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Efficacy of Presepsin as a Biomarker of Sepsis and Its
Prognostic Value for Prediction of Mortality
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Abstract
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Aim: We aimed to determine the efficacy of presepsin (PRE)
as a biomarker of sepsis and to asssess its prognostic value for
prediction of mortality were determined.

Methods: Selected clinical data of 21 patients admitted to
intensive care unit for systemic inflammatory response syndrome
(SIRS), sepsis and septic shock were collected. APACHE-II score,
blood culture results and WBC and CRP measured at baseline,
procalcitonin (PCT) and PRE measured at baseline and on days 2,
4, and 7, and mortality of patients were recorded.

Results: Compared to SIRS, sepsis and septic shock caused
comparable increases in the APACHE Il scores and mortality rates.
The PRE values of the septic shock patients were significantly
higher as compared to the sepsis and the SIRS patients at
baseline and on day 2. Moderate or high correlations among
both the PCT and PRE values measured at baseline and on days
2,4, and 7 were detected. Overall, the diagnostic and prognostic
efficacies of PRE were comparable to those of PCT.

Conclusions: During differential diagnosis, follow-up and
prediction of mortality risk of patients for SIRS, sepsis and septic
shock, findings of current study support that PRE possesses a
merit to be used as a biomarker with comparable efficacy with
PCT.

Keywords: Systemic inflammatory response syndrome (SIRS),

sepsis, septic shock, APACHE-ll, presepsin, procalcitonin,
C-reactive protein (CRP), white blood count (WBC)

Amag: Amacimiz bir sepsisbiyobelirteci olarak presepsinin (PRE)
etkinligini degerlendirmek ve mortalite &ngérusindeki prognostik
degerini belirlemekti.

Yoéntemler: Sistemik enflamatuvar cevap sendromu (SIRS),
sepsis ve septik sok ile yogun bakim Unitesine kabul edilen 21
hastanin secilen bulgulari toplandi. APACHE Il skorlari, kan
kdltard sonuclar ve biyobelirtecler olarak I6kosit ve CRP'nin ilk
guin degerleri ile prokalsitonin (PCT) ve PRE'nin ilk glin ve giin 2,
4, ve 7 degerleri ve mortalite durumu kaydedildi.

Bulgular: Sepsis ve septik sok hastalarinin relatif olarak
ylkselmis  APACHE-Il skorlari ve mortalite oranlar, SIRS
hastalarininkilerdenfazla idi. Septik sok hastalarinin  PRE
dizeyleri, ilk glin ve ikinci glinde sepsis ve SIRS hastalarininkine
gore anlamli derecede ylksekti. Hem PCT hem de PRE'nin ilk gln
ve glin 2, 4, ve 7 degerleri birbiri ile orta-yiiksek derecede iliskili
idi. Genel olarak bakildiginda, ilk glin ve izlemde kullanildiginda
ve mortalite 6ngorlsu icin dikkate alindiginda PRE'nindiagnostik
ve prognostik etkinligi PCT'ye yakin bulundu.

Sonug: Bu arastirmanin sonuglari PCT ile oldukca benzer etkinlige
sahip bir biyobelirte¢ olarak PRE'nin, SIRS, sepsis ve septik sok
bulunan hastalarin ayirici tanisi, izlemi ve mortalite risk dngorusu
sirasinda kullanilabilirligine isaret etmektedir.

Anahtar Sozciikler: Sistemik enflamatuvar cevap sendromu
(SIRS), sepsis, septik sok, APACHE-Il, presepsin, prokalsitonin,
C-reaktif protein (CRP), I6kosit sayisi
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Introduction

Sepsis is a clinical syndrome of life-threatening organ
dysfunction caused by a disorganized host inflammatory
response to infection. It is among the most important
causes of morbidity and mortality in intensive care
units (ICUs). The clinical term of systemic inflammatory
response syndrome (SIRS) is used to describe the complex
pathophysiologic response to infection in patients before
the detection of infectious agents, as it has long been used
to identify early sepsis. In septic shock, there is a critical
reduction in tissue perfusion; acute failure of multiple
organs, including the lungs, kidneys, and liver, can occur.
Septic shock, a subset of sepsis, has significantly increased
mortality due to persistent hypotension (defined as the
need for use of vasopressors and high level of serum
lactate despite adequate fluid support (1,2).

