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Abstract

Research Article

IntroductIon

Sepsis is dysregulated and uncontrolled inflammatory 
response against infection. The incidence of severe sepsis 
and septic shock has been increasing rapidly in recent 
years, especially in Intensive Care Units (ICUs).[1] Sepsis 
and septic shock are also the most common causes of death 
in ICU.[2] Early diagnosis of sepsis and rapid initiation of 
appropriate therapy are the most important factors affecting 
the clinical course and reducing mortality rate. Therefore, 
accurate recognition and appropriate antibiotic treatment 
are lifesaving in critically ill patients. Determination of the 
causative agent is important for the selection of appropriate 
antibiotic therapy.[3] The isolation of microorganisms is 
considered to be the gold standard for the diagnosis of 
sepsis.[4] However, blood culture positivity can be detected 
approximately 30% of bacteremic patients and positive 
blood cultures may not be identified until 48–72 h.[4,5] 
The sensitivity and specificity of routine laboratory tests 
are inadequate to discriminate between infectious and 
noninfectious conditions.

Procalcitonin (PCT) is a prehormone of calcitonin, and it is 
secreted from C cells of the thyroid gland.[ 6] This hormone 
is released from thyroid C cells, lung, liver, intestines, and 
pancreatic neuroendocrine cells during inflammation.[7] PCT is 
converted to calcitonin completely; however, the conversion is 
inhibited by the effect of released cytokines in inflammation.[6] 
Therefore, this molecule has negligible serum concentration 
in healthy individuals, and it has been found that PCT was 
elevated, especially in bacterial inflammation, sepsis, and organ 
failure.[8] Hence, PCT is more specific than other biomarkers 
in differentiating bacterial and nonbacterial inflammation.[9] 
The aim of this study was to evaluate the value of PCT in 
predicting bacteremia in ICU.
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MaterIals and Methods

Study design
The study protocol was approved by local ethics 
committee (Date: 10.09.2014, Decision no: 140). Informed 
written consent was obtained from first‑degree relatives of 
patients.

We conducted a single‑center, prospective cohort study 
at the 1055‑bed tertiary referral care center containing 
an 86‑bed adult ICU. A total of 225 consecutive patients 
diagnosed with noninfectious systemic inflammatory response 
syndrome (SIRS), sepsis, and severe sepsis/septic shock 
in the anesthesia ICU were evaluated between December 
2014 and July 2015. European Society of Intensive Care 
Medicine (ESICM) consensus criteria (2012) were used in the 
diagnosis of sepsis. The disease severity was evaluated with the 
Acute Physiology and Chronic Health Evaluation (APACHE) 
II Score and the Sequential Organ Failure Assessments (SOFA) 
Score. Comorbidities were assessed using the Charlson 
Comorbidity Index.

The exclusion criteria were age <18 years, contaminated blood 
cultures, fungemia, human immunodeficiency virus infection 
and/or acquired immunodeficiency syndrome, hematological 
malignancies, chemotherapy, pregnancy, and cardiogenic 
shock.

Blood cultures and blood samples for PCT and other infection 
markers (C‑reactive protein [CRP] and sedimentation) were 
taken within the first 24 h of ICU admission. A total of 
156 patients who met inclusion criteria were enrolled in the study. 
The data of the patients including demographic characteristics, 
vital signs, comorbidity, cause of hospitalization, length of 
stay in the ICU, prior antibiotic use, mechanical ventilation, 
source of infection, mortality rates, The APACHE II scores, 
SOFA scores, and Charlson comorbidity index scores were 
recorded. Laboratory parameters, vital signs, and scoring 
systems were based on maximum deviation from normal values 
and physiologic variables within 24 h of admission to the ICU.

Laboratory examinations
Blood cultures were drawn from the patients within 
the first 24 h of their admission to the ICU before the 
first dose of empiric antibiotics were administered, if 
needed. Positive blood cultures were identified using the 
BACTEC FX automatic blood culture detection system 
(Becton Dickinson, Sparks, MD, USA) in the microbiology 
laboratory. The antimicrobial susceptibility of isolated strains 
was determined using the Phoenix Automated Microbiology 
System (BD Diagnostic Systems, Sparks, MD, USA) in 
accordance with European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) criteria.[10] Bacteremia was 
defined as the isolation of any bacterial species in one or two 
blood cultures. Coagulase‑negative staphylococci, Bacillus 
spp., Propionibacterium acnes, Corynebacterium spp., and 
Micrococcus spp. were considered as contaminants when 
obtained in a single blood culture. However, determining of 

this organism in both blood cultures with same sensitivity was 
considered as true positive.

