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Abstract
Background Sepsis remains one of the causes of child morbidity 
and mortality worldwide. The reference standard diagnosis of 
sepsis is blood culture, but its false negative is relatively high. 
Therefore, a validated triage tool is needed for rapid diagnosis. 
In Indonesia, diagnosis and management of pediatric sepsis are 
based on Pedoman Nasional Pelayanan Kesehatan Manajemen 
Sepsis pada Anak 2021/PNPK Sepsis 2021 (2021 Indonesian Sepsis  
National Guidelines).
Objective  To  evaluate  the  performance  of  2021 Indonesian  
Sepsis National Guidelines in diagnosing pediatric bacterial sepsis 
in PICU.
Methods This cross-sectional study was conducted in the PICU 
unit of Dr. Sardjito Hospital, Yogyakarta, using subject’s medical 
records.   All patients with suspected bacterial infection who were 
admitted to the PICU, had complete evaluation of PELOD-2 
score, and the blood culture results were included in this study. 
Sepsis was assessed with 2021 Indonesian Sepsis National Guidelines. 
Performance analysis of the guidelines was conducted with SPSS 
version 25, by assessing sensitivity, specificity, accuracy, positive 
predictive value, negative predictive value, and likelihood ratio. 
Results Two hundred subjects were enrolled in this study, of whom   
52.5% were males. Most subjects aged under one year (40.5%), 
and the most common infection was respiratory system (49%). A 
total of 63.5% were referral cases, with the length of stay in the 
previous hospital more than 48 hours (69.7%). There were 77% 
of subjects had antibiotics treatment at the previous hospital. As 
for outcomes, 63.5% survived   and   36.5%   died.  The positivity 
rate of blood culture in this study was 19%. Performance evalua-
tion of 2021 Sepsis Indonesian Sepsis National Guidelines revealed 
sensitivity 28.95%, specificity 87.65%, accuracy 76.5%, positive 
predictive value 35.48%, negative predictive value 84.02%, 
positive likelihood ratio 2.34 (95%CI 1.28 to 4.32) and negative 
likelihood ratio 0.81 (95%CI 0.7 to 0.94).
Conclusion 2021 Indonesian Sepsis National Guidelines (PNPK 
Sepsis 2021) has low sensitivity and high specificity in diagnosing 
pediatric bacterial sepsis. [Paediatr Indones. 2024;64:257-62  
DOI: 10.14238/pi64.3.2024.257-62 ].

Keywords:  sepsis; 2021 Indonesian Sepsis National 
Guidelines; performance, blood culture

Sepsis is still one of the leading causes of 
morbidity and mortality in children in all 
parts of the world. Based on the World Health 
Organization (WHO) data, the number of 

deaths in children under 5-year-old due to sepsis is 
estimated to reach 10% of all deaths. The incidence 
of septic shock in developed countries ranges from 
2-3%, while in developing countries, it is 18-46%.1 
A study on critically ill children treated at the 
pediatric intensive care unit (PICU) of Dr. Cipto 
Mangunkusumo Hospital in 2019, stated that the 
sepsis mortality rate reached 10.7%.2 Another study 
at the PICU of Dr. Sardjito Hospital showed that the 
incidence of sepsis was 25.08%, with a mortality of 
57.8%.3

The definitive diagnosis of sepsis is blood culture, 
but it has low sensitivity and positivity rate. The 
polymerase chain reaction (PCR) allows rapid and 
accurate diagnosis of the presence of blood infection in 
infants and children with suspected sepsis.4  However, 
availability of the PCR test is still limited to referral 
hospitals, and the examination cost is expensive. 
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The limitations of blood culture and PCR lead to 
delays in the diagnosing and managing sepsis, thereby 
increasing the risk of organ dysfunction and death. 
Thus, the triage tools/validated diagnostic tests for 
pediatric sepsis assessment are being developed. This 
diagnosis is made using clinical assessment, supported 
by laboratory testing.

In Indonesia, the diagnosis and management 
of sepsis are based on Pedoman Nasional Pelayanan 
Kesehatan "Manajemen Sepsis pada Anak" 2021/
PNPK Sepsis 2021 (2021 Indonesian Sepsis National 
Guidelines), published by the Indonesian Ministry of 
Health.5 This guidelines refers to The 2016 Surviving 
Sepsis Campaign International, which establishes the 
diagnosis of sepsis,  evidence  of  infection,  and  
signs  of  organ  dysfunction.6  Assessment  of  organ 
dysfunction with PELOD-2 score, in which the 
diagnosis of sepsis is established when the PELOD-2 
score is ≥10. The international system still uses 
Goldstein Criteria to diagnose pediatric sepsis, based on 
the  evidence of infection  with 2 of 4 signs of systemic 
inflammatory response (SIRS).7 We conducted this 
study to evaluate the performance   of   2021 Indonesian   
Sepsis   National   Guidelines  in   diagnosing pediatric 
bacterial sepsis.

