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Abstract:

Background: Intensive care unit admissions are largely
attributed to sepsis in pediatrics. It is essential to
diagnose an infection correctly and monitor it closely to
optimize treatment and outcomes. Aim: This research
was conducted to estimate the diagnostic utility of
serum progranulin in pediatric sepsis. Patients and
methods: This case-control study included 50 pediatric
sepsis patients and 40 healthy matched controls. A
peripheral blood sample was taken from the patients
and controls then progranulin levels were measured
using ELISA. Results: Serum progranulin values were
significantly greater in pediatric sepsis patients than in
controls (median 180.15 vs. 96.0 ng/ml, respectively:
Mann-Whitney p <0.001). Serum progranulin had good
diagnostic power and was the best of laboratory
parameters in the diagnosis of pediatric sepsis after CRP
with ROC area under the curve (AUC) = 0.998. Using
a cutoff value of 116.3 ng/ml PGRN had a sensitivity of
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86.0% and a specificity of 100% with a positive
predictive value of 100% and a negative predictive
value of 85.1%. Serum progranulin levels were
positively correlated with body weight and CRP levels
and negatively correlated with platelets and hemoglobin
levels. Progranulin levels in survivors were not
statistically different from those in non-survivors.
Conclusions and Recommendations: Serum

progranulin may be a good biomarker for sepsis

diagnosis in pediatrics.

1. Introduction:

A dysregulated host's reaction to
infection causes sepsis (1). The term
'septic shock' refers to sepsis that is
associated with profound alterations in
circulation, cellular function, or
metabolism, as well as a substantially
increased mortality rate (2). In the
pediatric intensive care unit, the global
burden of morbidity, mortality, and
utilization of healthcare services
continues to increase due to sepsis (3).
There is a wide range of mortality rates
for children with sepsis, according to
illness severity, risk factors, and the
location where they live (4).

The mortality and morbidity rates
increase significantly when antibiotics
are administered late (5). It is therefore
likely that biomarkers will be essential
in identifying and treating sepsis as

quickly as possible (6).
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Progranulin, a secretory protein rich in
cysteine and composed of 593 amino
acids, 1is considered to be a
physiologically crucial growth factor
(7). Progranulin  suppresses the
degranulation of neutrophils and the
transmission of tumor necrosis factor
(TNF), contributing to its anti-
inflammatory properties (8). Compared
to  healthy controls, circulating
progranulin was elevated in pediatric

and adult patients with sepsis (9).
2. Patients and Methods:

This case-control research executed
in the Beni-Suef University Hospital
Pediatric critical care unit from June
2022 to May 2023 included Group A
with 50 pediatric sepsis cases and
Group B with 40 healthy controls of the
same age and gender as Group A. The

study was approved by Ethical

https://ejmr.journals.ekb.eg/



https://ejmr.journals.ekb.eg/

Egyptian Journal of Medical Research (EJMR), Volume 5, Issue 3, July, 2024

Committee of Faculty of Medicine,
Beni-Suef University. Approval No
(FMBSUREC\09052021\Mesaaed).
Critically 1ill patients, (I month-18
years), were included in this research if
they fulfilled the pediatric sepsis
diagnostic criteria in accordance with
the 2005 International Pediatric Sepsis
Consensus Conference which defined
sepsis as a systemic inflammatory
response  syndrome (SIRS) with
suspected or proven infection. Two of
the following four criteria are required
to diagnose SIRS, with total leucocytic
count (TLC) or temperature being one
of them (10):

-Temperature >38.5°C or <36°C.
-Age-dependent increased or decreased
heart rate.

-Increased respiratory rate or need for
mechanical ventilation.

-Abnormal TLC or immature cells >10
percent.

Patients were excluded if aged less than
1 month or more than 18 years or lacked
parental consent.