The cornerstone of proper management in patients
with sepsis is the early determination of mortality risk in
the ICU. For this purpose, the application of severity scores
and serum biomarkers are used at admission and follow-
up. The most widely applied score is the Acute Physiology
and Chronic Health Evaluation II (APACHE II). However,
APACHE Il scoring may be misleading in some clinical
situations. In younger patients with severe sepsis but
without chronic organ failures, the APACHE Il score may
be relatively low in sepsis patients with a risk of higher
mortality. In contrast, in older patients with sepsis but with
chronic organ failures, it may be higher even when the
mortality risk is relatively low (3).

After early diagnosis of sepsis, goal-directed
management may reduce their morbidity and mortality
(4). Blood culture is the gold standard for diagnosing
sepsis; however, it takes a long time to obtain its result.
Depending on the previous antibiotic treatment, 30% of
sepsis patients tend to be diagnosed with bacteremia (5). In
sepsis, traditional systemic inflammatory variables include
leukocytosis [white blood cellcount (WBC) >12,000/uL] or
leukopenia (WBC<4,000/uL) (6,7).

There is a need for successful and new biomarkers
with satisfactory sensitivity and specificity in order to
achieve early diagnosis and sound estimation of the
prognosis for the patients with sepsis. For this purpose,
the most frequently studied biomarkers are procalcitonin
(PCT), interleukin 6 (IL-6), tumor necrosis factor, C-reactive
protein (CRP), and WBC (8).

Presepsinis a recently defined infection biomarker,
which is a 13kDa fragment of the N-terminal of soluble
CD14. It is secreted into the blood after the activation
of monocytes in response to several types of infections
(9-11). Presepsinappeared to be comparable to other
inflammatory biomarkers, including CRR PCT, and IL-6,
in the diagnosis of sepsis and its diagnostic performance

201

superior to conventional markers and blood culture
(11,12). However, it is being proposed that presepsin, one
of the newly exploited biomarkers, not only has a higher
sensitivity and specificity but also assists in predicting the
severity and the outcome more reliably (13,14).

Presepsin needs further study to have a place in the
armamentarium of intensive care physicians. When
presepsin added among the diagnostic tests performed
in the diagnosis and management of patients with sepsis
types, it is possible to obtain an increase in the survival of
these patients. We aimed (1) to determine the efficacy
of presepsin as a biomarker of sepsis relative to those of
WBC, CRR and PCT in SIRS, sepsis, and septic shock; (2) to
test its correlation with the APACHE-II scores; and (3) to
assess its prognostic value for prediction of mortality were
determined.

Materials and Methods

This retrospective study was conducted at the Haseki
Training and Research Hospital with 21 adult patients who
were treated at the ICU with diagnoses of SIRS, sepsis and
septic shock. The approval of the Human Research Ethics
Committee of our institution was obtained (decision no:
242, date: 26.09.2018).

The exclusion criteria  were: recent cardiac
resuscitation; severe head trauma; nephrotic syndrome;
cirrhosis; burns or having been diagnosed with New York
Heart Association class IlI-V cardiac failure; HIV infection;
presence of neutropenia; defined as <1000 neutrophils/
mm3; constantly use of antihypertensives related to
angiotensin; recent use of heparin medications; long-
term corticosteroid use; requirement of enteral nutrition;
and women with pregnancy or breast-feeding. After
the informed consent of patients or relatives, from the
electronic hospital records of patients, selected clinical
variables of the patients were collected. The patients were
selected in this study on the basis of the criteria defined
by The American College of Chest Physicians/Society of
Critical Care Medicine Consensus Conference (15-17).
Hence the selection criteria consisted of detection of two
or more of the following SIRS symptoms within the latest
6-24 hours of a known or suspected infection, such as
having a core temperature of >38 °C or <36 °C; heart rate
of <90 beats/min; respiratory rate of <20 breaths/min;
arterial partial pressure of carbon dioxide <32 mmHg or
the requirement for mechanical ventilation for an acute
pathological process; a white blood cell count >12,000/uL
or <4,000/ulL or observation of more than 10% immature
neutrophils. SIRS patients with positive blood cultures
were included in patients with sepsis.

