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Clinical Utility of Procalcitonin as a Marker of Sepsis:
A Potential Predictor of Causative Pathogens

Atsuko Nakajima', Junko Yazawa', Daisuke Sugiki®, Mari Mizuguchi’, Hironori Sagara®,
Masahiro Fujisiro', Mitsuei Shibazaki', Akihiko Hitani', Masako To' and Kosuke Haruki'

Abstract

Objective Sepsis is one of the leading causes of mortality in critically il patients, and providing a timely
diagnosis and early intervention is necessary for successful treatment, Procalcitonin (PCT) may be a better
marker of sepsis than conventional inflammatory markers. The aim of this study was to evaluate the clinical
utility of the PCT level as a marker of sepsis.

Methods  Forty-five patients with sepsis, 24 patients with pneumonia who did not meet the SIRS criteria
(PN) and 56 controls were enrolled in this study. The levels of PCT and other serum markers were measured,
and their wtility as markers of sepsis was assessed.

Resolts  The serum PCT levels exhibited statistically significant differences between the three groups (p<
0.0001). The PCT levels in the sepsis group (29.3x83.3 ng/mlL) were significantly higher (p<0.001) than
those observed in the PN group (0.34£8.6 ng/mL) and the control grcjupy (0.7422.1 ng/mL), according to a
post hoc analysis. There: were no differences in the white blood cell (WBC) counts ‘or C-reactive protein
(CRP) levels between the three groups. Fourteen of the 45 patients with sepsis had positive microbiological
blood cultures (Gram-positive cocel [GPC] in seven patients, Gram-negative rods [GNR] in six patients, other
types of bacteria in one patient). The 13 patients with GNR or GPC were categorized into the GNR group or
GPC group according to the identified pathogens. The serum PCT levels were significantly higher in the
GNR group (149.8£199.7 ng/mL) than in the GPC group (19.1241.8 ng/mL) {(p<0.03), although there were
no differences in the WBC counts or CRP Jevels between these groups. When the cut-off value for the PCT
level was set at 16.9 ng/mL, the sensitivity and specificity for the detection of GNR infection were 85.7%
and 83.3%, respectively.

Conclusion  The PCT level is a potentially useful marker of the type of causative pathogen in patients with
sepsis whose meastrement may facilitate the sclection ol appropriate empiric antibiotic treatmen,

Key words: procalcitonin, sepsis, bacterial blood culture

(Intern Med 53: 1497-1503, 2014)
(DOT: 10.216%internalmedicine.53.1785)

otics, the culture may require several days before the organ-
ism is isolated and identfied; therefore, culure results may
not be sufficiently timely to guide the choice of therapy for
sepsis, In addition, microbiological culture exhibits a low
sensitlyity and specificity for the diagnosis of sepsis (3).

Introduction

Sepsis is one of the leading causes of mortality in criti-
cally ill patients in the intensive care.unit (3}, and providing

a timely diagnosis and early intervention for sepsis is impor-
tant for preventing septic shock and death (2). While micro-
biological blood cultures are used to identify the causative
pathogen of sepsis and help facilitate the selection of antibi-

Biomarkers of inflammation, such as the white blood cell
(WBC) count and C-reactive protein (CRP) level, can also
be used to diagnose sepsis, although their specificity is very
low. In addition, the WBC count can decrease and the CRP
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Table 1. Infections in Patients with Sepsis

Infectious focuses n
Pneumonia and/or pleural empyema
Meningitis
Microbial infection of burn wounds
Pycloncphritis
Cholangitis
Others

Buwwasas

level can remain low in cases of severe sepsis. Therefore,
identifying a biomarker with higher sensitivity and specific-
ity for the diagnosis of sepsis would be of benefit.
Procalcitonin (PCT) is a 116-amino acid protein with a
molecular mass of 13 kD. Tt is produced by thyroid C cells
and converted to calcitonin before being released into the
bloadstream. In healthy individuals, PCT is not usually pres-
ent at a detectable level in the blood. In 1993, a study dem-
onstrated that the serum PCT levels are elevated in patients
with sepsis and decrease following successful treatment of
sepsis with antibiotics (4). Furthermore, in the context of lo-

cal bacterial or viral infection, the circulating PCT level re--

mains at <1.6 ng/mL (4). Other studies have suggested that
measuring the PCT level is useful for making an early diag-
nosis of sepsis (5), as well as assessing the severity (6) and
prognosis (7, 8) of septic patients.

