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Introduction

Sepsis, defined as a life-threatening organ dysfunction 
caused by a dysregulated host-response to infection, is a 
worldwide highly prevalent syndrome, associated with 
significant morbidity and mortality (1). Important aspects 
of sepsis management are early diagnosis as well as timely 
and specific treatment (e.g., antibiotics) in the first few 
hours of triage (2). However, the correct diagnosis and 

differentiation form non-infectious causes is challenging. 
Moreover, the correct use of antibiotics, still represents 
a major issue for treating physicians. The incorrect 
application of antimicrobial therapies lead to an increased 
risk for opportunistic infections, resistances to multiple 
antimicrobial agents and toxic side effects, which not only 
increase mortality but also healthcare costs (3,4).

It has been estimated that 30–50% of antibiotics used 
during the hospital stay are unnecessary or inappropriate, 
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because patients have non-bacterial infection or because the 
patients could have been treated with shorter courses (5).  
There is thus much potential to optimizing antibiotic 
treatment through more reliable diagnosis and better 
management of antibiotic therapy. 

In this regard, the use of blood biomarkers has great 
potential to improve sepsis care (6). From a clinical point of 
view, biomarkers should be able to complement the clinical 
judgement and interpretation of available prognostic and 
diagnostic tests, in order to improve patients care. Clinical 
management of critically ill patients with severe infection 
and sepsis can be improved by shortening the time to 
diagnostic and treatment decision (i.e., differentiation 
between bacterial vs. viral vs. fungal infection and vs. non-
infectious etiologies) (7). Furthermore, site-of-care decisions 
can be improved (e.g., early discharge or escalation of care) 
by an early risk stratification and the provision of prognostic 
information (8). Repeatedly measured biomarkers also help 
monitoring patients for tailoring therapy to individual needs 
of patients (antibiotic stewardship) (7,9) (Figure 1).

In this context, the use of the host-response and blood 
infection marker procalcitonin (PCT) has gained much 
attention and has already been approved for guidance 
of antimicrobial therapies in patients with respiratory 
infection and sepsis (10-16). PCT is a precursor hormone 
of calcitonin, that is not detectable in healthy individuals. 
However, the production of PCT is upregulated in response 
to bacterial infections and can decrease rapidly during 
recovery (17,18). Thus, PCT provides important additional 

information, which are able to supplement clinical and 
diagnostic parameters (19). This in turn, has not only a high 
impact on decisions regarding treatment of patients with 
suspected infections or sepsis (20), but can also influence 
the duration of antibiotic treatment courses.

The use of PCT is evolving in the management of 
sepsis and several interventional studies and systematic 
reviews have analyzed and summarized the effects of PCT-
guided strategies on antibiotic use and health outcomes. 
However, the there is no universal consensus on the optimal 
use of PCT in the setting of sepsis (21). The aim of this 
narrative review is to provide an overview about the current 
knowledge of PCT use in the treatment of critically ill 
patients with sepsis based on existing study results.

Procalcitonin as a diagnostic biomarker for 
bacterial infection and sepsis

Despite decades of research efforts, there is still no sepsis-
specific treatment option available. Crucial for a successful 
treatment and positive outcomes, is an early diagnosis 
and differentiation from non-infectious causes, in order 
to rapidly start with antimicrobial therapy and fluid 
resuscitation (22). However, due to the fact, that clinical 
signs for a definite or suspected sepsis can be heterogeneous 
and often ambiguous, its diagnosis and treatment remains 
challenging. To date, no gold standard exists for the 
detection of sepsis caused by bloodstream infections (23). 
The use of conventional diagnostic approaches such as 

Figure 1 Types of biomarkers and examples of their potential use.
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blood cultures and inflammatory blood markers [i.e., 
C-reactive protein (CRP), white blood count (WBC)] 
in patients with a clinical suspected infection or sepsis is 
restricted by some limitations (20). 

The use of blood cultures for the identification 
of pathogens, can provide information about type of 
microorganism and susceptibility towards antibiotic 
therapy. However, only a small part of the analyzed cultures 
results positive and in around 40–90% of patients with an 
assumed systemic infection, the results are negative blood 
culture, with no growing pathogens (24-26). Moreover, the 
long time to results limits initial treatment decision making 
and contamination leads to suboptimal specificity of the 
obtained results. In order to improve diagnostic work-up, 
additional tests are appropriate, which are able to guarantee 
an early and reliable diagnosis. 

