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Abstract

Introduction: Sepsis represents a major cause of morbidity and mortality in critically ill patients. Early diagnosis and appropriate treatment
have a crucial influence on survival. The aim of this study was to evaluate the diagnostic and prognostic role of presepsin (sCD14) in patients
with sepsis.

Methodology: Fifty-four consecutive adult patients with sepsis and 26 patients with aseptic meningitis as a control group were included in this
prospective observational study. In all patients included in the study, levels of C-reactive protein (CRP), presepsin, lactate, and a count of
leukocytes and neutrophils were determined on admission. In those with suspected bacterial infection, two separate blood cultures were
obtained and procalcitonin (PCT) concentration was detected. Plasma presepsin and PCT concentrations in septic group patients were followed
on days 2, 3 and 7 after enrollment.

Results: The median presepsin serum concentration in patients with sepsis was 1614 pg/mL and in the control group it was 203 pg/mL (p <
0.001). Presepsin levels in patients with septic shock were higher than in sepsis patients (p < 0.014). The mean presepsin concentrations were
higher in deceased than in surviving patients (p = 0.009). The trend of changes in presepsin concentrations in deceased patients was significantly
different than in the surviving patients (p = 0.018). There were no statistically significant differences in the concentration of presepsin or other
biomarkers in patients with Gram negative or Gram positive bacteria.

Conclusions: Presepsin may be used as a diagnostic marker of systemic bacterial infection and can predict the severity and outcome of sepsis.
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Introduction A number of studies have confirmed that rapid

Sepsis is a major public health problem. Sepsis is
defined as life-threatening organ dysfunction caused by
a dysregulated host response to infection [1]. Despite
advances in diagnosis and treatment, overall sepsis
morbidity and mortality remain unacceptably high [2].
Sepsis is also represented by high costs of treatment and
long-term physical, psychological and cognitive
impairment, which may affect the survivors [3].

Incidence of sepsis has increased over the years,
probably due to aging of the population, the existence
of more comorbidities, aggressive surgical and
diagnostic interventions, immunosuppressive treatment
and the emergence of resistant bacteria due to non-
critical use of antibiotics. Mortality in patients with
sepsis varies between 20% and 50% [4,5] and in
patients with septic shock is frequently over 50% [6].

diagnosis and the onset of treatment with the
appropriate antibiotic are the cornerstones to reducing
mortality [7]. The initial treatment of sepsis is empiric
and should be broad-spectrum to cover potential
microorganisms responsible for the infection, and it
depends on local epidemiological data, the anatomic
site of infection, chronic comorbid diseases, age,
immune status, recent and/or prolonged hospitalization,
antimicrobial use, prior colonization or infection with a
resistant organism, etc. The etiology of sepsis is
confirmed by blood culture. However, final results are
expected within 48 to 72 hours, or the culture remains
negative due to previous antibiotic treatment [§].
Bacteraemia is detected in only 50% to 60% of patients
who are clinically suspected of having sepsis [9,10]. On
the other hand, false-positive results from bacterial
contaminants usually lead to unnecessary antimicrobial
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treatment, longer hospital stays, and selection of
resistant microorganisms.

Early diagnosis and appropriate treatment of
patients with sepsis remains a challenge for clinicians.
Antimicrobial treatment is usually started according to
clinical criteria and regarding elevated laboratorial
inflammation markers like leukocytes in peripheral
venous blood, C-reactive protein (CRP) and
procalcitonin (PCT). Unfortunately, neither clinical
signs nor inflammation markers are sensitive enough or
specific for sepsis. CRP is sensitive but not very
specific, being elevated in many non-infectious
diseases [11]. PCT is more specific for sepsis than CRP,
although it is also elevated in trauma patients and after
major surgery, some cancers or vasculitis [12].

