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Mini Review
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Role of presepsin for the evaluation of sepsis in
the emergency department

Abstract: Sepsis, severe sepsis and septic shock are among
the most common conditions handled in the emergency
department (ED). According to new Sepsis Guidelines,
early diagnosis and treatment are the keys to improve sur-
vival. Plasma C-reactive protein (CRP) and procalcitonin
(PCT) levels, when associated with documented or sus-
pected infection, are now part of the definitions of sepsis.
Blood culture is the gold standard method for detecting
microorganisms but it requires too much time for results
to be known. Sensitive biomarkers are required for early
diagnosis and as indexes of prognosis sepsis. CRP is one
of the acute phase proteins synthesized by the liver: it has
a great sensitivity but a very poor specificity for bacterial
infections. Moreover, the evolution of sepsis does not cor-
relate with CRP plasma changes. In recent years PCT has
been widely used for sepsis differential diagnosis, because
of its close correlation with infections, but it still retains
some limitations and false positivity (such as in multiple
trauma and burns). Soluble CD14 subtype (sCD14-ST), also
known as presepsin, is a novel and promising biomarker
that has been shown to increase significantly in patients
with sepsis, in comparison to the healthy population.
Studies pointed out the capability of this biomarker for
diagnosing sepsis, assessing the severity of the disease
and providing a prognostic evaluation of patient outcome.
In this mini review we mainly focused on presepsin: we
evaluate its diagnostic and prognostic roles in patients
presenting to the ED with systemic inflammatory response
syndrome (SIRS), suspected sepsis or septic shock.
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Introduction

Sepsis, severe sepsis and septic shock are unquestionably
some of the major healthcare problems, affecting millions
of people each year worldwide, responsible for one death
every four, and increasing in incidence [1-3]. Prompt
diagnosis and treatment with appropriate antimicrobial
chemotherapy is of utmost importance in reducing mor-
bidity and mortality associated with sepsis [4]. Sepsis is a
systemic deleterious host response to infection, possibly
leading to severe sepsis (acute organ dysfunction second-
ary to documented or suspected infection) or septic shock
(severe sepsis plus hypotension not reversed with fluid
resuscitation). According to the most recent guidelines,
published by the Surviving Sepsis Campaign [5], early
recognition of these conditions and speed and appropri-
ateness of therapy in the initial hours after presentation
considerably influence the outcomes of septic patients.
Plasma C-reactive protein (CRP) and procalcitonin (PCT)
values more than two standard deviations (SD) above the
normal levels, if associated with infection documented or
only suspected, are now part of the definition of sepsis [5, 6].

Blood culture is the gold standard method for detect-
ing the presence of microorganism in the bloodstream.
However, it has limited usefulness for early detection of
infection because it usually requires several days for results
to be known [7]. Blood culture may also be plagued by
some false negative cases, especially in patients undergo-
ing antibiotic therapy. This can lead to a delay in antibiotic
administration and consequently to increased mortality.
Moreover, sepsis can be suspected in the absence of an
obvious infectious source, particularly in elderly people
who often present with non-specific signs (weakness,
confusion, dyspnea and organ dysfunction, such as acute
renal failure and acute coronary syndrome). In conclusion,
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sensitive biomarkers are needed for diagnosis and progno-
sis of sepsis, severe sepsis and septic shock, particularly in
such cases of atypical presentations [8].

Selection of studies

We analyzed the most recent and important studies
that reported results about presepsin: we systematically
searched PubMed, Ovid and Scopus databases in a time
period from July 1995 to February 2014 using the term “pre-
sepsin”. Retrospective, prospective studies and reviews
were taken into account, avoiding unpublished literature
and papers published only in abstract form.

The area under the curve (AUC) was used to show
diagnostic and prognostic accuracy. A p-value <0.05 was
considered to be significant.

Traditional biomarkers

CRP is one of the acute phase inflammation proteins syn-
thesized by the liver; CPR levels increase 6 h after inter-
leukin 6 (IL-6) stimulation and has a half-life of 2024 h
[8]. Its main advantage is its great sensitivity as soon as
an inflammatory process affects the human body, but
unfortunately it is weakly specific for bacterial infections;
moreover, the evolution of sepsis is poorly correlated with
changes in serum CRP level [9].

