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Diagnostic value of procalcitonin and CRP in critically
ill patients admitted with suspected sepsis
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Background: Identifying early matkers of septic complications can aid in the diagnosis and therapeutic management
of hospitalized patients. In this study, the utility of procalcitonin (PCT) vs. C-reactive protein (CRP) as early
markers of sepsis was compared.

Methods: A series of 2,697 consecutive blood samples was collected from hospitalized patients and serum PCT
and CRP levels were measured. Patients were categotized by PCT level as follows: < 0.05 ng/ml, 0.05-0.49
ng/ml, 0.5-1.99 ng/ml, 2-9.99 ng/ml, and > 10 ng/ml. Diagnostic utility was analyzed by receiver operating
characteristic (ROC) curves.

Results: Mean CRP levels varied among the five PCT categories at 0.31 £ 2.87, 5.65 £ 6.26, 13.78 £ 8.01,
12.15 £ 10.16, and 17.77 £ 10.59, respectively (P < 0.05). PCT and CRP differed between positive and negative
blood cultute groups (PCT: 15.9 vs. 4.78 mg/dl; CRP: 11.5 ng/ml vs. 9.57 ng/ml; P < 0.05). The areas undetr
the ROC cutves (PCT, 95% confidence intetval [CI]: 0.743, range: 0.698-0.789 at a threshold of 0.5 ng/ml;
CRP, 95% CI: 0.540, range: 0.478-0.602 at a threshold of 8 mg/l) differed for PCT and CRP (P < 0.05).
Conclusions: Therefore, PCT is a reliable marker for sepsis diagnosis and is more relevant than CRP in patients
with a positive blood culture. These findings can be useful for the treatment of critically ill sepsis patients.
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INTRODUCTION

Infection is a major complication in hospitalized and
post-surgical patients that greatly impacts patient outcome
and increases healthcare costs for society. However, the
clinical distinction between minor infection and sepsis is
not always apparent, making diagnosis difficult at early
stages. For example, systemic inflammatory response
syndrome (SIRS) with fever frequently occurs in
hospitalized patients in the absence of an infection. SIRS
can be self-limiting or may progress to severe sepsis or
septic shock in some cases [1]. As such, an accurate and
timely diagnosis of infection vs. sepsis and the imple-

mentation of adequate treatment are essential. The
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identification of early specific and sensitive biomarkers
of SIRS or sepsis can aid in this regard. Although blood
cultures are currently the best method for diagnosing an
infection, they are not universally informative. Further-
more, cytokines such as interleukin (IL)-6 and -8 have
been shown to be associated with sepsis severity and
patient outcome, but are not established tools for
diagnosis and clinical decision-making [2,3]. On the other
hand, C-reactive protein (CRP) is a commonly used
marker for detecting infection that is highly sensitive and
convenient forclinical follow-up, but has only limited
specificity.

Procalcitonin (PCT) is a recently identified marker of
inflammation and infection. The The 116-amino acid PCT

protein issynthesized and secreted by thyroid C cells as
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a precursor of calcitonin in humans; however, PCT levels
are increased in sepsis from an extrathyroidal origin [4,5]
and are markedly elevatedduring severe infection and
endotoxemia [6,7]. PCT is detectable after infection
following an increase in the levels of proinflammatory
cytokines such as tumor necrosis factor-¢ or IL-6, with high
levels maintained from 8 to 24 h, after which levels return
to baseline values more rapidly than that of CRP [8].
This study evaluatedthe diagnostic value of PCT as an
early marker of infection and compared PCT and CRP
in terms of their ability to predict sepsis based on the

results of blood cultures.

MATERIAL AND METHODS

We retrospectively analyzed 2,697 consecutive blood
samples obtained from hospitalized patients at a Dankook
University Hospital between January 2014 and December
2014 who had undergone laboratory tests for the measure-
ment PCT and CRP levels. This study was approved by
our hospital ethics committee,and informed consent was
waived owing to the nature of retrospective data
collection. PCT and CRP were measured from the same
sample in all patients, and in some cases sampling was
performed multiple times. PCT and CRP values were
measured by enzyme-linked fluorescent assay using the
VIDAS system (bioMerieux Co., Lyon, France) and by
nephelometry with the IMMAGE system (Beckman
Coulter Co., Fullerton, CA, USA), respectively. Clinical
and laboratory data were obtained from computerized
databases.

