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Abstract: Procalcitonin (PCT) and C-reactive protein serve as biomarkers of infection in 

patients with sepsis/bacteremia. The present study assessed the clinical characteristics of 

280 patients with suspected sepsis who were admitted to Tohoku Medical and Pharmaceuti-

cal University Hospital between January 2012 and December 2013. Among the patients, 

133 and 147 were positive and negative for PCT, respectively. Patients who were PCT posi-

tive were older and more frequently male, had reduced levels of platelets and albumin, and 

increased levels of aspartate aminotransferase, alanine aminotransferase, blood urea nitrogen, 

creatinine, and C-reactive protein. Patients who were PCT positive had significantly higher 

blood culture positivity compared with those who were PCT negative, and the sensitivity and 

specificity of PCT for detecting positive blood cultures were 74.5% and 59.1%, respectively. 

Escherichia coli was detected in PCT-positive patients, whereas Staphylococcus epidermidis 

and Staphylococcus lugdunensis were frequently detected in PCT-negative patients. Levels 

of PCT were higher in the patients infected with gram-negative rods than those with gram-

positive cocci. Furthermore, extended-spectrum β-lactamase (ESBL)-producing bacteria cases 

showed higher levels of PCT than those of non-ESBL cases. These results suggest that PCT 

may be a useful biomarker of sepsis, and it might serve as a strong tool to detect patients 

with severe gram-negative rod bacteremia including ESBL-producing bacteria cases early 

due to its relative high sensitivity.
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Introduction
The syndrome of physiological, pathological, and biochemical abnormalities induced by 

infection called sepsis is a leading cause of mortality and critical illness worldwide.1–3 

Initial definitions of sepsis were developed at a consensus conference in 1991 based 

on the prevalent view that it resulted from a host systemic inflammatory response 

syndrome (SIRS) to infection; however, such definitions have recently been modified.1,3

The inflammatory biomarkers C-reactive protein (CRP) and procalcitonin (PCT) 

have frequently been applied in Japan with respect to SIRS, and the detection of infec-

tious bacteria in blood cultures is important for a correct diagnosis and treatment for 

sepsis.2,4 However, blood cultures require at least 1–2 days and are therefore impractical 

as a rapid test.5,6 Although CRP is a popular inflammatory marker, blood concentra-

tions increase gradually and also nonspecifically in patients with inflammatory states 

such as collagen disorders and malignancies.2,4 Although levels of PCT do not increase 

with viral infections or autoimmune diseases, they increase more rapidly than those of 

CRP after the onset of bacterial infection and sepsis/bacteremia, and PCT has a long 
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half-life in blood. Therefore, it should be a useful auxiliary 

test for bacterial infection.2,7,8

The present study measured PCT concentrations in blood 

samples from patients with suspected sepsis and/or bactere-

mia and compared laboratory findings between PCT-positive 

and -negative patients. In addition, we analyzed PCT levels 

due to isolated bacterial infection which might have been 

still an unclear issue

Patients and methods
Patients
We retrospectively reviewed the medical records of 280 

patients with suspected bacteremia and sepsis in whom 

PCT had been assayed after admission to Tohoku Medical 

and Pharmaceutical University Hospital between January 

2012 and December 2013. Age, sex, underlying disease, 

and laboratory data were evaluated. Patients aged <20 years 

were excluded from the study. If the same bacteria had been 

isolated from the same patient on several occasions within the 

period of one admission, we reviewed only the first episode of 

bacteremia. The serum PCT measurement and blood culture 

were performed at the same time point using the same blood 

samples. Ethical approval was obtained from the committee 

of ethics in Tohoku Medical and Pharmaceutical University 

(#2015-2-025) and patients signed written informed consent.

PCT assays
Blood concentrations of PCT were measured using the ECLu-

sys 2010 electrochemiluminescence immunoassay (Roche, 

Basel, Switzerland). Blood PCT concentrations >0.5 µg/L 

were considered positive.2,7 

Identification of bacteria
Blood samples were cultured in BacT/Alert bottles (Sysmex 

bioMérieux, Kobe, Japan). Positive samples were rapidly 

identified, and antimicrobial susceptibility was tested using 

the MicroScan WalkAway 96 plus system (Siemens, Munich, 

Germany).9,10 All bacterial isolates were identified by analyz-

ing colony morphology and Gram staining. 

