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Abstract: Sepsis causes high rates of morbidity and mortality in NICUs. The estimated incidence
varies between 5 and 170 per 1000 births, depending on the social context. In very low birth-weight
neonates, the level of mortality increases with the duration of hospitalization, reaching 36% among
infants aged 8–14 days and 52% among infants aged 15–28 days. Early diagnosis is the only tool to
improve the poor prognosis of neonatal sepsis. Blood culture, the gold standard for diagnosis, is
time-consuming and poorly sensitive. C-reactive protein and procalcitonin, currently used as sepsis
biomarkers, are influenced by several maternal and fetal pro-inflammatory conditions in the perinatal
age. Presepsin is the N-terminal fragment of soluble CD14 subtype (sCD14-ST): it is released in the
bloodstream by monocytes and macrophages, in response to bacterial invasion. Presepsin seems
to be a new, promising biomarker for the early diagnosis of sepsis in neonates as it is not modified
by perinatal confounding inflammatory factors. The aim of the present review is to collect current
knowledge about the role of presepsin in critically ill neonates.

Keywords: sepsis; infants; biomarkers; neonate; septic shock; point-of-care

1. Introduction

Sepsis causes high rates of morbidity and mortality in Neonatal Intensive Care Units
(NICUs). In very-low birth-weight neonates (VLBW), early-onset sepsis (EOS)-related
mortality has been reported to be around 40%, while late-onset sepsis (LOS)-related mor-
tality ranges from 2% to 50%, depending on the aggressiveness of the pathogen, the length
of the hospitalization and the age of the neonate [1,2]. Moreover, in extremely fragile
neonates, sepsis significantly impairs long-term outcomes if it is not diagnosed and treated
promptly [3].

The early diagnosis of sepsis in neonates can be a challenge because of its unspecific
clinical presentation, the low sensitivity of blood culture, and the poor performance of
the currently used markers of infection during the first days of life [4]. Serum levels of
C-reactive protein (CRP) and procalcitonin (PCT) show a physiological increase during
the first 48–72 h of life and are influenced by several maternal and fetal pro-inflammatory
conditions, other than infections [5].

Although early empiric broad-spectrum antibiotics are recommended in case of a
suspected infection, antibiotic de-escalation should also be a goal and may be a safe
practice in case of negative cultures [6], considering the increased risk of necrotizing
enterocolitis and/or death when antibiotics are unnecessary [7,8]. Indeed, emerging multi-
drug-resistant (MDR) pathogens emphasize the urgent need to reduce antibiotics use
and control their further spread [9]. For these reasons, the development of a rapid and
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accurate diagnostic test with a strong negative predictive value of sepsis is crucial to reduce
abuse of antibiotics in neonates [10]. The ideal marker for infection should be valuable
for establishing the diagnosis, as well as for predicting the outcome and for evaluation of
the response to treatment; concomitantly, it should be easy to quantify and available for
routine clinical use [11].

Presepsin (P-SEP) is an immunologic biomarker that offers a good accuracy in de-
tecting different infections in adults [12]. However, there are some uncertainties as to its
accuracy in the diagnosis of neonatal sepsis, mainly concerning the immaturity of the
kidney function of neonates, especially those born preterm, which could influence the
choice of the best cut-off, the type of sepsis, and early-onset or late-onset, which feature
different characteristics in neonates. Although current results should be carefully read
and few studies with adequate sample sizes are currently available, P-SEP seems to be
a promising marker for diagnosis of sepsis in neonates [13]. The aim of this review is to
summarize current evidence about the diagnostic accuracy of presepsin in the neonatal age.

2. Materials and Methods

This review was produced by searching for articles in the PubMed database and
matching the terms “presepsin” and “neonate” or “newborn”. All retrieved articles written
in English and published before 1 October 2021 were analyzed, without imposing restric-
tions on date or year, locations, study design, study aim, or inclusion/exclusion criteria.
We screened the reference lists of the identified studies and additional references for this
review were identified by each author based on their knowledge on the field. We also
provide a brief overview about the biological characteristics of presepsin and its diagnostic
accuracy in adults and children.

3. Results

A total of 53 records were identified through the literature search (via PubMed),
published from 2010 onwards. Among them, 35 were excluded based on the titles, the
abstracts, and the type of study. A further seven articles were identified through a literature
search via Google.

Twenty-one full-text articles were eventually included in a qualitative synthesis of
current knowledge of P-SEP levels in neonates: three studies on the reference ranges in
neonatal age [4,14,15], four studies on the diagnosis of early-onset sepsis (EOS) [10,16–18],
four studies on the diagnosis of late-onset sepsis (LOS) [1,19–21] and ten studies on the
diagnosis of neonatal sepsis in general (EOS and LOS considered together) [22–31].

We included separately a qualitative synthesis, including four were meta-analyses that
summarized in a quantitative way the results of this particularly interesting topic [32–35].

4. Biological Characteristics of Presepsin

CD14 is a glycoprotein, a member of Toll-like receptor (TLR) family, constitutively
expressed on the cell surface of monocytes/macrophages [12,36]. The principal ligand
of CD14 is bacterial lipopolysaccharide (LPS), which when associated with Lipoprotein
Binding Protein (LBP) forms a complex easily recognized by the TLR. CD14 takes two
forms: membrane-bound CD14 (mCD14) and soluble CD14 (sCD14). The latter is seen in
plasma and is produced by mCD14 fall-off or cell secretion [10]. Presepsin is the N-terminal
fragment of 13 kDa of soluble CD14 subtype (sCD14-ST).

The binding between CD14 and LPS-LBP complex activates the TLR4-specific proin-
flammatory signaling cascade, playing a role in the identification of several Gram-positive
and Gram-negative bacterial ligands and leading to the release of cytokines (tumor necrosis
factor-α, IFN-γ, IL-1β, IL-8 and IL-6) [11].

After TLR4 activation, the complex LPS-LBP-CD14 is internalized into a phagolyso-
some in monocyte-macrophage cells. The CD14 glycoprotein is cleaved by cathepsin D
and other proteases in plasma or in the phagolysosome. After proteolysis, the N-terminal
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fragment of 64 amino acids, named presepsin (P-SEP), is released in the bloodstream by
exocytosis (Figure 1) [12].
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The biological function of presepsin, beyond infectious episodes, is currently under
investigation. It has been reported that P-SEP promotes phagocytosis, and its plasmatic
levels depend on the intensity of the innate immune response. The recognition of P-
SEP is possible even in healthy uninfected individuals; nevertheless, its levels markedly
increase during the early phases of bacterial infections, and correlate with treatment efficacy
and prognosis [37].

Little is known about P-SEP and fungal bloodstream infections. A single-center study
investigated the relationship between P-SEP plasmatic levels and fungemia, performing
an additional in vitro study to compare the increase in P-SEP levels between fungi and
bacteria [38]. P-SEP was increased in all patients with fungal bloodstream infections, with
a significant correlation between plasmatic concentrations and the SOFA (Sequential Organ
Failure Assessment) score (r = 0.89, p < 0.001). An in vitro assay with the co-incubation of
Candida albicans and human whole blood cells indicated that the viable cells of C. albicans
caused an increase in presepsin, as seen with Escherichia coli [38]. Further multi-centric
studies are needed to confirm these preliminary results about P-SEP as marker of fungemia.

5. Presepsin Plasmatic Levels and Renal Function

Renal function plays an important role in the evaluation of plasma biomarkers, since
their concentration largely depends on renal excretion. The plasma concentration of P-SEP
seems to increase with renal impairment, as it is a 13 kDa protein, similar to Cistatin C, a
protein that is filtered by the glomerulus and provides an indication as to kidney function.
It is presumed from its molecular weight that, when filtered by the glomerulus, P-SEP is
reabsorbed and catabolized within proximal tubular cells. Therefore, any disease affecting
kidney filtration could affect the plasmatic concentration of P-SEP, causing its plasmatic
levels to rise [39].