Sepsis patients were required to have signs of more
than one organ dysfunction (15,16,18). The following
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anomalies were identified with severe sepsis: (1)
cardiovascular anomalies as arterial systolic blood pressure
less than 90 mmHg or mean arterial pressure less than
70 mmHg that responds to administration of intravenous
fluid; (2) renal dysfunction with oliguria of less than 0.5
mL/kg per hour despite adequate fluid resuscitation; (3)
respiratory anomaly of PaO,/fraction of inspired oxygen
being less than 250; (4) hematological anomalies as
platelet count of less than 80,000/L or a decline of 50%
in platelet count from highest value recorded over the
previous 3 days; (5) unexplained metabolic acidosis with a
pH of 7.30 or base deficit of 5.0 mEqg/L and plasma lactate
level exceeding 1.5 times upper limit of normal for the
reporting laboratory; (6) pulmonary artery wedge pressure
being less than 12 mmHg or central venous pressure of
less than 8 mmHg with adequate fluid resuscitation; and
(7) acute alteration of mental status.

Septic shock was defined as sepsis with hypotension,
in addition to signs of organ dysfunction, when recording
a systolic blood pressure of <90 mmHg or its reduction
by 40 mmHg or more from the baseline in the absence
of other causes for hypotension, despite adequate fluid
resuscitation; or when the use of inotropics or vasopressors
were needed to maintain a systolic blood pressure of more
than 90 mmHg or a mean arterial pressure of more than
70 mmHg (19,20).

Blood specimens were collected immediately after
admission to the ICU for blood culture and assessment of
the levels of biomarkers (WBC, CRR PCT, and presepsin),
which was repeated on days 2, 4, and 7 after the admission
of patients to the ICU. Hemodynamic parameters, arterial
blood gases, ventilation parameters, fluid balance,
vasoactive agent usage, antibiotic therapy, and standard
laboratory tests were followed up daily. APACHE-II score
was determined within the first 24 hours after admission
to the ICU. The APACHE-II scores and the mortality and
survival incidences at the ICU were evaluated on the basis
of the three diagnostic groupings of SIRS, septic shock
and sepsis.

Biomarker Measurements

presepsin measurements were performed in whole
blood specimens collected into EDTA tubes, using
PathfastPresepsin  Assay Kit with Pastfast Analyzer
(Mitsubishi Chemical, Japan). Measurements of PCT and
CRP were carried out in SST serum (BD, USA); with the PTC
assay (DiaSorin, Italy), and CRP Assay (Backman, USA).
All of the procedures were conducted according to the
manufacturer’s instructions.

Statistical Analysis

SPSS  software (IBM SPSS, Version 22.0, IBM
Corporation, Armonk, NY, USA) was used for the statistical
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analyses on the data. Descriptive statistics consisted of
the counts for the categorical variables and median with
interquartile range and maximum and minimum for the
numerical variables. During statistical analyses, Mann-
Whitney, Kruskal-Wallis ANOVA, and Spearman correlation
tests were performed. The p value of <0.05 was accepted
as statistical significance.

