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Abstract: Introduction: Low serum zinc levels are associated with immune dysfunction, morbidity and mortality due to sepsis.
Decreased serum zinc levels are associated with disease’s severity and mortality. Low serum zinc levels often undetected and are not
considered during treatment in the pediatric intensive care unit. In Indonesia there has been no research on serum zinc levels in
pediatric sepsis patients. Purpose: To know the prevalence and characteristics of serum zinc levels in pediatric sepsis patients at the
pediatic intensive care unit (PICU) of the Sanglah Hospital Denpasar in 2019. Methods: This research was a prospective descriptive
study, which used PELOD-2 score for diagnosing sepsis in pediatric patient and determination of serum zinc levels through venous
blood tests at the pediatric intensive care unit Sanglah Hospital which was collected using the consecutive sampling method with
inclusion and exclusion criteria. Results: Total of 56 children diagnosed with sepsis were included in this study. Infant age group is the
largest age group suffering from sepsis, accounted for 44.6%. The mean zinc content was 62.0 + 28.97 with a low zinc level of 69.7%
and the death was 25%. Higher PELOD-2 score means lower zinc levels, with the comparison of PELOD-2 scores > 7 and > 11 are

16.1% and 53.6%, respectively. Conclusion: Low serum zinc levels were found in septic patients and correlates with organ failure.
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1. Introduction

Sepsis is a major cause of morbidity and mortality in
children with critical illnesses who are admitted to intensive
care units [1]. Sepsis is one of the leading causes of death
worldwide, which accounted for 6 million deaths per year
[2]. Multiple organ dysfunction syndrome is a marker of the
severity of a disease and is the main cause of death in the
pediatric intensive care unit (PICU) [3]. At PICU Cipto
Mangunkusumo Hospital, which is a national referral center,
19.3% of 502 pediatric patients are treated with sepsis with a
mortality rate of 54% [4]. At PICUSanglah Hospital
Denpasar in 2018 the prevalence of children experiencing
sepsis at the age of 0 years to 18 years was 35.7% with a
mortality rate of 30% [1]. Critically ill patients experience
severe stress, inflammation and clinical conditions that
increase the utilization and replacement of metabolism many
nutrients, especially zinc [5].

Zinc is an important element that plays a role in many
biological functions, including mucosal barrier function,
innate and adaptive immunity, responses to oxidative stress
and cofactors to various enzymes. Trace element especially
zinc are the basic of the antioxidant defense in the acute
systemic inflammatory response syndrome (SIRS). SIRS is
associated with zinc’ redistribution to tissues involved in
protein synthesis and proliferation of immune cells, leading
to decreased serum zinc levels [6]. In the early stages of
sepsis, the rapid release of cytokines activates the acute
phase response especially in the liver leading to acute phase
protein production [7]. Zinc levels serum decreases rapidly
after redistribution from plasma to tissue and called
hyposengsemia[8]. Pathogens use zinc as a transport with
high affinity so that the beneficial role of hyposengsemia is
to limit zinc availability as a defense mechanism against
infection. Zinc works as a nutritional immunity to fight
infection [9].

Several studies in the last decade have shown decreased
zinc levels in sepsis patients. Besecker et al.,reported a
decrease in serum zinc levels treated in the intensive care
unit compared to non-sepsis critically ill patients [10].
Lower plasma zinc concentrations and higher SLC39A8
MRNA expression correlated with increased disease
severity. Helmy and Beshey[11] found that low serum zinc
levels can be a predictor of death in septic patients. Hoeger
et al.,showed that low serum zinc levels in surgical sepsis
patients are associated with a higher risk of recurrent sepsis
episodes and higher mortality rate [12]. Florea et al.,showed
that changes in zinc levels were associated with disease
severity in critically ill patients in the intensive care unit [5].
Wati et al.,found there were significant correlation in TNF-a
and IL-6 measurement between zinc plasma insufficiency
with pro-inflammatory cytokines in the first 24 hours and
significant correlation in TNF-o in 72 hours[13].

