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ABSTRACT
BACKGROUND Sepsis is a leading cause of mortality and morbidity globally. Gram-
negative bacteremia was reported to have a high risk of septic shock and poor 
prognosis. This study aimed to evaluate the role of procalcitonin in predicting mortality 
in patients with sepsis due to Gram-negative bacteria.

METHODS This was a retrospective cohort study performed based on medical records 
and sepsis registry of Tropical and Infectious Disease Division, Department of Internal 
Medicine, Cipto Mangunkusumo Hospital. The inclusion criteria were patients aged ≥18 
years diagnosed with sepsis due to Gram-negative bacteria based on blood culture on 
admission and hospitalized between March 2017 and October 2020. Data taken from 
medical records included subjects’ characteristics, laboratory parameters, and 28-day 
mortality outcomes during hospitalization. Receiver operating characteristic was used 
to determine the area under the curve (AUC) of procalcitonin and its accuracy.

RESULTS A total of 128 patients were eligible. The cumulative survival of patients with 
Gram-negative bacteremia was 48.4% (standard error 0.96%). The AUC of procalcitonin 
to predict mortality was 0.45 (95% confidence interval 0.36–0.54). Escherichia coli was 
the predominant microorganism in blood culture (n = 38, 29.7%).

CONCLUSIONS Procalcitonin has a poor performance in predicting mortality of patients 
with sepsis due to Gram-negative bacteria. 
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Sepsis is a life-threatening organ dysfunction 
due to dysregulation of the host’s systemic response 
toward infection.1 According to the Centers for 
Disease Control and Prevention, 450,000 sepsis cases 
with >100,000 mortality cases were reported.2 In 2009, 
a study of 16 Asian countries, including Indonesia, 
found 10.9% of cases with severe sepsis and septic 
shock among all patients hospitalized in the intensive 
care unit (ICU), with a 44.5% mortality rate. Data from 
a study conducted in a tertiary hospital in Jakarta, 
Indonesia reported 49% of mortality due to sepsis 
in 2009 and increased to 55% in 2011.3 A study of 247 
patients with Gram-negative bacteremia found a 
higher procalcitonin level in older patients.4

The American College of Chest Physicians/Society 
of Critical Care Medicine stated that accurate diagnosis 
methods are important to diagnose and treat sepsis. 
Sepsis occurs due to multifactorial causes and various 
pathogens.5 Lung is the most susceptible organ, 
followed by the abdomen and urinary tract. The 
mortality rate was also higher in bacteremia.6 There 
were 20–40% of patients with sepsis who had negative 
blood culture results.7,8 Moreover, blood culture 
needs 5 days for incubation and 7 days to receive an 
antimicrobial resistance test. Furthermore, only 20–30% 
of patients had positive blood culture results. Patients 
with Gram-negative bacteremia had a higher mortality 
rate, reaching 29%.9
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Besides using blood culture as a gold standard, 
procalcitonin can also be used to diagnose sepsis. 
Procalcitonin tends to increase as a response to 
bacterial infection. It may rise within 3–4 hours after 
bacterial infection with a half-time of 22 hours.10 
Previous studies reported that procalcitonin could be 
used to predict Gram-negative bacterial infection.11 
Moreover, procalcitonin re-examination could predict 
the 28-day mortality in patients with sepsis or septic 
shock admitted to the ICU. It also showed good 
sensitivity to predict bacterial or viral infection.12 
Furthermore, it could be used to predict infectious 
agents and mortality in patients with sepsis or 
septic shock admitted to the ICU.13,14 Gram-negative 
bacteria cause more severe clinical presentation. 
Gram-negative bacteremia together with septic shock 
increase mortality.6,9 This study aimed to identify 
the predictive value of procalcitonin for mortality in 
patients with sepsis due to Gram-negative bacteria 
and the proportion of the microorganisms.

