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Diagnostic value of dynamic serum PCT
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Abstract: Objective: To investigate the diagnostic value of dynamic serum procalcitonin (PCT) level in recurrent infec-
tion and cut-off value for PCT. Method: From which such cases as voluntary discharge, death and generally accepted
conditions affecting PCT levels were ruled out, leaving 300 cases taken into our research, including 200 cases of
recurrent infection and 100 cases of effective treatment. The PCT levels for the recurrent cases were compared
with those receiving effective treatment simultaneously. Furthermore, differences between PCT rebound points for
the recurrent and those from 60 control cases were compared. The diagnostic performance of PCT, WBC count,
and IL-6 for recurrent infection cases was evaluated using ROC curve. Results: The PCT level differed for cases with
recurrent infections and those receiving effective treatment. The former demonstrated a rebound in PCT level. The
PCT rebound point for recurrent cases was higher than that of the normal controls. The area under the ROC of PCT
for the diagnosis of recurrent infection was 83.5%. The cut-off level corresponding to the optimal sensitivity (89%),
specificity (83%), positive predictive value (84%), and negative predictive value (88.3%) was 2.29 ngml*. However,
the WBC count and IL-6 level had little diagnostic value for recurrent infection, and the area under the ROC curve
was 55.1% and 61.0%, respectively. Conclusion: Dynamic monitoring of serum PCT levels had an important diagnos-
tic and discriminatory value for recurrent infection induced by bacteria.
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Introduction eases. During bacterial infections, levels of PCT
reach plateau value within 8-24 h [4, 5]. Hence,

Bacterial infections are common clinical dis- PCT may be used to support clinical decisions

eases, for which the procedures of etiological
diagnosis are usually time-consuming. So the
timely diagnosis of bacterial infections remains
a challenge [1]. Before obtaining the microbio-
logical reports, the physicians prescribe antibi-
otics based on their experience, which increas-
es the risk of inducing drug-resistant bacteria
and the probability of aggravation, recurrence
or infection. Procalcitonin was described as a
new and innovative marker for infection for the
first time in 1993 [2]. It closely related to the
severity of infection, for which inducers of PCT
are bacterial endotoxins and exotoxins, as well
as inflammatory cytokines, e.g., TNF, IL-2 and
IL-6 [3]. PCT has emerged as a promising mark-
er for the diagnosis of bacterial infections
because higher levels of PCT are found in
severe bacterial infections relative to viral
infections and nonspecific inflammatory dis-

regarding the initiation or discontinuation of
antibiatic therapy [6, 7]. Also applied in the
scoring of severity [8], dynamic PCT level can
indicate whether to terminate antibiotic use. It
was recently suggested that monitoring PCT
levels could be a valuable tool for guiding antibi-
otic treatment in patients with bacterial infec-
tion in an intensive care unit [9]. We assessed
the diagnostic application of dynamic serum
PCT level in recurrent infection as a warning
indicator to guide antibiotic use.

Materials and methods
Reagents and equipments

An automatic immunochemical analyzer Cobas
E601 (Roche) was used. Roche provided the
calibration solution, reagents, and quality con-
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Figure 1. Variations in serum PCT levels.

trol substances. The laboratory for implement-
ing the protocol had passed an inspection.
Blood culture was performed using a Bacl/
ALERT® 3D Automated Rapid Microbial De-
tection System with matching culture bottles
(aerobic and anaerobic), and Vitek analyzer
(bioMerieux, UK) was applied to identify the
bacteria.

Sample collection

Blood samples were collected from 804 hospi-
talized adult patients with bacterial infection at
the Affiliated Zhongshan Hospital of Sun Yat-
sen University from January 2012 to May 2015,
from which such cases as voluntary discharge,
death and generally accepted conditions affect-
ing PCT levels were ruled out, leaving 300
cases taken into our research, including 200
cases of recurrent infection and 100 cases of
effective treatment. Also 60 samples were col-
lected as healthy controls. Infants were exclud-
ed considering the probability of a transient
increase in PCT level [10]. Inclusion criteria
were as follows: positive for bacterial culture
and clinically confirmed simple bacterial infec-
tion. Dynamic monitoring of serum PCT levels
was performed for all 300 cases with a bacte-
rial infection at 24-h intervals. Since variation
rates and trends for PCT levels differed depend-
ing on pathogenic bacteria, antibiotic use and
treatment effect, a reference time point (O h)
was chosen as the point corresponding to the
rebound in PCT levels for recurrent cases
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(Figure 1), as compared with cases receiving
effective treatment. The serum PCT levels with-
in 144 hours before and after “O h” were moni-
tored. Exclusion criteria were as follows: trau-
ma, surgery, burn injuries, small cell lung can-
cer, medullary thyroid carcinoma, and heart
failure (because they are considered causes for
increased PCT levels). Furthermore, samples
from patients with severe hemolysis, lipidemia,
and jaundice were excluded.