On the other hand, the seram PCT level can be affected
by lipopolysaccharides, sepsis-related cytokines (9, 10) and
possibly renal dysfunction (11). The goal of this study was
therefore to characterize the clinical utility of the PCT level
as a biomarker of sepsis.

Materials and Methods

Subjects

We used a prospective observational design for this study.
The study population included patients with sepsis, pneumo-
nia without sepsis and a high fever of non-infectious origin.
The patients were recruited from the Shock Trauma Center
and Department of Respiratory Medicine at Dokkyo Medical
University Koshigaya Hospital between May 2010 and De-
cember 2010. The patients diagnosed with sepsis had a de-
finitive focus of infection together with two or more sys-
temic inflammatory response syndrome (SIRS) criteria, ac-
cording to the American College of Chest Physicians/Soci-
ety of Critical Care Medicine (12). Briefly, these criteria
were: 1) a body temperature of >38°C or <36°C; 2) a pulse
of >90 beats/min; 3) a respiratory rate of >20 breaths/min or
a PaCO; of <32 mmHg; or 4) a WBC count of >12,000/pL
or <4,000/uL. The infectious foci in the patients with sepsis
are listed in Table 1. As a local bacterial infection group,
patients with pneumonia (diagnosed according to the Japa-
nese Respiratory Society (JRS) Guidelines for the Manage-
ment of Community-Acquired Pneumonia in Adults) who
did not meet the SIRS criteria (12) were recruited. Patients
with a high fever (>38.0°C) of non-infectious origin were

Table 2, Comorbidities of Patients with Sepsis, of
Patients with Pneumonia without Sepsis, and of
Control Subjects

Patients with sepsis
Abdominal trauma
Cerebrovascular disease
Fracture
Diabetes mellitus
Hcatstroke
Heart failure
Bum
Acute respiratory failure
Acute renal failure
Others

Patients with pneurnonia without sepsis
Lung cancer
Renal failure
Cardiovascular diseases
None

Control subjects
Gastrointestinal diseases
Heart failure
Postoperative complication (fever)
Cerebrovascular disease
Renal failure
Leukemia
Others
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enrolled in this study as controls, The comorbidities of the
three groups of subjects are listed in Table 2.

Phlebotomy for the measurement of the levels of PCT
and other serum markers was performed at the time of diag-
nosis of sepsis and pneumania in the sepsis group and pneu-
monia group, respectively. Phlebotomy was performed in the
controls at the time of a high fever.

This study was reviewed and .approved by the Dokkyo
Medical University Koshigaya Hospital Research Ethics
Committee and conducted in accordance with the Helsinki
Declaration.

PCT measurements

The PCT levels were measured via an electrochemilumi-
nescent immunoassay using Elecsys reagent, Elecsys
BRAHMS PCT and Cobas e411 (Roche Diagnostics, Tokyo,
Japan), according to the manufacturer’s instructions. The
lower limit of detection was 0.02 ng/mL. The CRP levels
were measured according to the latex agglutination method
using Nanopia CRP reagent (Sekisui Medical Co., Ltd., To-
kyo, Japan) and JCA-BM2250 (JEOL, Ltd., Tokyo, Japan).
The WBC counts were measured using flow cytometry with
XE5000 (Sysmex Corporation, Tokyo, Japan). The endo-
toxin levels were measured via a turbidimetric time assay,
which was performed by a clinical laboratory testing com-
pany (SRL, Inc., Tokyo, Japan). Blood sampling for the mi-
crobiological blood culture was performed prior to the ad-
ministration of antibiotics, and two sets of samples were ob-
tained from each patient. Identical bacteria detected from
both sets of samples were defined as causative pathogens,

Statistics

The results are presented as the meanzstandard deviation
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Figure 1. The serum PCT levels (A), WBC counts (B) and CRP levels (C) in the sepsis group, PN
group and control group. A receiver operating analysis of the serum PCT levels, WBC counts and

. CRP levels in the patients with and without sepsis (control and PN groups) was performed (D).
**%; p<0.001; NS: not significant, PCT: procalcitonin, WBC: white blood cell, CRP: C-reactive pro-
tein, PN: pneumonia who did not meet the SIRS criteria

of the mean, Comparisons between two groups of data were
made using the Mann-Whitney U test. Comparisons between
three groups of data were made using the Kruskal-Wallis
test, followed by a post hoc test. Correlations between two
groups of data were analyzed using Spearman’s rank corre-
lation coefficient. A receiver operating characteristic (ROC)
analysis was used to evaluate the results of diagnostic tests.
A p value of less than 0.05 was considered to indicate sta-
tistical significance, '

