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Abstract: Interleukin 6 (IL-6) is an established biomarker of inflammation with one of the earliest responses in 
sepsis. Serum levels can easily be measured within a few hours. The clinical significance of IL-6 in the early stage 
of sepsis in burned patients has not yet been confirmed. The purpose of our research was to investigate the predic-
tive value of IL-6 for positive blood cultures in comparison to Procalcitonin (PCT), white blood cell (WBC) count, body 
temperature and the Sequential Organ Failure Assessment (SOFA) score in the presence of suspected sepsis in 
burn patients. In a retrospective study, we included all patients admitted to a regional burn centre in a 7-year period. 
Patients with a clinical suspicion of sepsis and complete laboratory tests underwent further analysis. Patients were 
categorized following culture results into either positive or negative bloodstream infection (BSI or non-BSI) groups. 
39 of the 101 included patients had positive blood cultures (BSI). The serum IL-6 levels were significantly higher in 
the BSI group [1047 (339.9; 9000.5) vs. 198.5 (112.4; 702.5) ng/l; P = 0.001]. Receiver operating characteristic 
(ROC) curve analysis showed an AUC of 0.7 (59; 80.8%). The optimal IL-6 cut-off level was 312.8 ng/l (sensitivity 
79.5%, specificity 56.5%). Other biomarkers (PCT, WBC), the maximum body temperature and increase of SOFA 
score were not different between the groups. IL-6 can be used to predict a positive blood culture even in the early 
stage of suspected sepsis in burned patients. In this context, other biomarkers (PCT, WBC) and body temperature 
are of limited clinical utility.
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Introduction

In the severely burned patient the differentia-
tion between sepsis and inflammation repre-
sents a challenge with implications for appro-
priate clinical management. The dilemma in- 
cludes unnecessary antibiosis in inflammation 
or delayed treatment for sepsis with conse-
quent poorer outcomes. 

No single score, biomarker or clinical parame-
ter exists to reliably inform the physician of 
early diagnosis of sepsis [1, 2]. Traditional indi-
cators of infection, such as body temperature 
and white blood cell (WBC) count, have been 
found to be unsuitable as sepsis markers [3, 4]. 
C-reactive protein (CRP) has also been shown 
to be a poor marker of sepsis [4, 5]. Procalcitonin 
(PCT) is established with a wide clinical applica-
tion. Due to the late onset of changes and the 

weak predictive value, a recent comparative 
review questioned the reliability of PCT for the 
early diagnosis of sepsis [2].

The aim of the present study was to investigate 
the predictive value of IL-6 for positive blood 
cultures in comparison to PCT, WBC count, body 
temperature and the Sequential Organ Failure 
Assessment (SOFA) score in the presence of 
suspected sepsis in burn patients.

Materials and methods

Subjects and study design

Ethics approval was issued by the Saxon State 
Chamber of Medicine on January 8, 2020 (EK-
BR-112/19-1). This retrospective study includ-
ed all patients admitted to the intensive care 
unit (ICU) of a regional burn centre within a 
7-year period (01.01.2012-31.12.2018).
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Patient records were screened for a specific 
point in time during which there was a clinical 
event of suspected sepsis. Patients with the 
complete pallet of laboratory tests (blood cul-
tures, levels of IL-6, PCT and WBC count) at that 
point underwent further analysis. Patients were 
categorized following culture results into either 
positive or negative bloodstream infection (BSI 
or non-BSI) groups in which IL-6, PCT, WBC 
count, body temperature and the SOFA score 
were then compared. If multiple septic epi-
sodes occurred in one patient, only the first epi-
sode was included in the data set. Patients < 
18 years, with coexisting polytrauma, immuno-
suppressive therapy and those considered for 
palliative care were primarily excluded from the 
study (Figure 1).

Infection criteria and clinical management

The suspicion of sepsis within our institution is 
based on clinical experience, including obser-
vation of the following: deterioration of the 
patient’s general condition, a rapid increase in 
temperature, new tachycardia, haemodynamic 
instability, increasingly laboured breathing, al- 
tered mental state without another reason, and 
the inability to receive enteral feeding in combi-
nation with altered laboratory values (new alter-
ation of blood glucose, increase in biomarkers 

such as the WBC count, increase in lactate and 
negative base excess).

