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Plasma Procalcitonin in Sepsis and Organ Failure
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Abstract
Introduction: Because the use of procalcitonin (PCT) as a marker of bacterial infection has been advocated, this study was carried out
to determine the usefulness of plasma PCT in the early diagnosis and differentiation of patients with non-infectious systemic inflammatory
response syndrome (SIRS) from those with sepsis, and the relationship between plasma PCT level and severity of organ failure. Materials
and Methods: Thirty-five patients with non-septic SIRS (n = 16), sepsis (n = 7) or septic shock (n = 12) were included in this study. PCT
and C-reactive protein (CRP) levels were measured and sepsis-related organ failure assessment (SOFA) score was calculated for these
patients. Plasma PCT was measured by immunoluminometric assay. Results: The median (minimum, maximum) plasma PCT levels were
0.6 (0.1, 3.4) ng/mL in non-septic SIRS, 5.4 (0.9, 47.7) ng/mL in sepsis and 73.4 (9.6, 824.1) ng/mL in septic shock, and significant differences
existed in plasma PCT levels among the three groups. The median (minimum, maximum) CRP levels were 13.8 (0.3, 48.8) mg/dL in nonseptic SIRS, 23.3 (1.4, 26.6) mg/dL in sepsis and 17.4 (2.2, 34.1) mg/dL in septic shock, without significant differences among the three
groups. A good correlation was found between plasma PCT level and SOFA score (rs = 0.766, P <0.0001), although no correlation was found
between CRP level and SOFA score. Conclusions: CRP is increased by inflammatory disease as well as infection and is therefore not a good
indicator of infection in patients with severe SIRS. On the other hand, PCT is a good indicator of severity of sepsis and organ failure in
patients with severe SIRS since PCT levels correlated with sepsis and SOFA scores. PCT level is useful for diagnosis of sepsis and as an
indicator of severity of organ failure in patients with SIRS.
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Introduction
Although severe infection and sepsis are associated with
high morbidity and mortality in the intensive care unit
(ICU), the classification of severity or definition of sepsis
as a syndrome is difficult. Traditional markers of infection
such as body temperature and white blood cell count are
unreliable and often misleading, since they are markers of
systemic inflammation which may be non-infectious in
origin and non-specific and non-sensitive for sepsis.
C-reactive protein (CRP) is an acute-phase protein
produced by the liver in response to tissue injury or
infection. It has been recently shown that plasma CRP level
is a good indicator of sepsis and superior to both body
temperature and white blood cell count in this respect.1 On
the other hand, definite correlation between infection and
CRP change has not yet been documented.
Procalcitonin (PCT) is a precursor of calcitonin in humans,
and is a 13-kDa peptide produced under physiological
condition in the thyroid glands.2 In severe infection, PCT