One of the most investigated host-directed marker is 
PCT. Its synthesis pathway can vary depending on different 
inflammatory states. In healthy individuals, serum PCT 
is not detectable, since the protein is not released into the 
blood in absence of systematic inflammation (27-30). In case 
of a sepsis caused by bacterial infections, however, PCT 
synthesis is induced in practically all tissues and therefore, 
detectable in the blood. PCT synthesis is triggered by 
bacterial toxins, such as endotoxin and cytokines [e.g., 
interleukin (IL)-1beta, interleukin-6 and tumor necrosis 
factor (TNF)-alpha] (31). Due to cytokines released during 
viral infections that inhibit the production of TNF-alpha, 
PCT synthesis is not induced in the most viral infections 
(27-30). Moreover, PCT has a wide biological range, a 
short time to induction after bacterial stimulation and a 
long half-life (32). Thus, PCT has good discriminatory 
properties for the differentiation between bacterial and viral 
inflammations with rapidly available results.

PCT per se cannot isolate or detect specific pathogens, 
but the level of PCT may be useful to estimate the 
probability of a severe bacterial infection (26,33).

The diagnostic accuracy of PCT for sepsis has already 
been investigated in several observational studies, which 
however yielded divergent results. These conflicting results 
are most likely explainable by differences in the analyzed 
study population and different reference standard for 
infection used in the studies.

A meta-analysis conducted by Tang et al. in 2007, 
included 18 studies with 2,097 critically ill patients and 
showed a median sensitivity and specificity of 74% for PCT. 
Further, the calculated area under the summary receiver 
operating characteristic curve (SROC) was 0.78 (95% 

CI: 0.73–0.83), indicating that PCT cannot distinguish 
infectious from non-infections systemic inflammatory 
response syndrome (SIRS) with high certainty (34). In 
contrast, a more recent conducted meta-analysis including 
30 high quality studies and 3,244 patients demonstrated 
with an ROC-curve of 0.85 (95% CI: 0.81–0.88) that 
PCT can differentiate effectively between sepsis and SIRS 
of non-infectious origin (18). However, the PCT levels 
should always be interpreted in a context with clinical 
presentation, medical history, physical examination and if 
available microbiological assessment of the patients (18). 
A more recently published international expert consensus, 
recommended PCT cut-off levels for critically ill patients in 
order to estimate the probability of bacterial infections and 
therefore, improve initial clinical assessment (Figure 2) (21).  
The presented guidelines recommend the use of cut-
off ranges with higher and lower positive and negative 
predictive values for sepsis, instead of one general cut-off.

Procalcitonin as a prognostic biomarker for 
the risk assessment in patients with severe 
infection and sepsis

The assessment of a patient’s individual risk profile and the 
ability to predict their outcomes, is a further key aspect 
in the setting of severe infections. Risk stratification and 
prognostication are important prerequisites, in order to 
appropriately apply health-care resources and available 
therapeutic options. This may help to find those patients 
who are most likely to benefit from targeted and extensive 
therapy without causing unnecessary harm. The Sequential 
Organ Failure Assessment (SOFA), which is based on the 
recently updated definition of sepsis, represents a complex 
tool mainly appropriate for patients in the intensive care 
unit. Clinical risk scores, such as APACHE or SAPS II, are 
only validated when used with admission values and are also 
limited by practicality issues (35,36). This in turn, reflects 
the need for newly available biomarkers that are measurable 
with high precision and reproducibility, respond to clinical 
recovery and provide real-time information (37). 

