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Sepsis is a critical patient condition with high mortality rate caused by a complex and inadequate host
response to infection. Since early identification and
start of antibiotic therapy in the first few hours after
sepsis development dramatically improves outcomes,
it is of utter importance to offer fast, reliable and specific early laboratory biomarkers to help clinicians in
sepsis recognition. On the other hand, the biomarkers should also be helpful in excluding sepsis and/or
confirming therapy effectiveness, and thus prevent
overprescribing of antibiotics. In this paper, we discuss the significance and relative merits of three currently available protein biomarkers: C-reactive protein, procalcitonin and presepsin. Although useful,
none of these biomarkers has been shown to completely fulfill the roles mentioned above.
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INTRODUCTION

C-REACTIVE PROTEIN

The 2016 Guidelines of the Surviving Sepsis
Campaign (SSC) classify sepsis and septic shock
as medical emergencies and therefore treatment and resuscitation must begin immediately
(1). Sticking to the shortest possible time frame
for diagnosis and treatment is crucial since
it often means life or death for the patient.
However, it is –especially in the early stages–
not easy to be sure if a patient is septic or not.
As a consequence, to be on the safe side, antibiotics are often overprescribed, which generates
further problems. As sepsis represents one of
the major problems in intensive care units, it is
essential for clinicians to have fast, accurate and
reliable biomarkers that can help them to make
a quick diagnosis and appropriately manage or
exclude this life-threatening condition. An ideal
biomarker should have all of the following characteristics: fast and specific increase in sepsis,
rapid decrease after effective therapy, short halflife and fast and widely available and reliable
method of determination. None of the current
biomarkers exhibits all of these specifications
in full, but the best currently used biomarker
available both as a point of care test (POCT) and
as a part of several major in vitro diagnostics
(IVD) manufacturers’ portfolio is procalcitonin
(PCT) (2). However, since CRP is still uniformly
and inevitably used worldwide, its importance
in sepsis diagnosis and management will be
briefly discussed. The focus of attention will be
placed on the new and rapidly advancing biomarker presepsin whose role is still uncertain,
but which might represent a step towards earlier and better sepsis recognition by laboratory
means (3). Of course, the golden standard for
sepsis confirmation remains within the scope of
microbiology laboratory, but the time to result
even with the recent advancement of Matrix
Assisted Laser Description/Ionization - Time of
Flight (MALDI TOF) technology is still inferior to
the above mentioned surrogate biomarkers.

