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Abstract
AIM: Although absolute values for C-reactive protein (CRP) and procalcitonin (PCT) are well known to predict sepsis, 
it remains unclear how their diagnostic value in major burn patients as metabolic changes in burn patient mimic signs 
and symptoms for sepsis. This paper attempts to clarify these points for both of the markers.

METHODS: A comprehensive literature search of PubMed, Scopus, DOAJ, Web of Science, and the Cochrane 
Library databases for studies published up to June 1, 2020, that evaluated PCT and/or CRP as a marker for 
diagnosing sepsis in burn patients was conducted. Review Manager 5.3 was used to analyze the data.

RESULTS: A total of 11 literatures were obtained. The combined sensitivity and specificity for PCT as assessed by 
meta-analysis were 88% and 89%, respectively. The combined sensitivity and specificity of CRP were described as 
85.5% and 57.5%, respectively. Meta-analysis cannot be performed for CRP parameters because there are only two 
literatures that include CRP diagnostic test values.

DISCUSSION: PCT and CRP have additional diagnostic value for sepsis in patients with major burns. The pooled 
sensitivity and specificity of PCT are excellent. Although the difference in sensitivity between PCT and CRP is not 
very large, there are distinct differences in specificity. A low CRP specificity value will show many “false positives” 
when CRP is used as a biomarker.

CONCLUSION: PCT provides a better diagnostic value than CRP in cases of sepsis in major burn patients. More 
study on combination of biomarker, clinical presentation, and microbial culture for diagnosing sepsis are needed. 
Further large-scale research with cohort or case control design should be done.
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Introduction

Sepsis in burns worsens the patient’s prognosis 
and increases the risk of organ failure and death. The 
leading cause of death in burn patients is multiple 
organ dysfunction syndrome (MODS), which is a direct 
response to sepsis [1]. Identifying early sepsis is very 
important, given that every 6 h delay in the diagnosis of 
sepsis reduces survival by 10% [2]. Difficulty in diagnosing 
sepsis in burn is due to the systemic response to the 
burn itself clinically mimics sepsis [3], [4], [5].

Blood culture is the gold standard to identify 
sepsis, but it takes 48–72 h and cannot rapidly diagnose 
sepsis. The use of high-dose antibiotics in early stage 
also results in a very low detection rate for positive blood 
cultures, which will delay the diagnosis. Blood culture 
is also susceptible to external bacterial contamination, 
which can lead to misdiagnosis [4], [6]. It is presumed 
that various sepsis biomarkers originating from the host 
response to inflammatory stimuli could diagnose sepsis 

as early as possible so that sepsis treatment can be 
started early.

Studies in the past stated procalcitonin (PCT) 
and C-reactive protein (CRP) as superior biomarkers 
and play an important role in the occurrence of sepsis 
in burn patients. However, these studies still show 
inconsistent results. A study by Lavrentieva stated that 
PCT is useful as an early indicator of sepsis in severe 
burn patients [7]. Meanwhile, other study showed that 
PCT serum is not superior compare to CRP or blood 
leukocytes as a marker of sepsis in burn patients [8].

PCT is a calcitonin pro-hormone that is usually 
produced in the C-cells of the thyroid gland. In healthy 
humans, all PCT are broken down to calcitonin and only 
<0.1  ng/ml is measured in the blood. PCT regulation 
will change during infection. There will be a massive 
release of PCT into the bloodstream depending on the 
severity of sepsis [9]. Serum PCT levels rise as early 
as 3 h after bacterial infection, reaching a peak around 
20  h. Higher levels of PCT are associated with the 
severity of sepsis [5].
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CRP is an acute-phase protein and is released 
from the liver after stimulation of interleukin (IL-6) and 
other cytokines. CRP is a response to tissue damage 
and inflammatory or infectious processes [10]. CRP 
measurements are readily available, but elevated CRP 
levels are said to be nonspecific, as they can be observed 
right after surgery or trauma. High CRP levels correlate 
with disease severity and may reflect the effectiveness of 
antimicrobial therapy. Significantly elevated serum CRP 
levels predict the incidence of infection approximately 
2–3 days before sepsis occurs [2].