The statistical analyses were performed using the IBM
SPSS Statistics version 20 (IBM, Armonk, USA) and Graph
Pad Prism 5 (Graph Pad Prism, San Diego, USA) software
programs. '

Results

PCT as a diagnostic biomarker of sepsis

Forty-five patients with sepsis (29 men and 16 women;
age, 57.2£17.7 years), 24 patients with pneumonia who did
not meet the SIRS criteria (PN) (15 men and nine women;

age, 70.5+9.8 years) and 56 control patients (43 men and 13
women; age, 62+18.3 years) were enrolled in this study. The
serum PCT levels exhibited statistically significant differ-
ences between the three groups (p<0.0001). Post hoc testing
demonstrated that the PCT levels in the sepsis group (29.3%
85.3 ng/mL) were significantly higher (p<0.001) than those
observed in the PN group (0.34+8.6 ng/mL) and the control
group (0.74+2.1 ng/mL) (Fig. 1A). There were no differ-
ences in the WBC counts or CRP levels between the three
groups (WBC, 13,613+9,681/uL. in the sepsis group,
11,146+5,088/uL in the PN group and 11,352+6,375/pL in
the control group, p=0.49; CRPF, 12.3+9.0 mg/dL in the sep-
sis group, 12.5+7.6 mg/dL in the PN group and 8.54%7.3
mg/dL in the control group, p=0.052) (Fig. 1B, C). A ROC
analysis was used to evaluate the utility of the markers for
diagnosing sepsis (sepsis group vs. PN group plus control
group). The ROC analysis showed an area under the curve
(AUC) of 0.80 for the PCT level, 0.56 for the WBC count
and 0.60 for the CRP level (Fig. 1D). The sensitivity and
specificity of the PCT level for the diagnosis of sepsis were
57.6% and 87.5%, respectively, when the cut-off value was
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set at 0.5 ng/mL. In contrast, the sensitivity and specificity
of the WBC count for the diagnosis of sepsis were 97.8%
and 8.9%, respectively, when the cut-off value was set at
3,500/uL. The sensitivity and specificity of the CRP level
for the diagnosis of sepsis were 95.6% and 5.1%, respec-
tively, when the cut-off value was set at 0.3 mg/dL.

Association between the PCT level and microbio-
logical blood culture results

Fourteen of the 45 (31.1%) patients in the sepsis group
had positive microbiological blood culture results, while 27
of the 45 (60.0%) patients had positive PCT results when
the cut-off .value was set at 0.5 ng/mL (Table 3). The rate of
positive concordance between the results of the microbio-
logical blood cultures and the PCT tests in the culture-
positive patients was 85.7%, while that of negative concor-
dance in the culture-negative patients was 51.6%.

The details of each patient with positive microbiological
blood culture results are presented in Table 4. Gram-positive
cocci (GPC) were identified in the blood samples of seven
patients, Gram-negative rods (GNR) were identified in the
blood samples of six patients, and Gram-positive rods were
identified in the blood samples of one patient. The 13 pa-
tients with either GPC or GNR infection were divided into a
GNR group and a GPC group according to the bacteria
identified in the blood samples, The serum PCT levels in'the
GNR group (149.8+199.7 ng/mL) were significantly higher

Table 3. Association between the Results of Mi-
crobiological Blood Culture and the PCT Test

PCT Total
Positive Negative
Culture Positive 12 2 14
results Negative 1S 16 31
Total 27 18 45
PCT: procalcitonin

(p=0.035) than those observed in the GPC group (19.1x41.8
ng/mL) (Fig. 2A); however, there were no differences in the
WBC counts or CRP levels between the two groups (WBC,
20,03320,877/uL. in the GNR group and 12,086+4,317/uL
in the GPC group, p=0.83; CRP, 14.3+7.6 mg/dL in the
GNR group and 9.1x7.9 mg/dL in the GPC group, p=0.18)
(Fig. 2B, C). A ROC analysis showed an AUC value of 0.85
for the PCT level, 0.54 for the WBC count and 0.73 for the
CRP level (Fig. 2D). When the cut-off value for the PCT
level was set at 16.9 ng/mL, the sensitivity, specificity, posi-
tive predictive value and negative predictive value for GNR
were 85.7%, 83.3%, 85% and 83%, respectively, Regarding
the association between the endotoxin and PCT levels, the
endotoxin-positive (0.8 pg/mL or higher) group had signifi-
cantly higher PCT levels than the endotoxin-negative (less
than 0.8 pg/mL) group (Fig. 2E).