Numerous biomarkers, which reflect the complex 
pathophysiology of sepsis, have been identified and 
evaluated in regard to their prognostic value. In this 
context, PCT and especially its kinetics is one of the most 
studied biomarkers. In fact, PCT kinetics over time has 
shown to improve the monitoring of critically ill patients 
with sepsis (38-44). Since decreasing PCT values correlate 
with good outcomes and increasing values are associated 
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with adverse outcomes which also include mortality, PCT 
kinetics have demonstrated prognostic implications (45-49).  
PCT kinetics also showed a correlation with severity of 
illness (20). A Finnish observational study identified PCT 
concentrations being higher in more severe cases of already 
advanced sepsis. Moreover, it was shown that a substantial 
decrease in PCT concentration was more relevant for 
survival prediction compared to absolute values (46). 
The analysis of retrospective data from two independent 
US critical care institutions indicated a high prognostic 
power for the 72-hour PCT kinetics for predicting sepsis 
mortality (50). A PCT decrease >80% within 72 h after 
initial assessment had a negative predictive value of around 
90% for the exclusion of ICU mortality, which probably 
can help to identify patients with a reduced risk, for whom 
a therapy de-escalation or an early ICU discharge could be 
considered. In contrast, no decrease or an increase of PCT 

in the same timeframe had a positive predictive value of 
around 50%, indicating patients at high risk who probably 
require treatment escalation (50). These results were also 
confirmed by the MOSES-Study, a prospective multicenter 
FDA study, conducted in different U.S based hospitals (17). 

However, to demonstrate that prognostic information 
can also result in improved clinical outcomes of patients, 
has poses several challenges. This was reflected in a large 
interventional study, which showed that survival was not 
improved by a PCT-guided diagnostic and therapeutic 
management escalation. Moreover, the use of broad-
spectrum antibiotics was prolonged which, in turn, had a 
negative impact on organ function and lengths of stay in the 
ICU (45).

A further important aspect to consider in patients with 
sepsis is the presence of renal impairment and the reduced 
glomerular filtration rate that may lower PCT clearance 

Figure 2 Procalcitonin use in patients with severe illness in the ICU. Please note: caution in patients with immunosuppression (including 
HIV), cystic fibrosis, pancreatitis. trauma, pregnancy, high volume transfusion, malaria; PCT-guided stewardship should not be applied to 
patients with chronic infections (e.g., abscess, osteomyelitis, endocarditis). ICU, intensive care unit; PCT, procalcitonin. 
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Table 1 Summary of Procalcitonin randomized trials for infections in critically ill patients 

First author (year) 
(Ref), trial name

Setting, type of study 
(country)

Number of participant 
and type of infection

PCT Algorithm Outcomes

Nobre (2008) (40) Medical-Surgical ICU, 
Single center
(Switzerland)

79 patients with 
suspected severe 
sepsis/septic shock

Only discontinuation: antibiotic 
stop if PCT decreased 90% from 
initial value, but not before day 3  
(if baseline <1 µg/L) or day  
5 (if baseline ≥1 µg/L)

• No different in mortality or 
recurrent infections

• Reduction of ICU LOS by  
2 days (P=0.03)

• Reduction of 4 days in median 
duration of antibiotic therapy 
(P=0.003)

Hochreiter  
(2009) (44)

1 Surgical ICU, Single 
Centre (Germany)

110 sepsis patients 
with SIRS and 
documented infection

Only discontinuation:
Antibiotic stop if  
PCT <1 µg/L or decrease to 
25–35% of initial value over  
3 days

• No differences in treatment 
success, SOFA Score and 
hospital mortality

• Reduction of ICU LOS by  
2.2 day (P=0.046)

• Antibiotic reduction:  
Mean 5.9 vs. 7.9 days (P<0.001)

Schroeder  
(2009) (41)

1 Surgical ICU, Single 
Centre (Germany)

27 patients with  
severe sepsis

Only discontinuation: antibiotic 
stop if PCT<1 µg/L or decrease to 
<35% of initial value over 3 days

• No differences in SAPS II, SOFA 
Score, hospital mortality

• Antibiotic reduction:  
Mean 6.6 vs. 8.3 days (P<0.001)

Bouadma  
(2010) (38) 
PRORATA

5 Medical ICUs and 
2 surgical ICUs, 
Multicenter (France)

621critically ill  
patients with  
assumed/proven 
bacterial infection

Initiation and discontinuation: 
antibiotic therapy strongly 
discouraged (<0.25 µg/L), 
discouraged (0.25–0.5 µg/L), 
encouraged (0.5–1 µg/L), strongly 
encouraged (>1 µg/L)  daily 
PCT measurements required. 
Discontinuation: if PCT decreased 
≥80% from the initial peak 