Venous blood samples (5 cc) were obtained simultaneously 
with blood cultures to determine the level of PCT and other 
infection markers on the 1st day after admission. The blood 
was centrifuged at 3500 rpm for 5 min, and PCT levels 
were analyzed immediately. The lower detection limit was 
0.05 ng/dL.

Statistical analysis
Statistical analysis was performed to determine the diagnostic 
and prognostic value of PCT and other infection markers 
between the groups for predicting bacteremia and mortality 
using  SPSS (version 22) software (IBM SPSS, USA) 
package with 95% confidence. Chi‑square test, Fisher’s exact 
Chi‑square test, trend test, and Mann–Whitney U‑test were 
used for the comparison of categorical data between the 
groups. The receiver operating characteristic (ROC) curves 
analyzes, sensitivity and specificity values were calculated 
using MedCalc version 14 (MedCalc Software) in determining 
cutoff values and diagnostic and prognostic performance of 
PCT. P < 0.05 was considered statistically significant.

results

Study population
A total of 226 patients admitted to the anesthesia ICU 
were evaluated prospectively during the 2014–2015 study 
period. Among these patients, 70 (30.9%) patients were 
excluded from the study due to fungemia (n = 2, 0.8%), 
hematological malignancies (n = 1, 0.4%), cardiogenic 
shock (n = 33, 14.6%), and blood culture contamination 
(n = 34, 15%) [Figure 1]. A total of 156 patients who had 
been diagnosed as noninfectious SIRS (n = 17, 10.9%), 
sepsis (n = 69, 44.2%), and severe sepsis/septic shock 
(n = 70, 44.9%) were included in the study. The study 
group consisted of 64 (41%) bacteremic patients. The 
control group consisted of 92 (59%) nonbacteremic patients. 
The mean age was 60.5 ± 16.7 years. Of these patients, 
99 (63.5%) were male. Demographic and clinical findings 
of the groups are presented in Table 1.

Gender distr ibution was similar  in both groups; 
however, female patients with a positive blood culture 
were older (64.9 ± 18.7 years) than male patients with 
bacteremia (56.9 ± 16.4 years) (P = 0.023).

Distribution of microorganisms
Blood cultures were positive in 64 patients, 31 (48.4%) of them 
were Gram‑positive and 37 (57.8%) of them were Gram‑negative 
bacteria, respectively (Escherichia coli [n = 13, 20.3%], 
coagulase‑negative staphylococci [n = 12, 18.8%], Acinetobacter 
baumannii [n = 11, 17.2%], Staphylococcus aureus 
[n = 9, 14.1%], Klebsiella spp. [n = 4, 6.3%], Stenotrophomonas 
maltophilia  [n  = 3, 4.7%], Enterococcus  faecalis 
[n = 3, 4.7%], Enterococcus faecium [n = 2, 3.1%], Gemella 
spp. [n = 2, 3.1%], Pseudomonas aeruginosa [n = 1, 1.6%], 
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and others [n = 8, 12.8%]). Multiple positive blood cultures 
were found in 5 (7.8%) patients.

Source of infections
Source of infections was determined as follows: lower 
respiratory tract infections (n = 94, 60.3%), intra‑abdominal 
infections (n = 43, 27.6%), urinary tract infections 
(n = 17, 10.9%), skin and soft‑tissue infections (n = 16, 10.3%), 
catheter infections (n = 5, 3.2%), central nervous system 
infections (n = 2, 1.3%), and bone and joint infections 
(n = 1, 0.6%). Multiple foci of infection were detected in 
22 (14.1%) patients.

Hospitalizations
The average ICU length of stay in bacteremic patients 
was 39.8 ± 54.7 days and in the nonbacteremic group was 
17.4 ± 34.6 days. ICU length of stay was significantly 
higher in the presence of bacteremia (P = 0.015). Length 
of stay was 36.1 ± 51.7 days in patients diagnosed with 
sepsis and 14.2 ± 22.3 days in severe sepsis/septic shock 
patients. Length of hospitalization was significantly higher 
in septic patients with bacteremia than nonbacteremic septic 
patients (P = 0.001). In contrast, there was no significant 
difference in hospital length of stay in bacteremic patients with 
severe sepsis/septic shock compared to nonbacteremic severe 
sepsis/septic shock patients (P = 0.924).