 
Methods

This cross-sectional study was conducted in the PICU 
of Dr. Sardjito Hospital, Yogyakarta, using subject’s 
medical record data. We included all patients with 
suspected of bacterial infections who were treated 
from October 2019 to October 2021, has complete 
evaluation of PELOD-2 score, and the blood culture 
results conducted in the first 24 hours of PICU 
admission. Subjects with incomplete medical record 
were excluded from the study.

The bacterial infections criteria were the 
presence of focus infection, accompanied by the 
clinical findings of SIRS (temperature, pulse rate, and 
respiratory rate abnormalities) and abnormalities of 
the laboratory evaluation including white blood cells 
(WBC) count, platelet count, neutrophil-lymphocyte 
ratio (NLR), C-reactive protein (CRP), procalcitonin, 
urine, stool, and cerebrospinal fluid (CSF) analysis, as 
well as abnormalities of the radiological finding. All 
data related to PELOD-2 score which include mean 

arterial pressure (MAP), pediatric coma scale (PCS), 
pupillary reactions, use of mechanical ventilation, 
blood gas analysis, lactate serum, creatinine level, 
WBC, and platelet count were recorded for this 
study. We assessed sepsis diagnosis based on 2021 
Indonesian Sepsis National Guidelines. According to 
the guidelines, the diagnosis of sepsis is established if 
there is a suspected or proven infection, along with 
PELOD-2 score ≥10.5

We collected subject’s demographic data, which 
include sex, age, nutritional status, diagnosis, length of 
stay (LoS) in the PICU, referral status, previous length 
of treatment, previous use of antibiotics, indications 
for PICU care, and outcomes.

Data were analyzed using SPSS version 25. 
Performance assessment was carried out by analyzing 
sensitivity, specificity, accuracy, positive predictive 
value (PPV), negative predictive value (NPV), and 
likelihood ratio (LR) of 2021 Indonesian Sepsis National 
Guidelines compared to the standard reference of the 
blood culture. This study has received permission 
from the Research Ethics Committee from the Faculty 
of Medicine, Public Health, and Nursing, Gadjah 
Mada University Yogyakarta, and was approved by 
Dr. Sardjito Hospital.

Results

A total of 366 subjects were admitted with suspected 
of bacterial infections during the study period, of 
whom 200 subjects met the inclusion and exclusion 
criteria.The baseline characteristics data of our 
subjects are shown in Table 1.

From the assessment of sepsis diagnosis according 
to 2021 Indonesian Sepsis National Guidelines, 31 
(15.5%) subjects were diagnosed with sepsis, and 
169 (84.5%) were not sepsis (Table 2). Furthermore, 
the performance of  2021 Indonesian Sepsis National 
Guidelines was assessed to calculate the sensitivity, 
specificity, PPV, NPV, positive LR, and negative LR of 
2021 Indonesian Sepsis National Guidelines compared 
to blood culture (Table 3).

The post-test probability assessment after the 
use of 2021 Indonesian Sepsis National Guidelines 
with a pretest probability (prevalence) of sepsis at  
Dr. Sardjito Hospital from a previous study was 50.3%, 
using Fagan's nomogram (Figure 1).8 
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Fagan's nomogram shows that with 2021 
Indonesian Sepsis National Guidelines, on a positive 
test (LR+2.35; 95%CI 1.28-4.32), it will increase 
the pretest probability from 50% to 70% in the post-
test probability (blue color), demonstrating moderate 
clinical importance. Meanwhile, a negative test 
result (LR- 0.81; 95%CI 0.7-0.94) will change the 
pretest probability from 50% to 45% in the post-
test probability (red color), indicating low clinical 
importance. 