This study analyzes the role of PCT and CRP 
as biomarkers to diagnose sepsis in patients with 
major burns since the use of PCT and CRP is not 
yet a standard and still a controversial. Researchers 
conducting a study in the form of a systematic literature 
review and meta-analysis. This study summarized the 
results of previous studies examining the relationship 
of PCT and CRP with the occurrence of sepsis in burn 
patients. This study also identified supporting evidence 
for the use of PCT and CRP as diagnostic markers for 
early detection of sepsis in patients with major burns.

Methods

Literatures search strategy

Researchers follow protocol from the Joanna 
Briggs (JBI) Institute for the systematic review of studies 
of diagnostic test accuracy [11]. Systematic review 
was performed by PubMed, Scopus, DOAJ, Web of 
Science, and Cochrane Library up to June 2020. The 
combined search term used was ([PCT OR PCT] AND 
[sepsis OR septic] AND burn patient) and ([CRP OR 
CRP] AND [sepsis OR septic] AND burn patient).

PCT defined as one of the biomarkers which 
correlates with the progression and severity of microbial 
invasion [5]. CRP is an acute-phase protein that 
increases in concentration under certain conditions such 
as inflammatory reactions or tissue damage caused by 
infectious or non-infectious diseases [2]. Both PCT and 
CRP are measured by taking a sample of the patient’s 
venous blood and asses using various analyzer. Sepsis is 
a clinical suspicion of infection [1], [3]. It can be diagnosed 
through clinical judgment by experts, sequential organ 
failure assessment score, or American Burn Association 
(ABA) guideline. Burn patients defined as patient with 
burn injuries ≥20% total body surface area (TBSA). The 
burn area assesses clinically by expert [1].

Selection of studies

Studies included in our analysis if they met the 
following criteria: (i) The design was diagnostic test study 
with minimum sample of 10, (ii) the study included adult 

mayor burn patients whom burned ≥20% TBSA, and 
(iii) the study was written in English. The studies were 
excluded for full text review if they were performed in 
children, geriatric, or subjects with comorbidities. Non-
relevant literature such as article review, non-experimental 
study, and meta-analysis were excluded from the study. 
To assure the quality of included studies and exclude 
the poorly designed or executed studies, the JBI Critical 
Appraisal Checklist for Diagnostic Test Accuracy Studies 
were performed [12]. Each literature was reviewed by two 
reviewers individually and assessed for quality appraisal.

Data extraction

Data were extracted from each included study 
using a structural data collection sheet to include the 
following items: Publication details, country of origin, 
design, setting, sample numbers, sample characteristic, 
PCT and CRP test and algorithm, and outcomes.

Quality assessment

Critical appraisal was performed as quality 
assessment. It was performed based on JBI Critical 
Appraisal Checklist for Diagnostic Test Accuracy 
Studies tool [12]. The tool included 10 items covering 
several dimension of study qualities. Each item was 
assessed by scoring “yes,” “no,” “unclear,” or “not 
applicable.” The score was the sum of the 10 items. 
“Yes” was accountable as 1 point, with maximum total 
score was 10. To assure the quality of included studies, 
all of them should meet at least 50% of the 10 items.

Statistical analysis

We assessed heterogeneity between studies 
using the I2 tests, represented the proportion of total 
variation in the estimated effect size due to heterogeneity 
rather than sampling error. When there was no significant 
heterogeneity between the studies (p > 0.1, I2 ≤ 50%), we 
used fixed-effect meta-analysis. If there was statistical 
heterogeneity between the studies, the meta-analysis 
was performed using the random effects model (p ≤ 0.1, 
I2 > 50%). We calculated pooled sensitivity and specificity 
and 95% confidence intervals (CI) for both PCT and CRP.

