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Timely and accurate diagnosis of sepsis is of great
importance for the choice of treatment, level of
monitoring and prognosis. For this biomarkers could be
a significant aid, and thus the search for and application

of sepsis biomarkers are of great importance.

Current evidence suggests that C-reactive protein and
procalcitonin will remain important markers of infection.
However, increasing insight into the immune system
has highlighted biologically plausible sepsis biomarkers

measurable in human plasma.

The one that has attracted most attention is the
soluble triggering receptor expressed on myeloid cells-1
(STREM-1). The first results of the use of STREM-1 to
diagnose sepsis were very promising, but later results

have been conflicting.

The term sepsis covers a wide range of infections with
great differences in location and severity. Thus the search
for a single “magic bullet” marker might ultimately
be fruitless. Resent results suggests that a biomarker
profile, containing multiple markers for risk assessment
and diagnosis in patients with suspected sepsis, could

be a future way to improve sepsis outcome.
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Introduction

Bacterial infections and sepsis are major causes of
morbidity and mortality in hospitalized patients [1-
3]. Accurate and timely diagnosis of infection remains

challenging.

Clinical and laboratory signs of systemic inflammation,
including changes in body temperature, tachycardia,

respiratory rate and leucocytosis, are sensitive.

However, their use is limited by poor specificity for
the diagnosis of sepsis because critically ill patients
often present with the systemic inflammatory response
syndrome (SIRS) but no infection [1, 4-6].

These issues have fueled the search for a reliable marker.
Many potential biomarkers have been investigated, but
only C-reactive protein (CRP) and procalcitonin (PCT) are

currently used on a routine basis [7-10].

These two biomarkers are definitely the two most
investigated, and they will probably remain important
sepsis biomarkers for many years. However, the search
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for a single “magic bullet” marker might ultimately be
fruitless, but a combination of markers could improve
diagnosis, prognosis and treatment efficacy.

In the field of cardiology biomarkers are pivotal
to answering similar questions in relation to acute
myocardial infarction (e.g. troponin), and the use of
biomarkers in risk algorithms has dramatically reduced
mortality in this disease [11]. Hopefully, sepsis biomarkers
will play the same important role in improving future

sepsis outcome.

In this paper | review recent advances with the use of
biomarkers in diagnosis and management of sepsis
patients, with emphasis on biomarkers that may be
introduced in the clinic during the next years. At the
same time | discuss possible future developments in

sepsis biomarkers.
The perfect sepsis biomarker

What do clinicians and clinical trials demand of a

“perfect” sepsis biomarker?

There are several important characteristics: First of all
it should be highly sensitive and specific for sepsis to
allow the differentiation between infectious and non-
infectious causes of inflammation, organ dysfunction
and shock; secondly, it should be present at the onset or
even before the appearance of the clinical signs of sepsis
to have prognostic value; thirdly, it should be easy and
safe to measure with low cost for the patients and for

the hospital; finally, it should be biologically plausible.

Statistical assessment of sepsis-biomarker
performance

It is practically impossible to avoid the receiver-operator
characteristic (ROC) curve when writing an article about
sepsis biomarkers. The ROC curve is a widely used tool

for comparing diagnostic tests.

The curve is constructed by plotting the diagnostic
sensitivity and specificity values for every individual
cut-off on a graph with 1-specificity on the x-axis and

sensitivity on the y-axis (Figure 1).
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The shape of an ROC curve and the area under the
curve (AUC) helps estimate the discriminative power of
a marker. The closer the curve is located to the upper
left-hand corner and the larger the AUC, the better the
marker is at discriminating between septic and non-

septic patients.

A perfect biomarker has an AUC of 1, whereas a non-
discriminating marker has an area of 0.5.
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FIGURE 1: An example of receiver operator characteristic (ROC) curves

Displayed are ROC curves comparing soluble urokinase-
type plasminogen activator receptor (suPAR), soluble
triggering
(STREM)-1, macrophage migration inhibitory factor

receptor expressed on myeloid cells
(MIF), neutrophil count, procalcitonin (PCT), C-reactive
protein (CRP), and the combined three-marker and
six-marker tests for detection of bacterial versus non-

bacterial causes of systemic inflammation.

The six-marker is the best-performing marker (ROC-
AUC 0.88) and suPAR is in this comparison as good as a
toss of a coin with (ROC-AUC 0.50).

The figure was first published in: Kofoed K, Andersen
O, Kronborg G, et al. Use of plasma C-reactive protein,
procalcitonin,  neutrophils, macrophage migration
inhibitory factor, soluble urokinase-type plasminogen

activator receptor, and soluble triggering receptor
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expressed on myeloid cells-1 in combination to diagnose

infections: a prospective study. Crit Care 2007, 11: R38.
Sepsis biomarkers in use

The list of proposed sepsis biomarkers is indeed long.
Nevertheless, only a couple have gained widespread use.

