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Introduction

Sepsis is defined aslife-threatening condition
accompanied by organ dysfunction as
dysregulated immune response to infection [1]. Sepsis
is also recognized as the leading cause of child death
worldwide, with estimation 7.5 million deaths due to
sepsis. In United States of America, 72,000 children

Abstract

BACKGROUND: Sepsis is the leading cause of death in children. Sepsis is caused by dysregulation of immune
system that triggers the production of pro-inflammatory cytokines, one of which is interleukin-6 (IL-6). In addition,
several markers of infection also increase such as c-reactive protein (CRP) and procalcitonin (PCT), moreover in
sepsis serum ferritin also increase. Serum ferritin is secreted by stimulation of pro-inflammatory cytokines such as
TNF-q, interleukin-1 (IL-1), and IL-6 that occur in the inflammatory process.

AIM: The aim of the study was to prove correlation between interleukin-6 and ferritin serum in pediatric sepsis
patient.

METHODS: This was cross-sectional study. Subjects were children aged 1 month—18 years with sepsis in pediatric
intensive care unit (PICU) and intermediate ward (IW) at Sanglah General Hospital Denpasar in period of September
2020-June 2021. Statistical analysis was done by Pearson correlation test.

RESULTS: Total 37 subjects were analyzed in this study. The median level of Interleukin-6 was 12 pg/ml (range,
1-355 pg/ml) and the median of ferritin level was 997 (range, 180-13418 ng/mL). The correlation between
interleukin-6 and serum ferritin showed moderate positive correlation (r = 0.54) which was statistically significant (p
= 0.001). After adjusting confounding variables, namely, age, gender, nutritional status and time of sampling using
partial correlation, the correlation between IL-6 and ferritin became stronger with r = 0.702 and p = 0.00.

CONCLUSION: There was a significant positive correlation after adjusting for the confounding variables between
interleukin-6 level and ferritin in pediatric sepsis patient.

Many studies have looked for the relationship between
ferritin levels and the severity of sepsis, but research
on the association between interleukin-6 levels and
serum ferritin in sepsis patients in Indonesia has never
been performed. Interleukin-6 has been shown in many
studies related with the severity of sepsis, but the high
cost of the examination is an obstacle. Ferritin is one of
the diagnostic markers that can also be used in sepsis
patients, which is cheaper.

result of

were hospitalized with sepsis with mortality rate
around 25% [2]. A study conducted at Sanglah General
Hospital from April 2015 to April 2017 showed from 63

septic patients, most patients were <12 months old and

29 (46%) patients died [3].

Immune system dysregulation
triggers the production of pro-inflammatory cytokines
such as interleukin-6 (IL-6). Interleukin-6 is a pleiotropic
cytokine, which stimulates hepatocytes to produce acute
phase proteins, acts as growth factor for B-cells and
increase several markers of infection such as c-reactive
protein (CRP), procalcitonin (PCT), and ferritin [4].

Elevated serum ferritin
associated with inflammatory conditions such as sepsis
and multiple organ dysfunction syndromes (MODS).

Materials and Methods

in sepsis .
Study was performed in Sanglah General

Hospital, Bali, Indonesia, involving 37 children aged
1 month—-18 years old with diagnosis sepsis in period
September 2020-June 2021. After obtaining parental
consent to participate in the study, subjects were
examined for IL-6 and ferritin serum at the time of initial
diagnosis of sepsis. Children with malignancy, HIV/
AIDS, chronic liver disease, thalassemia, autoimmune
disease, post-surgery, and viral infections such as
dengue were excluded from this study.

levels are often
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This study used Shapiro—Wilk test for data
normality. Data that are not normally distributed will be
transformed using log 10. Data with normal distribution
on both variables will be tested with Pearson correlation.
Several confounding variables were controlled by
analysis such as age, gender, nutritional status, and
time of sampling.

These variables were analyzed using Pearson
partial correlation. All statistical analyses were
performed using SPSS. This study was approved
by Research Ethics Commission of the Faculty of
Medicine, Udayana University/Sanglah  General
Hospital with number 1577/UN.14.2.2.VI1.14/LP/2020.
This research has also received permission from the
Indonesian Ministry of Health, the Directorat General
of Health Services, Sanglah General Hospital with the
number LB.02.01/XIV.2.2.1/31455/2020.