Variations in PCT levels among the three
groups

Recurrent cases: After antibiotic use, 200 adult
cases with bacterial infections experienced a
return to a normal body temperature, as well as
symptom alleviation. Serum PCT levels declined
significantly in these cases but did not reach
the criterion for stopping antibiotic therapy
(PCT £0.1 ng:ml-1), or the duration of antibiotic
therapy was less than 2 weeks, which a sudden
rebound in PCT levels occurred. Symptom
aggravation, bacterial count increasing in blood
cultures, bacterial species changing, and the
formation of drug resistant bacteria were ob-
served subsequently. A total of 100 cases were
receiving effective treatment and demonstrat-
ed symptom alleviation after antibiotic use,
with PCT levels meeting the criterion for stop-
ping antibiotic therapy. The healthy control
group consisted of 60 normal adults according
to a physical examination; we had no gender
limitations. Variations in serum PCT levels were
analyzed for the three groups.

Plotting an ROC curve for evaluation of the
diagnostic performance of PCT, WBC, and IL-6
for recurrent infections

ROC curves were plotted using the reference (O
h) and rebound (24 h) point in PCT levels for
recurrent cases, and the diagnostic perfor-
mance of PCT for recurrent infection was evalu-
ated. In addition, serum PCT, WBC, and IL-6
were detected for the 200 recurrent cases
receiving effective treatment during the same
period, and ROC curves were plotted for each
indicator with a comparison of diagnostic per-
formance of the three indicators.

Statistical analysis

Statistical analysis was performed using SPSS
19.0 software. The means between the two
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Table 1. Comparison of PCT levels between recurrent

cases and cases receiving effective treatment

Comparing the PCT levels between
recurrent cases and cases receiving

Mean Standard
(ngml?) deviation

Group Cases

effective treatment

1 Bacterial infection (O h) 150 1.37 0.57

2 Recurrent (24 h) 100 7.88 5.94
3 Effective (24 h) 50 0.71 0.42
P value 1vs 2 1vs 3 2vs3

P<0.05 P<0.05 P<0.05

80.71 It can be seen from Figure 1 that the

PCT levels for cases receiving effective
treatment at O h to +24 h were obvi-
ously lower than those at O h. The PCT
levels for recurrent cases at O h to +24

ROC

1.0 —

0.8 ( ‘JH
2 01 "r_/
=
2 Jr”
A 0.4

iy
02 4 PCT
0.0 - T T T T T
0.0 02 04 0.6 0.8 10

Figure 2. Receiver operating characteristic curve for
the procalcitonin diagnosis of recurrent infections.

groups were compared using a t test, and one-
way analysis of variance test was adopted for
comparing the means of multiple groups. ROC
curves were plotted for evaluation of diagnostic
performance, and a P of < 0.05 was considered
significant.

Results
Variations in serum PCT levels

Dynamic serum PCT levels were monitored for
300 cases with bacterial infections, and the
results are shown in Figure 1. Considering the
differences in types of infection, treatment effi-
cacy, time of hospital visit and intra-individual
differences, a reference time (0 h) was chosen
as the rebound point in PCT levels for recurrent
cases. Observations were performed at -144 h
to O h and O h to +144 h, at 24-h intervals.
Serum PCT levels demonstrated a continuous
decline for 100 cases, while 200 cases had
a rebound in their PCT level at 1.37 + 0.57
ngml?, which was the mean rebound level,
rather than the diagnostic cut-off point.
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h were obviously higher than those at
0 h and demonstrated an increasing
trend. The serum PCT levels for the three
groups differed significantly (Table 1). One way
ANOVA was employed to evaluate the differ-
ence among the means of recurrent cases and
cases receiving effective treatment at O h and
O hto+24 h.

Comparing the PCT levels of cases before re-
currence with those of normal controls

At O h, the serum PCT levels for 200 recurrent
cases were 1.37 + 0.57 ng:-ml* and those of the
normal controls were 0.03 + 0.02 ng:ml?. The
means of the two groups were compared using
t test. The PCT level at the reference point for
recurrent cases was significantly higher than
that of normal controls (t = 6.877; P < 0.05),
indicating the need to redesign the diagnostic
PCT cut-off points for recurrent infection pa-
tients.