C-reactive protein

CRP is measured in thousands of clinics around the
world. CRP is an acute-phase protein synthesized in
hepatocytes and alveolar macrophages [12] in response
to a variety of cytokines, in particular IL-6. CRP has both
pro- and anti-inflammatory effects.

Serum CRP is attractive as a biomarker because
plasma concentrations increase rapidly in response to
inflammation and half-life is short (19 hours), although
not as short as that of PCT [13, 14]. Finally, most CRP
assays are inexpensive.

Procalcitonin

PCT is also measured in several hospitals, especially in
ICUs. PCT is a propeptide of calcitonin that is ubiquitously
expressed as part of the inflammatory response to a
range of insults [15, 16]. During the last years several
new platforms for the measurement of PCT have been
introduced, and as for CRP bedside models are now
available.

Studies investigating the use of PCT and CRP have found
the diagnostic performance of CRP and PCT to be rather
similar [17-20]. With regard to diagnosing bacteremia in
particular, PCT have shown excellent diagnostic ability;
this is in accordance with the suggested notion that PCT
is superior to CRP in diagnosing systemic infection [17,
19-22].

What makes PCT particularly interesting is that several
well-designed studies have proven that algorithms
based on PCT concentrations as the main guide can
shorten the length of antibiotic treatment and decrease
the use of antibiotics [23-25]. The data analysis from a
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study using a PCT-guided algorithm to improve survival

in ICU patients is awaited with great expectations.
Future sepsis biomarkers

Increasing insight into the function and signal pathways
of the innate immune system has highlighted a limited
number of biologically plausible sepsis biomarkers
measurable in human plasma.

Triggering receptor expressed on myeloid cells-1

TREM are a group of cell-surface receptors that belong
to the immunoglobulin superfamily [26]. TREM-1 is
expressed mainly on macrophages and neutrophils,
and has been identified as an amplifier of the immune
response that strongly enhances leukocyte activation in

the presence of microbial products [26, 27].

Levels of TREM-1 at the cell surface are up-regulated
in the presence of bacteria or fungi [27, 28]; however,
non-microbial stimuli (e.g. urate crystals) have also been
shown to enhance the expression of TREM-1 [29, 30].
Despite several investigations, the nature of TREM-1
ligand(s) remains elusive.

In addition to the membrane-bound form, a soluble
TREM-1 variant (STREM-1) has been detected in several
body fluids [31-33]. Recently published findings strongly
suggest that proteolysis of the membrane-anchored
TREM-1 is the only source of STREM-1 [34].

Initially, sSTREM-1 was only found in fluids from patients
with microbial infections [29, 31, 32, 35], but recent
studies have found elevated sTREM-1 plasma levels
in patients with non-infectious conditions, such as
inflammatory bowel disease and chronic obstructive
pulmonary disease, and in patients undergoing cardiac
surgery [20, 36-38].

The latter results suggest that STREM-1 can be released

by a broad spectrum of inflammatory stimuli.

The first promising result of the use of STREM-1 in
plasma to diagnose sepsis in ICU patients [31] indicated
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that STREM-1 might be that perfect diagnostic sepsis

biomarker that everybody had been looking for.

Several studies on the use of sTREM-1 to diagnose a
variety of infections have followed. The diseases for
which the diagnostic accuracy of sTREM-1 has been
most extensively investigated is pneumonia and sepsis.

With regard to setting, the majority of studies have
been performed in ICUs and only a few of the studies
included more than 150 patients. The heterogeneity
in study design and setting, and the limited size of
the studies published make it impossible to draw firm

conclusions on the diagnostic accuracy of STREM-1.

Results are ranging from an accuracy of almost 100
% (an ROC-AUC of 0.97) for the diagnosis of sepsis in
ICU patients with SIRS [31] to an accuracy as good as
a toss of a coin in a study published this month [40].
Measurement of sTREM-1 in bronchoalveolar lavage
(BAL) fluid might provide more reliable results [32].

However, the measurement of sSTREM-1 in BAL fluid is
not feasible in the routine care of patients suspected of
infection, but might be practicable in an ICU setting.
A recently published meta-analysis of the diagnostic
value of STREM-1 concluded that sTREM-1 represents

a reliable biological marker of bacterial infection [41].

Cytokines

The initial host-microbial interaction is

followed by an activation of other parts of the innate

pathogen

immune response to coordinate a defensive response
involving both humoral and cellular components.

Mononuclear cells play a key role, releasing the long-
known pro-inflammatory cytokines interleukin (IL)-18,
IL-6, tumor necrosis factor (TNF)-a, and other cytokines,
including IL-12, IL-15 and macrophage migration

inhibitory factor (MIF) [42, 43].