Presepsin or a soluble cluster of differentiation
(sCD) 14 subtype (sCD14-ST), a new promising
laboratory inflammatory biomarker for sepsis
diagnosis, is formed during the inflammation in plasma
from sCD14, a glycoprotein present on monocytes and
macrophages membranes which acts as a receptor for
lipopolysaccharide (LPS), binding the protein complex
of bacteria [13]. Soluble CD14 is excreted from the
liver cells and monocytes and mediates the immune
signalling cascade. In small concentrations, it is present
in healthy subjects, but greatly increases in bacterial
infections. According to recent studies, its elevated
values are associated with the severity of sepsis and its
outcome [14,15].

The present research focused on the possibilities of
using presepsin in everyday clinical use for
discriminating between sepsis and viral infection,
assessing the severity of sepsis, prognosis, finding
differences in the presepsin level according to the
aetiology of sepsis, and for monitoring the effectiveness
of treatment.

Methodology

The study protocol was approved by the Ethics
Committee of the Ministry of Health of the Republic of
Slovenia (consent number 0120-402/2016-2), and was
conducted in accordance with the Helsinki Declaration.
Informed consent was obtained from all individual
participants included in the study. Fifty-four
consecutive adult patients with sepsis and twenty-six
patients with aseptic meningitis as a control group
admitted to the Department of Infectious Diseases,
University Medical Centre Ljubljana between the years
2014 and 2016 were included in this prospective study.
Detailed characteristics of the patients were recorded
and acute physiology and chronic health evaluation
(APACHE) II scores were calculated on admission. In
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all hospitalised patients with suspected bacterial
infection, at least two separate blood cultures (Bactec,
Sparks, BD, USA) were obtained within 24 hours of
admission. The matrix-associated laser desorption
ionization-time of flight (MALDI-TOF) MS for rapid
identification of bacteria from positive blood culture
bottles was performed. The result was considered
positive if the same microorganism was identified in
two different sets of cultures. An antimicrobial
treatment in the previous 48 hours was an exclusion
criterion. The experimental group was divided into two
subgroups, namely sepsis (9/54) and septic shock
(45/54), based on the third international consensus
definitions published by SCCM and ESCIM [1,16]. The
subgroup in the control group represented patients with
tick-borne meningoencephalitis (TBE) (11/26); for all
other patients the aetiology of the meningitis was not
determined. However, biochemical CSF parameters
and favourable clinical outcome without antibiotic
treatment were consistent with viral infection.
Neuroborreliosis was excluded by negative specific
antibodies for Borrelia burgdorferi sensu lato
(LIAISON® Borrelia burgdorferi, Diasorin, Saluggia,
Italy) in serum and cerebrospinal fluid.

From all patients included in the study, blood
samples were obtained on admission. The following
reference ranges were used: CRP (Siemens, Mohnesee,
Germany) < 5 mg/L, PCT (BRAHMS Diagnostica,
Hennigsdorf, Germany) < 0.5 mcg/L, leukocyte
concentration 4.0-10.0x10°/L and lactate concentration
0.6-2.4 mmol/L. Presepsine (PATHFAST, Mitsubishi
Chemical Europe, Diisseldorf, Germany) plasma
concentrations were detected on admission and days 2,
3 and 7 in the experimental group, but only on
admission in the control group. The serum
concentrations of PCT were determined on admission
only in patients with suspected bacterial infection and
followed on days 2, 3 and 7.

A statistical significance was conducted with SPSS
Statistics 17 (International Business Machines
Corporation, Armonk, New York, USA) and p value <
0.05 was considered significant. The diagnostic
properties of the test were calculated by receiver
operating characteristic curves ROC analysis. The area
under curve (AUC) was interpreted according to the
following guidelines: low for 0.5-0.7, moderate for 0.7-
0.9, and high for > 0.9.

Results

There were no statistically significant differences
between the septic and control groups in terms of
gender (male to female 33/21 vs. 15/11, p-value 0.811),
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Table 1. Inflammatory parameters (presepsin, C-reactive protein, leukocyte concentration) and APACHE II score comparison between the

sepsis and control group.