Suspected sepsis triggered a standardized  
protocol. After the vascular access lines were 
immediately changed, blood, urine and burn 
wound cultures were taken. Laboratory param-
eters include WBC count, PCT and IL-6. Ac- 
cording to SSC guidelines, two pairs of periph-
eral blood samples are standard for obtaining  
a blood culture sample. Chest X-ray and bron-
choscopy with microbiological cultures of bron-
choscopy specimens were also acquired. The 
initiation of empirical antibiotic therapy with 
piperacillin/tazobactam was standard protocol. 
Upon receiving the microbiological results, an- 
tibiotic therapy was adjusted accordingly. In 
cases of suspected wound-induced sepsis, 
early surgical debridement was executed. No 
prophylactic antibiotics were given.

Burn care protocol

Initial fluid infusion, according to Parkland’s for-
mula was administrated at 4 ml/kg bodyweight 
(BW)/% burned total body surface area (TBSA). 
Infusions were thereafter adapted to maintain 
a urine output of 0.5 ml/kg BW/h. Vasopressor 
support and/or 20% human albumin infusion 
was used for cases of unstable cardiovascular 
function. Serum levels of albumin were main-
tained above 25.0 g/l. Administration of human 
albumin was avoided in the first 8 hours after 
injury. Enteral nutrition was initiated within 6 
hours of admission or at the earliest possible 
moment thereafter. Completion of burn wound 
excision and grafting was performed within 72 
hours. No more than a maximum of 20% of the 
burned surface area was excised in a single sit-
ting. Thereafter, surgical excisions were repeat-
ed every 2-3 days as required.

Data collection

The patient data management system (ICU 
Data, IMESO, Gießen) and patient medical 
records were used to collect and record data. 
The collected data included demographic and 
injury characteristics, results of blood cultures, 
WBC, PCT, IL-6, SOFA score and maximal body 
temperature (Tmax). SOFA scores were record-
ed at 06:00 hours at 24 h intervals. The Tmax 
was noted in a period 4 hours before and 4 
hours after blood culture sampling.

Figure 1. Flowchart of patient inclusion, BICU = burn 
intensive care unit, BSI = bloodstream infection.
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Biomarker measurement

IL-6 levels were determined by an electrochemi-
luminescence immunoassay, with 200 µl of 
serum. Our laboratory uses < 6 ng/l as the ref-
erence level for IL-6. According to the literature, 
the reference serum level of IL-6 for the 95th 
percentile of healthy individuals is < 4.45 ng/l 
[7]. Cut-off levels of IL-6 for the detection of 
sepsis have not been established. Serum PCT 
levels were determined by an electrochemilu-
minescence immunoassay, with 100 µl of 
serum. Our laboratory uses < 0.5 µg/l as the 
reference level for PCT. Normal levels of PCT in 
the healthy population are < 0.05 µg/l [8]. PCT 
levels ≥ 0.5 µg/l can be considered clinically 
relevant for the diagnosis of sepsis [9].

Statistical analysis

The results are presented in a table as the 
median value (50% quartile) and the interquar-
tile range (interval of the 25% and 75% quar-
tile). Whether the groups (BSI and non-BSI) 
were comparable with regard to certain param-
eters (burned TBSA, age, sex, inhalation trau-
ma and Abbreviated Burn Severity Index (ABSI) 
score) was determined by using logistic regres-
sion for the matching parameters. This resulted 
in a probability (propensity score) for the mem-
bers assigned to the BSI or non-BSI group. The 
logistic regression showed that using the as- 
signments based on the propensity score was 
not significantly better than using the raw data. 
We concluded that the raw data could be used. 
Metric parameters were tested for the normali-
ty of their distributions using normal Q-Q plots 
and the Shapiro-Wilk test. The results contra-
dicted the assumption of a normal distribution. 
The differences between groups were deter-
mined using the non-parametric Mann-Whitney 
U test. Associated categorical parameters were 
tested using Fisher’s exact test. Receiver oper-
ating characteristic (ROC) curve analysis was 
used to assess the quality of the biomarkers for 
the prediction of a positive or negative blood 
culture and to determine reasonable cut-off val-
ues. The alpha level of the study was P = 0.05. 
Consequently, significant test results were ob- 
tained at an P value of < 0.05. The analyses 
were performed using R for Windows version 
3.51 software.