P-SEP levels are inversely correlated with Glomerular Filtration Rate (GFR). In partic-
ular, in patients receiving hemodialysis, P-SEP values were markedly high, at comparable
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levels to those seen in severe sepsis or septic shock, and returned to normal levels after
kidney transplantation [40–42].

In very low birth-weight infants, renal function is often compromised by prematurity,
regardless of the presence of infection. High levels of P-SEP due to impaired kidney
function could lead to the misdiagnosis of sepsis. To date, the relationships between renal
function and plasma levels of P-SEP have been studied in adults and children [43], but
not yet in neonates. In adults, high levels of P-SEP in uninfected patients with severe
acute kidney failure have been reported in previous studies and higher cut-offs have been
established to improve the test accuracy in discriminating sepsis [44,45].

In a single-center retrospective study on a group of 366 patients with acute kidney
failure and another of 440 patients with normal kidney function, the optimal cut-off values
in normal patients were 240 pg/mL (sensitivity: 80.9%, specificity: 83.2%) for P-SEP, and
0.10 ng/mL (sensitivity: 85.1%, specificity: 79.1%) for PCT. In patients with severe kidney
failure, the optimal cut-off values were 500 pg/mL (sensitivity: 89.7%, specificity: 59.7%)
for the P-SEP, and 4.07 ng/mL (sensitivity: 87.2%, specificity: 93.5%) for PCT. Thus, the
optimal cut-off values of P-SEP and PCT were higher in the group of patients with severe
kidney failure compared to those of normal patients. However, the study was conducted
only on patients aged ≥18 years with no reference to neonates [46].

Concerning neonates, the available research is still poor. In a case report of a preterm
with nephrogenic diabetes insipidus, persistently elevated concentrations of P-SEP in the
absence of sepsis were reported (range from 668 to 1647 pg/mL) [47].

It will likely be necessary to identify, with further studies, specific cut-off levels higher
than those currently identified in neonates and infants, involving those who have an
underlying disease and impaired renal function.

In the study carried out by Pietrasanta et al. on 159 preterm infants with suspected
sepsis (58 of them with infection, 77 with sepsis and 24 with septic shock) P-SEP levels
were elevated in neonates with septic shock (median 1557.5 pg/mL) and sepsis (median
1361 pg/mL) compared with those detected in neonates with other infections [31].

It is possible that in infants with septic shock, some of these levels may be attributable
to the effect of shock on the kidney function and therefore the cut-off in these cases should
be better studied.

6. Methods to Measure Presepsin Plasma Levels

Different methods have been developed to measure presepsin (P-SEP). Firstly, a
traditional two-step sandwich enzyme-linked immunosorbent assay (ELISA) was used
for the detection of presepsin by the recombinant CD14 (S286C) as standard with results
in 4 h. This assay lacked speed and accuracy, which are essential for routine assessments
in intensive care units (ICUs). A few years later, a one-step ELISA assay was developed
using recombinant presepsin and two new anti-P-SEP antibodies. As a result, the total
analysis time was reduced from 4 h to 1.5 h, with the same performance characteristics as
the two-step assay [48].

A step forward in the plasmatic measure of P-SEP is represented by a novel, highly
sensitive and fully automated method, based on the chemiluminescence (CLEIA) method,
providing results in 17 min in six samples simultaneously by a Point-of-Care Testing
(POCT) instrument [49,50]. The test is based on a non-competitive CLEIA combined with
MAGTRATION® technology (Precision System Science/PSS USA Inc., Livermore, CA,
USA). The term “Magtration” is an abbreviation of “Magnetic Filtration” and is based on
bound/free separation in pipette tips using magnetic particles [51].

Magnetic particles were coated by an anti-P-SEP polyclonal antibody and a mono-
clonal antibody. During incubation with plasma, they formed immunocomplexes with
P-SEP present in the sample. A chemiluminescent substrate was added. After a short
incubation, the luminescence intensity generated by the enzyme reaction was measured.
The luminescence intensity was directly correlated to the P-SEP concentration in the sample,
which was calculated by means of the standard curve [49].
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The CLEIA presepsin assay correlated well with a previously reported two-step pre-
sepsin ELISA. According to the results from Okamura et al. [40], the limit of blank, the limit
of detection, and the limit of quantification were 2.33, 13.4, and 47.6 pg/mL, respectively.
The assay linearity was achieved up to 20,000 pg/mL. The intra-assay imprecision was
3.4–4.8% for plasma and 2.7–7.1% for whole blood. The within-run imprecision and total
imprecision for plasma were 3.6–4.4% and 5.2–6.5%, respectively. No interference of pre-
sepsin was detected with other analytes, such as bilirubin, hemoglobin, lipids, triglycerides,
or rheumatoid factors [40].

This approach performed effectively enough to be applicable for use in the Emergency
Department (ED), ICUs, and the surgical wards; it is currently preferred in both clinical
activity and research.

7. Accuracy of Presepsin in Detecting Sepsis in Adults and Children

According to the results of several multicenter prospective studies, P-SEP levels
are significantly higher in patients with systemic bacterial infections than in those with
Systemic inflammatory response syndrome (SIRS) or other diseases [52–54]. The cut-off
value of 600 ng/L has been reported for the discrimination of bacterial sepsis with a
sensitivity and specificity of 87.8% and 81.4%, respectively [52]. Higher levels of P-SEP
have been reported in patients with Gram-negative bacterial infections [52,53].

Presepsin values are usually interpreted as follows [55]:

− Presepsin < 200 pg/mL—sepsis excluded;
− Presepsin < 300 pg/mL—systemic infection improbable;
− Presepsin < 500 pg/mL—sepsis probable;
− Presepsin < 1000 pg/mL—significant risk of severe sepsis;
− Presepsin ≥ 1000 pg/mL—high risk of severe sepsis/septic shock equivalent to a

SOFA score ≥ 8.

Changes in presepsin values may be an appropriate indicator for monitoring antibiotic
therapy: in fact, it tended to reduce on day 7, in patients with positive blood cultures and ap-
propriate antibiotic therapy, and it rose in those with inappropriate antibiotic therapy [53].

In an observational prospective study, a presepsin assay with a cutoff at 588 ng/L
showed high level of sensitivity (81%) and specificity (80%) in the diagnosis of community-
acquired pneumonia (CAP). In these patients, presepsin levels higher than 556 ng/L
showed significantly lower survival rates (50.0% vs. 76.6%) [56].

Recent studies suggested that the use of new generation biomarkers, such as presepsin,
alongside integral severity-of-disease scores allow the prediction of the risk of infectious
complications and mortality in cardio-surgical patients. Similarly, presepsin seems to be
as valuable a biomarker as PCT or CRP in the evaluation of infectious complications in
patients after heart transplantation [41].

Few studies are available on the efficacy of P-SEP as a diagnostic biomarker for
sepsis in children. A recent paper from Sakyi et al. explored the concept of a Bioscore (a
combination of three biomarkers: CRP, PCT and presepsin) that seemed to be more efficient
in the identification of pediatric sepsis. In fact, with at least two of the three markers
above their respective threshold (Bioscore 2 or 3), a greater proportion (>75%) of cases were
shown to have sepsis [57].

According to a meta-analysis by Yoon et al., P-SEP offers higher sensitivity and
diagnostic accuracy, but lower specificity, when compared to PCT or CRP in detecting
sepsis in children. However, these results must be carefully interpreted as the number of
studies included was small and the studies were statistically heterogeneous [58].