Results

In the study population, the rates of non-survivors
were 1/11 (9.1%), 2/6 (33.3%), and 2/6 (33.3%) in
patients with SIRS, sepsis, and septic shock. As a total,
there were five non-survivors and 16 survivors in the study
population. The median age of participants was 64 (33-
93) and male/female ratio of them was 14/7. With sepsis
and septic shock, the rate of non-survivors was increased
but this difference was not reached statistical significance
(p>0.05). As presented in Table 1, the rates of culture
positivity in the blood, tracheal, and urine samples of
the study population were 38.1%, 47.6%, and 33.3%,
respectively. There was no significant difference among
these rates (p>0.05).

Figure 1 presents the median APACHE Il scores of
patients with SIRS (n=9), sepsis (n=6), and septic shock
(n=6). The median APACHE Il score of patients with SIRS
was found significantly lower than those of the patients
with sepsis and septic shock [15 (12.5-21.5) vs 23 (22.7-
28.5) and 24 (22-27), respectively); p<0.05]. The median
APACHE Il scores of patients with sepsis and septic shock
were found similar [23 (22.7-28.5) and 24 (22-27),
respectively; p>0.05].

Table 2 displays the association of the APACHE Il score
with studied biomarkers (n=21). There was no significant
correlation of the APACHE Il score with the CRP and

Table 1. Blood, tracheal and urine culture results of participants
Culture type Patients (n)
Blood culture (positive/negative) 8/13 (38.1%)
Methicillin resistant staphylococcus aureus 4

Candida albicans 3
Pseudomonas aeruginosa 1

Tracheal culture (positive/negative) 10/11 (47.6%)
Pseudomonas aeruginosa 8

Klebsiella pneumoniae 1
Acinetobacter 1

Urine culture (positive/negative) 7/14 (33.3%)
Escherichia coli 4
Acinetobacter 2

Candida albicans 1

n: Number
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WBC measured at baseline and PCT and presepsin values
measured at baseline and on days 2, 4, 7 in the study
population.

Figure 2 shows the median WBC and CRP values
of patients with SIRS, sepsis, and septic shock. In the
patients with SIRS, sepsis, and septic shock, the median
WBC [18 (12.2-25.2), 12.8 (9.5-21.8), and 23 (10.3-
33.1), respectively) and CRP [24.4 (9.1-68.0), 92 (19.8-
136), and 31.4 (118.5-93.3), respectively] values were
found comparable (p>0.05). As seen in the presentation,
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Figure 1. APACHE Il scores of patients with SIRS (n=9), sepsis
(n=6), and septic shock (n=6). Data were presented as median
with interquartile range of 25-75%. The median APACHE Il score
of patients with SIRS was found significantly lower (a) than

compared to the patients with sepsis and septic shock (p<0.05)

APACHE II: Acute Physiology and Chronic Health Evaluation I, SIRS:
Systemic inflammatory response syndrome

Table 2. Correlation coefficients between APACHE Il and
studied sepsis markers according to time points in the study
population (n=21)

Time points Correlation Significance

coefficient of
APACHE Il score

CRP Baseline 0.066 NS
WBC Baseline 0.252 NS
PCT Baseline 0.023 NS
- Day 2 0.104 NS
- Day 4 0.080 NS
- Day 7 -0.086 NS
PRE Baseline 0.181 NS
- Day 2 0.128 NS
- Day 4 0.162 NS
- Day 7 0.256 NS
CRP: C-reactive protein, WBC: White blood count, PCT: Procalcitonin, and PRE:
Presepsin, APACHE II: Acute Physiology and Chronic Health Evaluation Il, n: Number
NS; not significant at a p value of less than 0.05.
There were no significant correlations of the APACHE Il score and studied
biomarkers.

these parameters did not follow similar pattern according
to the severity of disease and in addition, there was
no significant correlation between them in the study
population (p>0.05).