Low zinc levels in the blood are influenced by several
factors. Prasad et al were the first to report zinc deficiency in
humans. Since then zinc deficiency has been identified in
many clinical conditions such as acrodermatitis
enteropathica, kwashiorkor, celiac disease, cystic fibrosis,
and inflammatory bowel disease as well as in patients
receiving long-term parenteral nutrition without zinc
supplementation [14]. Increased metabolic activity induces
decreased zinc levels. Several conditions can affect serum
zinc levels such as diabetes mellitus, cardiovascular disease
and anemia due to acute blood loss and liver diseases [15].
Zinc levels in chronic hepatic patients are lower than in
healthy control subjects. The zinc levels in patients with
hepatic cirrhosis and hepatocellular carcinoma were
significanly lower than in the chronic hepatitis group [16].
During the acute phase of fever, including gastroenteritis,
infection and exposure to endotoxins or cytokines cause
serum zinc levels to decrease. Acute diarrhea can lead to
decreased serum zinc levels [17].
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Low serum zinc levels are associated with immune
dysfunction, morbidity and mortality due to sepsis.
Decreased serum zinc levels are associated with disease
severity and mortality. Low serum zinc levels often go
undetected and are not considered during treatment in the
pediatric intensive care unit. In Indonesia there has been no
research on serum zinc levels in pediatric sepsis patients.
Currently, the profile of serum zinc levels in children with
sepsis at PICU Sanglah Hospital Denpasar - Bali is not
known. Based on this, the authors consider the importance
of knowing the profile of serum zinc levels in pediatric
sepsis patients at the Sanglah Hospital Denpasar - Bali.

2. Methods

We perform a cross-sectional prospective study using a
descriptive design that examined the profile of serum zinc
levels in pediatric patients at PICU Sanglah Hospital
Denpasar — Bali from January - Desember 2019. Diagnosis
of sepsis based on the calculation of PELOD-2 score. To see
the serum zinc level, 5 ml of venous blood was taken and
then the examination was carried out using ICP-MS
elements. The sepsis diagnosis was made if the PELOD-2
score is more than or equal to seven. The inclusion criteria in
this study were pediatric patients aged 29 days-18 years with
sepsis based on the PELOD-2 score who were treated at
PICU Sanglah Hospital in Denpasar and their parents were
willing to participate in the study and sign the informed
consent. Patients with acute diarrhea, severe malnutrition,
acrodermatitis enteropathica, inflammatory bowel disease,
diabetes mellitus, and liver disease (chronic hepatitis,
hepatic cirrhosis, and hepatocellular carcinoma) were
excluded from this study. Sampling was done by
consecutive sampling technique. The sample size was
calculated using the sample calculation formula for
categorical descriptive data and the minimum required
sample size was 56 subjects. The variables in this study is
serum zinc level is the zinc level which is determined by the
result of venous blood examination using the ICP-MS trace
element method. Normal zinc level if the serum zinc level is
in the range 70-158 pg/dL, low if the serum zinc level is
below 70 pg/dL and high if the serum zinc level is above
158 pg/dL [19]. Sepsis if the PELOD-2 score > 7. Gender,
age, nutritional status, length of stay in PICU, exclusive
breastfeeding, origin, procalcitonin, and Outcome.

All data collected were analyzed with a computer program.
Categorical variables are described in number (n) and
percentage (%) and are presented in tabular form.

This research has obtained a statement of ethical suitability
from the Ethics Committee of the Research and
Development Unit (Litbang) of the Faculty of Medicine,
Udayana University/ Sanglah Hospital Denpasar.

3. Result

Data collection resulted in 56 subjects during the study
period January 2019- December 2019 with a diagnosis of
sepsis based on PELOD-2 criteria who met the inclusion and
exclusion criteria who were treated at PICU Sanglah
Hospital Denpasar. The characteristics of the research
subjects can be seen in Table 1.

Table 1: Sample characteristics

Characteristics N=56
Mean zinc serum level, (SD) 62,0 + 28,97
Serum Zinc Level, n (%)

Low 39 (69,6)

Normal 17 (30,4)
Sex, n (%)

Male 25 (44,6)

Female 31 (55,4)
Group age, n (%)

Infant 25 (44,6)

Toddler 11 (19,6)

Children 14 (25,0)

Adolescent 6 (10,7)
Nutritional status, n (%)

Over weight 10 (17,9)

Well nourished 20 (35,7)

Under weight 26 (46,4)
Leng of stay in PICU, n (%)

<7 days 9(16,1)

7 - 14 days 39 (69,6)

>14 days 8 (14,3)
Exclusive breastfeeding, n (%)

Yes 26 (46,4)

No 30 (53,6)
Origin, n (%)

Rural 42 (75)

Urban 14 (25)
Procalcitonin, n (%)

High 54 (96,4%)

Low 2 (3,6%)
Outcome, n (%)

Dead 22 (39,3)

Alive 34 (60,7)

Table 1 shows the distribution of the sample characteristics.
The low serum zinc level in sepsis was 69.6%. The
distribution of sexes for both men and women is not
different significanty. In the age category, the age variable is
categorized into several classifications, (1) infant (<2 years);
(2) toddlers (2-5 years); (3) children (5-12 years); (4)
adolescents (> 12 years). The infant age category was the
highest in the sample, 44.6%. 39.3% of the patients who
died.