Definition of bacteremia and sepsis
Bacteremia was defined as one or more positive cultures in 

blood samples from patients with clinical signs of infection 

such as fever, chills, and sweats with or without local signs 

and symptoms.5,10 Sepsis was suspected in accordance with 

the 2012 guidelines in which SIRS due to infection is clas-

sified as at least two of the following: temperature <36°C 

or >38°C, heart rate >90 beats/minute, respiratory rate >20 

breaths/minute, PaO
2
 <4.3 kPa (32 mmHg), or white blood 

cell (WBC) count <4000 or >12,000/mm³.3

Statistical analysis
PCT-positive and -negative patients were compared using 

the Fisher’s exact test, Student’s paired t-test, and analysis 

of variance test (StatMate V; Atoms, Tokyo, Japan). P-values 

<0.05 were considered to indicate statistical significance.6,10

Results
Demographics of patients with suspected 
bacteremia
Table 1 shows the background and laboratory data for 133 

PCT-positive and 147 PCT-negative patients with suspected 

bacteremia and/or sepsis. Age and sex basically differed 

Table 1 Demographics of the patients

Background PCT positive (n=133) PCT negative (n=147) P-value

Age (years) mean ± SD 77.0±12.2 71.0±18.7 **P<0.01
Sex n (%)

Male 91 (68.4%) 82 (55.8%) *P=0.036
Female 42 (31.6%) 65 (44.2%)

Complications n (%)
Respiratory diseases 42 (32.6%) 53 (36.0%) P=0.448
Heart diseases 31 (23.3%) 31 (21.0%) P=1.000
Digestive diseases 17 (12.9%) 11 (7.5%) P=0.123
Surgery 11 (8.3%) 9 (6.1%) P=0.452
Neurological diseases 16 (12.0%) 20 (13.6%) P=0.748
Autoimmune diseases 5 (3.8%) 15 (10.2%) *P=0.041
Orthopedic diseases 3 (2.3%) 2 (1.4%) P=0.554
Diabetes mellitus 3 (2.3%) 4 (2.7%) P=0.826
Skin diseases 4 (3.0%) 1 (0.7%) P=0.134
Mental disorders 2 (1.5%) 0 (0.0%) P=0.121

Rehabilitation 0 (0.0%) 1 (0.7%) P=0.346

Notes: Significant at **P<0.01 and *P<0.05. Rehabilitation: Admission to improving, maintaining or restoring physical strength, cognition and mobility.
Abbreviation: PCT, procalcitonin.
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between the two groups. The PCT-positive group was older 

and comprised more males than the PCT-negative group. 

Significantly fewer PCT-positive patients had autoimmune 

diseases including rheumatoid arthritis requiring treatment 

with immune modulators such as steroids. However, respira-

tory, heart, digestive, and neurological diseases or surgery 

were not significantly associated with PCT positivity. 

Indicators of inflammation status, namely, WBC counts 

and CRP, were significantly increased in PCT-positive 

patients, compared with negative patients (Table 2). 

In addition, significantly lower platelet counts suggested 

disseminated intravascular coagulation in the PCT-positive 

patients, although total bilirubin, aspartate aminotransferase, 

and alanine aminotransferase values did not differ between 

the groups. Renal function indicated by creatinine and blood 

urea nitrogen values was worse in PCT-positive patients than 

in PCT-negative patients. Serum albumin concentrations were 

also lower in the PCT-positive patients, suggesting a worse 

nutritional status than that of PCT-negative patients.

Bacteremia findings according to PCT 
assays and comparison with blood cultures 
Table 3 shows the results of the PCT assays and cultures of 

280 blood samples. Among these, bacteria were positive in 

55 (19.6%) samples, among which 14 (25.5%) were positive 

by culture alone, whereas 92 (69.2%) of 133 were positive 

by PCT alone. Patients who were PCT positive showed 

significantly higher blood culture positivity compared with 

those who were PCT negative (14.6% vs 5.0%, respectively). 