PCT is the pro-hormone of calcitonin: it is synthe-
tized by thyroid cells. During any pro-inflammatory
stimuli, many tissue and immune cells attain the ability
to produce PCT [10, 11]. This biomarker increases within
4 h from the start of the innate immunity cascade, peaking
within 6-8 h [9]. Although PCT has an established role as
a biomarker in septic patients and has been shown to cor-
relate closely with infection, it has some limitations: it
rises transiently in patients with non-septic conditions
and systemic inflammatory response syndromes (SIRS)
(e.g., trauma, surgery, heatstroke).

However, PCT can be used as an index of progres-
sion to septic shock and multi-organ failure [12]. Two
recent studies tried to establish a PCT-algorithm useful
to manage sepsis antimicrobial therapy based on plasma
PCT levels changes with conflicting results. Bouadma and
colleagues showed that this algorithm could reduce anti-
biotic exposure without apparent adverse outcomes [13],
while Jansen et al. showed a prolonged admission to the
intensive care units without any improvement in the sur-
vival rate [14].
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sCD14-ST or presepsin

Cluster of differentiation 14 (CD14) is a glycoprotein
expressed on the membrane surface of monocytes and
macrophages (mCD14) and serves as a high-affinity recep-
tor for complexes of lipopolysaccharides (LPSs), a com-
pound from the outer cell wall of Gram-negative bacteria,
and LPS-binding proteins (LPBs). CD14 activates the toll-
like receptor 4 (TLR4)-specific proinflammatory signaling
cascade in order to start the inflammatory reaction against
microorganisms [7, 15]. The soluble form of CD14 (sCD14)
is directly secreted by hepatocytes: during inflammation
plasma proteases activate a cleavage of sCD14 in order to
generate a truncated form named sCD14-subtype (sCD14-
ST), well known as presepsin.

Membrane CD14 may also function as a receptor for
peptidoglycan, a cell wall component of Gram-positive
and some Gram-negative bacteria [7].

Presepsin is normally present in very low concentra-
tions in the serum of healthy individuals and has been
shown to increase in response to bacterial infections,
according to the severity of the disease [16]; however,
information about presepsin concentrations in specific
populations are very poor. A French study pointed out that
presepsin concentrations increase with age and kidney
dysfunction in the absence of any infectious sign. Then,
an adapted threshold may be necessary in the elderly
population and in the case of kidney impairment since the
interpretation of presepsin levels could be misleading in
these situations [17].

More recent studies confirmed presepsin as a prom-
ising biomarker in the diagnosis of sepsis, as well as for
assessing the severity and predicting the outcome in septic
patients [16, 18-21]. Furthermore, a rapid assay, based on
the chemiluminescence enzyme immunoassay principle
(called PATHFAST® Presepsin assay, Mitsubishi Chemical
Medience Corporation, Tokyo, Japan), is now available
and can be used on a point-of-care testing basis [22], thus
allowing the emergency physician (EP) to get presepsin
values in a short time from whole blood samples [23].

Diagnostic role and diagnostic
accuracy

Several studies compared presepsin diagnostic power to
that of PCT in detecting sepsis in patients presenting at
the emergency department (ED) with a documented or
suspected infection. Endo and colleagues demonstrated
similar AUCs for presepsin and for PCT, 0.908 and 0.905,
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respectively, in their ability to differentiate between
patients with bacterial and non-bacterial infections [21].
In another study the AUC of presepsin was lower than PCT
(0.70 vs. 0.87) in a cohort of septic patients [20], even if pre-
sepsin was able to significantly differentiate sepsis from
SIRS (p=0.02), and severe sepsis/septic shock from SIRS
(p<0.001). In contrast to the latter study, Liu et al. reported
that presepsin is a very powerful biomarker, superior to PCT
for the diagnosis of sepsis and severe sepsis (AUC for prese-
psin and PCT were 0.82 and 0.72, respectively, in the case of
sepsis and 0.84 and 0.74 in the case of severe sepsis) [19].

Few studies evaluated the role of presepsin in pre-
dicting the presence of bacteriemia. An Italian study
evaluated this relationship in a surgical population
(cadaveric-donor organ transplant recipients and abdom-
inal surgery patients). Novelli et al. showed that high
presepsin concentrations could indicate the presence of
an infection despite clinical absence of septic signs and
symptoms when a blood test for presepsin was performed.
The presence of infection was confirmed days after study
enrollment by positive blood cultures [24]. Some authors
found that CRP, PCT and presepsin serum values were
significantly higher in the bacteremic population without
any differences among the blood culture-positive, -nega-
tive and mixed flora groups [7]. In a pediatric oncology
population with febrile neutropenia, PCT levels were sig-
nificantly higher in the sepsis/bacteriemia group (where
infections were further confirmed with positive blood
cultures) compared to the fever of unknown origin (FUO)
group (with negative blood cultures) whereas presepsin
concentrations did not differ between the two groups [25].

