
91

Egypt, J. Plast. Reconstr. Surg., Vol. 48, No. 2, April: 91-97, 2024

The Role of Serum Procalcitonin as a Diagnostic and Prognostic 
Biomarker for Sepsis in Major Burn Patients: A Prospective Study
MOHAMED M. ABDELHALIM, M.D.; AHMED GADALLAH, M.Sc.;
MOHAMED ABDEL MOHSEN GHANEM, M.D.; SALAH N. MOHAMMED, M.D. and
MOHAMED FATHY FEKRY, M.Sc.
The Department of Plastic, Burn and Maxillofacial Surgery, Faculty of Medicine, Ain Shams University

Correspondence to: Dr. Ahmed Gadallah,
E-Mail: ahmed.gadallah93@gmail.com

Abstract

Background: Sepsis in burns worsens the patient’s prog-
nosis and increases the risk of organ failure and death. Mul-
tiple organ dysfunction syndrome (MODS), which is a direct 
response to sepsis is the main reason for death in burn patients. 
Identifying early sepsis is especially important, given that 
every 6h delay in the diagnosis of sepsis reduces survival by 
10%. Complexity in diagnosing sepsis in the burn is due to 
the systemic response to the burn itself clinically simulating 
sepsis.

Objective: The aim of this study is: To investigate the di-
agnostic validity of PCT in burn sepsis as an early diagnostic 
tool and to identify its prognostic value in major burn patients 
with sepsis.

Patients and Methods: The study was a prospective study 
that was conducted in a six months period carried out in the 
Burn Intensive Care Unit (ICU) of Ain Shams University Hos-
pitals on 30 patients that were admitted from October 2021 to 
March 2022 with major burn (more than 20% of TBSA) were 
included, the Local Ethics Committee approved the study, and 
informed consent was obtained from all participants or their 
guardians.

Results: It had been revealed that the first 3 samples that 
were drowned on admission and after 24 hours and then on day 
3 of admission have no significant increase in PCT levels in 
relation to sepsis. However, the following 2 samples which had 
been withdrawn on day 5 show a significant increase in PCT 
levels, and these on day 7 are highly significant with a median 
(IQR) range of 9ng/dl and median (IQR) range of 13.2ng/dl 
respectively. Moreover, it had been noted that the PCT level 
on admission was significant for the prognosis of death with a 
median (IQR) range of 1.65ng/dl while in survivor patients the 
median was 0.45ng/dl.

Conclusion: Our study demonstrated that PCT level in ma-
jor burn patients is a promising diagnostic biomarker in detect-
ing sepsis that could facilitate ideal management and initiate 

proper antimicrobial therapy and good prognostic value as an 
early predictor of mortality.
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Introduction

Burn patients with sepsis have a worse progno-
sis and are more likely to experience organ failure. 
Multiple organ dysfunction syndrome (MODS), 
which is a direct response to sepsis is the main rea-
son for death in burn patients [1]. 

The sepsis survival rate decreases by 10% for 
every 6 hours delay in diagnosis. Detecting sepsis 
in the burn is difficult, as the burn itself systemical-
ly induce sepsis [2].

Blood cultures are still the best way to detect 
sepsis, but they take 48–72 hours and cannot be 
used right afterwards. Additionally, the extremely 
low likelihood of positive blood culture detection 
would delay diagnosis due to the early administra-
tion of high-dose antibiotics [3].

Numerous other disorders, including trauma, 
surgery, tissue necrosis, and immune-mediated in-
flammatory illness, have an impact on the currently 
utilised indications of early identification of infec-
tion, such as CRP. Since severe burn patients do 
experience a systemic inflammatory response, it is 
crucial to create new techniques for differentiating 
between an inflammatory response alone and real 
sepsis brought on by microbial bloodstream inva-
sion [4].
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Procalcitonin (PCT), a 116 amino acid protein, 
is a precursor to calcitonin, a substance involved 
in the metabolism of calcium. PCT is produced by 
Cells of the thyroid gland, and it is also synthesized 
in the liver, kidneys, lungs, and adipose tissues in 
response to endotoxins, cytokines, and other medi-
ators [5].

Under normal circumstances, healthy individu-
als carry extremely low levels of PCT. However, 
in the presence of bacterial and fungal infections, 
dramatically increased levels of PCT may be seen.  
Past audits have concluded that procalcitonin (PCT) 
may be utilized as an assistant biomarker within the 
clinical conclusion of sepsis and a methodology to 
decrease introduction of anti-microbials to funda-
mentally sick patients [6] and may be the foremost 
promising biomarker of burn patients with sepsis 
[7].