METHODS

Study population
This was a retrospective cohort study performed 

in Cipto Mangunkusumo Hospital, Jakarta, Indonesia. 
This study analyzed medical records and sepsis registry 
of Tropical and Infectious Disease Division, Department 
of Internal Medicine, Cipto Mangunkusumo Hospital. 
The inclusion criteria were adult patients (≥18 years 
old) diagnosed with Gram-negative bacteremia 
and hospitalized in Cipto Mangunkusumo Hospital 
including the emergency unit, standard ward, and ICU 
between March 2017 and October 2020. Subjects were 
excluded if there were missing data, trauma patients, 
and pregnant women. The sample size was calculated 
following the receiver operating characteristic (ROC) 
formula, which resulted in 128 subjects. All patients 
diagnosed with sepsis based on the ICD-10 (A41.9) 
were consecutively included. Presumptive sepsis was 
defined at least 2 points of sequential organ failure 
assessment (SOFA) score when sepsis was suspected. 
This score was developed by European Society of 
Intensive Care Medicine for patients admitted to the 
ICU based on six organs evaluation including respiratory 
system (PaO2/FiO2), coagulation (thrombocyte), liver 
function (bilirubin), cardiovascular system (mean 
arterial pressure), central nervous system (Glasgow 
coma scale), and renal system (creatinine).15 This study 

was approved by the Ethics Committee of the Faculty 
of Medicine Universitas Indonesia (No: 0883/UN2.F1/
ETIK/2018).

Data collection
Data taken from medical records were age, 

sex, type of infection (community/nosocomial), 
comorbidities, hemodynamic status, laboratory results 
(hemoglobin, leukocyte, thrombocyte, neutrophil-
to-lymphocyte ratio, aspartate aminotransferase, 
alanine aminotransferase, ureum, creatinine, albumin, 
and procalcitonin), length of hospitalization, and 
microorganisms results from aerobic blood culture 
drawn from one site. The hospital course of the 
patients was followed from admission to 28 days of 
hospitalization. All data were extracted at the time of 
diagnosing sepsis and pooled in a questionnaire for 
each subject.

Data analysis
Data were analyzed using SPSS software 

version 20.0 (IBM Corp., USA). Each variable 
was analyzed to determine the distribution and 
percentage. Categorical data (sex, type of infection, 
and comorbidities) were presented in a table and 
numerical data in mean (standard deviation) or 
median (interquartile range [IQR]), depending on the 
data distribution. Survival analysis of Gram-negative 
bacteremia was reported in Kaplan–Meier curve. 
Procalcitonin was analyzed using ROC to determine 
the area under the curve (AUC), and the accuracy was 
also analyzed.

RESULTS

Of 150 subjects during the study period, 22 were 
excluded due to trauma cases (n = 5) and missing 
medical records (n = 17). The subjects’ characteristics 
are shown in Table 1. The incidence of mortality 
was 51.6% (95% confidence interval [CI] 42.9–60.3), 
cumulative survival of 48.4% (standard error [SE] 
0.96%), mean survival of 18.93 days (95% CI 17.05–
20.82), and median survival of 22 days (Figure 1). The 
most common microorganisms from blood culture 
were Escherichia coli, Klebsiella pneumoniae, and 
Acinetobacter (Table 2). Procalcitonin had a poor 
predictive value to predict mortality within 28 days 
of hospitalization in adult patients with sepsis due to 
Gram-negative bacterial infection (Figure 2).
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Characteristics N = 128

Sex, n (%)

   Female 63 (49.2)

   Male 65 (50.8)

Age (years), median (IQR) 51.0 (37.0–61.0)

Length of stay (days), median (IQR) 15 (8–24.75)

Type of infection, n (%)

   Community 97 (75.8)

   Nosocomial 14 (10.9)

   Mixed 17 (13.3)

Comorbidities, n (%)

   Malignancy 45 (35.2)

   Diabetes 36 (28.1)

   Chronic kidney disease 26 (20.3)

   Heart failure 19 (14.8)