Serum electrolytes, kidney function
tests, coagulation profile, blood gases,
C-reactive protein, complete blood
count, and blood culture were tested in
all patients with suspected sepsis. A
culture of other body fluids like
cerebrospinal fluid or wurine was

requested if clinically indicated. Serum
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progranulin was measured in patients
with proven sepsis and the clinical, and
laboratory data were recorded.
Progranulin measurement:
Peripheral venous blood samples were
collected, then samples were dispensed
into plain tubes that were instantly
centrifuged at approximately 1000xg
for 15 minutes. Blood samples were
processed within a few hours after
collection for optimal results. After
collection, samples were stored for up
to 72 hours at 2-8 °C. Extracted serum
was stored at -80 °C. Samples were not
stored for long periods. Samples were
sent on ice packs to the workplace.
In accordance with the manufacturer's i
nstructions (SinoGeneClon Biotech Co
., Ltd.), serum levels were measured by
an enzyme-linked immunosorbent
assay

(ELISA) kit using serum centrifuged at
approximately 1000 x g.

Statistical analysis:

The qualitative data was provided as
numbers and percentages to provide
descriptive statistics (proportions). The
mean and standard deviation were the
two main statistical measures that were
used to display the quantitative data.
The necessary statistical tests were used
to conduct an analysis of the relations
between the variables, namely the Chi-

square test for categorical data
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comparison. A mean independent
sample t-test was used to compare the
two different groups. When the p-value
was less than or equal to 0.05, the
differences were determined as
significant.

Ethical considerations:

The research ethics committee of Beni-
Suef University’s Faculty of Medicine
approved the study protocol with No.
FMBSUREC/09052021/Mesaaed. The

study was conducted according to the

Declaration of Helsinki.
3. Results:

The pediatric sepsis group included
26 males and 24 females while the
controls group included 23 males and
17 females with no significant
difference between the 2 groups. Table
1 summarizes the clinical and
laboratory characteristics of both
groups.
The median and interquartile range of
the heart rate was 127 (110 — 144) beats
per minute, respiratory rate was 48
(40.0 — 55.3) breaths per minute,
systolic blood pressure was 80 (70 — 90)
mmHg, diastolic blood pressure was 50
(48.8 — 60) mmHg while it was 39.0
(38.8-39) oC for temperature.
The most common cause of PICU
admission ~ was a  respiratory
compromise in 48% of patients

followed by a neurologic compromise
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in 22% of patients. The most common
primary site of infection was the
respiratory system in 54% of patients
followed by the bloodstream in 24% of
patients. Around 26% of patients had a
preexisting chronic disease. Around
48% of the patients were on an O2
mask, 38% were on mechanical
ventilation, 10% were on nasal oxygen
and 4% were off oxygen. 37% of
patients were on inotropes. The length
of PICU stay ranged from 2 — 54 days
with a median (Interquartile range) of
11.5 (7.00- 21.25). Around 76% of
patients recovered and 24% of patients
died.

WBC, CRP, and absolute neutrophilic
counts (ANC) were significantly higher
in pediatric sepsis patients than in
controls (P value < 0.001) while
platelets and hemoglobin  were
significantly lower in pediatric sepsis
patients than in controls (P value <
0.001) (Table 1).

Table 2 summarizes the bacteria
isolated in blood cultures of pediatric
sepsis patients. The most frequently
isolated organism was Klebsiella
pneumoniae (22 percent).

The sputum culture was done in 27
patients. Around 33% of them showed
no growth, MRSA was detected in 7.4%
of them, 18.5% were positive for

Klebsiella, 11.1% were positive for E.
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coli, 14.8% were positive for
Acinetobacter while 18.5% were
positive for Candida.

The CSF culture was done in 10
patients, 40% of them showed no
growth, 50% were positive for CONS
and 10% were positive for E. coli. The
urine culture was done in 12 patients,
33.3% of them showed no growth,
41.7% were positive for Candida,
16.7% were positive for MRSA and
8.3% were positive for E. coli. The
pleural culture was done in 4 patients, 1
of them showed no growth, 1 was
positive for MRSA, and 2 were positive
for Pseudomonas. 2 patients (4%) had
positive PCR nasopharyngeal swabs for
COVID-19.