Studies on the evaluation of the diagnostic and 
prognostic value of procalcitonin levels in severe 
burn sepsis are rare and still show inconsistent re-
sults. In 2012 Lavrentieva et al. [8] expressed that 
PCT is valuable as an early marker of sepsis in ex-
treme burn patients. In the meantime, another study 
showed that PCT serum is not superior compared 
to CRP or blood leukocytes as a marker of sepsis in 
burn patients [9].

According to Kumar et al. [10] in 2021, PCT 
is a reliable indicator of sepsis, however the test’s 
validity and predictability vary depending on the 
population. Thus, the present study was designed 
to find the diagnostic validity and the prognostic 
value of PCT in our burn population.

PCT can be used for early detection of sepsis 
and prediction of outcome after major trauma and 
surgery. PCT can be used as a diagnostic tool in 
patients with tissue necrosis, and immune-medi-
ated inflammatory illness with or without bacter-
emia. Daily consecutive PCT measurements may 
be a valuable tool in monitoring the effectiveness 
of antibiotics where they have observed significant 
increase in PCT in septic patients in comparison to 
their pre-septic levels [19].

Aim of the work:
The aim of this study is:

To check the value of PCT in diagnosis of burn 
sepsis as an early diagnostic tool and to identify its 
prognostic value in major burn patients with sepsis.

Patients and Methods

The study was carried out in Burn Intensive Care 
Unit (ICU) of Ain Shams University Hospitals.

Patient details: Thirty patients with major burns 
(more than 20% of TBSA) were included, that was 
conducted in a six-month period. From September 
2021 to March 2022.

The project had received ethical committee ap-
proval, and each participant gave their informed 
consent.

Type of study: Prospective study.
Inclusion criteria: Age: 3-65 years, gender: 

Both sexes, presented to ER with burns ≥20% of 
their TBSA and fluid Resuscitation started within 8 
hours of injury.

Exclusion criteria: Extremes of Age, concomi-
tant trauma, electric burn, inhalational Injury based 
on bronchoscopy evaluation, and medical Comor-
bidities, for example, hypertension, diabetes melli-
tus, liver, and kidney diseases.

The TBSA was calculated based on Lund and 
Browder Chart. Resuscitation liquid was calculat-
ed utilizing the Parkland equation. Half of this was 
managed over the primary 8 hours, and the rest was 
managed over another 16h. Lactated Ringer’s was 
the liquid managed for resuscitation.

Study procedures:
I- Assessment of the patient:

Clinical assessment: Generally: Vital signs 
and full level of consciousness, burn: Cause, ex-
tent, distribution, depth, and time of presentation 
and burn wound infection and sepsis: According to 
American Burn Association guidelines.

Laboratory investigations: CBC, Renal, and 
liver function tests, Coagulation profile. Albumin 
level, Viral Markers, CRP. Procalcitonin Level on 
admission, 24 hours from admission then every 48 
hours. Blood culture was done for all patients and 
measured in our study on admission of the patient 
to the ER, then after 24 hours every 48 hours and 
withdrawn before administration of antibiotics.

Resuscitation of the patient: Proper resuscita-
tion using modified parkland formula to be mon-
itored by urine output, pulse, temperature, and 
blood pressure.

Caloric requirement and Nutritional need of the 
patient: Curreri formula Empirical Antibiotic man-
agement with correction for any lab abnormalities  
Anti-inflammatory agents, Analgesics.

Sample collection: Procalcitonin was collected 
for each measurement, 5ml of venous blood was 
drawn into a red top tube. Specimen type: Whole 
blood (Venous). Transport: Within 60 minutes of 
venipuncture. The duration of follow-up varied 
from one patient to another. When the general con-
dition improved the PCT was decreased. Follow-up 
samples were withdrawn at 0, 14, 28 days then 
every other day.

The plasma specimen was analyzed by the Au-
tomated immune analyzer (VIDAS®, bioMérieux, 
Marcy L’Etoile, France) (Fig. 1).
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Results

Out of 30 patients 14 were males and 16 were 
females. Their median age was 19 years, where the 
range was from (3-61) years. And the cause of burn 
in our study was 53.3% flame burn and 46.7%- 
scald burn. And the median TBSA burn injury of 

the study population was 22% where the range was 
from (20%-60%).

As shown in Table (1) there were a statistically 
significant (p-value <0.01) in the comparison be-
tween PCT levels between every sample that was 
withdrawn on admission , day 1, day 3, day 5 and 
day 7 respectively as the median for the first sam-
ple was (0.87), While in sample 2 (4.28), Sample 3 
(5.05), Sample 4 (4.97) and sample 5 (4.23).

