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ABSTRACT 

Introduction: Neonatal sepsis is an emergency because delayed 
treatment can be fatal, whereas the diagnosis is challenging 
because of the unspecific clinical manifestation. Bacterial culture 
is the gold standard for the diagnosis, but it takes several days to 
get the results, which often come out as negative. This study aims 
to determine the diagnostic value of RDW to support the diagnosis 
of neonatal sepsis in 34 – 42 week gestational age neonates. 
Methods: This cross-sectional diagnostic study used secondary 
data obtained from Medical Record Installation and Clinical 
Pathology Laboratory of Dr. Mohammad Hoesin General Central 
Hospital in Palembang, Indonesia. One hundred and thirty-four 
medical records were statistically analysed using Med Calc 
Version 19 to determine the cut-off point and diagnostic value of 
RDW in the diagnosis of neonatal sepsis. 
Results: One hundred and thirty-four subjects consisting 32 septic 
neonates (23.9%) and 102 non-septic neonates (76.1%) were 
reviewed. Most of them were males (80/134) and preterm (73/134) 
with normal birth weight (99/134). At the cut-off point of > 
16.2%, RDW value was significantly able to predict neonatal 
sepsis (p = 0.000, p < α) with prediction power (AUC) of 0.780 
(fair). The diagnostic values were sensitivity 84.37%, specificity 
57.84%, positive predictive value 38.57%, negative predictive 
value 92.19%, positive likelihood ratio 2.00 and negative 
likelihood ratio 0.27. 
Conclusions: Red cell distribution width value might potentially 
be used as a diagnostic marker to support the diagnosis of neonatal 
sepsis in 34 – 42 week gestational age neonates. However, further 
study is needed to support this statement.  
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INTRODUCTION 
Neonatal sepsis is one of the main causes of 
neonatal morbidity and mortality.1 Study shows that 
around 2,202 neonates every 100,000 live births is 
septic, with a mortality rate of 11-19%.2 In 
Indonesia, neonatal sepsis (13%) is the fourth 
leading cause of death among children under five.3 
Neonatal infection is also one of the four major 
causes of neonatal death in Palembang, Indonesia.4 
Previous study conducted in Dr. Mohammad 
Hoesin General Centre Hospital, Palembang, found 
that among 577 neonates, 94 (16.3%) were septic 
neonates from June to October 2016. Only 26 
(27%) of them have a positive culture result.5 

Neonatal sepsis is an uncontrolled systemic 
response to infection that occurred in the first 28 
days of life. The diagnosis is made when Systemic 
Inflammation Response Syndrome (SIRS) is 
accompanied by suspected or proven infection.6,7 
Neonatal sepsis is still an emergency because 
delayed treatment can be fatal, whereas the 
diagnosis is challenging because of the unspecific 
clinical manifestation.8 Bacterial culture is the gold 
standard for the diagnosis of neonatal sepsis, but it 
takes several days to get the result. The results also 
often come out as negative, even when the clinical 
manifestation is severe, because of inadequate 
blood volume, minimum colony growth, or 
antecedent antibiotic administration.9 CRP can also 
support the diagnosis of neonatal sepsis, but the 
concentration is normal or even low in the first 12 
hours of inflammation, so that serial CRP test is 
needed.10,11 

Red cell distribution width (RDW) is red cell size 
variability, which is routinely evaluated as part of a 
complete blood count test. The value is increased in 
the inflammation process because of ineffective 
production and / or increased destruction of red 
cells.12 RDW value offers rapid and more cost-
effective neonatal sepsis diagnosis. This study aims 
to determine the diagnostic value of RDW to 
support the diagnosis of neonatal sepsis.  

METHODS 
This cross-sectional diagnostic study used 
secondary data obtained from Medical Record 
Installation and Clinical Pathology Laboratory of 
Dr. Mohammad Hoesin General Centre Hospital in 
Palembang, Indonesia, from June 2017 to June 

2019 to determine the cut-off point and diagnostic 
value of RDW in the diagnosis of neonatal sepsis. 
Medical records of 34 – 42 week gestational age 
neonates suspected of having an infection with 
complete blood count data were included. 

The exclusion criteria were neonates with 
respiratory distress (transient tachypnea of the 
newborn, respiratory distress syndrome, meconium 
aspiration syndrome) or Apgar score at five minutes 
after birth less than five, congenital heart disease, 
history of blood transfusion before the complete 
blood count, and mother who were diagnosed with 
AIDS (Acquired Immunodeficiency Syndrome). 
The diagnosis of sepsis in the medical record was 
made according to the Clinical Practice Guideline 
of Child Health Department under the supervision 
of a neonatologist, which was clinical sepsis 
supported by one or more laboratory examination: 
(1) leukocyte count ˂ 5,000/mm3 or ˃ 34,000/
mm3), (2) Immature / Total neutrophil ratio ≥ 0.2, 
(3) micro-ESR (Estimated Sedimentation Rate) ˃15 
mm/hour, (4) CRP ˃ 9 mg/dL, or (5) positive blood 
culture.13 This study was approved by the 
Mohammad Hoesin Central General Hospital and 
Faculty of Medicine Sriwijaya University Health 
Research Review Committee. 

Characteristic data (gender, gestational age, birth 
weight), laboratory data (RDW value), and 
diagnosis were obtained from medical records. One 
hundred and thirty-four medical records of 
suspected infection neonates that fulfil the 
inclusion criteria were statistically analysed using 
MedCalc Version 19 to determine cut-off value 
using receiver operation characteristic (ROC) curve 
and diagnostic value of RDW in the diagnosis of 
neonatal sepsis using cross-tabulation.Subjects 
were then divided in two groups consisting of 
neonates with RDW value lower than the cut-off 
value and neonates with RDW value higher than 
the cut-off value. Comparison of the diagnosis of 
neonatal sepsis between RDW groups was analysed 
using Chi-square with a significance level of p < 
0.05. 