Results

The study was conducted in Pediatric Intensive
Care Unit (PICU) and Intermediate Ward (IW) Sanglah
General Hospital from September 2020 to June 2021.
During the study period there were 51 sepsis patients
and 37 met inclusion criteria as research subjects
(Figure 1).

I Sepsis pediatric patient (n=51) l

Exclusion criteria:
- Sepsis after surgery procedure
(n=6)
—> - Sepsis wit malignancy (n=3)
- Sepsis with autoimmune
(n=4)
- Sepsis with thalassemia (n=1)

v

I Research subject (n=37) l

l

Correlation interleukin-6 and ferritin
serum

Figure 1: Flowchart of research

All subjects underwent research procedures
in the form of filling out research sheets, measurement
of IL-6 and ferritin serum at Prodia Clinical Laboratory
Denpasar. Those subjects had median age 24 months
(range 2 months-17 years). Most of the research
subjects were female.

The median of interleukin-6 level was 12 pg/
ml (range 1-355 pg/ml) and the median for ferritin level
was 997 (range 180-13418 ng/ml). The characteristics
of the research are shown in Table 1.

Table 1: Characteristic of samples

Characteristics

n = 37 subject

Gender, n (%)

Male 16 (43.2)
Female 21 (56.8)
Age (year), median (IQR) 24 (2-204)
Nutrition status, n (%)
Well nourished 20 (54.1)
Mild PEM 5(13.5)
Moderate PEM 7 (18.9)
Severe PEM 0(0)
Overweight 2(5.4)
Obesity 3(8.1)
Sampling time (hour), median (IQR) 6 (6-48)
Source of infection, n (%)
Respiratory 17 (45.9)
CNS 14 (37.8)
Gastrointestinal 3(8.1)
Genitourinary 1(2.7)
Skin infection 1(2.7)
Endocrine 1(2.7)
Blood culture, n (%)
Growth 15 (40.5)
No growth 22 (59.2)
Interleukin-6 (pg/ml), median (IQR) 12 (1-355)
Log Interleukin-6 118 £ 0.65
Serum ferritin, (ng/ml), median (IQR) 997 (180-13418)
Log ferritin 3.02+0.49

The results of data analysis showed that
there was a correlation between interleukin-6 and
serum ferritin, which showed moderately positive
correlation r = 0.54 and p = 0.001 (Figure 2). After
performing partial correlation test, it showed that the
levels of IL-6 and serum ferritin had strong positive
correlation of 0.702 and statistically significant (p =
0.001).

12500 .

r=054

rerata feritin

0 100 200 300 400
rerataIL-6

Figure 2: Scatter plot of correlation between interleukin-6 and serum
ferritin

Discussion

Thirty-seven subjects with sepsis were included
in this study. Based on the characteristic data, majority
were female 21 subjects Based on the characteristicdata,
majority were female(21subjects),ratio between female
and male was 1.3:1. In this study, it was found that most
of the subjects were well nourish (54.1%), mild protein
energy malnutrition (13.5%), moderate protein energy
malnutrition (18.9%), overweight (5.4%), and obesity
(8.1%). Nutritional status is often associated with
susceptibility to infection; in addition to malnourished,
other nutritional deficiency often occur in children such
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as iron deficiency. Iron deficiency can cause deficiency
conditions that affect immune system so that children
are susceptible to infection [5].

On the other hand, obese children with acute
or chronic inflammation have high increment secretion
of pro-inflammatory mediators by adipose tissue [6].
The most common sources of infection that caused
sepsis in this study was respiratory infections, as many
as 17 (45.9%) subjects and 14 (37.8%) subjects with
source of infection from the central nervous system
with the most common diagnoses being meningitis
and encephalitis. Pneumonia was the most common
diagnosis. This finding is similar to a previous study
with 42.5% incidence of pneumonia [7].