C-reactive protein (CRP) belongs to the pentraxin family of calcium-dependent, ligand-binding
proteins. Human CRP molecule has a discoid
shape and consists of five identical nonglycosylated polypeptide subunits, each containing 206
amino acid residues (4). The CRP gene is located
on the first chromosome (1q21q23).
CRP was isolated from the sera of patients infected with Streptococcus pneumoniae, and was
first described by Tillett and Frances in 1930 (5).
The CRP, named for its capacity to precipitate
the somatic polysaccharide-F of Streptococcus
pneumoniae, was the first acute-phase protein
to be described and is an exquisitely sensitive
marker of systemic inflammation and tissue
damage (4).
CRP is synthesized primarily in the liver, and
at lower levels in adipocytes as a response to
interleukin-6 (IL-6), interleukin-1 (IL-1) and tumor necrosis factor-α (TNF-α). CRP is an acute
phase protein. During acute-phase response to
infection, inflammation or tissue damage, the
concentration of CRP increases several thousand times within 48 hours. Authors Pepys and
Hirschfield stated that the median concentration of CRP is 0.8 mg/L in healthy young adult
volunteer blood donors, the 90th percentile is
3.0 mg/L, and the 99th percentile is 10 mg/L
(1) but, following an acute-phase stimulus, the
values may increase from less than 50 μg/L to
more than 500 mg/L, that is, 10,000-fold (6).
The function of CRP is manifold. The CRP can bind
to specific ligands and activate a complement on
the classical pathway and thereby participate in
non-specific defences against infection and prevent the development of autoimmune diseases.
The main ligand for CRP is phosphocholine which
is present in the cells of most pathogens, including bacteria and fungi. Furthermore, it is considered that the CRP interacts with damaged endothelial cells or the apoptotic and necrotic cells.
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The major CRP drawback in sepsis lies in its lack
of specificity. Elevated CRP concentrations in
the circulation may indicate inflammation and/
or tissue damage of any origin, such as bacterial
and viral infections, mycoses, allergic complications of infection, various inflammatory reactions, necrosis, trauma, or malignancies (7-13).
The particular problem is a common postoperative CRP elevation with values that might easily
overlap with the septic ones, particularly in the
initial stages when early recognition is of utter
importance.
The CRP values are not affected by diurnal variations, food intake and most medications.
Recent evidence suggests that aging has a significant effect on inflammatory response and the
immune system of elderly people, which is to be
considered when interpreting CRP values (14).
Acute phase proteins such as CRP, PCT, serum
amyloid A, IL-6, and hepcidin have been investigated in multiple studies related to neonatal
sepsis. CRP is usually used as an indicator of
bacterial sepsis in newborns since PCT values
may not be easily interpreted in the first few
days of life. However, the determination of
CRP has a few drawbacks; it is not useful as a
marker for the early phase of infection because
it can only be detected about 12 hours after the
onset of clinical symptoms, it reaches its maximum after 20 to 72 h (15) and does not show
satisfactory specificity (16). However, due to its
universal availability and fairly straightforward
interpretation of values, CRP is still the most
common marker used worldwide in all hospitalized patients, including those with high risk of
sepsis development.
PROCALCITONIN
PCT is a calcitonin precursor prohormone which
consists of 116 amino acids and is normally expressed by neuroendocrine cells of the thyroid
gland, lungs and pancreas. In healthy people

PCT values are low, less than 0.046 μg/L (95th
percentile) (17,18). PCT values in various nonseptic infections are usually lower than 0.5 μg/L
(18). This fact, i.e. exclusively bacteria-related
increase represents one of the crucial PCT
advantages when compared to CRP. In severe
septic shock PCT can rise up to 1000-fold. The
pathomechanism of blood PCT elevation is a
reaction to various exogenous and endogenous
stimuli, such as inflammatory interleukins,
membrane elements, bacteria lipopolysaccharides or peptidoglycans as well as bacterial endotoxins. In sepsis, PCT is synthesized mostly in
liver, but also in other parenchymal organs (19).
Increase in PCT level in patient’s blood can be
detected approximately 2 to 4 hours after the
onset of sepsis (19), which represents another
major advantage making it both more suitable
and specific than CRP in this clinical context. It is
important to know that PCT has a plasma halflife of 20-24 hours (20) Therefore, according to
current recommendations, the minimum time
before testing needs to be repeated (minimum
retesting interval) should be 24 hours (21).
PCT can serve as an aid for clinicians in assessing the risk category for their patient of developing sepsis or septic shock, according to the
classification (18) in Table 1.
After initial measurement, PCT can be used to
monitor progression of the disease and therapy
effectiveness, taking into account minimum retesting interval for PCT of 24 hours.
PCT has also proved to be useful in guiding
antibiotic therapy. This approach was mainly
evaluated in patients with respiratory tract infections; however, it can also be used in critically ill patients with sepsis or severe sepsis of
various origins (21,22). In those patients, daily
measurement of PCT is indicated and discontinuation of antibiotic therapy should be considered when PCT levels decrease to less than
80% of the peak value or below 0.5 μg/L (23).

Page 116

eJIFCC2017Vol28No2pp114-121

Dunja Rogić, Gordana Fressl Juroš, Jόzsef Petrik, Ana Lončar Vrančić
Advances and pitfalls in using laboratory biomarkers for the diagnosis and management of sepsis

Table 1

Risk categories according to PCT values

PCT value (μg/L)

