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Neonatal sepsis is an important cause of neonatal morbidity and mortality
worldwide. Early diagnosis is the cornerstone of management and favorable outcome.
The wide variations of presenting signs of neonatal sepsis make reaching a diagnosis
very challenging.

Our aim was to study serum pancreatic stone protein (PSP) in late-onset
neonatal sepsis and its relation to the clinical score and C-reactive protein (CRP).

We found that the definite sepsis group had significantly higher PSP and CRP
levels than the other two groups (p< 0.001). Moreover, the probable sepsis group had
significantly higher PSP and CRP levels than controls (p<0.001). The PSP had
significant positive correlations with the clinical score (r=0.32, P =0.01) and CRP level
(r=0.47, P =0.001). The PSP was more sensitive than both clinical score and CRP in
detecting neonatal sepsis, as its sensitivity was 98.3% and a specificity of 100%.

PSP is a valuable biomarker to detect late-onset neonatal sepsis. It is more
sensitive than traditionally used acute phase reactant as CRP.
late-onset neonatal sepsis; C-reactive protein; pancreatic stone protein;

clinical score
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Neonatal sepsis (NS), as one of the major
causes, leads to neonatal mortality and
morbidity, especially in neonates born preterm.
Early diagnosis and management of the
newborn infant with NS play key roles in
preventing  severe  and  life-threatening
complications [1].

Neonatal sepsis is divided to two types
according to the time of onset: Early-onset
sepsis (EOS), diagnosed < 72 hours after birth,
is most often related to antenatal and perinatal
factors including prolonged rupture of amniotic
membranes, maternal colonization with group B
streptococcus (GBS), and maternal
chorioamnionitis. Late-onset sepsis (LOS),
diagnosed >72 hours after birth, is primarily
hospital acquired and occurs more commonly in
preterm infants. Major risk factors for LOS
include prolonged mechanical ventilation, the
use of indwelling vascular catheters and
necrotizing enterocolitis [2].

Clinical features of sepsis are nonspecific in
neonates and a high index of suspicion is
required for the timely diagnosis of sepsis.
Although blood culture is the gold standard for
the diagnosis of sepsis, culture reports would be
available only after 48-72 hours [3]. Hence, a

large proportion of neonates and infants are

treated for sepsis even though their blood
cultures subsequently show no growth [4].
Neonatal sepsis is still a leading cause of death
among newborns since symptoms are often
wrongly interpreted due to their non-specific
and late occurrence [5]. Late onset neonatal
sepsis contributes significantly to mortality and
morbidity in neonates and remains a challenge
to clinicians and many studies around the world
recommend that necessary steps should be
undertaken to reduce late-onset neonatal sepsis
[6].

A large meta-analysis study in 2018 including
data from 12 middle-income and high-income
countries on four continents, found the
population-level estimate for neonatal sepsis
was 2202 per 100 000 livebirths per year, with
mortality between 11% and 19%. This equates
to 3 million cases of neonatal sepsis annually
[7]. And these numbers may even be higher in
low-income countries but with lacking

population-based data.

Pancreatic stone protein (PSP) is a secretory
protein produced predominantly in the pancreas
and the gut. There 1is evidence from
experimental and clinical trials that the levels of
PSP in the blood increase in the presence of

inflammation or infection [8]. In a clinical study
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in polytrauma patients, a significant increase of
PSP was observed in those patients who
developed infections or sepsis. The same study
showed that PSP binds and activates
neutrophils, thus acting as an acute-phase
protein [9]. The concept that PSP is an early
marker of sepsis was further confirmed in
subsequent studies on patient populations
admitted to the ICU [10, 11]. A more recent
study concluded that the true functional
properties of this fascinating pancreatic protein
is still an enigma [12]. Therefore, it seems clear
that PSP plays an important role in various

inflammatory events, not only in pancreatitis.

The aim of our study was to study serum
pancreatic stone protein in late-onset neonatal
sepsis and its relation to the clinical score and
CRP. To our knowledge, this is the first study

assessing PSP in late onset neonatal sepsis.