Results

Study selection and quality assessment

Our literature search identified 86 studies for 
full text review. By reviewing the literature full text, 36 
studies were excluded due to not provide sufficient data, 
6 articles were published in other language than English, 
27 studies were not included adult burn patients as 
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sample, and 6 studies were not categorized the outcome 
as sepsis or non-sepsis. By using this searching, it left 
11 studies fulfilling the eligible criteria. The mechanism 
of journal search strategy is shown in Figure 1.

The quality of the studies included in this meta-
analysis based on the JBI Critical Appraisal Checklist 
for Diagnostic Test Accuracy Studies [12]. From a total 
of 11 studies conducted quality assessment, 10 studies 
were classified as having good quality and only 1 study 
was poor, namely, the publication of Barati et al.

Study characteristic and data extraction

The studies included in this systematic review 
and meta-analysis were 11 studies originating from 
various countries such as Iran, France, Turkey, Spain, 
Korea, Greece, Tunisia, Germany and South Africa. 
Related studies were published over a long span of 
years, 1998–2019. The study design was a diagnostic 
test with eight prospective observational studies and 
three retrospective observational studies. Of the total 
821  samples included, 235  samples (28.6%) came 
from emergency room (ER), 257  samples (31.3%) 
came from intensive care unit (ICU), and 329 samples 
(40.1%) came from burn unit. The main characteristics 
of the studies are described in Table 1 and the results 
data for each study are presented in Table 2.

Meta-analysis

The analysis was carried out on seven studies 
presenting sensitivity and specificity of PCT levels. The 

meta-analysis result of the sensitivity and specificity of 
PCT levels was shown on the forest plot in Figures 2 
and 3, respectively. Based on the forest plot, I2 = 94.1%, 
it showed the heterogeneity among studies. This 
heterogeneity might occur due to the small amount of 
literature included in the meta-analysis.

The value of pooled sensitivity was 
88% (z = 179.03; p = 0.000) and specificity for PCT 
was 89% (z = 66.06; p = 0.000). The effect size was 
statistically significant since both sensitivity and 
specificity have p < 0.05 and confident interval not 
across absolute value 1. Practically, PCT has high 
value of sensitivity and specificity, both are above 80%.

Meta-analysis of the CRP sensitivity and 
specificity was not possible due to the limited literatures 
available. There were only two literatures presenting 
sensitivity and specificity of CRP. The data are 
presented in Figure  4. Roughly, it can be calculated 
that the combined sensitivity of the CRP was 5% and 
the specificity of combined CRP was 57.5%. However, 
they were not statistically significance because of the 
variety between studies and the statistical combined 
effect could not be calculated.

Discussion

The sepsis-specific biomarkers able to 
detect host response and causative pathogens are 
useful in improving clinical management for septic 
patients [13], [14], [15]. The advantage of measuring 
these biomarkers in patients with suspected sepsis is 
reducing antibiotic use and associated side effects. 
This measurement can also assist to decide immediate 
treatment for sepsis. In addition, routine monitoring 
in critically ill patients also carries a minimal risk, 
providing the promising benefit of reducing patient 
mortality [1], [16]. The value of the diagnostic test has 
to be concerned because sepsis is one of the factors 
that increase the risk of mortality in burn patients.

Since our studies included studies originating 
from various countries and were published over a long 
span of years, 1998–2019, some laboratory procedures 
were not uniform. These techniques also could have 
been modified. The examination of PCT in the majority 
of studies used chemiluminescent method (PCT-Q) and 
immunoluminometric method, while the majority of CRP 
was examined using automated immunoturbidimetric 
assay method.

Sample size of individual study varied from 17 
to 178. This gives a different weighting from each study 
to the combined effect size. The smaller scale studies 
weigh less than larger ones in those pooled data. All 
the patients included were adult with burn area ≥20% 
TBSA.