Results

Patients, injury characteristics, and outcome 
parameters

In total, 101 patients met the inclusion criteria. 
According to the blood culture results, the 
patients were divided into two groups: no blood 
stream infection (non-BSI), with negative blood 
culture (n = 62) and blood stream infection 
(BSI), with positive blood culture (n = 39). The 
groups showed no significant differences in 
age, burned TBSA, full-thickness burn percent, 
sex, inhalation injury or mortality. The BSI group 
had a significantly longer hospital stay and a 
higher continuous renal replacement therapy 
(CRRT) rate (Table 1).

Infection characteristics

In total, 39 positive blood cultures were detect-
ed with 16 (41%) gram-negative and 18 (46.2%) 
gram-positive bacteria. In 5 samples (12.8%), 
both gram-positive and gram-negative patho-
gens were found. In 8 blood culture samples, 
more than one pathogen was found.

Infection parameters and SOFA score

IL-6 serum levels were above normal in all 
patients. IL-6 levels were significantly higher in 
the BSI group than in the non-BSI group (1047 
[339.9; 9000.5] vs 198.5 [112.4; 702.5], P = 
0.001). The subgroup with gram-negative blood 
cultures had significantly higher levels of IL-6 
(2123.5 [356.6; 10375]) than the non-BSI 
group (P = 0.001). The IL-6 level in patients wi- 
th gram-positive blood cultures was 646.25 
[238.5; 4334.7]. The difference narrowly mi- 
ssed statistical significance in comparison with 
the non-BSI group (P = 0.06). There was no sta-
tistical difference in IL-6 levels between the 
gram-positive and gram-negative groups (P = 
0.247) (Table 2).

Different cut-off levels of IL-6 were tested for 
their sensitivity and specificity for predicting 
blood culture positivity in an ROC curve analy-
sis (Table 3). The cut-off value of 312.8 ng/l 
had a sensitivity of 79.5% and a specificity of 
56.5%. The ROC curve for IL-6 had an area 
under the curve (AUC) of 0.7 (CI 0.59; 0.8) 
(Figure 2).
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Table 1. Baseline patient and injury characteristics and outcome parameters in patients with nega-
tive (non-BSI) and positive (BSI) blood cultures

Non-BSI (n = 62)
Median [Range], n (%)

BSI (n = 39)
Median [Range], n (%) P-value

Age (y) 55 [43.75; 74] 57 [44; 75.5] 0.848
Male, n 46 (74.2%) 31 (79.5%) 0.543
Burned TBSA (%) 24.75 [16; 34] 25 [14; 42.25] 0.389
Full-thickness burn (%) 18 [4; 24] 20 [9.5; 29] 0.285
ABSI 8 [6; 9] 8 [7; 10] 0.068
Inhalation injury 20 (32.3%) 14 (35.9%) 0.706
Days to suspected sepsis 7 [4; 9] 5.5 [2; 9] 0.433
Days of hospital stay 30 [21.25; 43.75] 41 [26; 64] 0.013
Days of hospital stay for survivors 31 [22; 44.5] 43 [29; 72] 0.0044
CRRT 8 (12.9%) 13 (33.3%) 0.014
Mortality 8 (12.9%) 10 (25.6%) 0.103
BSI, blood stream infection; TBSA, total body surface area; ABSI, Abbreviated Burn Severity Index; CRRT, continuous renal 
replacement therapy.

PCT levels were not significantly different bet- 
ween the groups. The WBC count was signifi-
cantly higher in the non-BSI group. This was 
also true for the gram-negative subgroup but 
not the gram-positive subgroup. T max was 
comparable in all groups (Table 2). The SOFA 
score on the day before the clinical suspicion of 
sepsis (SOFA pre) was comparable between 
groups. On the day the clinical suspicion of sep-
sis was established, the SOFA score was signifi-
cantly higher in the BSI group (SOFA post: 6 [3; 
7.5] vs 3 [2; 6], P = 0.008). The median differ-
ence in the SOFA score between the day before 
and the day the of clinical suspicion of sepsis 
(SOFA delta) was significantly higher only in the 
gram-negative subgroup compared to the non-
BSI group (0 [0; 1] vs 1.5 [0; 3.25], P = 0.039) 
(Table 2).