This prospective case-control study was carried
out on 60 neonates diagnosed with neonatal
sepsis recruited from neonatal intensive care
unit  (NICU), Minia University Children
Hospital. During the period from August, 2018
till February, 2019. We included preterm and
full-term neonates aged from 4- 28 days,

diagnosed with having late onset neonatal sepsis

(based on clinical signs of sepsis and laboratory
investigations). The studied neonates were
grouped into the following groups: Definite
sepsis group: included 30 neonates with clinical
signs of sepsis and positive blood culture.
Probable Sepsis: included 30 neonates with
clinical signs of sepsis, two screening
parameters positive and blood culture sterile,
and Control group: included 30 apparently
healthy neonates, gestational ages, postnatal
ages and sex matched with the previous two
groups. All neonates of this group were
clinically free of signs of neonatal sepsis and
normal laboratory parameters.

We excluded from our study: neonates aged <
72 hours or with congenital anomalies or
neonates suffering from hypoxic-ischemic
encephalopathy or inborn errors of metabolism.
All included neonates were subjected to detailed
history taking (prenatal, natal and postnatal
history), with emphasis on time of onset of
sepsis and risk factors related to sepsis and
thorough clinical examination, with stressing on
signs of neonatal sepsis. Calculation of the
clinical score of sepsis was done, which depends
mainly upon the presence of the following main
clinical signs for sepsis: lethargy, tachycardia,
fever, abdominal distension, increased prefeed
aspirate, chest retraction and grunting. Presence

of one of the previous signs was scored by one
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point except grunting was scored by 2 [13].
Additional clinical signs of sepsis were assessed
like sick looking, poor suckling, hypothermia,
apnea, tachypnea, bradycardia.

The study was explained in details to the parents
or the caregivers of the participant neonates and
written consents were taken from them. The
study was designed respecting the expected
ethical aspects. It was performed according to
the Declaration of Helsinki 1975, as revised in
2008 and approved by the Institutional Review
Board and Medical Ethics Committee of Minia
University.

Samples collection

from all included neonates (cases and controls),
5 ml of venous blood were collected under
completely sterile conditions for hematological,
and biochemical laboratory tests: 1 ml of blood
in EDTA tube for CBC (which was performed
immediately) and 4 ml of blood into plain tube
were collected and allowed to clot then
centrifuged and analyzed for serum CRP and
serum PSP.

For cultures (only for sepsis groups), another 1
ml of blood was inoculated into blood culture
bottles with specific media.

Blood samples from neonates suspected of
sepsis were withdrawn at the time of clinical
diagnosis of sepsis, before initiation of
antibiotic therapy.

Laboratory methods

CBCs of all patients were evaluated by an
automated cell counter, Sysmex KX-21N (TAO
CRP was
measured by NycoCard Reader Il. CRP levels

Medical Incorporation, Japan).

less than 6 mg/dl were considered normal.
Blood culture: 1-2ml of blood was inoculated
aseptically into the blood culture media after
which the bottles were incubated at 37°C for 5—
7 days. Positive blood cultures were
subsequently sub-cultured on blood agar. The
isolated microorganisms were identified by
standard bacteriological methods. Pancreatic
stone protein (PSP) was determined using
ELISA kits (MyBiosource/MBS285689, San
Diego, California, USA).

Statistical analysis

The collected data were statistically analyzed
using the Statistical Package for the Social
Sciences (SPSS) program for Windows, version
22. Quantitative results were presented as the
meanxSD while qualitative data were presented
by frequency distribution as percent (%).
Student’s sample t test was used to compare
between two means and y2 test was used to
compare  proportions.  Correlations  were
performed by using Pearson’s correlation
coefficient (r) and Spearman’s test. Receiver

operating characteristic (ROC) curve analysis

was performed to determine: the optimal cutoff
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values, the detective performance of different
studied markers and scores, and their
sensitivities and specificities for the detection of
late onset neonatal sepsis. A probability of less
than 0.05 was used as a cutoff point for all

significant tests.