Diagnostic value of procalcitonin and C‑reactive protein
The difference in PCT and CRP levels was not significant 
between the bacteremic and nonbacteremic group 
(P = 0.168 and P = 0.343) [Table 1]. Although PCT levels in 

the bacteremic group (11.9 ± 21.5 ng/dL) were higher than in 
the nonbacteremic group (5.9 ± 11.5 ng/dL), this difference 
was not significant (P = 0.168) [Table 1]. The Area under 
the curve (AUC) value for PCT was 0.565 (95% confidence 
interval [CI]: 0.470–0.660) with the cutoff point of 9.3 in 
predicting bacteremic patients. Applying ROC curve at the 
cutoff point of 9.3, PCT yielded 34.9% sensitivity and 82.6% 
specificity [Table 2 and Figure 2].

Mean  PCT l eve l s  i n  bac te remic  pa t i en t s  w i th 
Gram‑negative bacteria were 16.3 ± 27.6 ng/dL, whereas 
Gram‑positive bacteremia mean PCT levels were 
7.3 ± 10.7 ng/dL, and the statistical difference was not 
significant between the groups (P = 0.145). The AUC of 
PCT was 0.588 (95% CI: 0.444–0.732) with a cutoff 0.4 in 
terms of differentiating Gram‑positive and Gram‑negative 
bacteremia [Figure 2]. CRP levels did not differ significantly 
between Gram‑positive (18.8 ± 8.4 mg/dl) and negative 
(18.4 ± 9.6 mg/dl) bacteremia (P = 0.662).

A statistically significant difference was found between 
SIRS (0.9 ± 0.8 ng/dL), sepsis (4.2 ± 6.9 ng/dL), and severe 
sepsis/septic shock (14.2 ± 22.4 ng/dL) patients in terms 
of mean PCT levels (P < 0.001, P = 0.001, and P < 0.001). 
Levels of PCT were found to be significantly higher in septic 
patients (P < 0.001). The cutoff point for PCT was 2. The 
calculated AUC for PCT was 0.764 (95% CI: 0.670–0.857) 
in predicting septic patients. Applying the ROC curve at the 
cutoff point of 2, PCT yielded 56.8% sensitivity and 94.1% 
specificity [Table 2 and Figure 2].

Figure 1: Flowchart of enrolled patients
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CRP and PCT levels showed no significant correlation between 
the bacteremic and nonbacteremic groups in terms of medical/
surgical status (P = 0.151 and P = 0.371).

In the nonbacteremic group, PCT levels were not different 
between patients with intra‑abdominal infection and 
other sources of infection (P = 0.061). On the other hand, 
in bacteremic patients, PCT was significantly higher in 
intra‑abdominal infections (32.3 ± 39.9 ng/dL) compared 
to other infection sources (7.3 ± 10.3 ng/dL) (P = 0.013). 
P C T l e v e l s  i n  p a t i e n t s  w i t h  i n t r a ‑ a b d o m i n a l 
infection (14.6 ± 24.6 ng/dL) were significantly higher 
compared to other infections (5.9 ± 11.4 ng/dL) when all 
patients were analyzed (P = 0.008).

Prognostic value of procalcitonin
The overall mortality rate was 60.3%. There was no 
significant difference in mortality between the bacteremic 
and nonbacteremic groups (P = 0.418). We found a 
statistically significant difference between the bacteremic 
(n = 41, 43.6%) and nonbacteremic groups (n = 53, 56.4%) 
in terms of 28‑day mortality rate (P = 0.002) [Table 1]. In 
subgroup analysis, the overall mortality rate for patients 
with sepsis (n = 29, 30.8%) and severe sepsis/septic shock 
(n = 58, 61.7%) were significantly higher than those diagnosed 
with SIRS (n = 7, 7.4%) (P = 0.001, P = 0.021, and P = 0.129, 
respectively). However, there was no significant difference 
in 28‑day mortality rate among SIRS, sepsis, and severe 
sepsis/septic shock patients (P > 0.05).