8. Ranges of Reference Values in Neonates

The availability of reference values of P-SEP in term and preterm neonates is crucial
for obtaining an adequate diagnostic accuracy to rule out sepsis. Since 2012, different
groups have investigated this topic, but due to small sample sizes and the type of study
(case-control) they have found extremely variable and unreliable results.
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Pugni et al., in Italy, conducted the first study properly designed to identify reference
ranges of P-SEP in neonates [14]. Of the 684 neonates enrolled in their study, 484 (70.8%)
were born at term and 200 (29.2%) were preterm (24–36 weeks’ gestation). For each neonate,
maternal and perinatal variables connected with inflammation were collected (intra-partum
fever, premature rupture of the membranes, delivery mode, perinatal asphyxia, meconium
aspiration, respiratory distress syndrome, surfactant administration and prenatal steroids
administration). The mean age at blood sampling was 3.6 ± 0.6 days in term infants
and 3.9 ± 0.8 days in preterm infants. The distribution of percentiles of presepsin levels
(pg/mL) in term and preterm neonates enrolled in their study are shown in Table 1. The
P-SEP values were found to be slightly higher in preterm than in at-term neonates, and
higher in neonates than in the healthy adult population. No significant differences were
demonstrated in preterm infants at different gestational ages. Among the variables that
could modify the P-SEP values in the group of term infants, only the low Apgar score at
1 min was significantly associated with P-SEP plasma levels (p = 0.032). No differences in
presepsin values were observed between weight loss at blood sampling 10 and >10%.

Table 1. Distribution of percentiles of presepsin levels (pg/mL) in term and preterm neonates studied by Pugni et al. (2015) [14].

5th Centile 25th Centile 50th Centile 75th Centile 95th Centile

Term (>37 weeks GA) [n= 484] 315 466 604 791 1178
Preterm (24–36 weeks GA) [n= 195] 352 503 620 864 1370

Concerning only preterm infants born before 32 weeks of GA, Poggi et al. conducted in
2020 a multicenter study enrolling them separately from other preterm infants, determining
the P-SEP levels during the first 48 h of life and excluding cases of EOS [4].

The distribution of values (in pg/mL) in enrolled preterm neonates is also reported
in Table 1. Among the analyzed variables, Poggi et al. found that only GA affected
presepsin values in the first 24 h of life. Presepsin in the first six hours of life seemed to
decrease on average by 29 ng/L for each week of GA increase. After 48 h of life, P-SEP was
not more correlated with GA, which was in agreement with the data obtained by Pugni
in 2015. Furthermore, other variables (such as birthweight, white blood cells, delivery
mode, steroids within three days prior delivery, premature rupture of the membranes and
intrapartum prophylaxis) were confirmed to not influence P-SEP levels [4]. Other authors
found no correlation between presepsin levels and gestational age, further suggesting that
P-SEP is not affected by postnatal age [10].

In another, Japanese study, plasma P-SEP levels were examined in 30 healthy term
neonates at birth, on the first day and on the fifth day of life. The levels on the fifth day of
life were lower than before (p < 0.001). The authors hypothesized that para-physiological
and transient renal dysfunction may be involved in elevating serum P-SEP in the first day
of life [15].

According to the available research, neonatal reference ranges are substantially higher
than those seen in healthy adults. Among the possible explanations, we count the activation
of the innate immune system occurring after birth, as a result of the transition from the
normally sterile intra-uterine environment to a world rich in foreign antigens. Furthermore,
following birth, the neonatal skin and gut are rapidly colonized with microbial flora,
representing a continuous stimulus to the innate immune system [59].

In agreement with other authors, Levy et al. demonstrated that preterm and full-term
neonates express significantly greater CD14 expression on peripheral blood monocytes,
both at baseline and after LPS stimulation, compared with adults [60].

9. Presepsin Compared to Other Immunologic Biomarkers

C-reactive protein (CRP) and procalcitonin (PCT) are currently used as infection
biomarkers; nevertheless, they change considerably during the early neonatal period due
to several non-infectious conditions [15].
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CRP is an acute-phase protein synthesized in the liver in response to inflammatory and
infectious stimuli. The first CRP increase after induction occurs at about 12 h and reaches
its peak after around 20–72 h. Several confounding variables are associated with CRP
increase in the healthy neonate: delivery mode (vaginal delivery versus cesarean section),
a longer duration of active labor and possibly intrapartum fetal distress [41]. Furthermore,
CRP rises by 6.0% per week of GA at delivery, 2.4% for each growth of 100 g of birth weight,
0.4% for each hour of preterm premature rupture of the membranes (pPROM), 40% in the
case of antenatal steroids and 28% in the case of intrapartum antibiotic prophylaxis [5]. A
cut-off value >10 mg/L for CRP was shown to be the most appropriate in neonates.

The early rise in CRP levels in neonates after birth usually leads to the suspicion of an
EOS and to the commencement of empiric antibiotics, although CRP may increase up to
20 mg/L during the first days of life even in uninfected newborns [61]. Indeed, empiric
antibiotics should not be administered if the decision is based solely on the CRP levels
obtained in first days of life, which could be similar both in infants with positive blood
cultures and in infants with negative blood cultures [6]. CRP measurements are meaningful
only when framed in the context of specific risk factors and clinical signs and symptoms
concordant with the suspicion of EOS [62].

In conclusion, CRP specificity is low, and it is preferably used in combination with
another serum biomarker.

PCT is a prohormone of calcitonin. In healthy individuals, it is produced in thyroid C
cells, from a calcitonin gene-related peptide I (CALC-1) located on chromosome 11. The
mRNA product is known as pre-procalcitonin, and it is further modified to 116 amino
acid procalcitonin, and all the PCT formed in thyroid C cells is converted to calcitonin. In
healthy subjects, plasma levels of PCT are very low (0.05 ng/mL) [63]. In the course of
bacterial infection, serum levels start to increase after 2–4 h of bacterial endotoxin release,
peaking after 6–8 h and returning to normal levels after 24 h [40]. PCT values increase
earlier than CRP values in severe infections and also fall quicker after appropriate antibiotic
treatment [5]. In contrast to CRP, local bacterial infections, severe viral infections and
inflammatory reactions of non-infectious origin are only associated with a slight increase
in PCT [41].

In healthy newborns, PCT levels show a physiologic increase 24–48 h after birth and
decreases to normal levels after 3 days. Moreover, the mean PCT decreases by 11.4% per
week of GA at delivery, and by 2.2% per 100 g of weight independently of gender. PCT
levels at birth could be modified in the case of pPROM, clinical chorioamnionitis and
gestational diabetes [5]. For PCT, 0.5–2 ng/mL may be the appropriate cut-off interval
in newborns [33].

An interesting metanalysis compared the diagnostic accuracy of PCT, CRP, procalci-
tonin combined with C-reactive protein and presepsin in the diagnosis of neonatal sepsis,
including 28 studies in which 2661 patients were enrolled. The authors found that, although
PCT is more sensitive than CRP, the use of PCT or CRP alone cannot rule out a diagnosis of
neonatal sepsis. In fact, only the combination of PCT and CRP or presepsin alone improves
the accuracy of diagnosis of neonatal sepsis. The AUC for presepsin (0.99) was greater than
PCT + CRP (0.96), CRP (0.85) and PCT (0.91). From the subgroup analysis, the same authors
established suitable cut-off values for PCT (0.5–2 ng/mL) and CRP (>10 mg/L) [33].

Presepsin rises after 2 h, with a peak at about 3 h after onset of the infection, and a
decline after 4–8 h [64]. As previously mentioned, serum presepsin levels are not affected
by common perinatal factors [1,10]. Recent studies indicate that P-SEP can be used to
monitor clinical response to therapeutic interventions prior to obtaining culture results,
confirming it as a more reliable biomarker than CRP and PCT in neonatal sepsis [1,26,27].
The sensitivity and specificity of P-SEP obtained at a cutoff level of 722 µg/L seems to be
higher than its sensitivity and specificity at a cutoff level of 539 µg/L [33].
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10. Presepsin for the Detection of Early-Onset and Late-Onset Sepsis

The early diagnosis of bacterial sepsis in neonates is hampered by non-specific symp-
toms and the lack of rapid responding laboratory measures. The gold standard diagnostic
test is blood culture (BC). According to Kuzniewicz’s findings, pathogens are usually
isolated by 36 h after BC collection [65], but microbiological isolation is, unfortunately,
time-consuming. An early, sensitive and specific laboratory test would be helpful to guide
clinicians to decide whether or not to start antibiotics, avoiding unnecessary treatment.
Presepsin could be the appropriate marker.