In this study, the Definite Sepsis group were 13
males and 17 females, they had a mean
postnatal age of 11.1+5.3 days and a mean
gestational age of 36.8+2.5 weeks, and the
Probable Sepsis group were 19 males and 11
females, with a mean postnatal age of 10.9+5.01
days and a mean gestational age of 37.5+2.2
weeks. While the Control group were 18 males
and 12 females, their mean postnatal age was
8.4+4.6 days and their mean gestational age was
38.3+1.3 weeks. There were no statistically
significant differences between the three groups
regarding to these demographic data.

We compared the clinical signs in neonates with
probable and definite sepsis, and there was only
significant difference between the two groups
regarding the blood culture results, but this was
a grouping factor in our methodology (table 1).
Definite and probable sepsis groups had no
statistically significant difference in clinical
score, as p= 0.2 (fig. 1). But definitive sepsis
group showed significantly higher CRP and PSP
than probable sepsis and control groups,

p<0.001 in all. Moreover, probable sepsis group
had significantly higher CRP and PSP than
controls, p<0.001 in both (table 2).

Serum PSP had significant positive correlations
with the clinical score (r=0.32, P =0.01), CRP
(r=0.47, P =0.001), and total leucocytic count
(r=0.67, P =0.001). while, it showed a
significant negative correlation with platelet
count, as r=-0.35, P =0.005 (table 3).

ROC curve analysis for detection of sepsis
revealed that PSP at a cut-off value of > 72.5
ng/ml had the largest AUC (0.997+0.02) with
highest sensitivity (98.3%), compared to that of
clinical score (70%) and CRP (93.3%) (table 4
and fig 2).

In this study, the PSP was significantly higher in
definite sepsis and probable sepsis groups than
control group. This agreed with Schlapbach et
al., 2013 and Peng et al., 2015 [14- 15]. This
can be attributed to that PSP binds to
neutrophils which leads to their activation [9];
therefore, it might act as an acute-phase protein
[15]. Moreover, we found PSP to be
significantly higher in definite sepsis group than
probable sepsis group, this was in agreement
with the study of Llewelyn et al. in 2013 who
found PSP was significantly higher in patients
with severe sepsis than patients with non-severe

sepsis [16] as PSP was found to be closely

Annals of Neonatology Journal 2020; 2 (2): 78-92


http://www.ncbi.nlm.nih.gov/pubmed/?term=Llewelyn%20MJ%5Bauth%5D

El-bana S., et al. 2020. Serum Pancreatic Stone Protein is a New Protein Biomarker for ...........

related to infection and has a certain
clinical value in risk stratification of sepsis and
prognosis evaluation [15].

CRP level in this study was significantly higher
in the two neonatal sepsis groups than the
control group, and this was in agreement with
many studies [17- 19] as it is a part of the acute-
phase reaction to infection. Pro-inflammatory
cytokines released in response to micro-
organisms invasion induce the production of
proteins of the acute-phase response in the liver
including CRP, which plays a central role in the
humoral response to bacterial invasion [20].
Also, it was significantly higher in definite
sepsis group than probable sepsis group as the
magnitude of the CRP response to sepsis was
reported to depend also on the underlying
pathogen [20] and the CRP concentration is
likely to reflect the presence as well as the
severity of sepsis [21].

PSP had significant positive correlations with
the clinical score, total leucocytic count and
CRP This was also what Peng and his study
group found in 2015 [15] as the PSP level is
related to the severity of inflammation [9]. It
also showed a negative correlation with platelet
count. As thrombocytopenia is a known marker
of poor prognosis in neonatal sepsis [22].
Regarding the validity tests of the clinical score

and markers from ROC Curve analysis, PSP at

cut-off value of > 72.5 ng/ml had the highest
sensitivity (98.3%) among the other parameters.
These results were much higher than what
Schlapbach et al., 2013 found in their study.
They stated that PSP had a sensitivity of 79%
for detecting neonatal sepsis and this can be
explained by that their study was on early onset
neonatal sepsis, and PSP shows a slow increase
over the first 48 hours of life than later [14].