Recent studies compared presepsin values to Sequen-
tial Organ Failure Assessment (SOFA) and Acute Physiol-
ogy and Health Evaluation (APACHE) II scores in patients
with sepsis, finding a close correlation between plasma
biomarker levels and the severity of the scores [16]. Endo
and colleagues confirmed previous studies: presepsin
levels correlated with the sepsis diagnosis at hospital
admission and with the monitoring of sepsis during the
follow-up. During follow-up, marker serum levels were
associated with the decreasing trend in SOFA and APACHE
II, while other tested biomarkers (such as PCT and CRP)
were not [26]. Ulla et al. found a significant correlation
only between presepsin values at the first medical evalua-
tion in ED and SOFA scores [20].

The potential influence of presepsin in sepsis-induced
disseminated intravascular coagulation (DIC) was studied
by considering 11 variables [antithrombin activity, coagu-
lative protein C, thrombomodulin, platelet counts, pro-
thrombin time-international normalized ratio, D-dimer,
presepsin, PCT, IL-6, CRP and white blood cell (WBC)
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count]: presepsin and coagulative protein C (PC) was the
best association to predict the severity of sepsis-induced
DIC. The AUCs for the combination of presepsin and PC in
the patients with and without sepsis and DIC were 0.913
and 0.880, respectively [27].

Few studies evaluated the usefulness of presepsin
in the surgical environment. Popov et al. defined the
biomarker’s ability in predicting clinical complications
in cardiac surgical patients (acquired heart valvular dis-
eases with cardiopulmonary bypass) during perioperative
period: increased postoperative levels of presepsin were
associated with a major risk of infection complications
and untoward outcomes [28]. Some authors evaluated
presepsin in preoperative diagnosing of abdominal sepsis:
the AUC to discriminate SIRS from sepsis was 0.996. Prese-
psin showed a better diagnostic accuracy when compared
to PCT, CRP and WBC count [29].

Cakir Madenci et al. underlined the significant diag-
nostic role of presepsin in diagnosis and follow-up of
sepsis in burn patients. The AUC for detecting sepsis was
0.834, very similar to that of already known biomarkers
like PCT and CRP (0.847 and 0.819, respectively) [30].

Diagnostic performance of presepsin was also evalu-
ated in the detection of sepsis-related fatalities using post-
mortem femoral blood compared to PCT and CRP. Results
indicated that postmortem serum PCT, CRP and presepsin
levels allowed septic cases to be identified (AUCs were
0.89, 0.96 and 0.84, respectively). Postmortem biochemi-
cal investigations failed in identifying underlying bacte-
rial infections and hidden sepsis status in the control
group: none of the subjects included in this group had a
documented, clinical diagnosis of sepsis in vivo and none
had been admitted to the hospital prior to death [31].

Prognostic role and prognostic
accuracy

Recent studies correlated presepsin serum values with
mortality: Ulla et al. demonstrated a significantly correla-
tion (p=0.04) between high presepsin values at the first
medical evaluation in ED and 60-day in hospital mortal-
ity, data not confirmed with PCT levels [20]. According
to Masson and colleagues, high biomarker values, with-
drawn at 1, 2 and 7 days after study enrollment, were inde-
pendently associated with the negative outcome during
the hospital stay, on days 28 and 90 after study enroll-
ment, while PCT concentrations were not (AUCs of 0.69,
0.70 and 0.74, respectively, on days 1, 2 and 7; vs. 0.56, 0.55
and 0.64, respectively, for PCT) [32]. Presepsin prognostic
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power has also been studied in the context of burns: non-
survivors people had significant higher presepsin levels
when compared to survivors (p<0.0001). In these studies,
PCT and CRP reached equivalent results (p<0.0210 and
p<0.0008, respectively) [30].