   Renal dialysis 15 (11.7)

   Stroke 10 (7.8)

   Cirrhosis 7 (5.5)

   No comorbidities 38 (29.7)

Source of infection, n (%)

   Respiratory tract 87 (68.0)

   Intraabdominal 47 (36.7)

   Catheter-related 37 (28.9)

   Skin and soft tissue 25 (19.5)

   Urinary tract 22 (17.2)

   Intracranial 10 (7.8)

Physical examination, median (IQR)

   Systolic blood pressure (mmHg) 102 (90, 120)

   Diastolic blood pressure (mmHg) 68 (60, 78)

   MAP (mmHg) 80 (33, 133)

   Heart rate (times/min) 108 (88, 118)

   Respiratory rate (times/min) 24 (20, 28)

   PaO2/FiO2

243.95  
(49.89, 888.75)

Laboratory examination, median(IQR)

   Hemoglobin (g/dl) 9.06 (8.0–10.5)

   Hematocrit (vol%) 26.4 (22.73–30.08)

   Leukocyte (/μl) 17,515  
(11,667–25,760)

   Platelet (/μl) 148,000  
(66,250–306,250)

   Neutrophil (%) 90.0 (86.1–93.9)

   Lymphocyte (%) 4.80 (2.85–8.70)

   NLR 19.33 (10.45–32.03)

   AST (u/l) 51.50 (25.0–124.75)

Figure 1. Survival analysis within 28 days in patients with 
Gram-negative bacteremia using Kaplan–Meier curve

Table 1. Subjects’ characteristics of septic patients with Gram-
negative bacteria

Table 1. (continued)

ALT=alanine aminotransferase; AST=aspartate aminotransferase; 
IQR=interquartile range MAP=mean arterial pressure; 
NLR=neutrophil-to-lymphocyte ratio; PaO₂/FiO₂=ratio of arterial 
oxygen partial pressure (PaO₂ in mmHg) to fractional inspired oxygen 
(FiO₂)

Characteristics N = 128

   ALT (u/l) 42.5 (20.85–75.67)

   Bilirubin (mg/dl) 7.87 (0.18–46.19)

   Ureum (mg/dl) 75.0 (41.05–127.20)

   Creatinine (mg/dl) 1.50 (0.72–3.43)

   Albumin (g/dl) 2.40 (2.05–2.69)

   Procalcitonin (ng/ml) 50.49  
(11.20–112.19)
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0
0

2010

0.2

0.6

0.4

0.8

1.0

305 2515

Su
rv

iv
al

Microorganisms n (%)

Escherichia coli 38 (29.7)

Klebsiella pneumoniae 36 (28.1)

Acinetobacter 17 (13.3)

Pseudomonas aeruginosa 14 (11.0)

Enterobacter 8 (6.3)

Klebsiella oxytoca 5 (3.9)

Burkholderia cepacia 2 (1.6)

Elizabethkingia meningoseptica 2 (1.6)

Proteus mirabilis 2 (1.6)

Citrobacter freundii 1 (0.8)

Proteus vulgaris 1 (0.8)

Salmonella sp. 1 (0.8)

Serratia marcescens 1 (0.8)

Table 2. Microorganisms isolated from blood cultures in 
patients with Gram-negative bacteremia
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DISCUSSION

Procalcitonin is known as a marker of infection 
and indicator for the severity of infection. In this study, 
procalcitonin showed a poor result in predicting 28-
day mortality of Gram-negative bacteremia. Several 
factors might influence this result, including various 
comorbidities and infection sources. Malignancy, 
diabetes, and chronic kidney disease (CKD) were the 
three most common comorbidities reported in this 
study.