The sensitivity and specificity of PCT to detect infection in 

blood cultures were 74.5% (41/55) and 59.1% (133/225), 

respectively.

Types of bacteria isolated from blood 
samples of PCT-positive and -negative 
patients
Detected pathogens from blood culture in PCT-positive and 

-negative patients are shown in Table 4. Staphylococcus 

epidermidis was the most prevalent type of bacteria, but 

significantly less predominant in the PCT-positive group 

along with Staphylococcus lugdunensis. The prevalence 

of Staphylococcus aureus, including methicillin-resistant 

S. aureus, was similar in both groups.

In contrast to these two gram-positive cocci and others, 

gram-negative rods of Escherichia coli were more prevalent 

in the PCT-positive patients than in the PCT-negative patients. 

All five species of Klebsiella pneumoniae, which are also 

gram-negative rods similar to E. coli, were isolated from 

PCT-positive patients. The prevalence of extended-spectrum 

β-lactamase (ESBL)-producing bacteria was not high and did 

not significantly differ between the two groups of patients

Levels of PCT and bacterial species
We analyzed correlations between PCT concentrations in 

the blood of patients from whom bacteria were isolated from 

blood cultures and the species of these bacteria. 

Table 2 Clinical data of the patients

Laboratory data PCT positive (n=133) PCT negative (n=147) P-value

WBC (×103/μL) 14.3±8.7 9.3±5.3 **P<0.01
Platelet (×103/μL) 153±117.4 228±109.2 **P<0.01
T-Bil (mg/dL) 0.9±2.6 0.7±0.8 P=0.375
AST (U/L) 57.0±331.7 26.0±54.7 P=0.132
ALT (U/L) 39.0±122.5 21.0±58.4 P=0.059
LDH (U/L) 314.0±458.2 222.0±118.4 *P=0.012
BUN (mg/dL) 33.0±27.9 15.0±10.9 **P<0.01
CRE (mg/dL) 1.27±1.71 0.72±0.61 **P<0.01
Albumin (g/dL) 2.8±0.6 3.3±0.6 **P<0.01
CRP (mg/dL) 19.2±10.0 6.2±7.2 **P<0.01

Notes: Significant at **P<0.01 and *P<0.05. PCT data presented as mean ± SD.
Abbreviations: PCT, procalcitonin; WBC, white blood cell; T-Bil, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate 
dehydrogenase; BUN, blood urea nitrogen; CRP, C-reactive protein; CRE, creatinine.

Table 3 PCT and blood culture results

Patients PCT positive (n=133) PCT negative (n=147) P-value

Blood culture positive n (%) 41 (14.6%) 14 (5.0%) **P<0.001
Blood culture negative n (%) 92 (32.9%) 133(47.5%)

Note: **Significant at P<0.01.
Abbreviation: PCT, procalcitonin.
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Table 4 PCT and detected pathogens from blood culture

Pathogens PCT positive
(n=41)

PCT negative
(n=14)