Table 2: Serum zinc level’s distribution according to
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sample
Characteristics Zinc level N=56
Low Normal
(N=39) | (N=17)
Sex, n (%)
Male 18 (32) | 7(12,5) | 25 (44,6)
Female 21(37,5) | 10 (17,9) | 31 (55,4)
Age group, n (%)
Infant 16 (28,6) | 9(16,1) | 25 (44,6)
Toddler 8(14,3) | 3(54) |11(19,6)
Children 11(19,6) | 3(54) |14 (25,0)
Adolescent 4(7,1) 2(3,6) | 6(10,7)
Nutritional status, n (%)
Over weight 8(14,3) | 2(3,6) |10(17,9
Well nourished 15(26,8) | 5(8,9) |20 (35,7)
Under weight 16 (28,6) | 10 (17,9) | 26 (46,4)
Leng of stay in PICU, n (%)
<7 days 7(125) | 2(3,6) | 9(16,1)
7 - 14 days 28 (50,0) | 11 (19,6) | 39 (69,6)
>14 days 4(7,1) 4(7,1) | 8(143)
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Exclusive breastfeeding, n (%)

Yes 19 (33,9) | 7(12,5) | 26 (46,4)

No 20(35,7) | 10 (17,9) | 30 (53,6)
Origin, n (%)

Rural 31(55,4) | 11 (19,6) | 42 (75,0)

Urban 8(14,3) | 6(10,7) | 14 (25,0)
Outcome, n (%)

Dead 14 (25,0) | 8(14,3) | 22 (39,3)

Alive 25 (44,6) | 9(16,1) |34 (60,7)
Procalcitonin, n (%)

High 37 (66,1) | 17 (30,4) | 54 (96,4)

Low 2(3,6) 0(0,0) 2(3,6)
PELOD 2 score, n (%)

>7 9(16,1) | 6(10,7) | 15(26,8)

>11 30 (53,6) | 11 (19,6) | 41 (73,2)
The distribution of zinc levels based on sample

characteristics is listed in Table 2. There were no high serum
zinc levels found in septic patients. Low serum zinc levels in
septic patients were more common in women than men
(37.5% vs 32.1%) and the age group with Low serum zinc
levels were mostly found in infants (28.6%). The group that
did not receive exclusive breastfeeding, and died sample had
low serum zinc levels, respectively (35.7% vs 25.0%). The
distribution of zinc levels based on the highest PELOD-2
score with low serum zinc levels was found at PELOD-2
score> 11 (53.6%) compared to PELOD-2 score > 7
(16.1%).

4. Discussion

Assessment of organ dysfunction/failure in children uses
several scoring systems, including Pediatric Multiple Organ
Dysfunction Score (P-MODS), Pediatric Logistic Organ
Dysfunction  (PELOD), Pediatric  Logistic  Organ
Dysfunction-2 (PELOD-2), and the Pediatric Sequential
Organ Failure Assessment (pSOFA) system adapted from
the

Sequential Organ Failure Assessment (SOFA) system with
validation results showing that pSOFA provides the same
good results as other scoring systems. In Indonesia, PELOD-
2 is an organ dysfunction assessment system recommended
by the Indonesian Pediatric Association in diagnosing sepsis
in children. The diagnosis of sepsis is made when the
PELOD-2 score is >11 (in type A hospitals), or >7 in type B
or C health services [27].

In our study, 56 children were diagnosed with sepsis based
on PELOD-2 score, with criteria for PELOD-2 score >7
(26.8%) and PELOD-2 >11 (73.2%) with the infant age
group being the largest age group (44.6%), and the largest
gender was female (55.4%). Overall, 39.3% of subjects with
outcome died. Our research is similar to the research
conducted by Wati et al.,using pSOFA in 2018 at PICU
Sanglah Hospital Denpasar, where in this study, sepsis in the
infant age category was the highest (57.1%) and female
gender accounted for (56%) with a death outcome of 39.3%
[1]. Different results on sex and death outcomes are shown
by Dewi and Fatimatuzzuhroh [20], at PICU Cipto
Magunkusumo Hospital (RSCM). In that study, the 1-11
month age category was the largest subject (27.9%) of the
other age groups, but in terms of gender the results were
inversely proportional, where there were more men than

women (56.4% vs 43.4%) and mortality rate was lower than
our study (10.7%). This difference may be due to the larger
number of the study sample in that study and the different
classification of age categories.