There are several limitations in our study. For
example, studies with larger sample size are
needed, serial measurements of PSP level during
the course of the disease and the relation of PSP
to neonatal mortality and morbidity should also

be studied.

The levels of PSP in blood increase in presence
of late onset neonatal sepsis and it was more
specific and more sensitive than CRP and the
clinical score. This can help neonatologists to
early diagnose late onset neonatal sepsis, despite
the ambiguity of its signs at presentation, which
leads to early establishing proper treatment and
that will in turn improve the outcome and

reduce hospital stay of the neonates.

The authors would like to thank the NICU crew
of Minia University hospital. They were all very
helpful and supportive.

Author's contributions

Annals of Neonatology Journal 2020; 2 (2): 78-92



El-bana S., et al. 2020. Serum Pancreatic Stone Protein is a New Protein Biomarker for ...........

All authors participated in the design and
planning of the study, preparation and review of
the final manuscript. SE, SM and JZ
participated in data collection; analysis of
results and preparation of drafts the manuscript.
HM and NO performed the laboratory work
interpretation. All authors read and approved the

final manuscript.

Authors declare they have no conflict of interest
Author's details

1Department of Pediatrics, Faculty of Medicine,
Minia University

2Department of Clinical Pathology, Faculty of
Medicine, Minia University

5™ June 2020. Accepted 16" July
2020.

1. Hotoura E, Giapros V, Kostoula A,
Spyrou P and Andronikou S. Pre-
inflammatory mediators and lymphocyte
subpopulations in preterm neonates with
sepsis. Inflammation. 2012; 35(3):1094-
101.

2. Ganatra HA, Stoll BJ and Zaidi AK.
International perspective on early-onset
neonatal sepsis. Clin Perinatol. 2010;
37:501-23.

3. Khinchi YR, Kumar A and Yadav S.
Profile of neonatal sepsis. J Coll Med
Sci Nepal. 2010; 6:1-6.

4. Wirtschafter DD, Padilla G, Suh O, Wan
K, Trupp D and Fayard EE. Antibiotic
use for presumed neonatally acquired
infections far exceeds that for central

10.

11.

line-associated blood stream infections:
an exploratory critique. J Perinatol.
2011; 31(8):514-8.

Qazi SA and Stoll BJ. Neonatal sepsis:
A major global public health
challenge. Pediatr. Infect. Dis. J. 2009;
28: S1-2.

Gowda H, Norton R, White A and
Kandasamy Y. Late-
onset Neonatal Sepsis-A 10-

year Review From North Queensland,
Australia. Pediatr Infect Dis J. 2017;36
(9): 883-8. doi: 10.1097/ INF.00
00000000001568.

Fleischmann-Struzek C, Goldfarb DM,
Schlattmann P, Schlapbach LJ, Reinhart
K, and Kissoon N. The global burden of
paediatric and neonatal sepsis: a
systematic review. Lancet Respir Med.
2018;6(3):223-230. d0i:10.1016/S2213-
2600(18)30063-8

Eggimann P, Que YA and Rebeaud F.
Measurement of pancreatic stone protein
in the identification and management of
sepsis. Biomark Med. 2019;13(2):135-
45. doi:10.2217/bmm-2018-0194.

Keel M, Harter L, Reding T, Sun LK,
Hersberger M, Seifert B, Bimmler D and
Graf R. Pancreatic stone protein is
highly increased during posttraumatic
sepsis and  activates  neutrophil
granulocytes. Crit  Care Med.
2009; 37:1642-8.

Boeck L, Graf R, Eggimann P, Pargger
H, Raptis DA, Smyrnios N, Thakkar N,
Siegemund M, Rakic J, Tamm M and
Stolz D. Pancreatic stone protein: a
marker of organ failure and outcome in
ventilator-associated pneumonia. Chest.
2011; 140:925-32.