In this study, 15 (40.5%) subjects had
bacterial growth in two-sided blood cultures with
Pseudomonas aeruginosa bacteria in three subjects,
Staphylococcus coagulase negative in five subjects,
Burkholderia cepacian in two subjects, and the rest
were Staphylococcus haemolyticus, Kocuria kristinae,
Acinetobacter ~ baumannii, and  Pseudomonas
oryzihabitans. This finding is similar to previous
research, which 42.6% of subjects had positive
culture [8]. This rarity of positive blood cultures could
be caused by aggressive empiric outpatient infection
treatment or early administration of antibiotic therapy
before cultures are taken in patients. The median
ferritin and IL-6 in subject with positive blood cultures
were high1151 ng/ml (204-13418) and 21.5 pg/ml
(3-355) than the median ferritin and IL-6 in negative
cultures, which were 997 ng/ml (180-10629) and
8.36 pg/ml (1-180). Most of the subjects with positive
blood cultures hads evere sepsis that can affected
level of ferritin and IL-6.

Interleukin-6 (IL-6) is a pleiotropic cytokine
(stimulates hepatocytes to produce acute phase proteins
and also acts as a growth factor for B cells). Interleukin-6
modulates several functions, such as proliferation,
cell differentiation and apoptosis. Interleukin-6 is
synthesized by local inflammation that distributed to the
liver through bloodstream followed by rapid induction of
various acute-phase proteins. Interleukin-6 is secreted
by monocytes and macrophages in response to
bacteremia. In this study, the median level of IL-6 was
12 pg/ml (range, 1-355 pg/ml).

This finding is different from previous studies
which the median value of IL-6 was higher, namely
high 63.21 pg/ml (0.86—409 pg/ml) in the sepsis group
and 213.10 pg/ml (10.85-396.70) in the septic shock
group [9]. In this study, the average blood sampling was
6 h. This difference can be caused by down regulation
phenomenon (decrease of cytokines even though
the infection is still continuing). The rapid kinetics of
IL-6 is the cause of lower levels of IL-6 in this study.
Interleukin-6 will increase in the first 2 h at the onset of
sepsis and starts to decrease 6 and 12 h later [10]. In
this study, the average blood sampling was 6 h.

Ferritin is a protein that plays important role in
the process of iron metabolism. Iron is stored in the form
of ferritin and hemosiderin which is found in spleen,
liver, and bone marrow. Serum ferritin is secreted by
stimulation of pro-inflammatory cytokines that occur in
inflammatory process. Elevated serum ferritin levels is
often associated with inflammatory conditions such as
sepsis and multiorgan dysfunction syndrome (MODS).
In this study, the median ferritin level was 997 (180-
13418) ng/ml, in contrast to previous studies where the
median ferritin level was lower, 303 (21-2210) ng/ml. In
this study, blood samples were taken immediately after
the diagnosis of sepsis, so it is possible that ferritin yet
reached their peak [11].

In this study, there was a moderate positive
correlation which means the two variables had linier
correlation, the increase of interleukin-6 levels was the
same direction as the increase of serum ferritin with
r=0.54 and p = 0.001. The Scatter plot curve (Figure 2)
showed wide distribution range of IL-6 and ferritin, due to
subjects with high levels of 1I-6 and ferritin experienced
severe sepsis with death outcome. Sampling time also
has effect, blood samples were taken approximately
12 h after the onset of sepsis, when level of ferritin was
at their peak and IL-6 remained high due to severe
and unresolved sepsis. After partial correlation with
confounding variables, namely; age, gender, nutritional
status and time of sampling, the correlation coefficient
of IL-6 and serum ferritin increased intor=0.70 and p =
0.001. This value indicates that age, gender, nutritional
status, and time of sampling affect the correlation
between IL-6 and serum ferritin.

The limitation of the study is Interleukin-6 and
ferritin levels have different peak times, the first 2 h and
the first 12 h after infection. In this study, samples of
both examinations were taken simultaneously so that
the sampling time may not precisely simultanously at
the time of peak levels of IL-6 and ferritin in the blood.

Conclusion

This study showed strong positive correlation
between interleukin-6 and serum ferritin in pediatric
sepsis patients.
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