsis.
Furthermore, PCT levels correlated with multiple indicators of burn sepsis diagnosis, and elevated PCT may represent
a risk factor for acute kidney injury in burn sepsis patients. Although early serum levels of PCT, hs-CRP, and IL-6 were
associated with the severity of burn sepsis, their prognostic value for predicting outcomes was relatively low.
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