Table 3. Performance evaluation of  2021 Indonesian 
Sepsis National Guidelines

Parameters
2021 Indonesian Sepsis National Guidelines 

diagnostic test

Sensitivity 28.95%

Spesificity 87.65%

Accuracy 76.5%

PPV 35.48%

NPV 84.02%

Positive LR 2.34

Negative LR 0.81

Table 1. The subject’s characteristic data

Characteristics N=200

Age, n (%)
1 m.o - < 1 y.o
1 y.o - < 5 y.o
5 y.o - < 12 y.o
12 y.o - ≤ 18 y.o

81 (40.5)
    50 (25)
    42 (21)

27 (13.5)

Sex, n (%)
Male
Female

  105 (52.5)
95 (47.5)

Nutritional status, n (%)
Overweight & obesity
Well-nourished
Mild-moderate malnourished
Severe malnourished

      6 (3)
    82 (41)

61 (30.5)
51 (25.2)

Admission diagnosis of PICU, n (%)
Respiration system
Central nervous system
Gastrointestinal system
Genitourinary system

    98 (49)
49 (24.5)
45 (22.5)

      8 (4)

Referral status, n (%)
Referral case
Not referral case

  127 (63.5)
73 (36.5)

Previous length of treatment (n=172),* n (%)
<24 hours
24- 48 hours
>48 hours

36 (20.9)
    16 (9.3)
  120 (69.7)

Previous use of antibiotics, n (%)
Yes
No

  154 (77)
    46 (23)

LOS at PICU, mean (SD), day    9.5 (9.4)

Outcomes, n (%)
Survive
Death

73 (36.5)
  127 (63.5)

PNPK sepsis (positive), n (%) 31 (15.5)

Positive blood culture, n (%) 38 (19.0)

*28 subjects had no previous treatment 

Table 2. 2021 Indonesian Sepsis National Guidelines  compared to  blood culture

2021 Indonesian Sepsis National Guidelines
The blood culture

Total 
(N=200)Positive  

(n=38)
Negative 
(n=162)

Positive, n(%) 11 (35.5) 20 (64.5) 31

Negative, n(%) 27 (16.0) 142 (84.0) 169

Discussion

There has not been any study yet that assessed the 
performance of the 2021 Indonesian Sepsis National 
Guidelines in diagnosing pediatric bacterial sepsis.  
This    study    found    that    2021 Indonesian   Sepsis   
National   Guidelines   has    a sensitivity 28.95%, 
specificity 87.65%, accuracy 76.5%, PPV 35.48%, 
NPV 84.02%. These indicate that 2021 Indonesian 
Sepsis National Guidelines has high specificity with low 
sensitivity and good accuracy. 

From our analysis, the low sensitivity of 2021 
Indonesian Sepsis National Guidelines in diagnosing 
pediatric bacterial sepsis due to the large false negative 
blood culture as a standard reference, which also 
results in a low positivity rate. Several studies revealed 
that imperfect standard reference will lead to bias in 
the sensitivity, specificity, and accuracy of a diagnostic 
test. This bias can be positive or negative.9 Even 
when a diagnostic test has excellent sensitivity and 
specificity, but the standard reference is imperfect, 
there can still be substantial bias  in the accuracy of the 
diagnostic test. The degree of bias in the assessment 
of sensitivity and specificity reflects the covariance 
between the diagnostic test and an imperfect standard 
reference.10 The type and magnitude of bias of a 
diagnostic test depend on several components, 
such as disease prevalence, false negative, and false 
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Figure 1. Fagan's nomogram of 2021 Indonesian Sepsis National Guidelines compared to blood culture

positive covariance between the diagnostic test and 
the standard reference.9,10

Blood culture is the standard reference for 
detecting bacteremia conditions, but the positivity 
rate is low.11  In this study, the positivity rate of blood 
culture was only 19%. The positivity rate of blood 
culture reported in the previous studies conducted 
in Dr. Sardjito Hospital was 23.8% and 18.6%.3,12 

Another study showed  that the positivity rate of 
blood cultures was only 6%.13 Meanwhile, another 
study on the evaluation of the use of blood cultures 
in academic hospitals in Europe, found blood culture 
positivity rate of 13.9%.14 

The high false negatives and the low positivity 
rate of blood culture are caused by several factors, 
such as previous use of antibiotics, types of transient 
or intermittent bacteremia, small blood volumes, 
or microbial patterns (incubation and bacteremia 
period).14 A total of 77% of our study subjects had 
received antibiotics in the previous hospitalization, 
and 69.7% of the subjects underwent treatment 

for more than 48 hours. The length of previous 
hospitalization and the microbial pattern (incubation 
and bacteremia period) are related to the time of 
taking blood specimens and affecting the blood culture 
results. Time to positive blood cultures are generally 
found within 36-48 hours of an episode of sepsis.13,15 