Studies reported that most patients had 
comorbidity, which might influence the procalcitonin 
level, such as diabetes mellitus, malignancy, and kidney 
failure. Patients with diabetes have a higher risk of 
respiratory tract infection, urinary tract infection, 
and bacteriuria.16 Procalcitonin increases in other 
conditions, such as malignancy, autoimmune, trauma, 
cardiac arrest, post-surgery, burn injury, kidney failure, 
and pancreatitis.17

Matzaraki et al18 showed a solid tumor with 
metastasis, yet no source of infection represented 
an increased level of procalcitonin. In addition, 
procalcitoni   n was used as an early indicator of 
neoplasm progressivity. However, Giovanella et al19 
reported that procalcitonin was not influenced by the 
presence of solid carcinoma. Nevertheless, several 
factors should be concerned in diagnosing infection 
in malignancy, including clinical manifestation as well 
as increased procalcitonin, C-reactive protein, and 

leukocyte. A previous study had observed solid tumors 
with or without metastasis. In the metastasis group, 
36 patients presented with sepsis showed a median 
procalcitonin of 3.48 (0.66–189.4) ng/ml, while the 
median procalcitonin of the non-metastasis group was 
2.92 (1.1–921.4) ng/ml. The cut-off point of procalcitonin 
in malignant patients was higher compared with the 
non-malignant group by 1.14 ng/ml (sensitivity 86% 
and specificity 88% [AUC 0.956 (95% CI 0.916–0.996)]). 
Interpretation of increased procalcitonin in malignancy 
should be observed with clinical manifestation to 
differentiate the bacteremia condition or others.20,21

CKD is a condition that also influences the 
procalcitonin level. Procalcitonin level tends to 
increase as the estimated glomerular filtration rate 
is reduced. Increased procalcitonin might be found 
in CKD with or without dialysis. A retrospective study 
was conducted in CKD patients, including 168 CKD 
stage 1–4 and 373 CKD stage 5 (303 with dialysis and 
70 without dialysis) patients. Of 373 CKD stage 5 
patients, 26 showed a median procalcitonin of 6.29 
(IQR 1.745–32.65). There was a significant difference 
in procalcitonin level between the non-infection, local 
infection, and sepsis groups (p<0.001). The study also 
showed that reduced kidney function influenced the 
increased level of pro-inflammation and stimulated 
immune system which might cause increased 
procalcitonin secretion.22

In this study, respiratory tract infection was the 
highest infection source. In line with a study conducted 
in one of the referral hospitals in Jakarta, Indonesia, the 
mortality rate of sepsis was 59%, with the most common 
source of infection leading to mortality was respiratory 
tract infection (81.2%), followed by gastrointestinal 
tract (46.1%); a similar result was also found in Gatot 
Soebroto hospital.23,24 Furthermore, based on a study 
in 2015 by Katu et al25 in Indonesia, respiratory tract 
infection was the most common source of infection 
(52.7%) in patients with sepsis.

Various Gram-negative bacteremias were reported 
in several sepsis studies. This study reported that E. 
coli was the most common microorganism isolated 
from blood cultures, followed by K. pneumoniae, 
Acinetobacter, and Pseudomonas aeruginosa. This 
result was quite different from a previous study in 
Cipto Mangunkusumo Hospital that compared sepsis 
cases between patients aged <60 years and ≥60 years. 
Of 247 cases, the microorganisms reported were: K. 
pneumoniae (67 cases), Acinetobacter baumannii (61 

Figure 2. ROC curve of procalcitonin as the predictor of 
mortality within 28 days. AUROC=area under the ROC curve; 
CI=confidence interval; ROC=receiver operating characteristic
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cases), E. coli (45 cases), P. aeruginosa (22 cases), and 
Enterobacter species (15 cases).4 This result was similar 
to a study in Army Central Hospital Gatot Soebroto, 
Jakarta, Indonesia that showed K. pneumoniae as the 
most common Gram-negative bacteria found in sepsis 
patients.24 It was in line with other findings such as Li et 
al26 who showed a similar result. Gram-negative bacteria 
have lipopolysaccharide and capsular polysaccharide, 
which play an important role in the virulence of the 
pathogen.24