Comparing the diagnostic performance of PCT,
WBC, and IL-6 for recurrent infections

ROC curves were plotted using the serum PCT
levels before and after recurrence (Figure 2).
The AUC for PCT was 83.5% (95% Cl: 76%-
99.1%; P < 0.01), indicating that PCT is a good
diagnostic value for recurrent infections. At the
best cut-off point, which was 2.29 ng:ml*, the
sensitivity, specificity, positive predictive value,
and negative predictive value were 89%, 83%,
84%, and 88.3%, respectively. The ROC curves
for PCT, WBC, and IL-6 were plotted (Figure 3).
The AUC for the WBC count and IL-6 level was
55.1% (95% Cl: 44%-66.3%) and 61% (95% Cl:
50.2%-71.8%), respectively, indicating that the
two indicators have a low diagnostic value.

Discussion
PCT is the propeptide of calcitonin, a glycopro-

tein without hormonal activity [11]. Karzai et al.
reported a significant elevation in the PCT level
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Figure 3. Comparison of PCT, the WBC, IL-6 detection performance to the

diagnosis of bacterial infection recurrence.

of patients with bacterial infections in the
1990s [12]. After that, PCT has been applied
for distinguishing among bacterial infections,
nonbacterial infections, localized mild infec-
tions, and serious systemic infections and for
guiding antibiotic use [13]. However, little
research has been conducted regarding the
diagnostic value of dynamic serum PCT levels
for recurrent infections. We determined the
diagnostic cut-off point for PCT in recurrent
infections in the present study and made com-
parisons with other indicators including WBC
and IL-6. The findings are valuable for differen-
tiating diagnosis of recurrent infection and for
discrimination between effective treatment
and recurrence.

According to the results, the serum PCT levels
for recurrent cases were obviously higher than
those of normal controls before recurrence.
Thus, cases with recurrent infections were cho-
sen as the focus of research. In clinical prac-
tice, the use of wide-spectrum antibiotics may
lead to dysbacteria, and conditioned patho-
gens have gradually become the main culprit
in refractory infections. Bacterial cultures for
those with recurrent infections usually reveal
altered Candida species, variations, or multi-
drug resistant bacteria. A few cases may have
negative bacterial cultures, probably as a result
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tive treatment to determine
the diagnostic cut-off point
for PCT. The recommended
threshold for the use and ter-
mination of antibiotics is 0.25
pug/L for PCT, as a counter-
measure for avoiding antibiot-
ic misuse [14]. Efforts have been made to
determine the diagnostic cut-off point for PCT
in different diseases. By plotting an ROC curve,
the diagnostic cut-off point was preliminarily
determined to be 2.29 ng:ml* in the present
study. The diagnostic cut-off point for PCT was
also studied in a variety of bacterial infections
due to its high performance, including simplex
infection, sepsis, and concurrent bacterial in-
fections in various diseases. Research shows
that PCT levels of >0.85 ng:-ml* could be used
as an independent predictor of infections [15].
The diagnostic threshold of PCT for sepsis is
0.47 ngmlt and that for severe sepsis is 2.28
ng-ml? [16]. For infections in patients who have
class Il, lll, and IV heart failure, the best diag-
nostic cut-offs for PCT are 0.086, 0.192, and
0.657 ng:ml?, respectively [17]. However, diag-
nostic cut-off values for PCT may show great
variability because of different causes of septic
shock and are 9.7 ng:-ml* for surgical cases and
1.00 ng:ml* for internal medicine cases [18].
Setting diagnostic cut-off values for PCT should
be based on patients’ primary diseases, surgi-
cal impact, and the timing of biomarker mea-
surements. In the present study, we presented
a preliminary diagnostic cut-off value for PCT.
As shown by many studies, PCT is more reliable
than conventional indicators such as body tem-
perature, WBC, CRP and cytokines (IL-6, IL-8)
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[19, 20]. Dandona et al. showed that a PCT
elevation might be attributed to the action of
IL-6 [21]. Whang et al. demonstrated with ani-
mal experiments that interleukin induced an
increase in PCT levels, but did not result in the
upregulation of cytokines [22]. According to the
results of the present study, PCT might be used
as a diagnostic indicator of recurrent infec-
tions, while WBC and IL-6 have little diagnostic
value. Combined with other existing research,
PCT seems to have an irreplaceable diagnostic
value for recurrent infection.

PCT could indicate the progression of infec-
tions and the effects of antibiotics, while
dynamic serum PCT levels combined with a
blood culture might improve diagnostic accura-
cy and provide guidance for antibiotic use. As
an important indicator, PCT could help reduce
the adverse impact of the emergence of super-
resistant bacteria. Dynamic monitoring of se-
rum PCT levels could provide more reliable evi-
dence for the diagnosis and treatment of recur-
rent infections, which represent a new clinical
application for PCT levels.
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