Figure 3 presents the PCT and presepsin values
of non-survivors and survivors measured at baseline
during admission and 2, 4, and 7 days later after
admission. Kruskal-Wallis ANOVA test revealed no
significant difference among the PCT values measured
at baseline and on days 2, 4, and 7 of both the non-
survivors and survivors (p>0.05). When the PCT values
of non-survivors and survivors were compared with the
Mann-Whitney test, there was no significant difference
(p>0.05). The Kruskal-Wallis ANOVA test demonstrated
no significant difference among the presepsin values
measured at baseline and on days 2, 4, and 7 of both
the non-survivors and survivors (p>0.05). The Mann-
Whitney test revealed no significant difference between
the non-survivors and survivors regarding the presepsin

40-

w
N
1

[ J
|

WBC (x10%/pL)

T
SIRS Sepsis Septic shock

254 e

T T T
SIRS Sepsis Septic shock
Figure 2. WBC and CRP values of patients with SIRS (n=9), sepsis
(n=6), and septic shock (n=6). Data were presented as median
with interquartile range of 25-75%. The median WBC and CRP
values of patients with SIRS, sepsis, and septic shock were found
comparable (p>0.05)

WBC: White blood cell, CRP: Creactive protein, SIRS: Systemic
inflammatory response syndrome
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values measured at baseline and on days 2, 4, and 7
(>0.05).

In Figure 4, the PCT and presepsin values of patients
with SIRS (n=9), sepsis (n=6), and septic shock (n=6)
were displayed. Although there were, overall, decreases
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Figure 3. PCT and presepsin values of non-survivors (n=5) and
survivors (n=16) measured at baseline during admission and 2, 4,
and 7 days later after admission. Data were presented as median
with interquartile range of 25-75% and min-max values. Overall,
there was no significant difference between the study subjects
regarding the PCT and presepsin values (>0.05)

PCT: Procalcitonin, min: Minimum, max: Maximum
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in the PCT and presepsin levels from baseline to day 7,
these differences were not reached statistical difference
(p>0.05) except the presepsin values of patients with
SIRS at baseline and on day 2 were significantly higher
compared to those of septic shock (p<0.05).

After Spearman correlation analyses (Table 3), we
found that moderate or high correlations among both the
PCT and presepsin values measured at baseline and on days
2, 4, and 7 (p<0.05). There was a significant correlation
between the PCT and presepsin values measured only on
day 7 (r=0.56, p<0.05); however, there was no significant
correlation between these parameters measured on other
time points.

Discussion

In the current study, we assessed the admission and
follow-up findings of patients with SIRS, sepsis, and septic
shock in the ICU. In moderate percentage of patients, the
positivity of microbiological culture was detected. Relative
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Figure 4. PCT and presepsin values of patients with SIRS (n=9),
sepsis (n=6), and septic shock (n=6). Data were presented as
median with interquartile range of 25-75% with min-max values.
There were overall decreases without significance in the PCT and
presepsin values (p>0.05) except the presepsin values of patients
with SIRS at baseline (a) and on day 2 (b) were significantly
higher compared to those of septic shock (p<0.05)

PCT: Procalcitonin, SIRS: Systemic inflammatory response syndrome



Akkog et al. Presepsin as a Sepsis Biomarker

Table 3. Correlation coefficients of the PCT and PRE values
measured at baseline and on days 2, 4, and 7
PCT
Baseline | Day 2 Day 4 Day 7
Baseline - 0.87 0.63 0.63
pcT Day 2 - 0.88 0.83
Day 4 - - 0.90
Day 7 - -
PRE
Baseline | Day 2 Day 4 Day 7
Baseline - 0.94 0.69 0.60
PRE Day 2 - 0.76 0.58
Day 4 - - 0.89
Day 7 = =
PCT: Procalcitonin, PRE: Presepsin

to conventional biomarkers of sepsis (WBC, CRP and PCT),
the efficacy of presepsin at baseline and on days 2, 4, and
7 was examined and its prognostic value for prediction of
mortality was determined. Compared to SIRS, sepsis and
septic shock caused comparable increases in the APACHE I
score of patients. The APACHE Il score had no meaningful
association with the studied sepsis biomarkers of CRP and
WBC measured at baseline and PCT and presepsin values
measured at baseline and on days 2, 4, and 7. Regarding
the WBC and CRP parameters, SIRS, sepsis, and septic
shock caused comparable changes.