Discussion

The main finding of the present study is that 
IL-6 may predict positive blood cultures in pa- 
tients with clinical suspicion of sepsis. ROC 
curve analysis revealed a moderate diagnostic 
performance with an AUC of 0.7. A chosen cut-
off level of 312.8 ng/l provided a specificity of 
56.5% and sensitivity of 79.5%, which can sup-
port decision making regarding the use of em- 
pirical antibiotics and other diagnostic and 
therapeutic measures (change in devices, mi- 
crobiological samples, CT scans, surgery). This 
may permit a more restrictive and deliberate 
approach especially in patients in a less critical 

condition. Thus, IL-6 levels might facilitate the 
appropriate usage of antibiotics, reduce the 
risk of antibiotic resistance and optimise the 
use of hospital resources. 

The results are consistent with those in the lit-
erature in a non-burned population, which sh- 
owed a good correlation between elevated IL-6 
levels and sepsis [6, 10]. A meta-analysis of a 
non-burned population found an AUC of 0.8 for 
IL-6 to differentiate patients with sepsis from 
those with non-infectious systemic inflamma-
tory response syndrome [11]. There is no rele-
vant available data for burn patients to date.

We found a strong predictive ability of the IL-6 
level for blood stream infection caused by 
gram-negative pathogens. However, for pati- 
ents with gram-positive blood stream infec-
tions, IL-6 levels were also higher compared to 
those in the non-BSI group, but the difference 
narrowly missed statistical significance (Table 
2). One cell line study [12] showed different  
biomarker release patterns in gram-positive vs 
gram-negative bacteria, with extensive IL-6 re- 
lease in gram-negative pathogens. One clinical 
study in non-burned paediatric patients con-
firmed significantly higher levels of IL-6 in those 
with gram-negative sepsis than in those with 
gram-positive sepsis [13]. The present study 
does not reflect these findings showing no sta-
tistical differences in IL-6 levels in patients wi- 
th gram-positive and gram-negative blood cul- 
tures. 
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Table 2. Infection markers and SOFA scores in patients with negative (non-BSI) and positive (BSI) blood cultures
Median [Range] P values

non-BSI n = 62 BSI
n = 39

Gram-negative
n = 16

Gram-positive
n = 18

non-BSI 
vs BSI

non-BSI vs 
Gram-negative

non-BSI vs 
Gram-positive

Gram  
positive vs Gram 

negative
IL-6 (ng/l) 198.5 [112.4; 702.5] 1047 [339.9; 9000.5] 2123.5 [356.6; 10375] 646.25 [238.5; 4334.7] 0.001 0.001 0.06 0.247
PCT (µg/l) 0.58 [0.18; 1.35] 0.82 [0.24; 3.7] 0.82 [0.28; 1.74] 0.64 [0.15; 2.54] 0.182 0.307 0.936 0.501
WBC count (109/l) 12.06 [8.22; 18.44] 10.02 [4.76; 14.88] 7.36 [5.47; 12.87] 13.29 [7.86; 15.91] 0.032 0.018 0.653 0.184
Tmax (°C) 38.75 [38; 39.1] 38.6 [37.9; 39.2] 38.75 [37.9; 39.3] 38.5 [37.95; 39] 0.856 0.651 0.548 0.500
SOFA pre 3 [2; 5] 3 [2; 7.5] 3 [2; 4] 3 [2; 7.5] 0.231 0.946 0.525 0.596
SOFA post 3 [2; 6] 6 [3; 7.5] 6 [3; 7] 4.5 [3; 7] 0.008 0.107 0.093 1.00
SOFA delta 0 [0; 1] 1 [0; 3] 1.5 [0; 3.25] 0.5 [0; 2.5] 0.086 0.039 0.610 0.764
BSI, blood stream infection, IL-6, interleukin 6; PCT, procalcitonin; WBC, white blood cell; T max, maximum temperature; SOFA, Sequential Organ Failure Assessment, SOFA pre = SOFA score on the day 
before the clinical suspicion of sepsis was established, SOFA post = SOFA score on the day the clinical suspicion of sepsis was established, SOFA delta = differences in SOFA scores on the day before and the 
day the clinical suspicion of sepsis was established.
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ative results regarding the suitability of PCT for 
the diagnosis of sepsis in previous studies. In 
this context, PCT seems to be unsuitable as a 
biomarker for the early diagnosis of blood cul-
ture-positive sepsis in burn patients.