• No differences in non-inferiority 
analysis regarding 28- and  
60-day mortality

• Trend towards increased  
60 days mortality (+3.8%)

• No differences in infection 
relapse, superinfection, 
mechanical ventilation, ICU and 
hospital LOS

• Antibiotic reduction: Mean 
11.6 vs. 14.3 days of therapy 
(P<0.0001)

Annane  
(2013) (10)

8 ICUs, Multicentre 
(France)

58 severe sepsis 
patients without overt 
source of infection and 
negative blood culture

Initiation and discontinuation: 
withhold or stop antibiotic therapy 
(<0.25 µg/L); antibiotic therapy 
strongly discouraged  
(0.25–0.5 µg/L), recommended 
(0.5–5 µg/L), strongly 
recommended (≥0.5 µg/L). Higher 
cut-off values used for post-
surgical patients

• No difference in day 5 mortality, 
ICU or hospital LOS or mortality, 
SOFA score at day 3 or 5 (Study 
terminated early due to low 
incidence of eligible patients)

• Nonsignificant trend in antibiotic 
reduction: 67% vs. 81% of 
patients on antibiotics at day 5 
(P=0.24)

Table 1 (continued)
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Table 1 (continued)

First author (year) 
(Ref), trial name

Setting, type of study 
(country)

Number of participant 
and type of infection

PCT Algorithm Outcomes

Deliberato  
(2013) (13) 

ICU,
Single Centre
(Brazil)

81 sepsis patients 
with microbiologically 
confirmed bacterial 
infection 

Only discontinuation: antibiotic 
stop if: PCT decreased >90% 
from the initial peak or  
PCT <0.5 µg/L

• No differences in in-hospital 
mortality, ICU mortality, primary 
infection relapse rate, ICU LOS 
and median hospital LOSpat

• Antibiotic reduction: median 
antibiotic therapy duration:  
9 vs.13 days (P=0.008)

Shehabi (2014)  
(59) ProGUARD

11 ICUs, Multicentre 
(Australia)

394 patients with 
suspected bacterial 
infection/sepsis 

Only discontinuation: stop 
antibiotic therapy if: PCT <0.1 µg/L, 
or 0.1–0.25 µg/L and infection is 
highly unlikely, or subsequent PCT 
declines ≥90% from baseline (daily 
PCT measurements) 

• No differences in ventilation 
time, ICU and hospital LOS, 
hospital and 90-day mortality)

• Nonsignificant trend in antibiotic 
reduction: median 9 vs. 11 days 
antibiotic therapy (P=0.58)

de Jong (2016)  
(12) SAPS

ICUs at 15 hospitals, 
Multicentre 
(Netherlands) 

1,546 critically ill 
patients with assumed 
infection 

Only discontinuation: stop 
antibiotic therapy if PCT 
decreased to ≥80% of the peak 
value or ≤0.5 µg/L (daily PCT 
measurements)

• Decreased 28-daily mortality 
(20% vs. 25%, P=0.0122) and 
1-year mortality (36% vs. 43%, 
P=0.0188)

• No differences in hospital and 
ICU LOS or requirement for 
additional antibiotics within  
28 days

• 5% vs. 3% rate of reinfections 
by the same pathogen 
(P=0.0492).

• Median antibiotic consumption 
of 7.5 vs. 9.3 daily defined 
doses (P<0.0001),

• Median antibiotic treatment 
duration 5 vs. 7 days (P<0.0001)

Bloos (2016) (11) 
SISPCT 

33 ICUs, Multicentre 
(Germany)

1,089 patients with 
severe sepsis or  
septic shock 

Discontinuation or “Alert”: 
PCT measurement on days 
0, 4, 7, 10 and 14. On day 4: 
change antibiotics or intensify 
source control efforts if PCT not 
decreased by ≥50% form baseline 
value. Other days: Antibiotic 
treatment stop if PCT <1 µg/L or 
decreased by ≥50% from previous 
value 

• No differences in 28-day 
mortality (25.6% vs. 28.2%, 
P=0.34) and procedures for 
infection source control or 
diagnosis 

• 4.5% reduction in antibiotic 
exposure per 1,000 ICU days 
(823 vs. 862 days, P=0.02)

ICU, intensive care unit; PCT, procalcitonin; LOS, length of stay; SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ 
Failure Score. 

l 
l 
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and levels thus may be higher than assumed (51,52).