P-value P-value of regular and  
ESBL/MRSA strain included

Escherichia coli 8 (20.0%) 0 (0.0%) *P=0.031 *P=0.023
Escherichia coli ESBL 3 (7.5%) 0 (0.0%) P=0.228
Klebsiella pneumoniae 5 (12.5%) 0 (0.0%)  P=0.153 P=0.113
Klebsiella pneumoniae ESBL 0 (0.0%) 0 (0.0%) P=1.000
Klebsiella oxytoca 1 (2.5%) 0 (0.0%) P=0.539 P=0.539
Klebsiella oxytoca ESBL 0 (0.0%) 0 (0.0%) P=1.000
Proteus mirabilis 0 (0.0%) 0 (0.0%) P=1.000 P=0.331
Proteus mirabilis ESBL 2 (5.0%) 0 (0.0%) P=0.331
Enterobacter aerogenes 2 (5.0%) 1 (7.2%) P=0.796
Other gram-negative rod 1 (2.5%) 0 (0.0%) P=0.539
Staphylococcus aureus 4 (10.0%) 0 (0.0%) P=0.206 P=0.153
Staphylococcus aureus MRSA 1 (2.5%) 0 (0.0%) P=0.339
Staphylococcus lugdunensis 0 (0.0%) 2 (14.2%) *P=0.017
Staphylococcus intermedius 1 (2.5%) 0 (0.0%) P=0.539
Staphylococcus epidermidis 5 (12.5%) 7 (50.0%) **P<0.01
Streptococcus pneumoniae 2 (5.0%) 0 (0.0%) P=0.331
Enterococcus faecalis 1(2.5%) 2 (14.2%) P=0.109
γ-Hemolytic streptococcus 1 (2.5%) 0 (0.0%) P=0.539
Staphylococcus capitis subsp. ureolyticus 0 (0.0%) 1 (7.2%) P=0.096
Staphylococcus hominis subsp. hominis 1 (2.5%) 1 (7.2%) P=1.000
Clostridium perfringens 1 (2.5%) 0 (0.0%) P=0.539
Peptostreptococcus prevotii 1 (2.5%) 0 (0.0%) P=0.539

Note: Significant at **P<0.01 and *P<0.05.
Abbreviations: PCT, procalcitonin; ESBL, extended-spectrum β-lactamase; MRSA, methicillin-resistant Staphylococcus aureus.

First, PCT concentrations were significantly higher in 

blood culture-positive cases (n=55) than blood culture-negative 

cases (n-235) (6.0±28.4 vs 0.29±0.5, respectively, P=0.03). In 

addition, PCT concentrations were also significantly higher in 

patients infected with E. coli or K. pneumoniae than in those 

infected with S. epidermidis and gram-positive cocci other 

than S. aureus and S. epidermidis, but did not significantly 

differ between patients infected with S. aureus and any other 

patients (Figure 1).

Overall, PCT concentrations were higher in patients 

harboring gram-negative rods than gram-positive cocci 

(Figure 2A). Furthermore, we also found that ESBL-pro-

ducing bacteremia cases due to E. coli and Proteus mirabilis 

showed higher concentrations of PCT, compared with those 

cases due to non-ESBL-producing bacteria (Figure 2B).

Discussion
PCT has emerged as a promising marker for diagnosing bac-

terial infections because levels are higher in patients infected 

with bacteria than viruses and in those with nonspecific 

inflammatory diseases.2,7 Hence, PCT values might be used 

to support clinical decisions about the initiation and cessation 

of antibiotic therapy for bacterial infection.8

We analyzed PCT levels in the blood of 280 patients 

with suspected sepsis/bacteremia. We found that 133 of 

these patients who were PCT positive were older and mostly 

males. Values for WBC, lactate dehydrogenase, CRP, and 

albumin were increased, but platelets and renal function were 

decreased, compared with patients who were PCT negative, 

that is, PCT was increased when inflammatory and organ 

status was suggested to be worse, such as in disseminated 

intravascular coagulation, renal failure, malnutrition, and 

sepsis.

Sepsis has been defined as a SIRS caused by infection, and 

this definition has remained unchanged for over two decades.3 

However, sepsis has recently been redefined according to 

sequential organ failure assessment scores as more complex 

status with organ dysfunction, similar to “severe sepsis” 