Discussion

This study showed the PCT level, but not WBC count or
CRP level, to be significantly higher in the sepsis group
than in the control and PN groups, Furthermore, the ROC
analysis showed an AUC for the PCT level of 0.80, suggest-
ing that the PCT test had moderate accuracy (according to
the classification of Akobeng (13)) for diagnosing sepsis.
This finding is consistent with the observations of previous
reports suggesting that the PCT level is superior to the en-
dotoxin, interleukin (IL)-6 and CRP levels as a biomarker
for the diagnosis of sepsis (5, 8, 14-19). In addition to the
confirmation study, the ‘present study provides novel evi-
dence that: 1) the serum PTC level is a superior marker of
sepsis, but not local infections, such as pneumonia, and 2)
serum PCT elevation is more closely associated with GNR
infection than GPC infection in patients with sepsis.

In this study, there were no significant differences in the
PCT levels between the PN group and the control group.

Table 4. Details of Each Patient with Sepsis with Positive Microbiological Bloed Culture Results

Pt Age Sex  Main Diseases APACHE PCT WBC CRP . Endotoxin Bacteria Qutcome
(years) - (ng/ml)  (uL) (mg/dl)  (pg/mlL)

1 61 M Mud water aspiration, ARDS 20 285.0 1,800 4.8 513 P aeruginosa, E.coli Dead

2 62 M Septic shock 23 496.1 26,500 18.9 - 185 Klebsiella sp Dead

3 77 M  Pneumonia ) 26 0.7 8,800 ‘83 <0.8 E.cloacae Dead

4 74 M Pyelonephritis 23 17.3 9,300 255 <0.8 E aerogenes Survived

5 59 M Hematemesis 16 237 14,600 17.2 <08 E.coli Survived

6 79 M  Cholangitis 42 759 59,200 116 74 E.coli Dead

7 58 F  Bacterial meningitis 18 16.5 8,100 16.3 <0.8 S.pneumoniae Dead

8 42 M Ventricular fibrillation 31 0.5 11,400 4.7 <08  S.epidermidis Survived

9 61 M  Traffic injury 31 3.0 19,960 16.1 <0.8 S.epidermidis Survived
10 57 F  Diabetic acidosis 35 0.5 11,000 38 <0.8  Streptococcus sp. Survived .
11 51 F  Aspiration pneumonia 12 113.0 15,900 19.7 <0.8  Peptostrep.micros Survived
12 50 M Hyperammoncmia, liver damage 13 0.1 10,000 0.5 <0.8 S.epidermidis Survived
13 73 M  Traffic injury, Cerebral hematoma 21 0.1 8,300 2.7 <0.8 S.epidermidis Survived
14 70 M  Cerebrovascular discase 32 0.7 16,400 13.8 <0.8 B.cereus . Decad

APACHE: Acute Physiology and Chronic Health Evaluation, PCT: procalcitonin, WBC: white blood cell, CRP: C-reactive protein, P. acruginosa:
Pseudomonas aeruginosa, E. coli: Escherichia coli, E. cloacae: Enterobacter cloacae, E. aerogenes: Enterobacter aerogenes, S. preumonige:
Streptococcus pacumonia, S, epidermidis: Staphylococcus epidermidis, Peptostrep. micros: Peptostreptococcus micros, B. cereus: Bacillus cereus
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Figure 2. Thirteen patients were categorized into one of two groups according to the pathogens
identified in blood cultures (GNR or GPC), and their serum markers were compared. The PCT levels
(A), WBC counts (B) and CRP levels (C), A receiver operating analysis of the serum PCT levels, WBC
counts and CRP levels in the two groups of patients (D). The 13 patients were also categorized into
two groups according to the endotoxin level (cut-off value: 0.8 pg/mL), and the PCT levels were com-
pared between the two groups (E). *: p < 0.05; NS: not significant, GNR: Gram-negative rods, GPC:
Gram-positive cocci, PCT: procalcitonin, WBC: white blood cell, CRP: C-reactive protein