PRES APACHE II LEUKO CRP
Median range Median range Median range Median range
e (n = 286-
Sepsis (n = 54) 1614 20000 24 6-43 13,0 0-350 240 37-457
Viral infection (n = 26) 203 53-987 2 0-8 9,8 4-16 17 5-154
p-value <0,001 < 0,001 0,025 <0,001

PRES: presepsin concentration (pg/mL); LEUKO: leukocyte concentration (x10"9/L); CRP: C-reactive protein concentration (mg/L).

while the septic group was statistically significantly
older than the control group (Septic group = 62.54 +
15.01 vs. Control group = 38.73 £+ 13.45, p-value <
0.001). There were statistically significant differences
between the septic and control groups when considering
the outcome of the disease. All of the patients in the
control group survived, while 21 out of 54 patients in
the septic group died (p-value < 0.0001). Within the
control group, there were no statistically significant
differences in demographic characteristics,
inflammatory parameters or outcome according to the
aetiology.

Table 1 demonstrates the differences in the
inflammatory markers and APACHE II score on
admission between the experimental and control
groups. All of the parameters were statistically
significantly higher in the septic group compared to the
control group. When comparing the sensitivity and
specificity of individual inflammatory markers between
the two groups to predict sepsis, the ROC curve (Figure
1) demonstrates that presepsin is the best predictor for
discriminating between sepsis and viral infection (AUC
= (0.832). Based on our results, for predicting sepsis,
presepsin demonstrates 100% sensitivity at plasma
concentrations of 283.50 pg/mL or less and 100%
specificity at plasma concentrations of 1041.50 pg/mL
or more. The highest specificity and sensitivity was
found at a plasma concentration of 751.50 pg/mL

(83.3% sensitivity, 96.2% specificity), the result is
slightly lower at a plasma concentration of 379.50
pg/mL (94.4% sensitivity, 84.6% specificity).

The differences in inflammatory markers and the
APACHE II score according to the severity, outcome
and aetiology of sepsis are presented in Table 2. ROC
analysis for prediction of severity of sepsis is shown in
Figure 2. Presepsin is a good marker for differentiating
between sepsis and septic shock (AUC = 0.839),
whereas procalcitonin is only a fair indicator (AUC =
0.738) and lactate concentration is a poor indicator of

Figure 1. ROC curve comparing the different inflammatory
parameters in predicting sepsis. Presepsin is the best predictor
for discriminating between sepsis and viral infection.

1.0 H
- =...1 4 Source of the Curve
PRESEPSIN ,- - -' ;- CRP - - *PRESO
" H LEUKOCYTE —-L0
===~ GRPO
— Reference Line

Sensitivity
o
%

i=]
&
Il

0,2

i¥e;

1 - Specificity

Diagonal segments are produced by ties.

Table 2. Inflammatory parameters (presepsin, procalcitonin, C-reactive protein) and APACHE II score according to the severity, outcome

and aetiology of sepsis.

PRES APACHE 11 PCT CRP

Median range Median range Median range Median range

Sepsis (n =9) 771 286-5565 14 6-26 1,0 0-31 180 72-432

Diagnosis  Shock (n = 45) 1914 342-20000 26 13-43 19,0 0-499 246 37-457
p-value 0,014 < 0,001 0,002 0,628

Died (n=21) 3154 625-20000 29 15-43 19 2-499 233 37-457

Outcome  Survived (n=33) 1208 286-12096 21 6-39 15 0-238 246 50-453
p-value 0,009 0,002 0,136 0,382

None (n=19) 1941 342-20000 26 13-43 13,6 0-157 178 37-457

Aetiology G-pos. (n=25) 1314 297-13332 23 12-37 19 0-499 292 75-457

G-neg. (n=10) 2906 286-11359 31 6-40 17,5 0-238 215 102-453
p-value 0,381 0,224 0,969 0,863

PRES: presepsin concentration (pg/mL); PCT: procalcitonin concentration (mcg/mL); CRP: C-reactive protein concentration (mg/L); G-pos.: Gram-positive

sepsis/septic shock; G-neg.: Gram-negative sepsis/septic shock.
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septic shock (AUC = 0.679). The other inflammatory
markers fail to differentiate between the two groups
based on severity (AUC is 0.594, 0.502, 0.429 for
leukocyte  concentration, CRP and segmented
neutrophils fraction, respectively).