Serum progranulin levels ranged from
101.2 — 286.3 ng/ml with a median and
interquartile range of 180.15 (134.45 —
213.55) in pediatric sepsis patients
while they ranged from 76.0 — 196.2
ng/ml with a median and interquartile

range of 96.0 (85.5-145.0) in controls.
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They were significantly higher in
pediatric sepsis patients than in controls
(P value < 0.001) (Table 3), (Figure 1).
The median and interquartile range of
progranulin levels in gram-negative and
gram-positive sepsis were 181.5 (178.6
- 230.6) ng/ml, and 194.0 (139.2 -
238.0) ng/ml respectively with no
significant differences between both.
The median and interquartile range of
progranulin levels in survivors and non-
survivors were 179.75 (129.73 -
201.68) ng/ml, and 180.15 (136.53-
255.33) ng/ml respectively with no
significant differences between both.
Serum progranulin was significantly
and positively correlated with the
weight of pediatric sepsis patients and
CRP (=0.386, 0.372, p value <0.001,
0.008 respectively), while they were
significantly and negatively correlated
with platelets, and hemoglobin levels
(r=-0.46, -0.292, p value= 0.001 and
0.040 respectively) (Table 5).
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Table (1): Clinical, and laboratory data among pediatric sepsis patients and controls

Variables Group A | Group B|U P Value
(Pediatric sepsis | (controls)
patients)
Range | Median Range | Median
(Interquartile (Interquartile
range) range)
Age in years 0.16- (1.1 (033 -[0.25 -|1.5(1.13-3) | 791.0 | 0.089
13 3.25) 12
Weight in kg 4-24 19 (500 ~-]4-24 |10(7.0-12.0) | 951.0 | 0.690
14.25)
TLC*103 34 -|134(10.08 - |45 -|7(54-1728) |217.5|<0.001*
(cell/mm?) 39.1 18.7) 9.9
CRP (mg/L) 12 -171.0 (2400 —|1-5 24(1.6-3.0) | 0.000 | <0.001*
362 137.25)
Platelets*10°/L | 13 - | 115.0 (77.8-|200 - |277.00 245.5 | <0.001*
945 190.0) 450 (234.25-
330.75)
Hemoglobin 51 —17.7(6.7-84) 11.8 -|13.2 (12.4 —| 0.000 | <0.001*
(g/dl) 10 15.6 14.1)
ANC*103 1.2-34 |85 (43 —|21 —-]352.9-4.5) |393.5 |<0.001*
(cell/mm?) 13.2) 5.8
Progranulin 101.2 | 180.15 76.0 -]96.0 (85.5-
(ng/ml) - (134.45 -1196.2 | 145.0) 4.00 | <0.001*
286.3 | 213.55)
*; significant, U; Mann Whitney U test
103 https://ejmr.journals.ekb.eg/
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Table (2): Blood culture results of pediatric sepsis patients

Organism N (%)

(n = 50)

Type of Organism in Blood culture * (Gram -ve/+ve):

No Growth 21 (42%)
Gram -ve 15 (30%)
Gram +ve 16 (32%)

Causative organism according to blood culture*

Klebsiella 11 (22%)
MRSA 10 (20%)
CONS 6 (12%)

Pseudomonus 2 (4%)
Acenitobacter 2 (4%)

*; More than 1 type can be present in the same patient

Serum progranulin

[§]§] 1 . ]
contrals cases

group

Figure (1): Serum progranulin among pediatric sepsis cases and controls
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Table (4): Correlation of serum progranulin with clinical, and laboratory data among

pediatric sepsis patients:

Variables Serum progranulin

r P value
Age 0.127 0.381
Weight 0.386 <0.001*
Length of PICU stay | 0 235 0.101
Hemoglobin -0.292 0.040*
Platelets -0.460 0.001*
TLC 0.202 0.160
CRP 0.372 0.008*

*; significant, r; Pearson's correlation coefficient
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Figure (2): ROC curve for serum progranulin, and other laboratory investigations in

diagnosing pediatric sepsis.

4. Discussion:

Globally, sepsis accounts for 19%
of all deaths, with children younger than
5 years having the highest incidence
(11,12). In the PICU, sepsis is a
common cause of admission. In the
United States, sepsis in children
accounted for 0.7% of all
hospitalizations (13). The mortality in
PICUs caused by pediatric sepsis has
been found to be 1 in 4 based on
epidemiological studies (14).

Proper and early diagnosis are crucial

for guiding treatment (15). A biomarker
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detected during an infectious insult can
be used in screening, diagnosis,
prognosis, monitoring of treatment, and
appropriate antibiotic use ((16).