PCT values were divided into five categories according
to clinical status as follows: Group 1, normal state (PCT
values < 0.05 ng/ml); Group 2, local infection (PCT value
of 0.05-0.49 ng/ml); Group 3, sepsis (PCT value of
0.5-1.99 ng/ml); Group 4,severe sepsis (PCT value of
2-9.99 ng/ml); and Group 5, septic shock (PCT value >
10 ng/ml). Blood cultures were carried out for 1,010 of
the 2,697 samples using the Cobas €601 system (Roche
Diagnostics, Mannheim, Germany), which has a detecta-
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ble range of 0.02-100 ng/ml, sensitivity of 0.06 ng/ml,
and specificity of < 0.02 ng/ml.

Samples were further divided into positive and negative
blood culture groups. For the former, Bacillus spp., Cory-
nebacterium spp., Propionibacterium spp., or coagulase-
negative staphylococci identified in a single culture flask
were treated as contaminants; however, if present in at
least two culture flasks they were treated as possible
pathogens, as were all other detected species. Samples
with contaminants were excluded and only the results
pertaining to pathogenic bacteria were analyzed in this
study.

Values are expressed as mean =standard deviation
(SD), median and interquartile range, or number and
percentage. Results of the five PCT categories were
compared and the mean + SD of CRP was compared
among the five categories. PCT and CRP values were
also compared with respect to positive/negative blood
culture groups. The area under the curve (AUC) of PCT
and CRP receiver operating characteristic (ROC) curves
forpredicting sepsis (thresholds: PCT > 0.5 ng/ml and
CRP > 8 mg/dl) were calculated. Sensitivity, specificity,
and positive/negative predictive values were also deter-
mined to assess the clinical significance of PCT test
results and to evaluate threshold values for predicting
sepsis based onblood culture results. AUC values were
compared using a previously described method [9]. CRP
values of the five PCT groups were compared byanalysis
of variance. The Student’s t test was used to compare
mean PCT and CRP values based on blood culture results.
Differences with a P value < 0.05 was considered statisti-
cally significant. Statistical analyses were performed
using MedCalc 13.1.1.0 (Mariakerke, Belgium) and SPSS
20.0 for Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

The distribution of the sampled population according
to PCT categories is shown in Table 1. CRP values
increased from Group 1 through 5 as a function of PCT
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Table 1. Distribution of sample population in accordance with the categorized groups of procalcitonin level

G Total (1) Blood Results of Blood Culture (n) CRP (mg/dl)
Culture (n) Negative Negative rate Positive Positive rate Mean = SD Median
1 161 63 62 98.4% 1 1.6% 013 = 2.88 1.66
2 1,197 473 445 94.1% 28 5.9% 493 + 6.27 5.84
3 610 216 187 86.6% 29 13.4% 13.85 + 8.03 9.39
4 391 142 114 80.3% 28 19.7% 12.70 = 10.18 10.75
5 338 116 84 72.4% 32 27.6% 18.70 = 10.61 13.59
Total 2,697 1,010 892 88.3% 118 11.7% 9.82 += 859 7.44

Levels of procalcitonin corresponds to group 1, < 0.05 ng/mL; group 2, 0.05-0.49 ng/mL; group 3, 0.5-1.99 ng/mL; group 4, 2-9.99 ng/mL and

group 5, > 10 ng/mL. SD: standard deviation.
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Fig. 1. Comparison of C-reactive protein levels in accordance with the
five categorized groups of patients based on procalcitonin levels as
follows: Group 1: 10 ng/mL. The box plot shows the lower quartile, mean,
and upper quartile value.
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Fig. 3. C-reactive protein levels between the blood culture-positive group
and blood culturenegative group. The boxes show the lower quartile,
median, and upper quartile values.

level and the differences between groups were statistically
significant (P < 0.05 Fig. 1). Mean CRP concentrations
in the five PCT categories were 0.13 + 2.88, 4.93 + 6.27,
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Fig. 2. Procalcitonin levels in the blood culture-positive group and blood
culture negative-group. The boxes show the lower guartile, median, and
upper quartile values.
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Fig. 4. Receiver operating characteristic curve for procalcitonin (PCT) and
C-reactive protein (CRP) values for sepsis prediction. The area under the
curve respectively, indicating a statistically significant difference (P <
0.0001).
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13.85 + 8.03, 12.70 + 10.18, and 18.70 £ 10.61mg/dl,
respectively (P < 0.01).