Based on our results, lactate concentration on
admission is the only good predictor for patient
outcome (Figure 3, AUC = 0.891), while presepsin is a
poor predictor of patient outcome (AUC = 0.698), as is
leukocyte concentration (AUC = 0.625). Furthermore,
we looked at how presepsin and procalcitonin serum
concentration in septic patients changes in time based
on the outcome. Based on our results, we observed a
positive downward trend for presepsin concentration in
most patients who survived, compared to a negative
upward trend in the patients who did not survive. The
observed differences between the groups were
statistically significant (p = 0.018). When comparing
the procalcitonin concentration trend between the
aforementioned groups, no statistically significant
differences were observed (p = 0.051).

Discussion

This is the first study that compares presepsin levels
in patients with sepsis to levels of presepsin in patients
with viral infection. The diagnosis of sepsis has been
based on clinical signs, laboratorial inflammation
markers and positive blood cultures. Unfortunately,
blood culture results are not available early in the course
of the diagnostic procedure or may even remain
negative, and no single clinical or blood inflammation
marker is absolutely discriminatory between sepsis and
viral infection. Compared with other markers, presepsin
seems to have a higher sensitivity and specificity in the
diagnosis of sepsis, which was also confirmed in the
present study. Our results corroborate previous findings
demonstrating the association of elevated presepsin
with sepsis. A statistically significant higher presepsin
concentration was found in patients with sepsis and
septic shock, compared to patients with aseptic
meningitis. In the septic group, a higher concentration
of CRP and white blood cell count (WBC) was found
than in the control group, as well. However, further
analysis has proven presepsin to have the best useful
predictive value for diagnosing sepsis compared to
inflammation markers used daily. The area under the
curve (AUC) was the greatest for presepsin (0.832),
followed by CRP (0.666) and WBC (0.590). Similar
results were found by Shozushima et al. [17], who
reported that the diagnostic accuracy of presepsin
predicting sepsis was higher than that of CRP. The high
diagnostic value of presepsin to diagnose septic shock

J Infect Dev Ctries 2019; 13(11):1038-1044.

Figure 2. ROC curve comparing the different parameters in
predicting the severity of sepsis. Presepsin is a better marker for
differentiating between sepsis and septic shock than
procalcitonin or lactate. The other inflammatory markers fail to
differentiate between the two groups based on severity.
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Figure 3. ROC curve comparing different parameters in
predicting the outcome of patients with sepsis. Lactate
concentration on admission may better predict the outcome of
sepsis than presepsin or others.
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at day 1 of ICU treatment was also confirmed by
Behnes et al. [18], whereas CRP and WBC did not have
valuable discriminative diagnostic capacity.

On the other hand, in the study published by Godnic
et al. [19], CRP had higher diagnostic accuracy for
bloodstream infection than presepsin. They have
reported that the median presepsin value in septic
patients was 868 pg/mL, while it was 1614 pg/mL in the
present study. However, it is not clear what the
presepsin concentration was according to the severity of
sepsis. Similar diagnostic accuracy of the presepsin test
for sepsis to what we found was also published by Wu
et al. [20]. Nine studies were included in their meta-
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analysis; the pooled sensitivity of presepsin for sepsis
was 0.78 (0.76-0.80) and the pooled specificity was
0.83 (0.80-0.85). The AUC of the summary receiver
operating characteristics curve was 0.89 (95% CI: 0.84
to 0.94). In another recently published meta-analysis,
which included 19 observational studies involving 3012
patients, Kondo et al. [21]. reported similar diagnostic
accuracy of presepsin for sepsis. ROC analyses
revealed AUC 0.87 for presepsin and 0.84 for PCT. The
pooled sensitivities and specificities for presepsin were
0.84 and 0.73, respectively. This meta-analysis focused
only on studies evaluating participants with critical
illnesses, but not healthy volunteers. On the other hand
the importance of presepsin in distinguishing sepsis
from viral infection was emphasized in our report,
which is important in daily clinical practice.