Procalcitonin as a therapeutic biomarker for 
antibiotic stewardship in patient with severe 
infection and sepsis

Early empirical antibiotic therapy has demonstrated to be 
highly effective for the reduction of mortality and morbidity 
in sepsis (53,54). However, a prolonged and unnecessary 
(e.g., in the setting of viral infection) antibiotic therapy, 
exposes patients to a high risk for adverse drug reactions 
without any additional therapeutic benefit. Furthermore, 
antibiotic overuse, still represents an important risk 
factor for the development of antibiotic-resistant bacteria 
(55,56). For many physicians, determining the duration of 
an antibiotic therapy is a challenging decision, due to the 
fact that clinical signs and symptoms lack sensitivity and 
specificity to ensure differentiation between self-limited and 
mild viral infections from more severe bacterial infections. 
In recent years, there has been great interest in biomarkers 
that are able to indicate the risk for bacterial infection in 
a short time after admission and thus, can help to reduce 
antibiotic overuse and potentially diminish antibiotic 
associated side effects, mortality and treatment failure 
(12,57). The use of PCT for this propose has recently 
been approved by the US Food and Drug Administration 
(FDA) (21). This decision was based on several randomized 
controlled trials which have analyzed infections of different 
severity in various clinical settings ranging from primary 
care to ICU and have investigated and demonstrated the 
efficacy and safety of PCT-guided decision-making with 
regard to antibiotics (42,57,58). Table 1 shows a summary 
of previously published randomized controlled trials 
investigating PCT-guided antibiotic therapies in critically 
ill patients.

Nobre et al. conducted one of the first randomized 
“proof of concept” study investigating the effect and 
safety of PCT-guided therapy in patients with sepsis 
requiring intensive care. Using a PCT-guided algorithm 
the exposure to antibiotics could be reduced without 
causing any harm or negative outcome (40). Subsequent 
large, multicenter studies, including the PRORATA 
trial (38,60) and the Stop Antibiotics on Procalcitonin 
Guidance Study (SAPS) (12), validated the use of PCT-
guided therapy and showed that PCT can help to reduce 
antibiotic exposure by shortening treatment duration. 
In case of critically ill patients with a high probability 
for bacterial infection early empiric antibiotic therapy is 

crucial and PCT is mainly used for treatment cessation, 
based on its kinetics. PCT use in patients with sepsis 
treated in the ICU was investigated in a recent meta-
analysis, including 11 studies and 4,482 patients. The 
analysis demonstrated a significant reduction in mean 
treatment duration (from 10.4 to 9.3 days, P=0.001) (61).  
Further, it was shown that the mortality rate was lower 
in the PCT-guided group compared to the control group 
(21.1% vs. 23.7%, P=0.03). Subgroup analyses based on 
sepsis 3 definition, sepsis severity, presence of renal failure 
as well as in different types of infection revealed similar 
effects. The observed positive effects are probably due to 
the lower risk for antibiotics associated toxic effects in the 
PCT-guided group. Despite a not yet fully understood 
pathophysiological mechanism, several observational 
analyses have reported a reduced risk of treatment failure 
and mortality which was associated with early antibiotic de-
escalation in patients with sepsis (62,63).

Consistent with the results mentioned above, a meta-
analysis investigating PCT use in septic patients with 
positive blood cultures indicated a significantly shorter 
antibiotic therapy duration for the patients guided with 
PCT (−2.86 days, 95% CI: −4.88 to 0.84; P=0.006) as 
well as a trend towards lower mortality (16.6% vs. 20.0%; 
P=0.263) (64).

Despite the available evidence regarding PCT-
guided therapy de-escalation, the use of PCT-guided 
antibiotic therapy escalation is not yet recommended. A 
randomized trial analyzing 1,200 critically ill patients in 
nine multidisciplinary intensive care units in Denmark, 
demonstrated that therapy escalation did not improve 
outcome when PCT-algorithms were used (45).