Blood cultures were established for 1010 samples 118
were positive whereas the remaining 892 were negative.
Median PCT values were 2.55 and 0.35 ng/ml (Fig. 2)
andmedian CRP values were 7.41 and 7.49 mg/dl (Fig.
3) in the positive and negative blood culture groups,
respectively. Thus, both CRP and PCT levels were higher
in the positive than in the negative blood culture group;
however, the difference was only statistically significant
for PCT (P < 0.01) and not for CRP (P = 0.07).An
analysis of ROC curves to assess the predictive value of
PCT and CRP for sepsis found that the AUC of PCT
was higher than that of CRP (P < 0.01 Fig. 4).

DISCUSSION

The results of this study demonstrate that CRP value
increased proportionately with increases in PCT level in
hospitalized patients. In Group 5, which hadthe highest
PCT levels, CRP levels were higher than those in Group
1, which hadthe lowest PCT levels. Furthermore, both
PCT and CRP values were higher in the positive than
in the negative blood culture group. Previous studies have
compared biomarkers in patient groups -categorized
according to PCT level [10,11]. Our measurements could
therefore be useful for predicting clinically relevant sepsis
in hospitalized patients. In this regard, PCT was found
to be a more accurate marker than CRP to predict
postoperative sepsis.

The early identification of hospitalized patients who
may develop sepsis can enable more timely intervention.
Decision-making based on symptoms of infection is often
subjective, as these may be attenuated or nonspecific. As
such, detecting an infection or sepsis in hospitalized
patients remains a challenge, and there is a need for
reliable biomarkers for this purpose however, currently
available clinical and biological parameters such as
leukocyte count and CRP cannot always distinguish

between sepsis and SIRS. Furthermore, routine laboratory
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tests lack sensitivity and specificity, and confirmatory
results of microbiological studies are not immediately
available.

Biomarkers such as PCT, CRP, and erythrocyte sedi-
mentation rate are known indicators of bacterial infection
[12]. In our study, CRP and PCT levels were higher in
the positive than in the negative blood culture group.
These results underscore the importance of combining
biochemical information from biomarkers and clinical
statusfor diagnosing sepsis. Moreover, the observed
increases in PCT and CRP levels imply that these bio-
markers are clinically useful for predicting sepsis,
although their levels were also elevated in some patients
in the negative blood culture group these may be
non-microbiologically confirmed cases, which represent
about one third of all sepsis patients [13].

PCT is one of the most accurate biomarkers for
diagnosing sepsis and infection [6]. In the present study,
we found that a serum PCT concentration > 10 ng/ml
was highly suggestive of sepsis with good sensitivity
(75.0%), specificity (56.5%), and predictive value. This
is consistent with previous studies demonstrating the
usefulness of PCT as a marker for infection for instance,
high serum PCT was detected in patients with severe
bacterial infection, whereas in those without sepsis serum
PCT was undetectable [6].

CRP levels have been widely used to diagnose and
track infections. Aserum CRP level > 50 mg/l in intensive
care unit patients was found to be highly suggestive of
sepsis, with a sensitivity of 98.5% and a specificity of
75% [14], although it did not predict disease outcome
or severity. CRP is also inadequate for immediate
diagnosis and prognosis because of the time taken for
a reaction to occur and the limited duration of increased
serum levels [9,15,16]. In our study, CRP sensitivity was
47.3% and specificity was 53.1% moreover, the AUC of
PCT was higher than that of CRP (0.701, 0.511),
suggesting that PCT is superior to CRP as a marker for
identifying and diagnosing sepsis. However, it is still
unclear whether PCT is more specific than cytokines for

infection; although this point remains controversial [17],
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several studies have provided evidence for the usefulness
of PCT as a predictive biomarker in clinical settings
[5,13].

Our study had some limitations. Firstly, given that it
was a retrospective and single-center study there may
have been observational and selection biases for example,
the heterogeneous nature of patient blood samples may
have obscured greater differences in the results. Secondly,
the influence of disease time course must be taken into
consideration, since some studies have shown that the
PCT level increases at an earlier time point than that of
CRP after sepsis onset and also decreases sooner during
the course of controlled sepsis [18,19]. Therefore,
follow-up studies may be needed for patients with
clinically suspected sepsis.

In conclusion, PCT is a reliable and specific sepsis
biomarker in critically ill patients, and may be a useful
predictive tool. Accurate determination of PCT levels in
a clinical setting can improve the treatment of hospi-
talized patients by enabling a timely diagnosis and

avoiding potentially unnecessary treatment.
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