Regarding mortality of studied participants, non-
survivors had higher PCT values from baseline to day 7
but it was not reached statistical significance and some
of the survivors had considerably high presepsin values
from baseline to day 7 although this was not revealed
as significant. Considering the type of disease from SIRS
to sepsis and septic shock, there was a tendency to
decrease in the PCT and presepsin values from baseline
to day 7 although overall without any significance except
a meaningful decrease in the presepsin values at baseline
and on day 7 compared to SIRS. Correlation analyses
revealed that both the PCT and presepsin values measured
at baseline and on days 2, 4, and 7 had moderate-high
associations, however, there was no similar association
between the PCT and presepsin values measured on study
time points except on day 7. We considered this as the sign
of a difference in the mechanism of elevation of PCT and
presepsin biomarkers. After further studies considering
mortality and subtypes of sepsis, these biomarkers can
gain new prognostic value in the management of sepsis
in the ICUs.

Sepsis remains a medical emergency and a major
challenge in critical care. Early diagnosis and treatment with
appropriate antimicrobial therapy is the most important
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factor for reducing its morbidity and mortality associated
with sepsis (21). Blood culture is the gold standard for
detecting microorganisms in the bloodstream but it has
limited usefulness and requires several days for obtaining
its results. Therefore, there isa need for biomarkers
enabling early diagnosis of sepsis and the prediction of
the prognosis (22). In the 1980s CRE and in the 1990s PCT
were discovered to be increased in the blood of bacterially
infected patients (23). In recent years, presepsin has
started to become a popular biomarker, with reports of
higher sensitivity and specificity in the diagnosis of sepsis
as compared to other biomarkers (13,14,24).

Regarding APACHE Il scoring to determine severity,
Behnes et al. (25) have also reported an elevated first-day
APACHE-II score in septic shock patients. In the study by
Kweon et al. (26) significant variations in the APACHE-II
scores of different patient groups were not observed. On
the other hand, Shozushima et al. (27) have reported a
correlation between the APACHE-II scores and presepsin
levels of the 107 patients they studied.

Kweon et al. (26) also reported that mortality rates
did not correlate with the presepsin levels on the first
day. Masson et al. (28) have argued that the elevated
presepsin levels but not the PCT levels were associated
with the negative outcome during the hospital stay.
Ulla et al (29) demonstrated a correlation between high
presepsin values and hospital mortality. Also, Behnes et al.
(2) demonstrated that presepsin levels were significantly
higher in the non-survivors than the survivors.

Study Limitations

There are several limitations in the present study.
The first limitation of the study was its retrospective
nature. Secondly, this study included a limited number of
patients with sepsis and septic shock. Thirdly, there were
no daily measurements of the study parameters. Fourth,
this study did not consider the importance of the type
of microbiological agent. Fifth, because of the limited
number of patients we couldn’t investigate the relationship
between the severity of sepsis, type of microorganism
isolated from cultures and presepsin. Moreover, this study
was performed in a single center with a small number of
patients. It is not possible to reach solid conclusions on
the diagnostic and prognostic values of presepsin on the
basis of the severity of sepsis and mortality related to the
SIRS, sepsis, and septic shock. Sepsis related definitions
has been changed rapidly in recent years. However, there
is a need for further studies according to the implications
of the current study according to the new definitions.
Presepsin reached several times increase in some patients
and during management, their levels relatively decreased
until day 7. Interestingly, its levels somewhat lower in the
non-survivors and in patients with septic shock. presepsin
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levels considerablyhigher with sepsis compared to SIRS
and septic shock.

Conclusion

During  differential  diagnosis,  follow-up, and
determination of mortality risk of patients for SIRS, sepsis
and septic shock, findings of the current study support
that presepsin possesses merit to be used as a biomarker
after further studies investigating how presepsin increases
and its relationship other clinical parameters.
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