A more widespread use of PCT in critically ill patients 
was limited by the fact, that a commonly accepted 
algorithm for the utilization of PCT in those patients was 
long lacking (21). However, the applied PCT-protocols 
used in the different studies were all similar and based on 
the same concept: The initiation of an antibiotics therapy 
was recommended in all patients with a suspected sepsis 
based on the clinical grounds and PCT kinetics over time 
were used for recommendations concerning an early 
discontinuation of the antibiotic therapy (58). PCT cut-
offs of <0.5 µg/L or a decrease of 80–90% from the peak 
level were considered to indicate recovery and in such 
cases discontinuation of antibiotic treatment was favorable. 
According to the current body of evidence an international 
expert group recently published a consensus algorithm 
for the PCT use in patients with suspected bacterial 
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infections. The proposed algorithm was utilized in various 
interventional trials, which all resulted in significantly 
reduced antibiotic exposure, without increasing mortality or 
adverse event rates. However, in particular for ICU trials, 
adherence rates to the PCT protocol were very variable 
(38,40).

Practical consideration for the use of 
procalcitonin testing

Figure 2 (Flowchart PCT) provides a practical guide for the 
rational use of PCT in a high risk setting in conjunction 
with clinical assessment, including interpretation of PCT 
and recommendations for antibiotic use (21,58).

The interventional non-inferiority proACT trial revealed 
low adherence rates to the PCT protocol, indicating a 
shortcoming of experience in the use of PCT as well as in 
its interpretation in a clinical context. In order to gain more 
confidence with PCT measurements, repeated education for 
antibiotic stewardship could be advantageous for physicians. 
This statement was also confirmed by a retrospective 
cohort study of Broyles et al. Through education-based 
antibiotic stewardship, which includes also the use of PCT 
measurements, a reduction of antibiotic prescriptions and 
lower resistance rates could be achieved. Moreover, an 
association with improved outcomes like lower readmission 
rates, shorter length of stay and lower Clostridium difficile 
infections was observed (65).

Limitation of procalcitonin

PCT studies are limited to the use in patients with 
respiratory infections and sepsis. Data about the use of 
PCT in immunosuppressed patients including patients with 
HIV, cystic fibrosis, pancreatitis, trauma, pregnancy and 
high volume transfusion are very low. Moreover, it should 
be noted that some non-infectious disorders, such as C-cell 
carcinoma or trauma, can lead to a systemic inflammation 
resulting in elevated PCT levels. Further, the use of 
PCT-guided stewardship is not recommended in patients 
suffering from a chronic infection such as osteomyelitis 
or endocarditis, since observational studies were unable to 
identify any benefit and interventional investigations in this 
context are still lacking (66).

Conclusion and outlook

An early diagnosis and the initiation of an appropriate 

antibiotic treatment are still the cornerstones of effective 
sepsis care. In this respect, PCT has shown promising 
results for the treatment of patients with sepsis. However, 
it should be noted that PCT values are not intended to 
replace good clinical practice, but should be used as a 
complementary tool combined with available clinical and 
diagnostic parameters. In order to estimate the probability 
of bacterial infections, it is recommended to use cut-
off ranges with higher and lower positive and negative 
predictive values for the identification of sepsis, instead of 
one general cut-off. A further important consideration is 
the quality of the used PCT assays (67). The use of high-
sensitive PCT assays should be preferred in clinical practice 
since the use of semi-quantitative assays is not able to 
detect an increased PCT in lower ranges. The prognostic 
information derived from PCT kinetics can influence 
further procedure with regard to diagnostic testing, but 
also therapeutic decisions and timing of patients discharge 
(40,60). In high risk situation the use of PCT should not 
delay or inhibit the start of empirical treatments, but should 
rather be used for treatment termination in case PCT is 
<0.5 µg/L or decreased by 80–90% of the peak level. To 
date, integration of the host-response marker PCT into a 
comprehensive clinical assessment seems to be a promising 
approach to reduce diagnostic uncertainties and antibiotic 
overuse. Still, further research is needed to understand 
optimal use of PCT, also in combination with other 
remerging diagnostic tests for most efficient sepsis care.
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