Table 1: Demographic and clinical characteristics of bacteremic and nonbacteremic groups

Bacteremic group (n=64), n (%) Nonbacteremic group (n=92), n (%) P
Male 41 (26.3) 58 (37.2)
Female 23 (14.7) 34 (21.8)
Age (years, mean±SD) 59.8±17.6 61.0±16.1 0.837
History of antibiotic use 26 (16.7) 32 (20.6)
Length of stay (days, mean±SD) 39.8±54.7 17.5±34.6 0.015
Severity of sepsis

SIRS ‑ 17 (18.5)
Sepsis 35 (54.7) 34 (37.0) 0.028
Severe sepsis/septic shock 29 (45.3) 41 (44.6) 0.926

Comorbidity
Diabetes mellitus 19 (29.7) 24 (26.1) 0.621
Chronic heart failure 6 (9.4) 12 (13.0) 0.481
Hypertension 20 (31.3) 33 (35.9) 0.549
Chronic renal disease 10 (15.6) 11 (12.0) 0.549
Solid organ malignancy 5 (7.8) 8 (8.7) 0.844
Chronic lung disease 5 (7.8) 22 (23.9) 0.009
Cardiac arrhythmia 2 (3.1) 11 (12.0) 0.049
Coronary heart disease 8 (12.5) 17 (18.5) 0.317
Cerebrovascular disease 8 (12.5) 8 (8.7) 0.441

Management
Medical patients 37 (57.8) 51 (55.4) 0.768
Surgery patients 27 (42.2) 41 (44.6)

Mechanical ventilation 48 (75.0) 76 (82.6) 0.247
Vasopressor use 29 (45.3) 41 (44.6) 0.926
Laboratory findings (mean±SD)

White blood cell count (K/uL) 13,169.4±7427.0 15,404.8±9105.5 0.133
Hemoglobin (g/dL) 10.0±1.7 10.4±2.1 0.157
Eosinophil (K/uL) 118.1±201.9 72.9±110.6 0.181
Platelet (K/uL) 206,578.1±135,123.6 241,608.7±143,198.3 0.141
Sedimentation (mm/h) 59.9±31.1 57.1±33.5 0.551
CRP (mg/dl) 18.6±8.9 17.5±10.1 0.343
Procalcitonin (ng/dL) 11.9±21.5 5.9±11.5 0.168

Mortality
Overall mortality 41 (43.6) 53 (56.4) 0.418
28‑day mortality 29 (36.7) 50 (63.3) 0.002
APACHE II score (mean±SD) 24.5±8.9 24.5±8.9 0.891
SOFA score (mean±SD) 9.4±4.1 9.1±4.3 0.804
Charlson comorbidity index (mean±SD) 5.4±3.5 5.4±3.6 0.830

SD: Standard deviation; SIRS: Systemic inflammatory response syndrome; CRP: C‑reactive protein; APACHE: Acute Physiology and Chronic Health 
Evaluation; SOFA: Sequential Organ Failure Assessments
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Mean PCT levels were significantly higher in nonsurvivors 
compared to survivors (10.1 ± 18.0 vs. 5.7 ± 13.7 ng/dL; 
P < 0.001). The significant cutoff value of PCT was determined 
as 0.8 ng/ml in predicting mortality. The AUC value for PCT 
was 0.667 (95% CI: 0.579–0.756) [Table 2 and Figure 2].

Mean PCT levels, Charlson comorbidity index, APACHE II 
scores, and SOFA scores of patients with severe sepsis/septic 
shock were significantly higher than patients with noninfectious 
SIRS and sepsis. There was a positive but weak correlation 
between SOFA score and PCT or CRP levels (P < 0.001).

dIscussIon

PCT has been used extensively in the clinical diagnosis of 
sepsis before blood cultures. Furthermore, it has been reported 
that PCT can differentiate bacteremia from inflammatory 
sepsis in 77% of cases with other clinical parameters.[11] On the 
other hand, PCT alone has some limitations in discriminating 
infectious diseases, and PCT levels may increase in 
noninfectious conditions.[5] Similarly, our study also 

demonstrated that PCT levels were not significant in predicting 
bacteremia. Consequently, we believe that there is a need for 
further well‑designed studies to investigate the diagnostic value 
of PCT in predicting bacteremia.

In recent years, it has been reported that Gram‑positive 
bacteremia has a higher frequency in the ICU.[12] Suner et al. 
reported that Gram‑positive cocci are the most common 
pathogen (42.18%) in ICU.[13] However, in a multicenter 
prospective study which was conducted in Greece between 2006 
and 2013, it was stated that the most common microorganisms 
were Gram‑negative bacteria in ICU.[14] We also found that the 
rate of bacteremia for both Gram‑negative and Gram‑positive 
bacteria was high, in accordance with the literature. It is 
expected that the frequency of Gram‑positive bacteremia 
will increase due to the frequent use of antibiotics against 
Gram‑negative bacteria and use of long‑term intravascular 
catheters.