is produced outside the thyroid gland.3 Although the site of
PCT production in sepsis is unknown, it may be the
macrophages or the liver.4,5 It has been shown that PCT
level increases markedly following severe bacterial infection
and can differentiate between infectious and non-infectious
systemic inflammation.6,7 In addition, PCT level increases
slightly in patients with viral infections or local infections
without sepsis.3,8
This study was designed to compare the usefulness of
plasma PCT and CRP in early diagnosis and differentiation
of patients with non-septic systemic inflammatory response
syndrome (SIRS) from those with sepsis, and to determine
the relationship between plasma PCT or CRP level and
severity of organ failure.
Materials and Methods
The study included 35 adult patients with SIRS admitted
to the ICU at the Osaka City University Hospital in Osaka.
The patients were sequentially enrolled. The patients were
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diagnosed as having SIRS (non-septic SIRS), sepsis, or
septic shock based on the guidelines of the American
College of Chest Physicians/Society of Critical Care
Medicine.9 From all patients in the sepsis group or septic
shock group, bacteria or fungi were isolated from blood
cultures or in local cultures taken from the lung or the
peritoneum. Patients were diagnosed with non-septic SIRS
based on the absence of organisms isolated from blood,
lung, peritoneum and urine. If diagnosis of non-septic
SIRS, sepsis or septic shock was difficult, patients were
excluded from the study.
Plasma samples were collected and stored at –20°C on
the day of diagnosis of patients with non-septic SIRS,
sepsis or septic shock and thereafter 0 to 5 times during the
next 2 weeks for measurement of PCT and CRP
concentrations. Determination of PCT and CRP
concentrations was performed when the patients had already
been allocated to the non-septic SIRS, sepsis or septic
shock groups according to microbiological results because
knowledge of previously measured procalcitonin
concentration may affect group-allocation. Plasma PCT
was measured by immunoluminometric assay (LUMI test
PCT, Brahms Diagnostica, Berlin, Germany) and plasma
CRP was measured by latex turbidimetric immunoassay.
Sepsis-related organ failure assessment score (SOFA
score)10 was calculated at the time of measurements of
plasma PCT and CRP to evaluate the relationship between
plasma PCT or CRP level and SOFA score. The SOFA
score was calculated using the total scores for 6 organs
(lung, coagulation system, liver, heart and vessel, central
nervous system and kidney) with scores ranging from
0 (normal) to 4 (most abnormal) for each organ to describe
quantitatively and as objectively as possible the degree of
organ failure over time; however, neurological evaluation
was not performed because of frequent use of sedative
agents in the critically ill patients (hence, in this study the
maximum score was 20).
In 4 patients without any complications before minor
surgery, plasma PCT and CRP levels were measured as a
control group.
Values are shown as median (minimum, maximum).
Comparisons between groups were performed by the MannWhitney U test and Kruskal-Wallis non-parametric analysis
of variance. Relationships between SOFA score and PCT
or CRP were examined by analysis of linear regression
with the use of the least-squares method and Spearman’s
rank correlation coefficient. P values less than 0.05 were
considered significant.
Results
Demographic data for the patients of each group are
listed in Table I.
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TABLE I: DEMOGRAPHIC DATA FOR PATIENTS FOR EACH
GROUP
Non-septic SIRS

Sepsis

Septic Shock

16

7

12

55
(17, 71)

48
(25, 75)

63
(25, 73)

10/6

6/1

6/6

2 (13%)

4 (57%)

5 (42%)

No.
Median age (y)
(minimum, maximum)
Male/Female
Mortality

SIRS: systemic inflammatory response syndrome

In all 4 patients in the control group, plasma PCT levels
were <0.12 ng/mL and plasma CRP levels were <0.1 mg/
dL.
The median (minimum, maximum) plasma PCT and
CRP levels and SOFA score on the day when patients were
diagnosed with non-septic SIRS, sepsis or septic shock
were 0.6 (0.1, 3.4) ng/mL, 13.8 (0.3, 48.8) mg/dL and 4
(0, 9) in the non-septic SIRS group; 5.4 (0.9, 47.7) ng/mL,
23.3 (1.4, 26.6) mg/dL and 10 (1, 13) in the sepsis group;
and 73.4 (9.6, 824.1) ng/mL, 17.4 (2.2, 34.1) mg/dL and 12
(5, 16) in the septic shock group (Table II). Significant
differences among the three groups existed in plasma PCT
levels but not in plasma CRP levels (Fig.1). SOFA scores
in the sepsis and septic shock groups were significantly
higher than that in the non-septic SIRS group (Table II).
A good correlation was found between plasma PCT level
and SOFA score (rs = 0.766, P <0.0001) (Fig. 2), although
no correlation was found between CRP level and SOFA
score (Fig. 3).
Discussion
It is known that levels of cytokines such as tumour
necrosis factor-α and interleukin-6 are rapidly increased
with the onset of severe infection and that these cytokine
levels are of prognostic value in predicting the severity and
outcome of sepsis.11,12 However, direct measurements of
TABLE II: MEDIAN (MINIMUM, MAXIMUM) PLASMA PROCALCITONIN AND CRP LEVELS AND SOFA SCORE FOR
EACH GROUP ON THE DAY OF DIAGNOSIS OF PATIENTS
WITH NON-SEPTIC SIRS, SEPSIS OR SEPTIC SHOCK
Non-septic SIRS