In the current study it has been revealed that 
24 of the studied patients showed bacterial growth 
according to their blood cultures, gram-negative 
bacterial growth was found in 83.3% while 16.7% 
showed gram-positive, 26.7% of the studied patient 
has Actinobacter bacterial growth, Staphylococcus 
coagulase negative and Klebsiella pneumonia bac-
terial growth in 16.7%.

As shown in Table (2) it has been found that 
the first 3 samples that were withdrawn on admis-
sion, in the first day and in the third day have no 
significant increase in PCT levels in relation to sep-
sis. However, the following 2 samples which had 
been withdrawn in day 5 show significant increase 
in PCT levels and those of day 7 on admission are 
highly significant with Median (IQR) range 9ng/dl 
and Median (IQR) range 13.2ng/dl respectively.

As shown in Table (3) the PCT level on ad-
mission was significant for the prognosis of death 
with Median (IQR) range 1.65ng/dl while in survi-
vor patients was 0.45ng/dl and highly significant 
for prognosis of death in day 7 with Median (IQR) 
range 12.2ng/dl.

As shown in Table (4), there was non-significant 
change between survivors and non-survivors CRP 
samples with p-value >0.05: Non-significant, there 
was a meaningful change between survivors and 
non survivors regarding gram cultures with p-value 
0.032, There was a highly significant difference be-
tween survivors and non survivors regarding sepsis 
with p-value 0.004.

Statistical analysis: Our study has divided the 
studied patients into 2 groups according to the out-
come also according to the development of sepsis 
with qualitative data was done by using the Chi-
square test and/or Fisher exact test was used instead 
of the Chi-square test when the expected count in 
any cell was found less than 5.

The comparison between two independent 
groups with quantitative data and parametric dis-
tribution was done by using the independent t-test.

The confidence interval was set to 95% and the 
margin of error accepted was set to 5%. The p-val-
ue was considered significant as the following: p> 
0.05 = Non-significant (NS), p<0.05 = Significant 
(S), p<0.001 = Highly significant (HS).

Fig. (1): Red top tube sample was collected.

Table (1): Sepsis criteria according to ABA (American Burn 
Association), Mann-Salinas novel predictors of sep-
sis, Sepsis-3 consensus definition for sepsis and sep-
tic shock [19].
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Table (2): Comparison between procalcitonin samples that had been withdrawn from the studied patients.

Procalcitonin Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Test value≠ p-value Sig.

Median (IQR)

Range

0.87 
(0.24-1.65)

0-100

4.28
(2.58-6.52)

0.06-100

5.05
(1.46-33.03)

0-100

4.97 
(1.23-21.49)

0.23-100

4.23
(1.23-14.2)

0.09-100

42.098 <0.001 HS (Highly 
Significant)

Table (3): Comparison between sepsis and non-sepsis cases regarding and procalcitonin levels.

Distribution

Non sepsis
No.=18

Sepsis
No.=12

Test value p-value Sig.
4 (22.2%) 9 (75.0%)

Procal. (Sample 1):
Median (IQR)
Range

Procal. (Sample 2):
Median (IQR)
Range

Procal. (Sample 3):
Median (IQR)
Range

Procal. (Sample 4):
Median (IQR)
Range

Procal. (Sample 5):
Median (IQR)
Range

0.7 (0.23-1.6)
0.05-5.1

4.68 (1.2-9.3)
0.12-31.04

3.63 (0.88-41.52)
0.1-100

2.66 (0.9-15.3)
0.23-45.23

2.22 (1.01-8.99)
0.09-35.37

1.13 (0.7-1.85)
0-100

3.72 (2.68-6.23)
0.06-100

7.35 (3.82-28.91)
0-100

9 (3.59-39.83)
1.27-100

13.2 (6.4-45.12)
1.53-100

–1.165≠

–0.423≠

–0.741≠

–2.244≠

–2.599≠

0.244

0.672

0.459

0.025

0.009

NS

NS

NS

S

HS

Table (4): Shows the Procalcitonin of the studied patients regarding the outcome.