Early-onset sepsis (EOS) reflects transplacental and ascending infections from the
maternal genital tract within 72 h after birth. Late-onset sepsis (LOS) (≥72 h after birth)
is associated with the nosocomial environment, affecting preterm and VLBW neonates in
particular [1]. It has been reported that an ideal biomarker for neonatal sepsis should offer
a sensitivity of 100%, specificity > 85%, a positive predictive value > 85% and a negative
predictive value of 100% [64].

In Table 2, we report all the available studies on the reference ranges of P-SEP levels
at neonatal age and on the P-SEP levels in the case of EOS, LOS and both (EOS and
LOS together).

Table 2. Qualitative synthesis of available studies on reference ranges of P-SEP levels in neonatal age and on P-SEP levels in
case of early-onset sepsis (EOS), late-onset sepsis (LOS) and both (EOS and LOS together).

Type of
Study Authors, Year Country Population

Cut-Off
Value of

P-SEP
(pg/mL)

AUC Type of
Sample Assay Conclusions

Reference ranges

Prospective Pugni et al.,
2015 [14] Italy

484 healthy
term

195 healthy
preterm

(GA 24–36 w)

604
(50th centile)

620
(50th

centile)

N/A Whole
blood CLEIA

P-SEP levels are higher
in preterm than in
at-term neonates

Prospective Ishii et al.,
2018 [15] Japan

30 healthy
term

(GA > 37 w)

318.5
(at birth)

180.5
(day 5)

N/A Whole
blood CLEIA

P-SEP levels show
physiological variation

during early
neonatal period

Prospective Poggi et al.,
2020 [4] Italy 183 preterm

(GA < 32 w)

583 (0–6 h)
614 (12 h)
604 (24 h)
513 (48 h)

50th centile

N/A Whole
blood CLEIA

P-SEP levels in
preterm <32 weeks GA

are affected by GA
during first 24 h of life

EOS

Case-
control

Motalib et al.,
2015 [16] Egypt 28 EOS

34 healthy 672 0.95 Serum CLEIA
P-SEP is an accurate
marker in detecting

EOS

Prospective Ozdemir et al.,
2016 [17] Turkey

29 EOS
40 healthy

(term
neonates)

539 0.77 Serum CLEIA

P-SEP may be used a
reliable and accurate

marker for both
diagnosis and

follow-up of EOS

Case-
control

Montaldo et al.,
2017 [10] Italy

32 EOS
38 healthy

(GA < 34 w)
788 0.97 Serum CLEIA

P-SEP is significantly
higher in preterm
infants with EOS
compared with

uninfected infants

Prospective
Seliem and
Sultan, 2018

[18]
Egypt

76 EOS
212 healthy

(GA 24–36 w)
2231 N/A Umbilical

cord blood ELISA

Umbilical cord blood
P-SEP is a predictor of
EOS in preterm infants
born to mothers with

premature rupture
of membranes
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Table 2. Cont.

Type of
Study Authors, Year Country Population

Cut-Off
Value of

P-SEP
(pg/mL)

AUC Type of
Sample Assay Conclusions

LOS

Prospective Poggi et al.,
2015 [1] Italy

19 LOS
21 healthy

(GA < 32 w)
885 0.97 Whole

blood CLEIA

P-SEP is an accurate
marker for the

diagnosis of LOS in
preterm infants

Case-
control

Sabry et al.,
2016 [19] Egypt 80 LOS

40 healthy 722 0.99 Serum ELISA
P-SEP is an accurate

marker for the
diagnosis of LOS

Prospective Topcuoglu
et al., 2016 [20] Turkey 42 LOS

(GA < 34 w) 800.5 0.86 Plasma CLEIA

P-SEP can used as a
reliable biomarker for
the diagnosis of and

response to treatment
in LOS

Prospective Astrawinata
et al., 2017 [21] Indonesia

40 LOS in
preterm

40 healthy
406 0.89 Whole

blood CLEIA

P-SEP is the earliest
and best-performing

marker of LOS for the
prognosis of preterm

neonatal mortality
when compared to

CRP and PCT
EOS/LOS

Prospective Mussap et al.,
2015 [22] Italy

25 sepsis
25 SIRS

25 healthy
600 0.99 Whole

blood CLEIA

In critically ill
neonates, P-SEP could
help in diagnosis and
follow-up of neonatal

sepsis and
non-bacterial SIRS

Case-
control

Saied
Osman et al.,

2015 [23]
Egypt

40 sepsis
15 healthy
(full-term)

875 0.95 Plasma CLEIA
P-SEP is a novel

diagnostic marker in
neonatal sepsis

Prospective Mostafa et al.,
2015 [24] Egypt 49 sepsis

29 healthy 686 0.78 Plasma CLEIA P-SEP is useful
in neonatal sepsis

N/A Tabl et al.,
2016 [25] Egypt

22 sepsis
28 non-

infectious
SIRS

20 healthy
(term

neonates)

812 0.99 Plasma CLEIA

P-SEP can
discriminate between

infections and
non-infectious
inflammatory

conditions

Prospective Xiao et al.,
2016 [26] China 140 sepsis

53 healthy 786 0.94 Whole
blood CLEIA

PSEP is accurate in
early identify neonatal

hematosepsis; its
diagnostic value is
superior to other

laboratory
Biomarkers

Prospective Miyosawa
et al., 2018 [27] Japan

13 sepsis
18 healthy
(preterm)

795 0.86 Whole
blood CLEIA

P-SEP can
discriminate between

infections and
non-infectious
inflammatory

conditions
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Table 2. Cont.

Type of
Study Authors, Year Country Population

Cut-Off
Value of

P-SEP
(pg/mL)

AUC Type of
Sample Assay Conclusions

Prospective Kumar, et al.,
2018 [28] India 41 sepsis 1800 0.90 Plasma CLEIA

P-SEP, in comparison
with CRP and PCT,

offers a better
sensitivity and

negative predictive
value

Prospective Iskandar et al.,
2018 [29] Indonesia 51 sepsis 706.5 0.80 Whole

blood CLEIA

In early diagnosis of
neonatal sepsis,
compared with
procalcitonin,

presepsin seems to
provide a better
diagnostic value

Prospective Hashem et al.,
2020 [30] Egypt 133 sepsis

102 healthy 686 0.88 Plasma CLEIA

Presepsin is a valuable
early diagnostic and

monitoring sepsis
biomarker, with higher
specificity compared
to neutrophil CD64

(nCD64)

Prospective Pietrasanta
et al., 2021 [31] Italy

58 infections
77 sepsis
24 septic

shock

987.5 0.86 Whole
blood CLEIA

P-SEP is an early
marker of neonatal
sepsis severity, but

does not support the
early identification of
neonates with positive

blood culture

N/A: Not available. CLEIA: chemiluminescence immune-assay. ELISA: enzyme-linked immunosorbent assay.

We also identified four meta-analyses that summarized in a quantitative way the re-
sults of the accuracy of P-SEP and the pooled sensitivity and specificity obtained including
P-SEP evaluation (Table 3).

Table 3. Qualitative synthesis of four meta-analyses available in previous research on P-SEP in neonatal age.

Number of
Studies

Considered

Authors,
Year Country

Number of
Infants

Included

Cut-Off
Value of

P-SEP
(pg/mL)

AUC Pooled
Sensitivity

Pooled
Specificity Conclusions

11 studies
Bellos et al.,

2018
[32]

Greece
783

(391 sepsis
vs. 392

controls)

<650 0.96 91% 85%
Diagnostic accuracy of
P-SEP resulted high in

detecting neonatal
sepsis

650–850 0.99 91% 97%

>850 0.97 90% 86%

28 studies
comparing
CRP, PCT,

CRP + PCT
or P-SEP

Ruan et al.,
2018
[33]

China

2661
(1281 sepsis

vs. 1380
controls)

722 0.99 94% 98%

The combination of
PCT and CRP or
presepsin alone

improves the accuracy
of diagnosis of
neonatal sepsis
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Table 3. Cont.