This pro-inflammatory cascade is mediated by direct cell-
to-cell interactions and by soluble factors derived from
serum proteins and cells such as complement system
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proteins and cytokines. It is important to acknowledge
that the increased expression of pro-inflammatory
molecules is only part of this evolving immunological

response.

Anti-inflammatory modulators, such as IL-1 receptor
antagonist, IL-10 and soluble TNF-a receptors | and I
play an important role [44]. Anti- and pro-inflammatory
molecules coexist in the circulation in patients with

established sepsis and presumably within the tissues [44].

Thus, severe sepsis may be more accurately described
as a dysregulation of the innate immune system, rather
than just the over-expression of either pro- or anti-
inflammatory substances. This network of combined
pro- and anti-inflammatory mediator interaction may
in part explain the failures of the past decade’s major
anti-inflammatory drug trials in the treatment of septic
[10, 45, 46].

Having a pivotal role in the sepsis response, cytokines
could be important sepsis biomarkers. However, the
single measurement of most cytokines has proven to
be insufficient for distinguishing between infected and
non-infected patients.

Some evidence suggests that IL-6 performs acceptably
well, especially in neonates [47-50]. An ROC-AUC of
0.75 has been reported for distinguishing SIRS from
sepsis [50].

Based on our present knowledge, measurements of
single cytokines will not have great impact on the future
diagnosis of sepsis. However, it is plausible that real-
time monitoring of a panel of cytokines and receptors
will be important to determine the level of dysregulation
of the innate immune system and to guide future sepsis

treatments.

An essential requirement of any real-time monitoring
system is patient proximity, with samples being analyzed
in an ICU or ED setting rather than in a centralized
hospital laboratory.
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Biomarker combinations

Sepsis can be caused by numerous pathogens and
the primary site of infection can be any major organ
system; thus no single marker may be able to have the
high accuracy needed for fast and accurate guidance of

treatment of sepsis patients.

Therefore, the search for a single “magic bullet”
marker might ultimately be fruitless, but a combination
of markers could improve diagnosis, prognosis and
treatment efficacy, and thereby survival [51]. Instead of
a single marker, a combination of markers may be the

right approach to crack the “sepsis code”.

In 2007 my colleagues and | published results of
constructed composite diagnostic markers in a cohort
of patients admitted from the community with SIRS and

suspected infection [20].

We evaluated soluble urokinase plasminogen activator
receptor, STREM-1, and MIF using multiplex assays,
along with standard measurement of CRP, PCT and
neutrophil count. A combination of the three best-
performing markers (CRP, PCT and neutrophil count)
and all six markers were found to be more accurate in
detecting inflammatory response caused by bacterial
infection than individual markers alone with an ROC-
AUC of 0.88 (Figure 1).

Two months ago Shapiro et al published results from a
multicenter study of ED patients with suspected sepsis
[52]. Nine biomarkers were assayed and multivariable
logistic regression was used to identify an optimum
combination of biomarkers to create a panel. Among
the nine biomarkers tested, the optimum three-marker
panel was neutrophil gelatinase-associated lipocalin,

protein C and interleukin-1 receptor antagonist.

The ROC-AUC for the accuracy of the sepsis score
derived from these three biomarkers was 0.80 for
severe sepsis, 0.77 for septic shock and 0.79 for death.
In the future, multimarker panels will probably add to
the diagnostic accuracy and risk assessment in sepsis.

However, validation studies are needed to show that the
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marker combinations can be used in other settings than

the ones they are tested in.
Conclusions

Accurate and timely diagnosis of infection and
monitoring of treatment effects are very important for
patient outcomes. To aid this process there is a need

for reliable sepsis biomarkers and a real-time monitoring

system.

Increasing insight into the function and signal pathways
of the innate immune system has highlighted a limited
number of biologically plausible sepsis biomarkers
measurable in human plasma. However, few have been
tested in clinical settings, and only PCT has been tested
in randomized trials.

Current evidence suggests that CRP will remain an
important marker of inflammation and infection, and
that PCT will enhance the clinicians’ ability to diagnose
infection in critically ill patients and probably guide
therapy. Thus | foresee that PCT will be measured in

more patients in the future.

A sepsis biomarker that has attracted a lot of attention
during the last years is STREM-1. On the one hand there
are studies showing that sTREM-1 is the ideal sepsis
biomarker, and on the other hand there are studies

showing that sSTREM-1 is as accurate as a toss of a coin.

The accuracy is, as is the case with other biomarkers,
highly dependent on the setting and the gold standard
against which the marker is tested, but sTREM-1 is
probably not the perfect sepsis biomarker that everyone

is looking for.

Given the complexity and variability of sepsis it is
understandable that no single biomarker possesses
all of the “perfect biomarker” qualities. Combining
information from several sepsis markers is simple and
may facilitate diagnosis and risk assessment in septic
patients.
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