Progranulin (PGRN), a precursor for
granulin, is expressed in endothelial
cells neurons, microglia, and astrocytes
(17). PGRN plays a major role in
embryonic development, immunity,
inflammation,  tumorigenesis, and
neurodegeneration (18). During sepsis,

hematopoietic cells produce

https://ejmr.journals.ekb.eg/
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progranulin, which facilitates host
protection against sepsis (9).

This case-control study including 50
pediatric sepsis patients recruited from
the PICU of Beni-Suef University
Hospital and 40 healthy matched
controls was conducted to assess the
diagnostic value of progranulin in
pediatric sepsis.

In the current study, most of the children
were admitted for either respiratory or
neurological causes. In a study by
Gaafar et al., they reported that
respiratory causes were the most
common causes for admission after the
exclusion of surgical causes (19). In
another study by Meligy and colleagues
at Cairo University, the most common
causes for PICU admission were
neurological and respiratory causes
(20).

In the current study, among primary
infection sites, the respiratory system
was the most frequent followed by
bloodstream infection. In their review
of pediatric sepsis, Cruz et al. also
reported that the most frequent primary
sites of infection are respiratory and
bloodstream infections (21). Another
study of ICU pediatric patients in the
Faculty of Medicine, Assiut University
by NasrEldin and Ahmed revealed that
the respiratory system was the most

frequent primary site of infection (22).
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In the current study, blood culture
results revealed that gram-positive
bacteria were more frequent than gram-
negative bacteria. Moreover, we found
that MRSA was the most common
gram-positive organism while
Klebsiella pneumoniae was the most
frequent  gram-negative  organism.
Dierig and colleagues reported that 64%
of isolated bacteria were gram-positive
and 36% were gram-negative pathogens
(23). However, Ibrahiem et al. in their
study in 2 PICUs at Cairo University
Hospitals, reported that gram-negative
bacteria were more common than gram-
positive, and the most common gram-
negative pathogen was Klebsiella
followed by Pseudomonas aeruginosa
while Staphylococcus aureus was the
most common gram-positive one (24).

In our study, as regards the laboratory
data of the patients, TLC, CRP, and
absolute neutrophilic counts were
significantly higher in children with
sepsis than in controls while platelets
and  hemoglobin  levels  were
significantly lower in children with
sepsis than in controls. NasrEldin and
Ahmed. also reported that TLC and
CRP levels were higher in pediatric
sepsis patients than in controls (22).
Patel et al. stated that the best-known
biomarker for sepsis diagnosis is CRP

(25). However, Tamelyté et al. stated

https://ejmr.journals.ekb.eg/
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that such markers as TLC, neutrophils,
and CRP, especially when used alone,
showed insufficient sensitivity to
differentiate SIRS and sepsis, (26).

In the current study, serum progranulin
levels were significantly higher in
pediatric sepsis patients than in
controls. Many studies investigated the
relationship between infection and
progranulin with few studies in the
pediatric age group. Song et al. found
that progranulin was highly elevated in
pediatric and adult patients with sepsis.
Moreover, they  reported  that
progranulin was lower in pediatric
compared to adults (9). Similarly,
PGRN levels were found to be
upregulated in adult patients with sepsis
compared with those in healthy controls
in another study (27). In Luo and
colleagues' study, serum PGRN was
increased in adults with community-
acquired pneumonia (CAP),
independently of etiology (18).

In neonates, the serum level of PGRN in
suspected EOS has been found to be a
strong indicator of bloodstream
infection by Rao and colleagues. Their
results indicated that in multivariate
models, elevated serum PGRN levels
showed the strongest risk prediction of
EOS independent of PCT and CRP (28).
The receiver operating characteristic

(ROC) curve of serum progranulin was
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used to assess the diagnostic accuracy
in diagnosing pediatric sepsis. It
showed that serum progranulin level
has a good diagnostic power and it was
the best of laboratory parameters in the
diagnosis of pediatric sepsis after CRP
with an Area under the ROC curve
(AUC) =0.998. (Figure 2). Using a
cutoff value of 116.3 ng/ml PGRN had
a sensitivity of 86.0% and specificity of
100% with a positive predictive value
of' 100% and a negative predictive value
of 85.1% (Table 6). In neonates, Rao et
al. reported that a cutoff value for
progranulin of > 37.89 ng/ml in
neonates with EOS resulted in a
sensitivity of 94.34% and an NPV of
91.7% with an AUC of 0.786 (28).