Number of
Studies

Considered

Authors,
Year Country

Number of
Infants

Included

Cut-Off
Value of

P-SEP
(pg/mL)

AUC Pooled
Sensitivity

Pooled
Specificity Conclusions

10 studies

Van
Maldeghem
et al., 2019

[34]

Holland

1369
(89 EOS,
61 LOS,
209 EOS
and LOS

combined
vs. 1010
controls)

305–672 0.94 81% 86%

P-SEP is a promising
and rapid-responding
diagnostic biomarker
for EOS and LOS. The
difference in pooled
means between EOS
and LOS underlines

the importance of
considering them as

two different
disease entities

801–855 N/A 81% 100%

9 studies
Parri et al.,
2019 [35]

Italy

3 studies
including

268 infants
<600 0.81 93% 81%

Even though it cannot
be recommended as a
single diagnostic test,

P-SEP could be a
helpful and valuable

biomarker in neonates
with

suspected sepsis

6 studies
including

375 infants
>600 0.97 87% 100%

Recently, van Maldeghem et al. evaluated the differences in the diagnostic accuracy
of presepsin between EOS and LOS: 12 articles were included in the systematic review
and 10 in the meta-analysis [34]. The optimal cut-off values ranged from 305 to 672 ng/L
for the EOS cases versus the healthy controls, with a pooled sensitivity of 81% (95%CI:
0.76–0.85), a pooled specificity of 86% (0.81–0.89) and an area under the curve (AUC) of
0.9412 (SE 0.1178).

Differences in presepsin levels were seen between EOS and LOS: in LOS, the optimal
cut-off values were higher, ranging from 801 to 885 ng/L, with a pooled sensitivity of 81%
(0.74–0.86) and a pooled specificity of 100% (0.98–1.00). The AUC was not estimable in
the LOS cases because of the low number of studies. The hypothesis is that the sepsis
evaluation in EOS is performed in the early ‘pre-clinical’ stage of the infection, whereas
presepsin in LOS is analyzed at the clinical stage, when the symptoms of infection are
already present.

Considering all the sepsis cases together (EOS, LOS and combined), the cut-off values
ranged from 305 to 885 ng/L. The pooled sensitivity was 92% (0.91–0.93) and the pooled
specificity was 86% (0.84–0.87), with an AUC of 0.9639 (0.0181) [34].

According to the results obtained by Pietrasanta et al., P-SEP levels correlate with the
severity of disease: they were higher in neonates with septic shock (median 1557.5 pg/mL)
and sepsis (median 1361 pg/mL) compared to those with infection (median 977.5 pg/mL)
at the point at which sepsis was first suspected (p < 0.01) [31].

Furthermore, as shown in three studies, serum presepsin levels decrease progressively
in the course of the antibiotic treatment of both EOS and LOS, suggesting its possible role
in monitoring therapeutic response [1,19,27,28,30].

So far, the cut-off values, together with the specificity and sensitivity, have varied
greatly among studies and the type of infection (EOS vs. LOS) and sampling time [32].

11. Prognostic Significance of Presepsin

Elevated plasma P-SEP values appear to be predictive of sepsis severity and death. In
a 2018 meta-analysis that included a total of 1617 adult patients, Yang et al. reported that
P-SEP levels in the first 24 h were significantly higher in non-survivors [66].
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The relationship between plasma P-SEP levels and mortality was explored in 31 neonates
and the authors found a significant positive correlation between P-SEP levels measured
on the first day of life and the highest sepsis severity score [67]. In an interesting study by
Astrawinata et al. [21], early P-SEP values were significantly higher in the non-survivor
group than in the survivor group (p < 0.05), when compared to CRP and PCT.

This relationship is less clearly established among pediatric patients. El Gendy et al.
studied 80 children with an average age of 14 months who had been admitted to a pediatric
intensive care unit due to infection. The infants with sepsis had higher presepsin levels than
the healthy controls (p = 0.0001) but no difference was found between the survivors and
non-survivors (p = 0.84). However, higher P-SEP levels were associated with higher rates
of mechanical ventilation (p = 0.048) as well as longer hospital stays (p = 0.012), suggesting
that P-SEP levels are an appropriate indicator of disease severity [68].

P-SEP seems to be a useful biomarker in the early diagnosis and prognosis of neonatal
sepsis; however, data in this particularly interesting field remain too limited to reach
definitive conclusions.

12. Conclusions

Neonatal sepsis is a fearful condition with a great impact in terms of morbidity
and mortality. Obtaining a ‘magical’ biological marker with maximum sensitivity and
maximum negative predictive values would help to prevent the serious consequences of
sepsis in many newborns. Although CRP and PCT are the most widely used biomarkers of
neonatal sepsis, their accuracy is still controversial. There is emerging evidence about the
role of presepsin as a precocious marker of sepsis in neonates. Based on current clinical
study results, most factors affecting CRP and PCT levels seem not to affect presepsin levels.

P-SEP has shown good accuracy in diagnosing both neonatal EOS and LOS, even
if the data are still limited. There is a wide heterogeneity among the relevant studies in
terms of the onset of sepsis, the rate of included preterm infants, the sample size and
the timing of the dosage. Therefore, further studies are needed to confirm and ascertain
the additional value of this biomarker, especially to establish reference ranges for those
newborns with surgical diseases, renal failure, congenital heart disease, perinatal asphyxia
and pathological conditions other than sepsis and to rule out the possibility that these
conditions influence the threshold of P-SEP.

Author Contributions: Conceptualization, C.M., D.U.D.R. and C.A.; methodology, C.M., D.U.D.R.
and C.A.; writing—original draft preparation, C.M., A.S., L.M., S.C., I.B. and M.P.R.; writing—review
and editing, D.U.D.R. and C.A.; supervision, C.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Poggi, C.; Bianconi, T.; Gozzini, E.; Generoso, M.; Dani, C. Presepsin for the detection of late-onset sepsis in preterm newborns.

Pediatrics 2015, 135, 68–75. [CrossRef]
2. Shah, B.A.; Padbury, J.F. Neonatal sepsis an old problem with new insights. Virulence 2014, 5, 170–178. [CrossRef] [PubMed]
3. Ting, J.Y.; Synnes, A.; Roberts, A.; Deshpandey, A.; Dow, K.; Yoon, E.W.; Lee, K.S.; Dobson, S.; Lee, S.K.; Shah, P.S.; et al. Association

between antibiotic use and neonatal mortality and morbidities in very low-birth-weight infants without culture-proven sepsis or
necrotizing enterocolitis. JAMA Pediatr. 2016, 170, 1181–1187. [CrossRef] [PubMed]

4. Poggi, C.; Vasarri, M.V.; Boni, L.; Pugni, L.; Mosca, F.; Dani, C. Reference ranges of Presepsin in preterm infants in the first 48 h of
life: A multicenter observational study. Clin. Chim. Acta 2020, 508, 191–196. [CrossRef]

http://doi.org/10.1542/peds.2014-1755
http://doi.org/10.4161/viru.26906
http://www.ncbi.nlm.nih.gov/pubmed/24185532
http://doi.org/10.1001/jamapediatrics.2016.2132
http://www.ncbi.nlm.nih.gov/pubmed/27775765
http://doi.org/10.1016/j.cca.2020.05.040


Int. J. Mol. Sci. 2021, 22, 12154 13 of 15

5. Chiesa, C.; Natale, F.; Pascone, R.; Osborn, J.F.; Pacifico, L.; Bonci, E.; De Curtis, M.C. Reactive protein and procalcitonin:
Refe-rence intervals for preterm and term newborns during the early neonatal period. Clin. Chim. Acta 2011, 412, 1053–1059.
[CrossRef] [PubMed]

6. De Rose, D.U.; Perri, A.; Auriti, C.; Gallini, F.; Maggio, L.; Fiori, B.; D’Inzeo, T.; Spanu, T.; Vento, G. Time to positivity of blood
cultures could inform decisions on antibiotics administration in neonatal early-onset sepsis. Antibiotics 2021, 10, 123. [CrossRef]

7. Esaiassen, E.; Fjalstad, J.W.; Juvet, L.K.; van den Anker, J.N.; Klingenberg, C. Antibiotic exposure in neonates and early adverse
outcomes: A systematic review and meta-analysis. J. Antimicrob. Chemother. 2017, 72, 1858–1870. [CrossRef] [PubMed]