Respiratory tract, urinary tract, and intra‑abdominal infections 
mainly reported sources of sepsis in the ICU.[15,16] In our 

Table 2: Diagnostic and prognostic value of procalcitonin

Variables AUC P Cutoff* Sensitivity (%)** Specificity(%)** Positive 
LR

Negative 
LR

Positive 
PV (%)

Negative 
PV(%)

Bacteremia 0.565 0.168 9.3 34.5 82.6 1.9 0.8 57.9 64.4
Sepsis 0.764 <0.001 2 56.8 94.1 9.7 0.5 98.7 21.1
Mortality 0.667 <0.001 0.8 85.1 46.8 1.6 0.3 70.8 67.4
*Youden index was used in determining cut off value, **Presented with 95% CI. AUC: area under the ROC curve; LR: Likelihood ratio; PV: Predictive value; 
CI: Confidence interval; ROC: Receiver operating characteristic

Figure 2: Receiver operating characteristic curves analysis for various cutoff levels of procalcitonin in predicting bacteremia, Gram positive‑negative 
bacteria, sepsis, and mortality. Area under the curve for a null hypothesis was 0.5
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study, the source of infection was similar to the literature as 
follows: the respiratory tract, the abdomen, the urinary tract, 
the soft tissue, and the catheter infections, respectively. We 
believe the incidence of catheter infection was low in our ICU 
due to effective infection control programs.

It has been suggested that PCT levels may help to distinguish 
Gram‑negative bacterial infections from Gram‑positive 
infections.[17] Leli et al. demonstrated that the average level 
of PCT was 13.8 ng/mL in Gram‑negative bacteremia and 
2.1 ng/mL in Gram‑positive bacteremia.[17] However, in our 
study, PCT levels were higher in Gram‑negative bacteremia 
although the difference was not statistically significant. We 
believe that more extensive research is needed on this issue.

Some studies suggest that PCT levels may be used for the 
diagnosis and estimation of severity of sepsis. In a study 
conducted by Su et al., increased PCT levels were associated 
with more severe sepsis.[18] Similarly, our study also showed 
that elevated PCT levels were associated with the diagnosis 
and severity of sepsis. Therefore, we believe that PCT may be 
an effective biomarker for diagnosing sepsis and monitoring 
disease severity.

It has been reported in several studies that serum PCT values are 
higher in intra‑abdominal infections.[19,20] In a meta‑analysis, 
1827 patients were evaluated, and serum PCT levels were 
shown to have a significant predictive value in patients with 
intra‑abdominal infections.[19] In our study, significantly higher 
PCT levels were observed in patients with intra‑abdominal 
infections compared to other sources of infection. Therefore, 
we believe that PCT should be considered in the assessment 
of intra‑abdominal infections.

Length of stay and mortality were found to be increased in 
ICU patients with bacteremia.[21] In a study conducted in a 
tertiary ICU, bacteremia was an independent risk factor for 
nosocomial infection‑related mortality.[22] According to our 
study results, overall mortality was not significantly different 
between bacteremic and nonbacteremic patients. On the 
contrary, 28‑day mortality was significantly higher in the 
nonbacteremic patients.We believe that the low isolation rate 
of bacteremia in our patients might be as a result of previous 
antibiotic use.We propose that the short length of hospital stay 
in our patients with severe sepsis/septic shock in ICU was due 
to an increase in mortality.

The mortality of sepsis remains high despite all advances 
in medicine. It is reported that the mortality rate increases 
with the severity of sepsis.[9] Fialkow et al. showed that the 
mortality rate of patients was higher in ICU, depending on 
the severity of illness.[23] There was no significant correlation 
between the disease severity and 28‑day mortality; however, 
similarly, with the literature, the overall mortality rate was 
increased in patients with higher severity of illness in our 
study.

Our study has some limitations. Clinical criteria for sepsis 
were revised in 2016 by Singer et al.[24] However, our patients 

were evaluated between 2014 and 2015; therefore, ESICM 
consensus criteria (2012) were used in the diagnosis of sepsis.

conclusIons

Although PCT levels did not predict bacteremia in our study, 
we demonstrated that PCT was an effective biomarker for 
diagnosing sepsis and in predicting disease severity and 
mortality. There is a need for further well‑designed studies to 
confirm the diagnostic and prognostic value of PCT in septic 
patients in critical care.
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