The low positivity rate of the blood cultures from 
most studies indicates that the blood cultures are 
inefficient in detecting bacteremia conditions. The 
blood culture in the first 24 hours of admission will 
give a greater positive result. The significant variation 
in the epidemiology of blood cultures, particularly in 
terms of time and cost efficiency, suggests the need 
re-evaluate of the use of blood cultures in detecting 
bacteriemia conditions.14 

Given the low sensitivity of blood culture in 
detecting bacteremia conditions, other modalities 
such as PCR are needed, or the combination of clinical 
assessment with several inflammatory parameters such 
as procalcitonin (PCT), C-reactive protein (CRP), 
interleukins (IL-6, IL-8, IL-10), TNFα, or other 
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infection parameters such as absolute neutrophil 
count (ANC), leukocyte count, and neutrophil 
to lymphocyte ratio (NLR).16  Polymerase chain 
reaction (PCR) can immediately identify bloodstream 
infections, compensating for the low sensitivity of 
blood culture. A study in an Italian children's hospital, 
which compared PCR performance with blood 
cultures in children with suspected sepsis, showed 
that PCR had a sensitivity of 85.0% and a specificity of 
93.5%.4  However, the use of PCR itself is still limited, 
and has not yet been available in all health facilities. 

Most of our study subjects are male, with an 
age distribution under 1-year-old. This is in line 
with the previous study in 2015, which showed that 
52.2% of pediatric sepsis patients were male.17 Male 
sex hormones suppress the immune system, but the 
incidence in male infants has not been explained 
yet, and still requires further study.18  The previous 
study revealed that the incidence of sepsis was most 
commonly found in the infant group (57.1%).19  The 
other study showed that the incidence of sepsis in 
infants was 58.9%. It is due to an immature immune 
system that causes a higher risk of sepsis. This study 
also revealed no difference in nutritional status with 
the incidence of bacterial sepsis in children.20

The most common focus infections in this study 
were respiratory system (49%), followed by central 
nervous system (24.5%), gastrointestinal system 
(22.5%), and genitourinary system (4%). Our findings 
are analogous to previous studies, which reported that 
respiratory infection is the most common infection in 
PICU.21-25  However, these findings are different from 
a previous study on the use of the PELOD-2 score as 
a predictor of pediatric sepsis mortality in the PICU of 
Dr. Sardjito Hospital, in which the primary infection 
is the central nervous system (29.1%).21

Our study was conducted at a referral hospital, 
whereas most of the referral patients had received 
antibiotics from previous hospitalization, which 
affected the positivity rate of the blood culture. In 
addition, most subjects (69.7%) had a previous LoS 
in the hospital of more than 48 hours, thus lead to the 
blood sampling for the blood cultures after incubation 
period. Furthermore, it causes false negative blood 
culture results and bias in the sensitivity and specificity 
values of  2021 Indonesian Sepsis National Guidelines. 

The limitation of molecular diagnostic technology 
usage causes researchers unable to prove sepsis caused 

by virus, which is the second common cause of sepsis 
after bacteria. Thus, the population of this study was 
limited to children with suspected bacterial infection 
which enables  the researchers to identify bacteriemia 
by examining blood cultures. Another limitation of 
this study is the  diagnosis  of  sepsis  was  made  by  
the doctor in charge using various types of sepsis triage 
tools, and not all of them used the 2021 Indonesian 
Sepsis National Guidelines.

The strength of this study is that this was the 
first study assessing the performance of the 2021 
Indonesian Sepsis National Guidelines and provided 
data of administration of antibiotics in the previous 
hospital,  which  are  factors affecting the blood culture 
results. In conclusion, this study revealed that 2021 
Indonesian Sepsis National Guidelines performance 
in diagnosing pediatric bacterial sepsis have low 
sensitivity and high specificity. Further study should be 
carried out in primary health care setting, where blood 
cultures are taken before administer the antibiotic to 
patient with suspected sepsis. Studies on assessing the 
cut-off PELOD-2 score ≥10 according to the 2021 
Indonesian Sepsis National Guidelines in diagnosing 
sepsis in children in Indonesia, evaluating the use 
of blood culture as a standard reference to identify 
bacteremia condition, as well as developing the use 
of molecular diagnostic technologies such as PCR, 
miRNAs, and presepsin as another standard reference 
in detecting  the  condition  of  bloodstream  infection  
in the  diagnosis  of  sepsis  are required.
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