Presepsin in neonatology

Despite every year almost one million newborns dying
from infections, there are very few studies about presepsin
in the neonatology population [9]. A great effort to reduce
the neonatal mortality rate is put into looking for new
biochemical markers. Nowadays PCT and CRP are used to
manage critically ill newborns with sepsis: although they
have good diagnostic and monitoring performances, they
show very limited values for stratification and in predict-
ing outcomes. Among biomarkers, presepsin could be
one of the most interesting and reliable candidates for
sepsis management [9], specifically for early diagnosis,
the classification into severity degrees, the prediction
of complications and death [33]. Mussap et al. studied a
group of critically preterm ill newborns with gestational
age between 26 and 36 weeks, admitted for various severe
diseases in the absence of documented sepsis: no correla-
tion was found between presepsin values and gestational
age. Thus it seems reasonable to adopt a unique reference
range for preterm population [34].

Conclusions

Sepsis represents a continuum from an inciting infec-
tious event and the consequent host-pathogen interac-
tion, possibly leading to hemodynamic consequences
caused by pro-inflammatory, anti-inflammatory, and apo-
ptotic mediators [35]. In some cases sepsis can evolve into
severe sepsis, when documented or suspected infection
is associated with multiorgan involvement and failure, or
even into septic shock, when hypotension becomes unre-
sponsive to fluid therapy and vasopressors are required.
Sepsis, severe sepsis and septic shock are common con-
ditions, very frequently recognized and handled (at least
initially) in the ED: strong evidence suggests that early
identification and prompt therapeutical intervention are
beneficial in affecting outcome [36]. Early recognition of
sepsis is not always straightforward and clinical signs
at presentation can be misleading and very heterogene-
ous in the population, especially in patients present-
ing to the ED, due to frequent comorbidities or variable

DE GRUYTER

demographic characteristics (age, sex, ethnic group). In
the emergency setting therefore an urgent need for a reli-
able diagnostic procedure, allowing early discrimination
between SIRS and sepsis, exists. Biomarkers, such as CRP
and PCT, recently introduced among the diagnostic cri-
teria of sepsis [5], could contribute to promptly identify
patients affected by sepsis, severe sepsis and septic shock
who could benefit from quick and appropriate therapy.

CRP demonstrated high sensitivity but very low speci-
ficity: it rises as soon as any inflammation process affects
the human body but it has limited specificity for bacterial
infections. PCT has gained a significant diagnostic role in
this field, but this biomarker still retains some important
limitations: it tends to rise transiently in non-septic condi-
tions and SIRS, e.g., invasive trauma, surgery, heatstroke
and physical exercise [37].

Presepsin is a novel biomarker with high sensitivity
and good specificity for sepsis, is readily available in the
ED and significantly correlated to in-hospital mortality
of patients with severe sepsis and septic shock. Prelimi-
nary findings provide a solid basis for its future appli-
cation even if more insights are needed concerning the
pathophysiological conditions associated with presepsin
release and a more extensive evaluation of presepsin as
a biomarker for severe sepsis and septic shock is advis-
able. The added value of this biomarker for clinical deci-
sion-making in terms of diagnosis, risk stratification and
therapy monitoring should also be clarified [32]. There are
few studies on the impact of this new biomarker on the
antibiotic management of patients and larger studies are
required in this field [38].

Key message

Due to the complexity of sepsis response, it is unlikely
that a single biomarker will be sufficient for use in clinical
practice. A combination of several sepsis biomarkers may
be more effective, but this requires further investigations
both on the clinical outcome and cost effectiveness of tra-
ditional markers associated with new markers [30]. The
availability of easy and fast commercial methods for the
automated measurement of sCD14-ST represents a chal-
lenge for the evaluation of a new reliable marker of sepsis
in all age groups [33].

Conflict of interest statement

Authors’ conflict of interest disclosure: The authors
stated that there are no conflicts of interest regarding the
publication of this article.



DE GRUYTER

Research funding: None declared.
Employment or leadership: None declared.
Honorarium: None declared.

References

10.

11.

12.

13.

14.

15.

. Dellinger RP. Cardiovascular management of septic shock. Crit

Care Med 2003;31:946-55.

. Linde-Zwirble WT, Angus DC. Severe sepsis epidemiology: sam-

pling, selection, and society. Crit Care 2004;8:222-6.

. Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Rapid increase

in hospitalization and mortality rates for severe sepsis in the
United States: a trend analysis from 1993 to 2003. Crit Care Med
2007;35:1244-50.

. Balci C, Sungurtekin H, Giirses E, Sungurtekin U, Kaptanoglu B.

Usefulness of procalcitonin for diagnosis of sepsis in the inten-
sive care unit. Crit Care 2003;7:85-90.

. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM,

et al. Surviving sepsis campaign guidelines committee includ-
ing the pediatric subgroup: surviving sepsis campaign: interna-
tional guidelines for management of severe sepsis and septic
shock: 2012. Crit Care Med 2013;41:580-637.

. Tang BM, Eslick GD, CraigJC, McLean AS. Accuracy of procalci-

tonin for sepsis diagnosis in critically ill patients: systematic
review and meta-analysis. Lancet Infect Dis 2007;7:210-7.

. Romualdo LG, Torrella PE, Gonzalez MV, Sanchez R, Holgado AH,

Freire AQ, et al. Diagnostic accuracy of presepsin (soluble CD14
subtype) for prediction of bacteremia in patients with systemic
inflammatory response syndrome in the Emergency Depart-
ment. Clin Biochem 2014;47:505-8.

. Hausfater P. Biomarkers and infection in the emergency unit.

Med Mal Infect 2014;44:139-45.

. Mussap M, Noto A, Cibecchini F, Fanos V. The importance of

biomarkers in neonatology. Semin Fetal Neonatal Med 2013;18:
56-64.

Meisner M. Pathobiochemistry and clinical use of procalcitonin.
Clin Chim Acta 2002;323:17-29.

Hatzistilianou M. Diagnostic and prognostic_role of procalci-
tonin in infections. Sci World ) 2010;10:1941-6.

Yaegashi Y, Shirakawa K, Sato N, Suzuki Y, Kojika M, Imai S,

et al. Evaluation of a newly identified soluble CD14 subtype as a
marker for sepsis. ) Infect Chemother 2005;11:234-8.

Bouadma L, Luyt CE, Tubach F, Cracco C, Alvarez A, Schwebel C,
et al. PRORATA trial group. Use of procalcitonin to reduce
patients’ exposure to antibiotics in intensive care units (PRO-
RATA trial): a multicenter randomised controlled trial. Lancet
2010;375:463-74.

Jensen JU, Hein L, Lundgren B, Bestle MH, Mohr TT, Andersen MH,
et al. Procalcitonin And Survival Study (PASS) Group. Procalci-
tonin-guided interventions against infections to increase early
appropriate antibiotics and improve survival in the intensive
care unit: a randomized trial. Crit Care Med 2011;39:2048-58.
Camussi G, Mariano F, Biancone L, De Martino A, Bussolati B,
Montrucchio G, et al. Lipopolysaccharide binding protein and
CD14 modulate the synthesis of platelet-activating factor by
human monocytes and mesangial and endothelial cells stimu-
lated with lipopolysaccharide. | Immunol 1995;155:316—-24.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

Pizzolato et al.: New biomarkers in the management of sepsis =—— 1399

Shozushima T, Takahashi G, Matsumoto N, Kojika M, Okamura Y,
Endo S. Usefulness of presepsin (sCD14-ST) measurements as

a marker for the diagnosis and severity of sepsis that satisfied
diagnostic criteria of systemic inflammatory response syn-
drome. | Infect Chemother 2011;17:764-9.

Chenevier-Gobeaux C, Trabattoni E, Roelens M, Borderie D,
Claessens YE. Presepsin (sCD14-ST) in emergency depart-
ment: the need for adapted threshold values? Clin Chim Acta
2014;427:34-6.

Charles PE, Gibot S. Predicting outcome in patients with sepsis:
new biomarkers for old expectations. Crit Care 2014;18:108.

Liu B, Chen YX, Yin Q, Zhao YZ, Li CS. Diagnostic value and_
prognostic evaluation of presepsin for sepsis in an emergency.
department. Crit Care 2013;17:R244.

Ulla M, Pizzolato E, Lucchiari M, Loiacono M, Soardo F, Forno D,
et al. Diagnostic and prognostic value of presepsin in the man-
agement of sepsis in the emergency department: a multicenter
prospective study. Crit Care 2013;17:R168.

Endo S, Suzuki Y, Takahashi G, Shozushima T, Ishikura H,

Murai A, et al. Usefulness of presepsin in the diagnosis of sepsis in
a multicenter prospective study. ] Infect Chemother 2012;18:891-7.
Okamura Y, Yokoi H. Development of a point-of-care assay sys-
tem for measurement of presepsin (sCD14-ST). Clin Chim Acta
2011;412:2157-61.

Shirakawa K, Naitou K, Hirose J, Takahashi T, Furusako S. Prese-
psin (sCD14-ST): development and evaluation of one-step ELISA
with a new standard that is similar to the form of presepsin in
septic patients. Clin Chem Lab Med 2011;49:937-9.