Gukasjan R, Raptis DA, Schulz HU,
Halangk W and Graf R. (2013)
Pancreatic  stone  protein  predicts
outcome in patients with peritonitis in

Annals of Neonatology Journal 2020; 2 (2): 78-92


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21546938
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21546938
http://www.ncbi.nlm.nih.gov/pubmed/?term=Trupp%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21546938
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fayard%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=21546938

El-bana S., et al. 2020. Serum Pancreatic Stone Protein is a New Protein Biomarker for ...........

12.

13.

14.

15.

16.

17.

the ICU. Crit Care Med. 2013; 41:1027—
36.

Graf R. Pancreatic stone protein -
sepsis and the riddles of the exocrine
pancreas. Pancreatology. 2020;
20(3):301-304. doi: 10.1016/ j. pan.
2020. 01.016.

Kar SS, Dube R, Mahapatro S and Kar
SS. The Role of Clinical Signs in the
Diagnosis of Late-onset Neonatal Sepsis
and Formulation of Clinical Score.
Indian Journal of Clinical Practice. 2013;
Vol. 23: 654-60

Schlapbach LJ, Graf R, Woerner
A, Fontana M, Zimmermann-Baer
U, Glauser D, Giannoni E, Roger

T, Muller C, Nelle M and Stocker M.
Pancreatic stone protein as

a novel marker for neonatal sepsis.
Intensive Care Med. 2013; 39:754-63.
Peng HY, Zhu YM, Zhang XP and Kang
XY. Value of pancreatic stone
protein/regenerating protein in severity
evaluation and prognosis prediction for
children with sepsis. Zhongguo Dang
Dai Er Ke Za Zhi. 2015; 17(11):1183-8.
Llewelyn MJ, Berger M, Gregory M,
Ramaiah R, Taylor AL, Curdt I,
Lajaunias F, Graf R, Blincko SJ, Drage
S and Cohen J. Sepsis biomarkers in
unselected patients on admission to
intensive or high-dependency care. Crit
Care. 2013, 17: R60. doi:
10.1186/cc12588.

Sherlock R. Neonatal sepsis and septic
shock: Current trends in epidemiology

18.

19.

20.

21.

22.

and management. Journal of Pediatric
Infectious Diseases. 2009; 4(2):153-9.
El-Mazary AM, Afifi MF, Maher SE and
Bassyouni MI. Neutrophil CD64 in
early-onset neonatal sepsis. Egypt J
pediatric Allergy Immunol.2010; 8(1):
19-25.

Mostafa MS, Mounir ZM, Waheed H,
El-Gamal HA, Morcos WM,
Emara NA and Eltaae WH. Serum
Amyloid A an Early Diagnostic Marker
for Neonatal Sepsis. Life Science
Journal. 2011; 8(3):271-7

Hofer N, Zacharias E, Miller W and
Resch B. An update on the use of C-
reactive protein in early-onset neonatal
sepsis: current insights and
new tasks.  Neonatology. 2012;
102(1):25-36.

Pradhan S, Ghimire A, Bhattarai B,
Khanal B, Pokharel K, Lamsal M
and Koirala S. The role of C-reactive
protein as a diagnostic predictor of
sepsis in a multidisciplinary Intensive
Care Unit of a tertiary care center in
Nepal. Indian J Crit Care Med. 2016 Jul;
20(7): 417-420. doi: 10.4103/0972-
5229.186226

Ribeiro RP, Flor-De-Lima F, Soares
H,Rocha G and Guimardes H.
Prevalence, risk factors and predictors of
severity of neonatal thrombocytopenia in
neonatal intensive care units: a single
center study Minerva Pediatr. 2019. doi:
10.23736/S0026-4946.19.05542-7.

Annals of Neonatology Journal 2020; 2 (2): 78-92



El-bana S., et al. 2020. Serum Pancreatic Stone Protein is a New Protein Biomarker for ...........