Low serum zinc levels in critically ill patients treated in
intensive care rooms [5],[10],[11],[12],[28]. Cvijanovich et
al., at the PICU of Children’s Hospital and Research Center
Oakland ,obtained a median value of 2.9 years with male are
the dominant sex at 55% [28]. These results are in
accordance with our study where the median age value is 2.4
years but different in gender where our study was found
more in female subjects by 37.5%. The study said serum
zinc levels were low regardless of age, sex, or diagnosis.

The mean serum zinc level of septic patients in our study
was 62 + 28.9. Our results were lower than Besecker et al.,
at the ICU of Ohio State University Medical Center, whose
serum zinc levels were 45.5 + 18.1 below normal in septic
patients [10]. This difference is mainly due to the number of
samples and diseases that can affect the low zinc levels. In
sepsis, there is a change in zinc homeostasis in the blood.
The presence of pathogens increase production of
inflammatory cytokines (tumor necrosis factor-a, interleukin
6, and interleukin 1p) which results in increased imports of
zinc and metallothionein in the liver resulting in
redistribution of zinc from serum to liver. The decrease in
serum zinc levels, stimulates the immune system and the
process of monocyte maturation, while the increase in liver
zinc levels will lead to cytokine production, acute phase
protein production and as protection of liver tissue [29].

Visalakshy et al.,at ICU of a tertiary care centre in south
India found higher serum zinc levels associates with lower
mortality, in that study 86.4% died with low serum zinc
levels, 60.0% died with normal zinc levels and 14.8% died
with normal zinc levels. zinc is more than normal value [30].
Our study is consistent with these findings but our results
were lower, where 25% of subjects died with low zinc
levels, and 14.3% with normal zinc levels, and no high
serum levels were found in sepsis patients. This difference
was mainly due to samples with diseases that could
predispose to low zinc levels were excluded in our study.

In this study zinc levels were inversely related to organ
failure scores. The higher the organ failure score, the lower
zinc levels. These results are consistent with the findings of
Cvijanovich et al.,who reported low zinc levels as inversely
related to the degree of organ failure [28] , and the findings
of Linko et al.,who found an association between low zinc
levels and organ failure scores [31]. Similar results were
reported by Negh et al.,at the PICU of Benha University
Hospital, foundserum zinc concentrations were decreased in
critically ill children with organ dysfunction during sepsis
[32].

Several studies have shown an association between serum
zinc concentrations and organ failure due to inflammatory or
septic responses. In critically ill patients with high organ
failure scores showed significantly lower serum zinc
concentrations than patients with low organ failure scores,
where a higher organ failure score was associated with
higher mortality [5],[33]. In line with these results, serum
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zinc concentrations were found to be inversely correlated
with organ failure scores in other studies [10],[34]. Other
studies revealed significantly lower serum  zinc
concentrations in septic patients who developed recurrent
sepsis compared with those who did not experience recurrent
sepsis. In addition, subjects who died from sepsis had
significantly lower serum zinc concentrations than those
who survived [35]. Serum zinc levels play a major role in
many important functions in the body, especially the
immune system, so this relationship becomes important that
decreased serum zinc levels contribute against some side
effects, thus exacerbating the state of sepsis [29].

This research has several limitations. First, this is a
descriptive study that cannot analyze the relationship
between the variables studied. The number of samples in this
study is relatively small, so further research is needed with a
different research design and a larger number of samples.
Second, the study sample was only drawn from one hospital,
S0 it cannot be representative of the population of children
with sepsis. We hope that this study can become the basic
for further research on serum zinc levels in pediatric sepsis
patients on a larger scale. In addition, the assessment of
serum zinc levels is only assessed at one time, so it cannot
be measured the decrease in serum zinc levels in the course
of sepsis. Determination of the diagnosis of sepsis using the
PELOD-2 score includes PELOD score >7 which this study
was conducted in a tertiary hospital. The reason for this is
due to limited time and research samples. This study did not
look at a comparison in patients who were not septic, so
there was no comparison between zinc levels in septic and
non-septic patients.

In conclusion, low serum zinc levels were found in septic
patients and the lower zinc’s serum associated with higher
organ failure score.
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