Risk category

< 0.5

low risk of systemic bacterial or fungal infection

0.5 - 2.0

high risk of systemic bacterial or fungal infection

2.0 – 10

high risk of sepsis and progression to septic shock

> 10

high risk of septic shock

This approach has been shown to significantly reduce the antibiotics use without compromising the patient outcome, which might
prove beneficial towards the goal of minimising
the antibiotic usage both for the sake of patients and hospital resources. It is important to
note that current recommendations state that
measurement of PCT levels can be used to support shortening the duration of antimicrobial
therapy in sepsis patients; however, as yet this
approach is not based on strong evidence (1).
Similar strength of recommendations pertains
to the fact that PCT levels can be used to support the discontinuation of empiric antibiotics
in patients who initially appeared to have sepsis, but have subsequently been proven to have
limited clinical evidence of infection (1).
In conclusion, PCT has proven to be a helpful
biomarker in early diagnosing of sepsis in emergency departments and intensive care units. It
has also been recommended for monitoring effectiveness and modulating duration of antibiotic therapy. It is now widely available both as a
laboratory and as a point-of-care test, whereas
laboratory methods are preferred due to semiquantitative nature of results on most POCT devices. When ordering PCT, it should be essential
that the result provides the clinician with an answer that could not have been resolved by other laboratory tests combined with clinical signs
and symptoms, such as complete blood count

or CRP measurement. It is important to note
that PCT and all other biomarkers can provide
only supportive and supplemental data to clinical assessment. Decisions on initiating, altering,
or discontinuing antimicrobial therapy should
never be made solely on the basis of changes
in any biomarker, including PCT (1). The following questions therefore cannot as yet unequivocally be answered exclusively either by PCT or
any other available biomarker: Does my patient
have sepsis? Is this antibiotic therapy effective
for my patient? Can I now safely discontinue
antibiotic therapy? PCT seems to be of help in
answering those questions in many clinical situations; however, it cannot fulfill this role by itself and should therefore be ordered rationally.
PRESEPSIN
Presepsin is a newly investigated sepsis marker
that has been shown to have potential as an
early marker of sepsis recognition, for antimicrobial therapy monitoring and as a prognostic
marker. Presepsin (sCD14-ST) is a peptide sized
13 kDa that is generated by proteolytic cleavage of soluble forms of CD14 cluster (sCD14).
CD14 is a cell surface glycoprotein with molecular mass of 53-55 kDa that is anchored by glycosyIphosphatidylinositol (GPI) to cell membrane
and represents a membrane form of CD14
(mCD14). The mCD14 as a co-receptor mediates the binding of the bacterial endotoxin,
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lipopolysccharides (LPS) and complex LPSlipopolysaccharide binding protein (LBP) to
toll-like receptors (TLRs), causing the activation of inflammatory responses: cell activation,
fagocytosis and cytokine production defending
host against pathogen (24-26). After the sTLR
activation, the mCD14 undergoes the proteolysis, producing two soluble forms (sCD14) of
different sizes. The smaller sCD14 is produced
by protease cleaving of mCD14 and the bigger
one is produced intracellularly and is directly
released from the cell in the protease-independent manner (27-29). CD14 is present mostly
on monocytes, macrophages, neutrophils,
B-lymphocytes and also on chondrocytes, dendritic cells and human epithelial intestinal cells.
Hepatocytes can also express CD14, especially
during endotoxemia (30). Recent investigation
of presepsin kinetics has shown that, when the
polymorphonuclear and monocytic cells were
exposed to LPS, presepsin could be detected
as early as one hour after the exposure, with
maximum concentration in the third hour (31).
This finding may confirm that presepsin can be
a useful marker of host response to bacteria
and can be both a specific marker of infection
as well as an early indicator, compared to current markers.

and non-bacterial infective disease. Presepsin
at the cut-off value of 600 ng/L has diagnostic
sensitivity and specificity of 87.8% and 81.4%,
respectively, which is comparable to PCT at the
cut-off of 0.5 µg/L. A study showed that there
was no statistically significant difference in presepsin levels between patients with localized
and systemic infection, which might preclude
its usefulness in sepsis (33).