Table (1): Clinical signs of the two sepsis groups and blood culture results of the definite sepsis group.

Variables Definite sepsis Probable sepsis p-value
n=30 n=30
n (%) n (%)
Lethargy 22(73.3%) 22(73.3%) 0.5
Tachycardia 7(23.3%) 5(16.7%) 0.2
Fever 9(30%) 10(33.3%) 0.4
Abdominal distension 9(30%) 9(30%) 0.5
Increased prefeed aspirate 12(40%) 12(40%) 0.5
Chest retraction 18(60%) 19(63.3%) 0.4
Grunting 8(26.7%) 4(13.3%) 0.1
Sick looking 23(76.7%) 19(63.3%) 0.1
Poor suckling 24(80%) 19(63.3%) 0.07
Hypothermia 10(33.3%) 6(20%) 0.1
Apnea 5(16.7%) 2(6.7%) 0.1
Tachypnea 14(46.7%) 11(36.7%) 0.2
Bradycardia 3(10%) 2(6.7%) 0.2
Blood culture:
0, -
- Escherichia coli 8(26.67%) —
- Klebsiella 6(20%)
. 5(16.67%)
- Streptococcus pneumoniae
5(16.67%)
- Staphylococcus aureus
- Enterobacter 4(13.33%)
2(6.67%)

- Pseudomonas aeruginosa

Statistical significance at <0.05
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Table 2: Comparison of CRP and PSP among the studied neonates.

Definite sepsis  Probable sepsis  Control

Variables n=30 n=30 n=30 pl p2 p3
Hb (gm%b) 11.8+3.76 13.6+3.45 16.9+0.93 0.03*  0.001* 0.001*
TLC (x10%L) 17.2+338 12.2+2.1 9.7+0.42 0.001* 0.001* 0.003*

PLT(x10%L)  106.6+49.4 226.5+115.3 296.2467.5 0.001* 0.001* 0.005*
CRP (mg/l)  62.7+87.4 19.1426.9 0.8+1.1 0.001* 0.001* 0.001*

PSP (ng/ml) 96.5+16.1 54.3+12.6 14.1+3.1 0.001* 0.001* 0.001*

pl=group A vs. group B; p2= group A vs. group C; p3= group B vs. group C.
CRP: C reactive protein, PSP: Pancreatic stone protein;, Hb: hemoglobin,; TLC: total leucocytic count; PLT: platelet

Statistical significance at <0.05
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Table 3: PSP correlation with gestational age, clinical score, CBC parameters and CRP.

Variables PSP

r P
Gestational age -0.1 0.4
Clinical score 0.32 0.01*
CRP (mg/l) 0.47 0.001*
Hb (gm%) -0.122 0.3
TLC (x10%L) 0.67 0.001*
PLT (x10°/L) -0.35 0.005*

CRP: C reactive protein;, PSP: Pancreatic stone protein;, Hb: hemoglobin; TLC: total leucocytic count; PLT: platelet

Statistical significance at <0.05
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Table 4: Validity tests of clinical score, PSP and CRP for detection of sepsis

Variables Cut-off AUC Sensitivity Specificity PPV NPV

Clinical score >2.5 0.587+0.001 70% 56.7% 60% 47.6%
PSP >72.5 ng/ml 0.997+0.02 98.3% 100% 100% 95.2%
CRP >9 mg/l 0.833+0.01 93.3% 90% 93.5% 81.8%

AUC: Area under the curve; PPV: Positive predictive value; NPV: Negative predictive value; CRP: C reactive protein; PSP:

Pancreatic stone protein.
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Clinical Score
Value 3.1+0.8

3.1
Value 2.8 + 0.8
2.9
2.8

2.7

2.6 -02
Definite Sepsis Probable Sepsis p=0.

Fig (1): Clinical score of definite and probable sepsis groups.
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Fig (2): ROC curve analysis of clinical score, Pancreatic stone protein and C-reactive protein for detection of

sepsis
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