There was no statistically significant
difference in serum levels of
progranulin between survivor and non-
survivor children with sepsis. Song et al
reported a similar result in their study of
adult and pediatric patients with sepsis
(9). Contrary to this result, in the work
of Shan and colleagues in adult patients
with sepsis, PRGN was significantly
higher in nonlJsurvivor patients
compared with those in survivors.
PGRN exhibited a higher predictive
effect, especially the 28-day mortality
when combined with acute physiology
and chronic health evaluation II

(APACHE 1I) or sepsis!related organ

https://ejmr.journals.ekb.eg/
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failure assessment (SOFA) scores (27).
PGRN was also highly accurate in
predicting 30-day mortality in the work
of Luo et al in adult patients with CAP
(18).

There was no statistically significant
difference in serum progranulin in both
gram-negative and positive sepsis. This
agrees with the results obtained by Song
and colleagues (9). Zou et al. also found
increased PGRN production in the
lungs and circulation of mice with
gram-negative pneumonia and gram-
positive pneumonia. In addition,
PGRN-deficient mice had decreased
bacterial clearance and higher mortality
rates when infected with gram-positive
or gram-negative pneumonia (29).
Further, serum progranulin levels were
significantly and positively correlated
with body weight and CRP levels of
pediatric sepsis patients (r = 0.386 and
0.372 respectively, p-value <0.001 and
0.008 respectively). In addition to that,
serum progranulin was significantly
and negatively correlated with platelets
and hemoglobin levels of pediatric
sepsis patients (r = -0.460 and -0.292
respectively, p-value =0.001 and 0.040
respectively). In the work of Shan et al,
there was a positive correlation between
PGRN and hypersensitive C-reactive
protein, as well as procalcitonin levels

(27). In a study by Matsubara and
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colleagues, the body weight of
granulin-deficient mice was lower than
that of wild-type mice receiving a
standard diet (30). Another study
reported that after a long-term diet
intervention, progranulin levels
decreased in overweight subjects (31).
To our knowledge, no previous studies
correlated serum progranulin  with
platelet levels in pediatric sepsis
however ITP patients' plasma PGRN
levels and platelet counts were
negatively correlated, according to Yu
et al. Moreover, they found that as a
result of PGRN deficiency, a passive-
transfer ITP murine model showed
further decreases in platelet count.
Recombinant PGRN, however,
increased platelet counts in chronic ITP
SCID mice (32).

This study had some points of strength;
It was a randomized case-control study.
It was one of the few works that
investigated serum progranulin in
pediatric sepsis and correlated it with
clinical and laboratory data. The
relatively small sample size in this
single-center study and just a single

measurement of progranulin levels are
the main study's limitations.

5. Conclusions:
This study concluded that pediatric
patients with sepsis show high serum

progranulin levels. Serum progranulin

https://ejmr.journals.ekb.eg/
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levels are significantly positively
correlated with CRP and body weight
and significantly negatively correlated
with platelets and hemoglobin levels in
pediatric sepsis patients. No statistically
significant difference in serum levels of
progranulin in survived and non-
survived children with sepsis. No
statistically significant difference in
serum levels of progranulin in both
gram-negative and  gram-positive
sepsis. Serum progranulin could be a
good biomarker for the diagnosis of
sepsis in pediatrics.

6. Recommendations:
Further multicenter studies on a large
number of populations with serial
measurements of progranulin levels are
recommended to further evaluate the
role of progranulin in the diagnosis of
pediatric sepsis and to detect the
prognostic  value of progranulin
regarding mortality. Further studies are
required to compare progranulin and
other sepsis markers like procalcitonin.
There is a need for further studies to
determine whether progranulin
combined with other inflammatory
biomarkers can guide the decision of
discontinue

whether to start or

empirical antibiotics. in pediatric

patients with probable sepsis. Further
studies are

required to compare
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