in the previous definition.1 Our findings matched the new 

definition because PCT positivity suggested not only SIRS 

but also organ failure.1

Furthermore, blood cultures were more frequently posi-

tive in patients who were PCT positive than PCT-negative 

patients, and the sensitivity and specificity of PCT for blood 

cultures in patients with suspected sepsis were relative high 

and low, respectively. These findings suggested that the old 

definition of sepsis based on SIRS criteria covers bacteremia 

and more. PCT values might be used to indicate patients with 

severe inflammatory status early including real bacteremia, 

and the low specificity of PCT might have been tolerant in 
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Figure 1 Comparisons of PCT concentrations in the bacteremia patients according to isolated bacterial species.
Note: Significant at **P<0.01 and *P<0.05.
Abbreviations: PCT, procalcitonin; E. coli, Escherichia coli; K. pneu, Klebsiella pneumoniae; S. aureus, Staphylococcus aureus; S. epi, Staphylococcus epidermidis.
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Figure 2 Comparisons of PCT concentrations in the bacteremia patients.
Notes: Comparisons of PCT concentrations between patients infected with gram-negative rods and gram-positive cocci (A) and between those infected with ESBL-
producing and non-ESBL-producing E. coli and P. mirabilis (B). Significant at **P<0.01 and *P<0.05.
Abbreviations: PCT, procalcitonin; ESBL, extended-spectrum β-lactamase; E. coli, Escherichia coli; P. mirabilis, Proteus mirabilis.

the bedside to start the antibiotic therapy as soon as possible 

to save the patients.

Although the sensitivity of PCT was not quite high in 

detecting patients with confirmed bacteremia, PCT con-

centrations were significantly higher in patients who were 

infected with E. coli than in those infected with S. epidermidis 

and S. lugdunensis. Overall, PCT values were significant 

higher in patients infected with gram-negative rods than with 

gram-positive-cocci. These findings suggest that PCT could 

distinguish bacterial types. 
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Gram-negative rods, including E. coli and K. pneumoniae, 

produce endotoxins and frequently induce extreme inflam-

mation and sepsis.3,7,11 

Endotoxins are one of the strong inducers of PCT, and 

Dandona et al found significant PCT increase after endotoxin 

injection in normal subjects.12 Endotoxins are produced from 

gram-negative rods and these might be the reasons why PCT 

increases in gram-negative rods, but not in gram-positive 

cocci cases.

Levels of PCT are increased in patients infected with 

gram-negative bacteria, and our results confirmed this 

fact. Moreover, we found that ESBL-positive cases showed 

higher PCT concentrations than ESBL-negative cases. The 

frequency of infection with ESBL-producing E. coli and P. 

mirabilis that are resistant to third-generation cefem anti-

biotics is increasing worldwide including in Japan.13,14 If 

we could distinguish ESBL types and non-ESBL types by 

PCT concentrations, PCT might be very useful for detecting 

patients infected with such agents and facilitating rapid and 

appropriate antibiotic treatment, including carbapenem use. 

Concentrations of PCT were lower in patients with bacte-

remia caused by gram-positive cocci than gram-negative 

cocci. Gram-positive cocci, especially S. epidermidis, are 

frequent contaminants of blood cultures.15 Low PCT could 

exclude such contamination among patients with suspected 

sepsis and patients with high fever or extreme inflammation 

caused by conditions such as malignancies and collagen 

diseases.

A systematic review of individual patient data derived 

from a meta-analysis of 14 trials found no increased risk for 

mortality or treatment failure when PCT served as a guide 

to the initiation and duration of antibiotic therapy among 

patients with acute respiratory infections compared with 

controls, and such guidance significantly reduced antibiotic 

administration across various clinical settings and acute respi-

ratory infection diagnoses.8 The guide to the initiation and 

duration of antibiotic therapy dependent on on the ability of 

PCT to distinguish bacterial species supported by the present 

study. Embedding PCT in clinical algorithms has the potential 

to improve antibiotic management for individual patients 

and has substantial clinical and public health implications 

in terms of reducing antibiotic exposure and the associated 

risk of acquiring resistance to antibiotics.8,16,17

In conclusion, we analyzed PCT concentrations and blood 

culture results in patients suspected with sepsis/bacteremia. 

Patients who were PCT positive had more severe inflam-

mation and worse clinical status, including suspected organ 

failure, which matched the most recent definition of sepsis. 

The sensitivity of PCT for detecting bacteremia was relative 

high, although specificity was low in comparison to blood 

culture findings. However, PCT values were significantly 

higher among patients with bacteremia caused by gram-

negative rods, including ESBL-producing types. PCT might 

help to detect bacteremia and severe organ failure patients 

early and lead to immediate antibiotic therapy.
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