Figure 1: Flowchart of study screening and selection included in this 
study
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In this systematic review, it showed that most 
of the previous studies proved that PCT levels were 
significantly different in burn patient group with sepsis 
compared to non-sepsis. Of the 11 studies evaluating 
the role of PCT as a diagnostic marker for sepsis in 
burn patients, nine studies [7], [17], [18], [19], [20], [21], 
[22], [23], [24] stated that PCT acted as a biomarker for 
predicting the sepsis incidence in burn patients. Only 
two studies, a study by Bargues et al. [8] and Seoane 
et al. [25], were not in line. Despite finding a significant 
difference between the mean PCT in the sepsis and 
non-sepsis groups, Bargues et al. [8] concluded that 
PCT was not superior to CRP and WBC. Meanwhile, 
Seoane et al. [25] found no significant difference in 
mean PCT between the sepsis and non-sepsis groups.

The cutoff values for PCT between the studies 
varied from 0.5 to 3 ng/ml. The highest cutoff values were 

found in Heimburg’s study [21] (3 ng/ml) and the lowest 
was found in Barati’s study [17] (0.5 ng/ml). It was varied 
widely despite the use of the same immunoluminometric 
assay. The PCT sensitivity varied between 75.7% and 
100% while the specificity was between 78.6% and 91.9%. 
The main differences also appeared to lie in the number 
of sufferers and burn surface area. Burn surface area may 
have some potential correlation with PCT rates and the 
number of patients could affect the result reliability.

There were seven studies [7], [8], [17], [18], 
[19], [20], [21] measuring CRP in sepsis and non-sepsis 
groups. Five studies stated that the mean CRP in sepsis 
and non-sepsis groups differed significantly. Only studies 
by Barati et al. [17] and Wineberg et al. [24] found no 
significantly different results. Only Bargues  [8] and 
Cakir [18] studies included CRP diagnostic test values. 
Bargues [8] found that the optimum cutoff value for CRP 

Table 1: Study characteristics included in this systematic review and meta-analysis
Author, year Study design Sample 

size
Mean age 
(years)

Mean burn 
surface area

Sepsis diagnostic 
criteria

PCT value method CRP value method

Barati et al., 2008 Prospective observational 60 31.28 ± 17.01 62.31 ± 20.57 ACCP/SCCM PCT-Q Bionic test kit
Bargues et al., 2007 Prospective observational 25 40 ± 14 40 ± 17 ACCP/SCCM PCT-Q + PCT-LUMI Agglutination test kit
Cakir-Madenci et al., 2014 Prospective observational 37 40 ± 17 36.1 ± 23.4 ABA PCT-LUMI Nephelometric
Egea-Guerrero et al., 
2015

Prospective observational 17 44.34 ± 7.9 47.43 ± 22.9 ABA ECLIA test Particle enhanced 
immunoturbidimetric assay

Kim et al., 2012 Prospective observational 175 45 40 Clinical Automated 
immunoanalyzer

N/A

Lavrentieva et al, 2012 Prospective observational 145 48.2 ± 18.3 38.8 ± 18 ABA PCT-LUMI Automated 
immunoturbidimetric

Mokline et al., 2015 Prospective observational 121 37 ± 17 23 ± 17 ACCP/SCCM PCT-LUMI N/A
Sachse et al., 1999 Retrospective observational 19 41 32 Clinical PCT-LUMI Vitros 250 Chemistry 

analyzer
Seoane et al., 2014 Retrospective observational 17 52.5 ± 17.2 37.6 ± 22.9 ACCP/SCCM ECLIA test N/A
Von Heimburg et al., 1998 Prospective observational 27 37.3 51 ABA PCT-LUMI Automated 

immunoturbidimetric
Wineberg et al., 2019 Retrospective observational 178 39.7 ± 14.7 31.7 ABA N/A N/A
PCT: Procalcitonin; CRP: C-reactive protein; ACCP/SCCM: American College of Chest Physicians and Society of Critical Care Medicine; ABA: American Burn Association; PCT-Q: PCT value method using chemiluminescent; 
PCT-LUMI: Immunoluminometric method; ECLIA: Electrochemiluminescence immunoassay

Table 2: Extracted results from each studies
author, year Procalcitonin CRP

Sepsis (Mean ± SD)/
(Median (IQR)