Distribution

Outcome

Test value p-value Sig.Survivors
No.=17

Non-survivors
No.=13

Procal (on admission):
Median (IQR)
Range

Procal (day 1):
Median (IQR)
Range

Procal (Day 3):
Median (IQR)
Range

Procal (day 5):
Median (IQR)
Range

Procal (day 7):
Median (IQR)
Range

0.45 (0.23-1.3)
0.05-100

3.93 (1.2-6.51)
0.12-100

2.4 (0.88-33.03)
0.1-100

1.27 (0.97-5.78)
0.23-100

1.53 (1.01-3.56)
0.09-100

1.65 (0.73-1.9)
0-5.1

4.32 (2.78-6.52)
0.06-31.04

9.5 (4.6-31.4)
0-100

9.62 (3.98-23.9)
0.44-48.53

12.2 (6.4-32.1)
4.23-46.29

–2.010≠

–0.377≠

–1.423≠

–1.737≠

–2.662≠

0.044

0.706

0.155

0.082

0.008

S

NS

NS

NS

S
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Outcome

Test value p-value Sig.Survivors
No.=17

Non-survivors
No.=13

CRP:
Median (IQR)
Range

Gram:
Negative
Positive

Sepsis:
Non sepsis
Sepsis

66.5 (49.4-153.1)
0-275.3

12 (70.6%)
5 (29.4%)

14 (82.4%)
3 (17.6%)

180.4 (45.2-274.4)
0-407.4

13 (100.0%)
0 (0.0%)

4 (30.8%)
9 (69.2%)

–0.984≠

4.588*

8.167*

0.325

0.032

0.004

NS

S

HS

Table (5): Comparison between samples of CRP level and bacterial growth in survivors and non survivors 
regarding outcome.

Discussion

Our study had also clarified that most of the 
mortality cases died because of sepsis, the causa-
tive organisms were gram negative bacteria which 
can clearly be significant in our results as 80% of 
the studied patients had bacterial growth according 
to the blood cultures and 20% of the studied cases 
has no bacterial growth. Lin [11] and his co-workers 
in 2020 agreed with our study that the increase in 
PCT level can detect a Gram-negative bloodstream 
infection in severe burn patient which helps in accu-
rate clinical decision-making to start the proper an-
timicrobial therapy. Moreover, in 2012, Lavrentie-
va [8] and his co-workers also supported the rise 
of PCT could help in detection of Gram-Negative 
bacteria.

It has been revealed in the present study that 
the main finding is the rise in PCT level can divide 
patients with major burn into sepsis and non-sepsis 
patients also the patients can be divided into survi-
vors and non survivors. Regarding their age, extent, 
gender & distribution.

Early detection of sepsis can facilitate an ideal 
management and initiate proper antimicrobial ther-
apy Although, Delays in treating infections are as-
sociated with poorer outcomes and increased costs 
[12].

Sepsis resulted from burns makes the patient’s 
prognosis worse and raises the possibility of mul-
ti-organ dysfunction syndrome (MODS) which is 
the direct cause of death [1]. Sepsis must be diag-
nosed as soon as possible because every six hours 
that pass before a diagnosis reduces survival by 
10% [2]. Blood culture remains the gold standard 
for identifying sepsis, but due to early use of high-
dose antibiotics, the positive detection rate of blood 
cultures is extremely low, which will delay the di-
agnosis [3].

In 2012, Lavrentieva [8] said that during an ICU 
stay, PCT can be used as a diagnostic tool for pa-
tients who have infectious complications with or 
without bacteremia. Where they have observed 
a significant increase in PCT in septic patients in 
comparison to their pre-septic levels, daily consec-
utive PCT measurements may be a useful tool for 
monitoring the effectiveness of antibiotics. At the 
onset of sepsis, the median PCT concentration was 
7.2ng/ml, and in septic shock patients, it reached 
23.9ng/ml.

In the current study it has been found that the 
first 3 samples that were withdrawn on admission, 
in the first day and in the third day have no sig-
nificant increase in PCT levels in relation to sep-
sis. However, the following 2 samples which had 
been withdrawn in day 5 show significant increase 
in PCT levels and those of day 7 on admission are 
highly significant with Median (IQR) range 9ng/dl 
and Median (IQR) range 13.2ng/dl respectively. 

Moreover, Cabral [7] and his colleagues in 2017 
had showed that PCT kinetics in addition to that 
during the first few days after a burn injury, a clin-
ical examination may be helpful in diagnosing sep-
sis. As in the present study there were a statistically 
significant (p-value <0.01) in the comparison be-
tween PCT levels between every sample that were 
withdrawn during the first days of burn as the me-
dian for the first sample was (0.87), While in sam-
ple 2 (4.28), Sample 3 (5.05), Sample 4 (4.97) and 
sample 5 (4.23).