Our study result was in line with another regional 
hospital in Indonesia that the three most Gram-
negative bacteria isolates from sepsis patients were E. 
coli (13.21%), A. baumannii (11.32%), and K. pneumoniae 
(11.32%).27 Meanwhile, a study in an ICU of tertiary 
referral hospital of eastern Indonesia reported 
microbial profile of blood culture. The Gram-negative 
bacteria group showed A. baumannii as the most 
common cause of sepsis.28

Studies in the USA reported sepsis as the most 
common cause of death in critically ill patients with 
various types of organisms in culture-positive infected 
patients, with Gram-negative bacteria (62.2%) as 
the most causative types of causal organisms. Most 
microorganisms isolated from blood cultures in patients 
with Gram-negative bacteremia were Pseudomonas 
species (19.9%), E. coli (16%), Klebsiella species (12.7%), 
Acinetobacter species (8.8%), and Enterobacter (7.0%).29

Based on a meta-analysis of 21 studies, 
procalcitonin also has a limitation as a single tool for 
predicting the prognosis of septic patients due to its 
moderate accuracy.30 Procalcitonin might be used as a 
component of the predictor prognosis tool if combined 
with other clinical indexes. A previous study reported a 
combination of SOFA score and procalcitonin changes 
in 24 and 48 hours as the prognostic factor of sepsis 
and septic shock cases.17 Another study evaluated the 
role of procalcitonin as the predictor of mortality, yet 
combining it with Acute Physiology And Chronic Health 
Evaluation II score, sputum culture interpretation, and 
blood culture interpretation.28

Procalcitonin and lactate levels could be used 
as an evaluation tool for patients with sepsis. 
Procalcitonin was used to evaluate clinical conditions 
within 28/30 days of evaluation, yet still has limitations 
in predicting mortality. A previous study reported that 
the cut-off point of procalcitonin changes within 28 
days of monitoring was 0.76 (95% CI 0.67–9.85).31 A 
multivariate study reported that procalcitonin might 

be the predictor of mortality in patients with sepsis 
although not significant (p = 0.066).32 Other studies 
also mentioned that procalcitonin had a poor value 
in predicting mortality of septic patients, especially 
with malignancy as the comorbidity (AUC 0.584, 95% 
CI 0.473–0.690).33

Durrance et al34 also mentioned that the high level 
of procalcitonin especially >30 ng/ml was not related 
to the severity of sepsis and predictor of mortality. 
Furthermore, further study on the cut-off point of 
procalcitonin for predicting mortality is still needed. 
The high procalcitonin level might indicate sepsis, yet it 
should be confirmed with positive culture.

The incidence mortality of subjects with Gram-
negative bacterial infection was 51.6% (95% CI 42.9–
60.3) with a cumulative survival of 48.4% (SE 0.96), 
mean survival of 18.89 days (95% CI 17.00–20.77), and 
median survival of 22 days. This study showed higher 
incidence mortality and lower survival rates compared 
with previous studies. Perman et al35 showed that the 
mortality of patients with sepsis was 19% within 28 days 
of follow-up. Another review of 14 studies found that 
patients with sepsis had a median length of hospital 
stay of 9 days (IQR 5–15 days).36

This study had some limitations. This was a 
retrospective study; by means, all parameters were 
evaluated based on medical records. Information bias, 
especially all data regarding organ function before 
sepsis, was unrecognizable. Patients who did not know 
about their comorbidities might influence the accuracy 
of sepsis diagnosis. Hence, this study was a single-
center study that used a national referral hospital. 
Furthermore, varied comorbidities and the possibility 
of multidrug resistance and type of microorganisms 
might be the confounding factors. In general, most of 
the admitted patients were in severe infection.

In conclusion, the procalcitonin level showed a 
poor prognostic mortality predictor in patients with 
Gram-negative bacteremia. However, procalcitonin 
examination still could be considered for sepsis 
management in clinical practice.
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