Non-sepsis 
(Mean ± 
SD)/(Median 
(IQR)

p value Sensitivity Specificity AUC Optimal 
cutoff 
(ng/ml)

Sepsis 
(Mean ± SD)/
(Median 
(IQR)

Non-sepsis 
(Mean ± SD)/
(Median 
(IQR)

p value Sensitivity Specificity AUC Optimal 
cutoff 
(mg/L)

Barati et al., 
2008

8.45 ± 7.8 ng/ml 0.5 ± 1 ng/ml <0.001 100% 89.8% 0.97 0.5 2.8 ± 2.3 
mg/ml

2.5 ± 1.4 
mg/ml

0.52 N/A N/A N/A N/A

Bargues  
et al., 2007

1.751 ± 1.19 ng/ml 0.288 ± 0.01 
ng/ml

42.4% 88.8% 0.655 0.534 132.6 ± 12.9 
mg/L

18.5 ± 6.3 
mg/L

79.5% 60.3% 0.749 102

Cakir-
Madenci  
et al., 2014

2.04 (0.206–87.4) 
ng/ml

0.293 (0.034–
10.55) ng/ml

0.0012 75.7% 78.6% 0.847 0.759 133 (37–206) 
mg/L

52 (3–204) 
mg/L

<0.0001 91.6% 58.2% 0.819 65

Egea-
Guerrero  
et al., 2015

1.89 (1.19–5.35) 
ng/ml

0.81 
(0.35–1.95) 
ng/ml

<0.001 78% 91.9% 0.71 N/A 274 
(222–365) 
mg/L

172.5 
(73.75–
290.75) mg/L

<0.001 N/A N/A 0.72 N/A

Kim et al., 
2012

Survived sepsis: 0.57 
(<0.05–32.77) ng/ml
Non-survived sepsis: 
5.26
(<0.05–184.44) ng/ml

0.06 
(<0.05–1.4) 
ng/ml

<0.0001 77.6% 82.1% 0.844 2 N/A N/A N/A N/A N/A N/A N/A

Lavrentieva 
et al, 2012

23.9 (1.6–34) ng/ml 5.6 (0.4–8) 
ng/ml

0.001 88–90.4% 82.5–95.2% 0.86 1.5 17.65 (2–39) 
mg/L

12.0 
(4.5–30,7) 
mg/L

<0.001 N/A N/A N/A N/A

Mokline  
et al., 2015

5.44 ± 6.23ng/ml 0.41 ± 0.64 
ng/ml

0.01 89% 85% 0.929 0.69 N/A N/A N/A N/A N/A N/A N/A

Sachse  
et al., 1999

5.5 µg/L 0.3 µg/L 0.01 N/A N/A N/A 1.5 N/A N/A N/A N/A N/A N/A N/A

Seoane  
et al., 2014

0.47 ng/ml 0.61 ng/ml 0.682 N/A N/A 0.546 1.7 N/A N/A N/A N/A N/A N/A N/A

Von 
Heimburg  
et al., 1998

49.8 ± 76.9 ng/ml 2.3 ± 3.7 
ng/ml

<0.005 N/A N/A N/A 3.0 180 ± 58 mg/l 248 ± 77 mg/l <0.005 N/A N/A N/A N/A

Wineberg  
et al., 2019

1.97 (0.05–136.6) 1.18 
(0.05–165)

0.86 N/A N/A 0.658 N/A 60 (30–310) 
mg/l

97 (1–273) 0.86 N/A N/A 0.759 N/A
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Figure 3: Forest plot of procalcitonin pooled specificity

Figure 2: Forest plot of procalcitonin pooled sensitivity
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was 102  mg/L with sensitivity 79.5% and specificity 
60.3%. Cakir [25] stated a lower cutoff value of 65 mg/L 
with sensitivity of 91.6% and specificity of 58.2%.