However, it is clear that the results between the
studies are not absolutely comparable because of the
heterogeneity of the patients involved, the
heterogeneity of the control groups, the different cut-off
values of presepsin, and, last but not least, because of
the different aetiology of sepsis. Presepsin plasma
concentration is related to the level of endotoxin and
plays an important role in regulating the inflammatory
process on the endothelial surface of the
microcirculation. In most studies, the sepsis aetiology
is not clearly indicated. On the other hand, in the present
study, gram negative sepsis was demonstrated in 19
percent of the patients, gram positive sepsis in 46
percent, and in 35 percent aetiology was not defined.

In our viral infection group the median presepsin
concentration was 203 pg/mL, above the level usually
found in healthy individuals. Giavarina et al. [22]
reported reference values of presepsin concentration of
55 and 184 pg/mL in healthy subjects who participated
in their study. There are few data of the presepsin
plasma levels in patients with a documented viral
infection. Demirpence et al. [23] focused on presepsin
levels as a biomarker for Crimean-Congo hemorrhagic
fever (CCHF), and the reported mean presepsin
concentration was 1499 pg/mL. The much higher than
normal presepsin level in CCHF patients was believed
to be a consequence of reactive hemophagocytosis,
which can occur in the pathogenesis of the disease. In
our study the range of presepsin concentrations in the
aseptic meningitis group was between 53 and 987
pg/mL, and ten out of twenty-six patients had a
presepsin level above 200 pg/mL. The reasons for
higher presepsin values in some patients with viral
infection are not clear. Chenevier-Gobeaux et al. [24]
reported that higher presepsin concentrations were
found in patients aged 70 years or older compared to
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younger ones. However, a higher presepsin level in
aseptic meningitis group patients who participated in
our study was not related to age, because their age was
no higher than the age of individuals with a
concentration of presepsin below 200 pg/mL. And it is
unlikely that an unrecognized concomitant bacterial
infection was the reason, because the condition in all
patients improved without antimicrobial treatment.

The optimal cut-off values of presepsin for
distinguishing sepsis and viral infectious diseases is not
known. In the present study the highest values, 83%
specificity and 96% sensitivity of presepsin, for
diagnosing sepsis calculated from the ROC curve were
found at a plasma concentration of 751.50 pg/mL.
Shozushima et al. [17] reported that the cut-off value of
presepsin set at 415 pg/mL has 80% sensitivity and 81%
specificity for diagnosing sepsis. At a similar cut-off
value of 413 pg/mL, Godnic et al. [19] found that the
sensitivity of presepsin for sepsis was 85% and
specificity 63%. A lower optimal cut off value of 317
pg/mL was proposed by Liu et al. [14], and a higher
value of 600 pg/mL was used by Endo et al. [25].