Many studies have investigated accuracy of presepsin in diagnosis of system immune response
syndrome (SIRS), sepsis and septic shock in different clinical conditions. The systematic reviews and meta-analysis showed that presepsin
as a diagnostic marker of sepsis has diagnostic
sensitivity and specificity of 0.83 and 0.78, respectively, diagnostic accuracy (expressed as
ROC AUC, receiver operating characteristic,
area under the curve) of 0.88, and positive and
negative likelihood ratios of 3.9 and 0.21, respectively (32).

Another study has shown that presepsin levels
are elevated at an early stage of sepsis and increase with its progression. The plasma presepsin levels reached the highest level in septic
shock. ROC analysis of presepsin to differentiate SIRS (systemic inflammatory response syndrome) and sepsis revealed that, at the cut-off
of 581 ng/L, sensitivity and specificity were 65%
and 100%, respectively, AUC was 0.830. When
presepsin is combined with the MEDS (Mortality
in Emergency Department Sepsis) scoring system, the AUC was significantly higher - 0.95,
with the sensitivity and specificity of 85% and
100%, respectively (36). A similar investigation
of the diagnostics of sepsis has shown AUC for

Multicenter prospective studies have demonstrated a statistically significant difference in
presepsin levels between patients with bacterial

A multicenter randomized clinical trial which
investigated the clinical role of presepsin assay
for monitoring disease in relation to the development of complications (34) found that higher
presepsin levels on the first day were closely associated with higher incidence of subsequent
organ failures (SOFA score). It also studied presepsin role in monitoring the host response to
antimicrobial therapy and appropriateness of
therapy – the trial confirmed that patients with
increasing presepsin concentrations during the
first 7 days were less likely to have received
early appropriate antibiotic therapy. The study
also stated prognostic accuracy of presepsin for
early and long-term outcomes; early presepsin
was higher in non-survivors than in survivors.
Patients with lung infection had lower baseline
presepsin levels than patients with abdominal
and urinary tract infections (34,35).
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presepsin to be 0.82. For predicting severe sepsis in sepsis patients, the AUC was 0.840 and,
with the combination of presepsin and MEDS
score the AUC was 0.875 (35).
A very important piece of information about
presepsin should be emphasized. As presepsin
is a small protein (13 kDa) and is filtered by kidneys, its level is strongly dependent on kidney
function. The decreased glomerular filtration
causes elevated levels of presepsin in circulation
and thus, presepsin levels above the cut-off value in patients with renal failure have to be interpreted with caution (37,38). A study showed no
statistical difference in presepsin concentration
between septic and non septic oliguric patients
(stage failure in RIFLE criteria; RIFLE, concensus
classification criteria for acute kidney injury:
Risk, Injury, Failure, Loss, End-stage kidney disease), which might preclude its use in patients
with renal failure (38). In this regard, however,
future studies are necessary to confirm this
finding. There is also a recent study (39) which
deemed presepsin as a valuable biomarker for
diagnosis of infection and sepsis; however, its
diagnostic accuracy has not shown any superiority compared to PCT. Therefore, the authors
question its validity for introduction into clinical practice. Similarly, its added value has been
questioned in patients with pyelonephritis (40).
Despite the somewhat controversial findings
about its validity, presepsin might be an effective biomarker for the timely diagnosis of sepsis,
particularly due to its early elevation. Besides
diagnosis, it might prove useful for monitoring
therapy effectiveness and it might serve as an
aid in prognosis. It is important to note that its
measurement can be performed quickly and
easily (41) as a POC test; however, as it is still
not widely available on common laboratory
platforms, its utility might be hampered. Along
with, or –as a better scenario for healthcare resources– instead of other diagnostic inflammatory markers, presepsin might therefore get its

place in the septic patient care as a routine laboratory marker used to facilitate current diagnostic strategies, particularly for early recognition
of sepsis within the first few hours, which nowadays still represents a diagnostic challenge.
CONCLUSION
So far in clinical practice no single, optimal biochemical marker is available to confirm or exclude the diagnosis of severe infection within
the clinically required time frame. Therefore the
diagnosis has to include consideration of all important signs of infection. The quest for an ideal
sepsis biomarker is still going on. The most reliable one according to current knowledge is still
PCT, while the emerging and promising markers
such as presepsin still lay in waiting to be unequivocally proven as more useful and effective.
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