Sepsis

Septic shock

Procalcitonin
(ng/mL)

0.6
(0.1, 3.4)

5.4
(0.9, 47.7)

73.4
(9.6, 824.1)

CRP
(mg/dL)

13.8
(0.3, 48.8)

23.3
(1.4, 26.6)

17.4
(2.2, 34.1)

4
(0, 9)

10
(1, 13)

12
(5, 16)

SOFA score

CRP: C-reactive protein; SIRS: systemic inflammatory response
syndrome; SOFA: sepsis-related organ failure assessment
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Fig. 1. Plasma procalcitonin and C-reactive protein (CRP) levels on the day of diagnosis
of patients with non- septic systemic inflammatory response syndrome (SIRS), sepsis or
septic shock.

Fig. 3. Correlation between plasma C-reactive protein (CRP) level and Sepsis-related
Organ Failure Assessment (SOFA) score. Solid lines link the first and second measurements
for the same patient.

Fig. 2. Correlation between plasma procalcitonin level and Sepsis-related Organ
Failure Assessment (SOFA) score (rs = 0.766, P <0.0001). Solid lines link the first and
second measurements for the same patient.

these cytokines in the clinical setting are not feasible at
present since the results of such measurements are not
quickly available. Investigation of surrogate markers for
cytokines is thus useful. Among the 4 surrogate markers
(leukocyte count, body temperature, CRP or PCT),
leukocyte count and body temperature are markers of both
infectious and non-infectious systemic inflammation and
thus unreliable for diagnosis of infection.
It has been reported that daily measurement of CRP is
useful in the detection of sepsis and is more sensitive in this
respect than body temperature and leukocyte count.1
However, CRP level may increase following severe nonseptic SIRS. In the present study, CRP level increased
markedly in all groups i.e., the non-septic SIRS, sepsis and
septic shock groups, and no significant differences existed

in CRP levels among these three groups. CRP may
thus not be a good indicator of infection in patients with
severe SIRS.
The half-life of PCT is 22 to 29 hours, and this value is
not significantly altered by renal dysfunction.13 Because of
its long half-life, PCT is detectable when screened for on
a daily basis.12 PCT can also serve as an early (within 6
hours) marker of infection and inflammation. 12
Measurement of PCT with immunoluminometric assay
(LUMI test PCT) is easy and can be completed within 2
hours, and is therefore feasible and useful in the clinical
setting.
In the present study, PCT increased slightly in the patients
with non-septic SIRS but markedly in the patients with
sepsis or septic shock, with significant differences among
the three groups. PCT level can differentiate between
presence or absence of infection in patients with severe
SIRS, and PCT is a good indicator of severity of sepsis. It
has recently been reported that PCT is useful as an early
marker for discriminating between sepsis and severe sepsis.14
In the present study, we did not attempt to determine cutoff values for sepsis because we have few patients and
measurements of procalcitonin; though in a previous burn
study,15 a cut-off value of 3 ng/mL of procalcitonin was
taken to indicate sepsis.
In the present study, a good correlation was found
between PCT level and SOFA score, although no correlation
was found between CRP level and SOFA score. Meisner et
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al16 also reported that SOFA score increased as PCT
increased. PCT thus appears to be a good indicator of
severity of organ failure in patients with sepsis.
It has been demonstrated in experimental sepsis17 that
increased procalcitonin increases mortality, whereas
neutralisation of procalcitonin increases survival. Although
the role of procalcitonin in the process of sepsis in humans
is unclear, procalcitonin might be of considerable functional
importance.
In conclusion, plasma PCT level is useful for the diagnosis
of sepsis in patients with severe SIRS and as an indicator
of severity of sepsis in such patients.
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