WBC count levels had no clinically relevant 
alterations among the groups, although stati- 
stically significant differences between them 
were observed. In agreement with the litera-
ture, our results do not support the use of the 
WBC count as a relevant indicator of blood 
stream infection [19, 20]. Elevated tempera-
ture was found in all groups, including the non-
BSI group. Again this corresponds to the litera-
ture [3, 4] and illustrates the non-specific 
reaction of body temperature to inflammatory 
triggers independent of their origin. Never- 
theless, changes in body temperature often 
trigger the suspicion of sepsis, and they are still 
incorporated into the sepsis criteria of the 
American Burn Association (ABA) [21].

Sepsis is now defined as a life-threatening 
organ dysfunction caused by a dysregulated 
host response to an infection (Sepsis-3 defini-
tion) [22]. Organ dysfunction is recorded using 
the SOFA score. In our study, SOFA scores were 
significantly higher in the BSI than in the non-
BSI group, suggesting more severe illness in 
the BSI group. Nevertheless, a SOFA score 
increase of more than 2 points, as required by 
the Sepsis-3 definition, did not occur. This could 
be explained by the fact that negative blood 
cultures do not exclude sepsis. Our approach in 
assigning patients to groups according to blood 
culture positivity may have weakened the sta-
tistical importance of the SOFA score. Thus, we 
can neither confirm nor ally the significance of 
the SOFA score in burn sepsis. With our find-
ings, we confirm the claims made in previous 
studies that the best pathway to achieving an 
early diagnosis seems to be a daily assessment 
of sepsis by a burn team informed by substan-
tial number of clinical parameters and scores 
[23, 24]. In this context, although far from being 
ideal, IL-6 might be an additional tool for identi-
fying blood culture-positive sepsis.

The present study has several limitations. As 
the study had a retrospective design, some 
patients with suspected or confirmed infec-
tions could not be included due to incomplete 
data. Although we included a reasonable num-
ber of patients for a single burn centre, some 

Table 3. Specificity and sensitivity of different 
IL-6 cut-off levels for positive blood cultures
IL-6 cut-off ng/l 104.5 180.5 312.8 419.3
Specificity % 22.6 48.3 56.5 67.7
Sensitivity % 87.1 84.6 79.5 66.6

Figure 2. Receiver operating characteristic (ROC) 
curve for Interleukin 6 (IL-6) for detection of a posi-
tive blood culture.

In the present study, the PCT level was elevated 
over the threshold (PCT>0.5 µg/ml) in all 
patients, suggesting an inflammatory state. In 
the present study, the IL6 and PCT levels were 
slightly elevated in all patients, suggesting 
burn-induced subliminal inflammatory state. In 
contrast to IL-6, we did not find significantly dif-
ferent levels of PCT between the BSI and non-
BSI group. The lack of a significant peak in PCT 
levels in BSI patients could be explained by the 
latency in PCT release. Blood sampling was 
performed at time of clinical suspicion of sep-
sis. Elevated values of PCT become measur-
able only 2-4 hours after the onset of the infec-
tious process, peaking at 24-30 hours, and 
rapidly subsiding with recovery [14]. Previous 
studies reported only a daily measurement of 
PCT rather than a measurement at the exact 
time of appearance of sepsis [4, 15-17]. In a 
recent study, we demonstrated a small but sig-
nificant increase in PCT levels on the day of 
infection, but a peak PCT level was only noted 
one day after the infection occurred [18]. This 
observation may also explain the partially neg-
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questions regarding subgroups (i.e., the role  
of gram-positive vs gram-negative pathogens) 
could not be sufficiently investigated. The re- 
sults should be further investigated in a larger 
number of patients in a prospective study. The 
present study defined blood sampling and 
parameter measurement as the same time 
point of suspected clinical sepsis. Further sam-
pling with a narrow boundaries measured in 
hours may shed light on the dynamics of sepsis 
in the acute period rather than a summation 
average of the period of the first day. 

Conclusion

In the acute burn setting the treating physician 
is faced with the challenge of differentiation 
between sepsis and posttraumatic inflamma-
tion and applying the timely therapeutic path-
way to ensure optimal outcome. IL-6 enables 
early signalling of blood stream infection prior 
to the availability of blood culture results. Lar- 
ger studies are required to more clearly define 
the parameters at which IL-6 levels may become 
diagnostic.
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