This finding suggests that the PCT level may not be a good
diagnostic marker of local infection, such as pneumonia. In
fact, only 34.1% of the patients with pneumonia exhibited
positive PCT levels (more than 0.5 ng/mL) (20), although it
was not clear whether these patients had sepsis in addition
to pneumonia. Furthermore, 93.3% of the patients with mild
community-acquired pneumonia had a negative PCT
level (20), suggesting that the sensitivity of this parameter is
insufficient for diagnosing pneumonia. Therefore, the PCT
level may be a marker of systemic inflammation, but not a
diagnostic marker for local infection in patients without
SIRS.

The rate of positive concordance between the results of
the microbiological blood cultures and PCT tests was
85.7%, while that of negative concordance was 51.6%. This
finding is likely related to the low sensitivity of blood cul-
tures for the diagnosis of sepsis (31.1%) and is consistent

with the results of previous reports showing that the sensi-
tivity of microbiological blood cultures is low, even in pa-
tients with severe sepsis (3). However, the rate of positive
concordance between the results of the microbiological
blood cultures and PCT tests in the culwre-positive patients
was fairly high; therefore, we compared the PCT levels be-
tween the patients with GNR infection and those with GPC
infection. Interestingly, the PCT levels were significantly
higher in the GNR group than in the GPC group, and the
ROC analysis suggested that the PCT test had moderate ac-
curacy (according to the classification of Akobeng (13)) for
predicting the type of causative bacteria of sepsis (i.e., GPC
vs. GNR). When the cut-off value for the PCT level was set
at 16.9 ng/mL, good sensitivity and specificity for predicting-
the type of causative pathogen were observed. These find-
ings suggest that the PCT level may be of use in predicting
the type of causative bacteria in patients with sepsis, even
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before definitive blood culture results become available.

In regards to the difference in the PCT levels observed
between the GPC and GNR groups, the potential for con-
tamination from the skin surface should be considered in the
GPC group, as GPC is a major component of the normal
skin flora. However, two sets of samples for microbiological
bloed culture were obtained from each patient, and identical
bacteria detected in both sets were defined as causative
pathogens in this study. Therefore, the possibility of con-
tamination as a confounding factor is negligible. The mecha-
nisms underlying the higher PCT levels noted in the GNR
group relative to the GPC group remain unknown; however,
the higher PCT levels observed in the GNR group may be
associated with the elevated serum endotoxin levels mea-
sured in this group, as the endotoxin levels were not detect-
able in the GPC group, although a level of >0.8 pg/mL was
observed in three of six patients with a high PCT level in
the GNR group. A previous in vitro study also demonstrated
that lipopolysaccharide, a major component of endotoxin,
stimulates the PCT expression in isolated peripheral blood
mononuclear cells (10). Therefore, the PCT level may also
be a useful surrogate marker of the serum endotoxin con-
centration, which otherwise requires a very specialized assay
to measure,

Another important clinical characteristic of PCT is the
more dynamic change observed in the PCT level in response
to changes in the patient’s clinical state compared with the
CRP level. In a previous study, there was a marked differ-
ence in kinetics between PCT and CRP under iatrogenic
sepsis: the PTC level was detectable 2.5 hours after the in-
jection of contaminated medicine, reaching a peak at 13.5
hours after injection, while the CRP level reached a peak 30
hours after injection (21). In addition, the half-life of serum
PCT is shorter than that of serum CRP (22). This quality
may enable the PCT level to be used to make an earlier di-
agnosis of sepsis and may also aid in decision-making re-
garding the timing of the initiation of empiric antibiotics
and the discontinuation of antibiotic therapy (22-24). Fur-
thermore, the present study showed that measuring the PCT
level may help to raise the index of suspicion for Gram-
positive vs. Gram-negative organisms as the causative patho-
gen, which further increases its utility in the selection of
specific antibiotic regimens.

One limitation of this study is the small number of pa-
tients recruited, especially with respect to the analysis of the
association between the results of the microbiological blood
cultures (GPC vs. GNR) and the PCT tests. Further investi-
gation using a larger scale study is needed to confirm our
results and the diagnostic potential of the PCT level.

In conclusion, the present data demonstrate that the PCT
level is a useful marker of the type of causative pathogen in
patients with sepsis whose measurement may facilitate the
selection of appropriate empiric antibiotic therapy.
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