Furthermore, In 2018, Kumar [10] and his col-
leagues reported that PCT is thought to be a use-
ful biomarker for diagnosing sepsis in burns with 
a hypermetabolic response and has the potential 
to bridge the gap between clinical signs and con-
firmatory culture results, also in 2019, Kundes and 
Kement [13], showed that ss In children with burn 
injuries, high PCT levels may serve as a biomarker 
for the onset of sepsis. PCT Median (IQR) in the 
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5th day of admission of sepsis cases was 9ng/dl, 
whereas PCT Median (IQR) in the 7th day of ad-
mission of sepsis cases was 13.2ng/dl. This finding 
is consistent with the findings of the current study, 
which found a rise in PCT levels in sepsis patients 
in comparison to non-sepsis patients.

There is a correlation between all-cause short-
term mortality and serum PCT levels when patients 
with severe sepsis are admitted to the intensive care 
unit. In 2009, Meng [14] and his colleagues reported 
that serum PCT values of >10ng/mL at the time of 
ICU admission are superior to CRP and TLC val-
ues in their ability to predict all-cause short-term 
mortality., which was agreed in the current study 
that the PCT level on admission was significant for 
the prognosis of death with Median (IQR) range 
1.65ng/dl while in survivor patients was 0.45ng/dl 
and highly significant for prognosis of death in day 
7 with Median (IQR) range 12.2ng/dl, While TLC 
and CRP level weren’t significant for the prognosis 
of death with Median (IQR) for CRP 180.

Moreover, in 2014, The mortality rate in sepsis 
remains high, according to Jain [15] and his col-
leagues, despite the use of better support and strat-
egy. At admission, a higher level of procalcitonin 
than high sensitivity CRP is a better indicator of 
mortality. Which was proved in the current study 
that the prognosis of death of sepsis patient is high-
ly significant with p-value 0.004 as 9 sepsis cases 
were died out of 12 case that had been studied.

Also, Liu [16] and his co-workers in 2015 admit-
ted that rise in PCT levels and PCT non-clearance 
were accompanied with a higher risk of death in pa-
tients with sepsis. However, PCT may not be useful 
as a single index for assessing prognosis because 
of its moderate diagnostic accuracy, though it may 
be helpful in addition to the patient’s overall condi-
tions and other clinical indexes. Moreover, in 2012 
Lavrentieva [8] and his co-workers have shown that 
maximum procalcitonin level has prognostic value 
in burn patients.

The aim of all interventions is still patient sur-
vival. However, the patient has a pre-existing set of 
morbidity variables that affect his response to burn 
insult and therefore the result of these interventions 
may differ from patient to another.

The currently used indicators of early diagno-
sis of infection like CRP are also greatly affected 
by many other conditions such as trauma, surgery, 
tissue necrosis, and immune-mediated inflammato-
ry diseases. Patients with severe burns are present 
with systemic inflammatory reactions. Therefore, it 
is particularly important to develop new methods 
of differential diagnosis between a simple inflam-
matory response and true sepsis due to microbial 
entry into the body [4].

In 2013, Jeschke and his colleagues found, in 
agreement with the current study, that CRP alone 
does not predict sepsis or severe infection; how-
ever, when used in conjunction with other factors 
like the cytokine expression profile, hormones, and 
other proteins, it may be more helpful for the over-
all evaluation of severely burned patients. More-
over, Permatasari [2] and his co-workers in 2021 
according to their results they showed that PCT has 
a better diagnostic test value than CRP, its use in 
deciding treatment for patients should be applied 
with caution and correlated with clinical and other 
laboratory findings. As in the present study it has 
been noticed the non-significance role of conven-
tional inflammatory biomarkers, including CRP in 
detection of sepsis with Median (IQR) 56.1mg/L 
with p-value >0.05.

Kundes and Kement [13], in 2019 had demon-
strated that pediatric patients with larger TBSA 
(>30%) and non survivors showed significantly 
higher levels of PCT as well as Abdel-Hafez et al. 
[17] study in 2007, showed that higher PCT levels 
were related to higher TBSA, more positive blood 
cultures, higher requirement of antibiotics and in-
tensive care unit, and also longer hospitalization 
time, in agreement with the present study it was 
noted that the increase of burned TBSA would in-
crease the mortality rate as the Median (IQR) of 
the extent in Non survivor cases was 32% which is 
significant with p-value 0.038 but in the contrary it 
might not suspect the sepsis as Median (IQR) was 
29.5% with p-value >0.05 which is not significant.

This study has its limitations: A small sample 
size will lead to less accurate estimates of the ac-
curacy of serial serum procalcitonin. Second, it in-
cluded patients with a large total body surface area 
burned and PCT had been elevated in addition to 
the other inflammatory markers.

Conclusion:
The study admits that PCT levels in major burn 

patients are a good biomarker in detecting sepsis 
and good prognostic value as early detection of 
sepsis can facilitate an ideal management and initi-
ate proper antimicrobial therapy.
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