8. Alexander, V.N.; Northrup, V.; Bizzarro, M.J. Antibiotic exposure in the newborn intensive care unit and the risk of necrotizing
enterocolitis. J. Pediatr. 2011, 159, 392–397. [CrossRef] [PubMed]

9. Zou, H.; Jia, X.; He, X.; Su, Y.; Zhou, L.; Shen, Y.; Sheng, C.; Liao, A.; Li, C.; Li, Q. Emerging Threat of Multidrug Resistant
Pathogens from Neonatal Sepsis. Front. Cell. Infect. Microbiol. 2021, 11, 1–12. [CrossRef]

10. Montaldo, P.; Rosso, R.; Santantonio, A.; Chello, G.; Giliberti, P. Presepsin for the detection of early-onset sepsis in preterm
newborns. Pediatr. Res. 2017, 81, 329–334. [CrossRef] [PubMed]

11. Hincu, M.A.; Zonda, G.I.; Stanciu, G.D.; Nemescu, D.; Paduraru, L. Relevance of Biomarkers Currently in Use or Research for
Practical Diagnosis Approach of Neonatal Early-Onset Sepsis. Children 2020, 7, 309. [CrossRef] [PubMed]

12. Zou, Q.; Wen, W.; Zhang, X.C. Presepsin as a novel sepsis biomarker. World J. Emerg. Med. 2014, 5, 16. [CrossRef] [PubMed]
13. Wu, C.C.; Lan, H.M.; Han, S.T.; Chaou, C.H.; Yeh, C.F.; Liu, S.H.; Li, C.H.; Blaney, G.N., III; Liu, Z.Y.; Chen, K.F. Comparison of

diagnostic accuracy in sepsis between presepsin, procalcitonin, and C-reactive protein: A systematic review and meta-analysis.
Ann. Intensive Care 2017, 7, 1. [CrossRef]

14. Pugni, L.; Pietrasanta, C.; Milani, S.; Vener, C.; Ronchi, A.; Falbo, M.; Arghittu, M.; Mosca, F. Presepsin (soluble CD14 subtype):
Reference ranges of a new sepsis marker in term and preterm neonates. PLoS ONE 2015, 10, e0146020.

15. Ishii, M.; Hoshina, T.; Ichikawa, S.; Shimizu, D.; Araki, S.; Kinjo, T.; Shibata, E.; Hachisuga, T.; Kusuhara, K. The physiological
variation in plasma presepsin levels during the early neonatal period. Tohoku J. Exp. Med. 2018, 246, 199–203. [CrossRef] [PubMed]

16. Motalib, T.A.; Khalaf, F.A.; El Hendawy, G.; Kotb, S.E.; Ali, A.M.; Sharnoby, A.E. Soluble CD 14-subtype (Presepsin) and Hepcidin
as Diagnostic and Prognostic markers in Early Onset Neonatal Sepsis. EJMM 2015, 24, 45–52. [CrossRef]

17. Ozdemir, A.A.; Elgormus, Y. Diagnostic Value of Presepsin in Detection of Early-Onset Neonatal Sepsis. Am. J. Perinatol. 2017, 34,
550–556. [CrossRef] [PubMed]

18. Seliem, W.; Sultan, A.M. Presepsin as a predictor of early onset neonatal sepsis in the umbilical cord blood of premature infants
with premature rupture of membranes. Pediatr. Int. 2018, 60, 428–432. [CrossRef]

19. Sabry, J.H.; Elfeky, O.A.; Elsadek, A.E. Presepsin as an early reliable diagnostic and prognostic marker of neonatal sepsis. Int. J.
Adv. Res. 2016, 4, 1538–1549. [CrossRef]

20. Topcuoglu, S.; Arslanbuga, C.; Gursoy, T.; Aktas, A.; Karatekin, G.; Uluhan, R.; Ovali, F. Role of presepsin in the diagnosis of
late-onset neonatal sepsis in preterm infants. J. Matern Neonatal. Med. 2016, 29, 1834–1839. [CrossRef]

21. Astrawinata, D.A.W.; Kerina Kaban, R.; Dewi Roeslani, R.; Parmawati, E. The Role of Presepsin, C-Reactive Protein and
Procalcitonin as a Marker of Therapy Response and Prognosis for Late Onset Neonatal Sepsis in Preterm Neonates. J. Med. Sci.
Clin. Res. 2017, 5, 26681–26690. [CrossRef]

22. Mussap, M.; Puxeddu, E.; Puddu, M.; Ottonello, G.; Coghe, F.; Comite, P.; Cibecchini, F.; Fanos, V. Soluble CD14 subtype
(sCD14-ST) presepsin in premature and full term critically ill newborns with sepsis and SIRS. Clin. Chim. Acta 2015, 451,
65–70. [CrossRef]

23. Saied Osman, A.; Goudah Awadallah, M.; Tabl Hael, M. Presepsin as a novel diagnostic marker in neonatal septicemia. Egypt. J.
Med. Microbiol. 2015, 24, 21–26. [CrossRef]

24. Mostafa, R.; Khoulouss, S.; Nea, M. Detection of presepsin and surface CD-14 as a biomarker for early diagnosis of neonatal
sepsis. J. Am. Sci. 2015, 1111, 104–116.

25. Tabl, H.A.M.; Abed, N.T. Diagnostic Value of Presepsin in Neonatal Sepsis. Egypt. J. Immunol. 2016, 23, 29–37.
26. Xiao, T.; Chen, L.P.; Liu, H.; Xie, S.; Luo, Y.; Wu, D.C. The Analysis of Etiology and Risk Factors for 192 Cases of Neonatal Sepsis.

BioMed Res. Int. 2017, 2017, 8617076. [CrossRef]
27. Miyosawa, Y.; Akazawa, Y.; Kamiya, M.; Nakamura, C.; Takeuchi, Y.; Kusakari, M.; Nakamura, T. Presepsin as a predictor of

positive blood culture in suspected neonatal sepsis. Pediatr. Int. 2018, 60, 157–161. [CrossRef]
28. Kumar, J.; Singh, A. A Comparative Evaluation of Presepsin with Procalcitonin and CRP in Diagnosing Neonatal Sepsis:

Correspondence. Indian J. Pediatr. 2019, 86, 313–314. [CrossRef]
29. Iskandar, A.; Arthamin, M.Z.; Indriana, K.; Anshory, M.; Hur, M.; Di Somma, S.; GREAT Network. Comparison between

presepsin and procalcitonin in early diagnosis of neonatal sepsis. J. Matern. Neonatal Med. 2019, 32, 3903–3908. [CrossRef]
30. Hashem, H.E.; Abdel Halim, R.M.; El Masry, S.A.; Mokhtar, A.M.; Abdelaal, N.M. The Utility of Neutrophil CD64 and Presepsin

as Diagnostic, Prognostic, and Monitoring Biomarkers in Neonatal Sepsis. Int. J. Microbiol. 2020, 2020, 8814892. [CrossRef]
31. Pietrasanta, C.; Ronchi, A.; Vener, C.; Poggi, C.; Ballerini, C.; Testa, L.; Colombo, R.M.; Spada, E.; Dani, C.; Mosca, F.; et al.