Novelli G, Morabito V, Ferretti G, Pugliese F, Ruberto F, Venuta F,
et al. Pathfast presepsin assay for early diagnosis of bacterial
infections in surgical patients: preliminary study. Transplant
Proc 2013;45:2750-3.

Urbonas V, Eidukaité A, Tamuliené I. The predictive value of
soluble biomarkers (CD14 subtype, interleukin-2 receptor,
human leucocyte antigen-G) and procalcitonin in the detec-
tion of bacteremia and sepsis in pediatric oncology patients
with chemotherapy-induced febrile neutropenia. Cytokine
2013;62:34-7.

Endo S, Suzuki Y, Takahashi G, Shozushima T, Ishikura H,

Murai A, et al. Presepsin as a powerful monitoring tool for the
prognosis and treatment of sepsis: a multicenter prospective
study. ] Infect Chemother 2014;20:30-4.

Ishikura H, Nishida T, Murai A, Nakamura Y, Irie Y, Tanaka J, et al.
New diagnostic strategy for sepsis-induced disseminated intra-
vascular coagulation: a prospective single-center observational
study. Crit Care 2014;18:R19.

Popov DA, Pliushch MG, Ovseenko ST, Abramian MV, Podshche-
koldina 0O, larustovskii MB. SCD14-ST (presepsin) level moni-
toring in cardiac surgical patients during perioperative period.
Anesteziol Reanimatol 2013;3:30-5.

Vodnik T, Kaljevic G, Tadic T, Majkic-Singh N. Presepsin (sCD14-
ST) in preoperative diagnosis of abdominal sepsis. Clin Chem
Lab Med 2013;51:2053-62.

Cakir Madenci O, Yakupoglu S, Benzonana N, Yiicel N, Akbaba D,
Orgun Kaptanagasi A. Evaluation of soluble CD14 subtype (pre-
sepsin) in burn sepsis. Burns 2013;40:664-9.

Palmiere C, Mussap M, Bardy D, Cibecchini F, Mangin P. Diag-
nostic value of soluble CD14 subtype (sCD14-ST) presepsin for
the postmortem diagnosis of sepsis-related fatalities. Int ) Legal
Med 2013;127:799-808.




1400 — Pizzolato et al.: New biomarkers in the management of sepsis

32.

33.

34.

Masson S, Caironi P, Spanuth E, Thomae R, Panigada M,
Sangiorgi G, et al; on behalf of the ALBIOS Study Investigators.
Presepsin (soluble CD14 subtype) and procalcitonin levels for
mortality prediction in sepsis: data from the Albumin Italian
Outcome Sepsis trial. Crit Care 2014;18:Ré.

Mussap M, Noto A, Fravega M, Fanos V. Soluble CD14 subtype
presepsin (sCD14-ST) and lipopolysaccharide binding protein
(LBP) in neonatal sepsis: new clinical and analytical perspec-
tives for two old biomarkers. ] Matern Fetal Neonatal Med
2011;24(Suppl 2):12-4.

Mussap M, Puxeddu E, Burrai P, Noto A, Cibecchini F, Testa M,
et al. Soluble CD14 subtype (sCD14-ST) presepsin in critically ill
preterm newborns: preliminary reference ranges. | Matern Fetal
Neonatal Med 2012;25:51-3.

35.

36.

37.

38.

DE GRUYTER

Otero RM, Nguyen HB, Huang DT, Gaieski DF, Goyal M, Gunner-
son KJ, et al. Early goal-directed therapy in severe sepsis and
septic shock revisited: concepts, controversies, and contempo-
rary findings. Chest 2006;130:1579-95.

Nguyen HB, Smith D. Sepsis in the 21st century: recent definitions
and therapeutic advances. Am | Emerg Med 2007;25:564-71.
Lippi G, Schena F, Montagnana M, Salvagno GL, Guidi GC. Acute
influence of aerobic physical exercise on procalcitonin. EurJ Clin
Invest 2008;38:784-5.

Dupuy AM, Philippart F, Péan Y, Lasocki S, Charles PE, Cha-
lumeau M, et al; Maurice Rapin Institute Biomarkers Group.

Role of biomarkers in the management of antibiotic therapy: an
expert panel review: | — currently available biomarkers for clini-
cal use in acute infections. Ann Intensive Care 2013;3:22.