The combined sensitivity and specificity of PCT 
for this meta-analysis were 88% and 89%, respectively. 
This finding was in line with the results of the meta-analysis 
conducted by Ren et al. showing that the specificity of 
PCT was higher than the sensitivity [26]. However, the 
individual studies show varied sensitivities (42.4–100%) 
and specificities (78.6–95.2%). The specificities seem 
much more stable than the sensitivities. This implies 
that PCT has a higher ability of differential sepsis from 
non-sepsis but is not sensitive in some situations. It was 
found that the stability of sensitivities increased when 
the patients’ numbers rose [26].

The combined descriptive sensitivity and 
specificity of CRP from the two existing studies were 
85.5% and 57.5%, respectively. Although the difference 
in sensitivity between PCT and CRP was not very large, 
the difference in specificity was indeed large. A  low 
CRP specificity showed many “false positives,” so CRP 
would place many patients in sepsis group even though 
they were not sepsis.

The timing of biomarker being taken in each 
study was not same. Some studies perform a transient 
examination while others perform serial examinations. 
The levels of these biomarkers definitely would be 
different when taken at the time of initial onset of 
sepsis or when septic shock has occurred. Biomarkers 
may peak later after clinical changes have occurred. 
Serial tests to see the tendency for changes in these 
biomarkers will probably be more meaningful.

Despite the existed guidelines to define 
sepsis and concept of SIRS, they have been criticized 
for their oversensitivity and nonspecific. This has led 
ABA to produce specific consensus guidelines about 
definition of infection and sepsis in burn patients. 
However, there is still no ideal definition of sepsis 
with high sensitivity and specificity for burn patients 
so that the main problem in the field is the lack of 
uniformity in understanding sepsis and the difficulty of 
diagnosing sepsis [26]. The establishment of sepsis 
in this systematic review used criteria defined by the 
American College of Chest Physicians and Society of 
Critical Care Medicine Consensus about Definitions 
of Sepsis, ABA, and based on clinical conditions. It 
was being a weakness for this study because the 
index test used was not uniform across studies.

It should be noted that in this study that we only 
included 11 studies. For analyzing PCT diagnostic test 
value, only seven studies were included. Meanwhile, 

a similar assessment could not be made for CRP 
because there were only two related studies. Not all 
studies had demonstrated the sensitivity and specificity 
of PCT and CRP. Comparison of pooled sensitivity 
and specificity of PCT and CRP could only be done 
descriptively and not statistically. There was potential 
publication bias in the enrolled studies since positive 
results were more likely to be published than negative 
results, which affected the pooled diagnostic validity. 
This study only included published studies in English 
so there was a possibility missing important data that 
might be stated in other valued studies published in 
other languages.

PCT or CRP may not be the most ideal marker 
for the initial diagnosis of sepsis in burn patients. 
A  truly ideal biomarker may not exist because sepsis 
is a complex pathophysiological process difficult to be 
explained by a single biomarker [26]. The sensitivity and 
specificity of each biomarker in diagnosing sepsis are 
still insufficient for its application as a single modality 
for early sepsis diagnosis in major burn patients. To 
increase the sensitivity and specificity, a combination 
with other biomarkers, clinical signs, and microbial 
culture is required. This is an interesting topic to discuss 
in future studies.

Although the results of this study indicated that 
PCT had a better diagnostic test value than CRP, its 
use in deciding patient’s therapy must be applied wisely 
and correlated with clinical and other investigations. 
Further studies with large-scale and multicentered 
cohort prospective are needed to minimize the bias. 
Studies in extreme age and comorbidity population are 
also needed.

Conclusion

Based on systematic review, it was found 
that PCT had a better diagnostic test value rather 
than CRP for diagnosing sepsis in adult major burn 
patients (sensitivity 88% vs. 85.5%; specificity 89% 
vs. 57.5%). Thus, CRP tends to show more false-
positive results. However, PCT should be examined 
wisely and should not be considered as the sole 
determinant to diagnose sepsis in patients with major 
burns. This biomarker examination must be correlated 
with clinical and other supporting conditions. The 
serial examinations may have a better meaning 
rather than occasional one.

Figure 4: Sensitivity and specificity of C-reactive protein
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