Presepsin (Soluble cd14 subtype) as an early marker of neonatal sepsis and septic shock: A prospective diagnostic trial. Antibiotics
2021, 10, 580. [CrossRef]

32. Bellos, I.; Fitrou, G.; Pergialiotis, V.; Thomakos, N.; Perrea, D.N.; Daskalakis, G. The diagnostic accuracy of presepsin in neonatal
sepsis: A meta-analysis. Eur. J. Pediatr. 2018, 177, 625–632. [CrossRef]

http://doi.org/10.1016/j.cca.2011.02.020
http://www.ncbi.nlm.nih.gov/pubmed/21338596
http://doi.org/10.3390/antibiotics10020123
http://doi.org/10.1093/jac/dkx088
http://www.ncbi.nlm.nih.gov/pubmed/28369594
http://doi.org/10.1016/j.jpeds.2011.02.035
http://www.ncbi.nlm.nih.gov/pubmed/21489560
http://doi.org/10.3389/fcimb.2021.694093
http://doi.org/10.1038/pr.2016.217
http://www.ncbi.nlm.nih.gov/pubmed/27925621
http://doi.org/10.3390/children7120309
http://www.ncbi.nlm.nih.gov/pubmed/33419284
http://doi.org/10.5847/wjem.j.issn.1920-8642.2014.01.002
http://www.ncbi.nlm.nih.gov/pubmed/25215141
http://doi.org/10.1186/s13613-017-0316-z
http://doi.org/10.1620/tjem.246.199
http://www.ncbi.nlm.nih.gov/pubmed/30487373
http://doi.org/10.12816/0024928
http://doi.org/10.1055/s-0036-1593851
http://www.ncbi.nlm.nih.gov/pubmed/27825177
http://doi.org/10.1111/ped.13541
http://doi.org/10.21474/IJAR01/716
http://doi.org/10.3109/14767058.2015.1064885
http://doi.org/10.18535/jmscr/v5i8.116
http://doi.org/10.1016/j.cca.2015.07.025
http://doi.org/10.12816/0024924
http://doi.org/10.1155/2017/8617076
http://doi.org/10.1111/ped.13469
http://doi.org/10.1007/s12098-018-2744-7
http://doi.org/10.1080/14767058.2018.1475643
http://doi.org/10.1155/2020/8814892
http://doi.org/10.3390/antibiotics10050580
http://doi.org/10.1007/s00431-018-3114-1


Int. J. Mol. Sci. 2021, 22, 12154 14 of 15

33. Ruan, L.; Chen, G.Y.; Liu, Z.; Zhao, Y.; Xu, G.Y.; Li, S.F.; Li, C.N.; Chen, L.S.; Tao, Z. The combination of procalcitonin and
C-reactive protein or presepsin alone improves the accuracy of diagnosis of neonatal sepsis: A meta-analysis and systematic
review. Crit. Care 2018, 22, 1–9. [CrossRef]

34. Van Maldeghem, I.; Nusman, C.M.; Visser, D.H. Soluble CD14 subtype (sCD14-ST) as biomarker in neonatal early-onset sepsis
and late-onset sepsis: A systematic review and meta-analysis. BMC Immunol. 2019, 20, 1–11. [CrossRef]

35. Parri, N.; Trippella, G.; Lisi, C.; De Martino, M.; Galli, L.; Chiappini, E. Accuracy of presepsin in neonatal sepsis: Systematic
review and meta-analysis. Expert Rev. Anti. Infect. Ther. 2019, 20, 17. [CrossRef]

36. Ng, P.C.; Cheng, S.H.; Chui, K.M.; Fok, T.F.; Wong, M.Y.; Wong, W.; Wong, R.P.; Cheung, K.L. Diagnosis of late onset neonatal
sepsis with cytokines, adhesion molecule, and C-reactive protein in preterm very low birthweight infants. Arch. Dis. Child. Fetal
Neonatal Ed. 1997, 77, 6–9. [CrossRef]

37. Memar, M.Y.; Baghi, H.B. Presepsin: A promising biomarker for the detection of bacterial infections. Biomed. Pharmacother. 2019,
111, 649–656. [CrossRef]

38. Bamba, Y.; Moro, H.; Aoki, N.; Koizumi, T.; Ohshima, Y.; Watanabe, S.; Sakagami, T.; Koya, T.; Takada, T.; Kikuchi, T. Increased
presepsin levels are associated with the severity of fungal bloodstream infections. PLoS ONE 2018, 13, e0206089. [CrossRef]

39. Miyoshi, M.; Inoue, Y.; Nishioka, M.; Ikegame, A.; Nakao, T.; Takayama, T.; Nagai, K. Usefulness of presepsin/creatinine ratio as
a new index that corrects for renal function. J. Med. Investig. 2021, 68, 105–111. [CrossRef]

40. Okamura, Y.; Yokoi, H. Development of a point-of-care assay system for measurement of presepsin (sCD14-ST). Clin. Chim. Acta
2011, 412, 2157–2161. [CrossRef]

41. Galliera, E.; Massaccesi, L.; de Vecchi, E.; Banfi, G.; Romanelli, M. Clinical application of presepsin as diagnostic biomarker of
infection: Overview and updates. Clin. Chem. Lab. Med. 2019, 44, 21–27. [CrossRef]

42. Nagata, T.; Yasuda, Y.; Ando, M.; Abe, T.; Katsuno, T.; Kato, S.; Tsuboi, N.; Matsuo, S.; Maruyama, S. Clinical impact of kidney
function on presepsin levels. PLoS ONE 2015, 10, e0129159. [CrossRef]

43. Handke, J.; Piazza, O.; Larmann, J.; Tesoro, S.; De Robertis, E. Presepsin as a biomarker in perioperative medicine. Minerva
Anestesiol. 2020, 86, 768–776. [CrossRef]

44. Nakamura, Y.; Ishikura, H.; Nishida, T.; Kawano, Y.; Yuge, R.; Ichiki, R.; Murai, A. Usefulness of presepsin in the diagnosis of
sepsis in patients with or without acute kidney injury. BMC Anesthesiol. 2014, 14, 88. [CrossRef]

45. Nakamura, Y.; Murai, A.; Mizunuma, M.; Ohta, D.; Kawano, Y.; Matsumoto, N.; Nishida, T.; Ishikura, H. Potential use of
procalcitonin as biomarker for bacterial sepsis in patients with or without acute kidney injury. J. Infect. Chemother. 2015, 21,
257–263. [CrossRef]

46. Nakamura, Y.; Hoshino, K.; Kiyomi, F.; Kawano, Y.; Mizunuma, M.; Tanaka, J.; Nishida, T.; Ishikura, H. Comparison of accuracy
of presepsin and procalcitonin concentrations in diagnosing sepsis in patients with and without acute kidney injury. Clin. Chim.
Acta 2019, 490, 200–206. [CrossRef] [PubMed]

47. Leonard, N.; Mohora, R.; Cretoiu, D.; Condrat, C.E.; Stoicescu, S.M. Congenital nephrogenic diabetes insipidus in a preterm
infant: Case presentation. Acta Endocrinol. 2019, 15, 384–389. [CrossRef] [PubMed]

48. Shirakawa, K.; Naitou, K.; Hirose, J.; Takahashi, T.; Furusako, S. Presepsin (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,
937–939. [CrossRef]

49. Sandquist, M.; Wong, H.R. Biomarkers of sepsis and their potential value in diagnosis, prognosis and treatment. Expert Rev. Clin.
Immunol. 2014, 10, 1349–1356. [CrossRef]

50. Taneja, R.; Batra, P. Biomarkers as point of care tests (POCT) in neonatal sepsis: A state of science review. J. Neonatal Perinat. Med.
2021, 14, 331–338. [CrossRef] [PubMed]

51. Di Serio, F.; Caputo, M.; Zaninotto, M.; Ottomano, C.; Plebani, M. Evaluation of analytical performance of the Pathfast cardiac
troponin I. Clin. Chem. Lab. Med. 2009, 47, 829–833. [CrossRef] [PubMed]

52. Endo, S.; Suzuki, Y.; Takahashi, G.; Shozushima, T.; Ishikura, H.; Murai, A.; Nishida, T.; Irie, Y.; Miura, M.; Iguchi, H.; et al.
Usefulness of presepsin in the diagnosis of sepsis in a multicenter prospective study. J. Infect. Chemother. 2012, 18, 891–897.
[CrossRef] [PubMed]

53. Masson, S.; Caironi, P.; Fanizza, C.; Thomae, R.; Bernasconi, R.; Noto, A.; Oggioni, R.; Pasetti, G.S.; Romero, M.; Tognoni, G.; et al.
Circulating presepsin (soluble CD14 subtype) as a marker of host response in patients with severe sepsis or septic shock: Data
from the multicenter, randomized ALBIOS trial. Intensive Care Med. 2015, 41, 12–20. [CrossRef] [PubMed]