The AUC of presepsin in our study was
significantly higher than the APACHE II score, PCT
and lactate in predicting the severity of sepsis. WBC,
CRP and segmented neutrophils had not achieved
sufficient reliability to be recommended to assess the
severity of the disease. To our knowledge, data on the
comparison of presepsin and lactate in an assessment
role for the severity of disease studied with the ROC
curve are not available in peer-reviewed literature to
date. Regarding the assessment of the severity of the
disease, a statistically significant association of the
APACHE II score and presepsin concentration was
found, while an association of the APACHE II score
and PCT, CRP or WBC was not confirmed. Our results
corroborate  published data demonstrating the
association of plasma presepsin and PCT level with the
severity of sepsis [14,26]. In the present study, lactate
concentration on admission is the best predictor for
survival (AUC = 0.891), followed by presepsin (AUC
= 0.698) and leukocyte concentration (AUC = 0.625).
All other parameters fail to differentiate between the
two groups based on outcome (AUC for PCT = 0.552,
AUC for CRP = 0.366). Our findings were compatible
with Wen et al. who demonstrated that lactate (AUC =
0.711) indicated better prognostic accuracy than
presepsin (AUC = 0.703) in the prediction of sepsis-
related in-hospital mortality [27]. However, the
difference was not so convincing as in our report. The
accuracy of biomarkers for predicting mortality is
different in published articles. Liu et al. [14] reported
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that the AUCs for presepsin and PCT for predicting 28-
day mortality were 0.658 and 0.679, respectively. On
the other hand, a higher AUC at day 0 for presepsin than
that of PCT was found by Takahashi et al. [26]. A study
reported by Masson ef al. [28] also found that the AUCs
for presepsin for 28-day mortality were 0.69, 0.70, and
0.74 on days 1, 2, and 7, respectively. AUCs values for
PCT were 0.56, 0.55, and 0.64, respectively. In a similar
study Hassan and colleagues found [15] significantly
higher presepsin levels at day 0 and 3 in non-survivors
vs. survivors and it decreased over the three days in
survivors. These results are consistent with our
conclusions, where a higher probability of survival was
associated with a decrease in presepsin concentration.

It is generally accepted that PCT may be used for
monitoring the efficacy of the antimicrobial treatment
of sepsis [29]. It is not clear whether presepsin may play
the same role. We may speculate, as seen in our study,
that a decline of the presepsin level in septic patients
indicates a good clinical response and suggests a better
prognosis. In light of the overuse of antibiotics, it might
be particularly interesting to reduce the length of
antibiotic treatment in bloodstream infections by
presepsin level monitoring, which is already the
practice with PCT.

The highest presepsin level was found in patients
with Gram-negative sepsis, followed by patients with
unconfirmed aetiology, and the lowest presepsin
concentration was determined in patients with Gram-
positive sepsis. The differences between the groups
were not statistically significant, probably due to the
insufficient number of patients involved in each group.
We could not prove that Gram-negative infections were
responsible for the higher presepsin concentrations,
although CD 14 has a higher binding ability to
lipopolysaccharides, which are found in abundance in
Gram-negative bacteria membranes [30]. These results
are in accordance with report of Hassan et al. who failed
to demonstrate statistically significant differences in the
presepsin plasma concentration between different
microorganisms [15].

This study is important due to its clinical
orientation. It is not uncommon for patients with viral
infection to have clinical signs similar to those with
sepsis, including leukocytosis and a higher CRP
concentration, which usually leads to unnecessary
antibiotic therapy. This is a strategy and clinical
practice that has a very negative effect on the spread of
bacterial resistance to antibiotics, exposes patients to
the potential toxic effects of antimicrobials, and
increases the cost of treatment. On the other hand, a
delay in antimicrobial treatment could be fatal in the
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case of uncharacteristic and unrecognized sepsis. In
daily clinical practice, we need a bedside marker of
sepsis with higher sensitivity and specificity than
standard laboratory inflammation parameters, such as
leukocytes, neutrophils, CRP, and even PCT. Our study
has some limitations. The number of patients included
in each group that was statistically compared was
relatively small, and bacterial or viral etiology was not
confirmed in all patients. However, the clinical course
of the disease was characteristic for sepsis on one hand
and viral meningitis on the other. A favourable clinical
outcome without antibiotics was consistent with viral
infection in the aseptic meningitis group as well.

Conclusions

Our study confirmed that presepsin is a usable
marker of sepsis and can predict the severity and
outcome of sepsis. The different presepsin levels in
plasma are probably not related only to the severity of
bacterial infection but to the aetiology as well.
However, for wide acceptance of presepsin as a
laboratorial ~ diagnostic test in sepsis, further
prospective, larger studies with a defined bacterial
cause of sepsis are necessary.
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