54. Ulla, M.; Pizzolato, E.; Lucchiari, M.; Loiacono, M.; Soardo, F.; Forno, D.; Morello, F.; Lupia, E.; Moiraghi, C.; Mengozzi, G.;
et al. Diagnostic and prognostic value of presepsin in the management of sepsis in the emergency department: A multicenter
prospective study. Crit. Care 2013, 17, R168. [CrossRef] [PubMed]

55. Chenevier-Gobeaux, C.; Borderie, D.; Weiss, N.; Mallet-Coste, T.; Claessens, Y.E. Presepsin (sCD14-ST), an innate immune
response marker in sepsis. Clin. Chim. Acta 2015, 450, 97–103. [CrossRef] [PubMed]

56. Klouche, K.; Cristol, J.P.; Devin, J.; Gilles, V.; Kuster, N.; Larcher, R.; Amigues, L.; Corne, P.; Jonquet, O.; Dupuy, A.M. Diagnostic
and prognostic value of soluble CD14 subtype (Presepsin) for sepsis and community-acquired pneumonia in ICU patients. Ann.
Intensive Care 2016, 6, 1. [CrossRef]

http://doi.org/10.1186/s13054-018-2236-1
http://doi.org/10.1186/s12865-019-0298-8
http://doi.org/10.1080/14787210.2019.1584037
http://doi.org/10.1136/fn.77.3.F221
http://doi.org/10.1016/j.biopha.2018.12.124
http://doi.org/10.1371/journal.pone.0206089
http://doi.org/10.2152/jmi.68.105
http://doi.org/10.1016/j.cca.2011.07.024
http://doi.org/10.1515/cclm-2019-0643
http://doi.org/10.1371/journal.pone.0129159
http://doi.org/10.23736/S0375-9393.20.14169-5
http://doi.org/10.1186/1471-2253-14-88
http://doi.org/10.1016/j.jiac.2014.12.001
http://doi.org/10.1016/j.cca.2018.09.013
http://www.ncbi.nlm.nih.gov/pubmed/30201367
http://doi.org/10.4183/aeb.2019.384
http://www.ncbi.nlm.nih.gov/pubmed/32010360
http://doi.org/10.1515/CCLM.2011.145
http://doi.org/10.1586/1744666X.2014.949675
http://doi.org/10.3233/NPM-200581
http://www.ncbi.nlm.nih.gov/pubmed/33337395
http://doi.org/10.1515/CCLM.2009.182
http://www.ncbi.nlm.nih.gov/pubmed/19453290
http://doi.org/10.1007/s10156-012-0435-2
http://www.ncbi.nlm.nih.gov/pubmed/22692596
http://doi.org/10.1007/s00134-014-3514-2
http://www.ncbi.nlm.nih.gov/pubmed/25319385
http://doi.org/10.1186/cc12847
http://www.ncbi.nlm.nih.gov/pubmed/23899120
http://doi.org/10.1016/j.cca.2015.06.026
http://www.ncbi.nlm.nih.gov/pubmed/26164388
http://doi.org/10.1186/s13613-016-0160-6


Int. J. Mol. Sci. 2021, 22, 12154 15 of 15

57. Sakyi, S.A.; Enimil, A.; Adu, D.K.; Ephraim, R.D.; Danquah, K.O.; Fondjo, L.; Baidoe-Ansah, D.; Adoba, P.; Toboh, E.; Afranie,
B.O. Individual and combined bioscore model of presepsin, procalcitonin, and high sensitive C-reactive protein as biomarkers for
early diagnosis of paediatric sepsis. Heliyon 2020, 6, e04841. [CrossRef]

58. Yoon, S.H.; Kim, E.H.; Kim, H.Y.; Ahn, J.G. Presepsin as a diagnostic marker of sepsis in children and adolescents: A systemic
review and meta-analysis. BMC Infect. Dis. 2019, 19, 760. [CrossRef]

59. Levy, O. Innate immunity of the newborn: Basic mechanisms and clinical correlates. Nat. Rev. Immunol. 2007, 7,
379–390. [CrossRef]

60. Levy, E.; Xanthou, G.; Petrakou, E.; Zacharioudaki, V.; Tsatsanis, C.; Fotopoulos, S.; Xanthou, M. Distinct roles of TLR4 and CD14
in LPS-induced inflammatory responses of neonates. Pediatr. Res. 2009, 66, 179–184. [CrossRef]

61. Perrone, S.; Lotti, F.; Longini, M.; Rossetti, A.; Bindi, I.; Bazzini, F.; Belvisi, E.; Sarnacchiaro, P.; Scapellato, C.; Buonocore, G.C.
Reactive protein in healthy term newborns during the first 48 hours of life. Arch. Dis. Child Fetal. Neonatal Ed. 2018, 103, F163–F166.
[CrossRef] [PubMed]

62. Macallister, K.; Smith-Collins, A.; Gillet, H.; Hamilton, L.; Davis, J. Serial C-Reactive Protein Measurements in Newborn Infants
without Evidence of Early-Onset Infection. Neonatology 2019, 116, 85–91. [CrossRef] [PubMed]

63. Hamade, B.; Huang, D.T. Procalcitonin: Where Are We Now? Crit. Care Clin. 2020, 36, 23–40. [CrossRef]
64. Mwesigye, P.; Rizwan, F.; Alassaf, N.; Khan, R. The Role and Validity of Diagnostic Biomarkers in Late-Onset Neonatal Sepsis.

Cureus 2021, 13, 4–11.
65. Kuzniewicz, M.W.; Mukhopadhyay, S.; Li, S.; Walsh, E.M.; Puopolo, K.M. Time to Positivity of Neonatal Blood Cultures for

Early-onset Sepsis. Pediatr. Infect. Dis. J. 2020, 39, 634–640. [CrossRef]
66. Yang, H.S.; Hur, M.; Yi, A.; Kim, H.; Lee, S.; Kim, S.N. Prognostic value of presepsin in adult patients with sepsis: Systematic

review and meta-analysis. PLoS ONE 2018, 13, e0191486. [CrossRef]
67. Gad, G.I.; Shinkar, D.M.; Kamel El-Din, M.M.; Nagi, H.M. The Utility of Soluble CD14 Subtype in Early Diagnosis of Culture-

Proven Early-Onset Neonatal Sepsis and Prediction of Outcome. Am. J. Perinatol. 2020, 37, 497–502. [CrossRef]
68. El Gendy, F.M.; El-Mekkawy, M.S.; Saleh, N.Y.; Habib, M.S.E.D.; Younis, F.E. Clinical study of Presepsin and Pentraxin 3 in

critically ill children. J. Crit. Care 2018, 47, 36–40. [CrossRef]

http://doi.org/10.1016/j.heliyon.2020.e04841
http://doi.org/10.1186/s12879-019-4397-1
http://doi.org/10.1038/nri2075
http://doi.org/10.1203/PDR.0b013e3181a9f41b
http://doi.org/10.1136/archdischild-2016-312506
http://www.ncbi.nlm.nih.gov/pubmed/28667188
http://doi.org/10.1159/000497237
http://www.ncbi.nlm.nih.gov/pubmed/31112949
http://doi.org/10.1016/j.ccc.2019.08.003
http://doi.org/10.1097/INF.0000000000002632
http://doi.org/10.1371/journal.pone.0191486
http://doi.org/10.1055/s-0039-1683863
http://doi.org/10.1016/j.jcrc.2018.06.004

	Introduction 
	Materials and Methods 
	Results 
	Biological Characteristics of Presepsin 
	Presepsin Plasmatic Levels and Renal Function 
	Methods to Measure Presepsin Plasma Levels 
	Accuracy of Presepsin in Detecting Sepsis in Adults and Children 
	Ranges of Reference Values in Neonates 
	Presepsin Compared to Other Immunologic Biomarkers 
	Presepsin for the Detection of Early-Onset and Late-Onset Sepsis 
	Prognostic Significance of Presepsin 
	Conclusions 
	References