RESULTS 
One hundred and thirty-four subjects consisting of 
32 septic neonates (23.9%) and 102 non-septic 
neonates (76,1%) were reviewed. Characteristic 
data (gender, gestational age, birth weight) and 
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RDW value is shown in Table 1. Most of the 
subjects are preterm males with normal birth 
weight. Table 2 shows the cross-tabulation of RDW 
values and neonatal sepsis.  

At the cut-off point of > 16.2%, RDW value is 
significantly able to predict neonatal sepsis (p = 
0.000, p < α) with prediction power (AUC) of 
0.780 (fair) with 95% CI 0.690 – 0.869 shown in 
Figure 1. The diagnostic values are sensitivity 
84.37% (95% CI 67.21% – 94.72%), specificity 
57.84% (95% CI 47.66% – 67.56%), positive 
predictive value 38.57% (95% CI 27.17% – 
50.97%), negative predictive value 92.19% (95% 
CI 82.70% – 97.41%), positive likelihood ratio 2.00 
(95% CI 1.53 – 2.63), and negative likelihood ratio 
0.27 (95% CI 0.12 – 0.61).      

The ROC curve shows that the optimum sensitivity 
and specificity of RDW value to support the 

diagnosis of neonatal sepsis is 84.37% and 57.84% 
with prediction power (AUC) of 0.780 (fair).      

DISCUSSION 
Neonatal sepsis remains a major problem because 
delayed treatment can be fatal, whereas the 
diagnosis is challenging because of the unspecific 
clinical manifestation.8 Of the 134 subjects, 80 
(59.7%) were males. This may be explained by the 
fact that the microRNA gene is located in the X 
chromosome. The gene regulates globulin protein 
synthesis that is needed for immunity. Females 
have two X chromosomes (XX), whereas males 
only have one X chromosome (XY). Therefore, 
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Table 1. Characteristic data of subjects 

Figure 1. ROC curve of sensitivity and specificity of 
RDW value 

Characteristics n % Sepsis Non-sepsis
n % n %

Gender
Male 80 59.7 22 68.7 58 56.9
Female 54 40.3 10 31.3 44 43.1

Birth weight
Low (1,500 – 2,500 g) 35 26.1 3 9.4 32 31.4
Normal (> 2,500 g) 99 73.9 29 90.6 70 68.6

Gestational age
Pre-term 73 54.5 17 53.1 56 54.9
Term 61 45.5 15 46.9 46 45.1

RDW value
> 16.2% 70 52.2 27 84.4 43 42.2
≤ 16.2% 64 47.8 5 15.6 59 57.8

Total 134 100 32 100 102 100

Table 2. Cross-tabulation of RDW values and neonatal 
sepsis 

RDW 
Value

Neonatal sepsis Total

Sepsis Non-sepsis

˃ 16.2% 27 43 70

≤ 16.2% 5 59 64

Total 32 102 134
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males are less immunologically-protected than 
females.14,15      

Most subjects with a suspected infection had a 
gestational age of < 37 weeks (53.1%). This finding 
is consistent with the theory that preterm neonates 
have immature immunity so that the phagocytosis 
as body defence against infection is impaired. 
Preterm neonates also receive less passive antibody 
that is transferred transplacentally since 20 weeks 
g e s t a t i o n a l a g e . M o r e o v e r , p r o l o n g e d 
hospitalisation of preterm neonates increases the 
risk of nosocomial infection.7,16 Neonates with low 
birth weight also need prolonged hospitalisation 
and have underdeveloped immunity making them 
more vulnerable to infection. On the other hand, 
most of the subjects of this study were neonates 
with normal birth weight (73,9%). This might be 
because we excluded neonates with gestational age 
less than 34 week gestational age, which usually 
have lower birth weight.17,18 

The mechanism responsible for the increase of 
RDW in neonatal sepsis is not yet clearly 
described. Inflammatory cytokines can modulate 
erythropoiesis with two pathways (1) suppression 
of erythroid cell maturation in bone marrow or (2) 
inhibition of Epo gene transcription in the kidney 
or liver. Inflammatory cytokines cause Epo 
desensitization, which then obstructs erythroid 
progenitor cell proliferation and proerythroblast 
maturation resulting in bone marrow erythropoiesis 
suppression.19 Normal erythropoiesis occurs as a 
response of erythropoietin (Epo) increase in 
plasma, which is stimulated by oxygen perfusion 
decrease with the purpose to restore blood oxygen 
capacity.20 Epo production can be suppressed by 
TNF-α, IL-1β, and IL-6.21,22 Therefore, the ability 
to restore blood oxygen capacity is compromised. 
However, the erythropoiesis process is not entirely 
obstructed. Severe hypoxic conditions can 
stimulate Epo stronger and increase erythroid 
activity. In the end, these mechanisms cause 
immature erythrocyte production so that the RDW 
value is increased.20 

At the cut-off point of >16.2%, RDW value was 
significantly able to predict neonatal sepsis (p = 
0.000, p < α) with area under the curve (AUC) of 
0.780 (fair). The diagnostic values were sensitivity 

84.37%, specificity 57.84%, positive predictive 
value 38.57%, negative predictive value 92.19%, 
positive likelihood ratio 2.00, and negative 
likelihood ratio 0.27. An Egypt prospective case-
control study with 162 subjects reported that RDW 
value was significantly able to predict neonatal 
sepsis (p < 0.001) with prediction power (AUC) of 
0.739 (fair) at the cut-off point of >18% (sensitivity 
64.3%, specificity 8.6%) and AUC of 0.924 
(excellent) at the cut-off point of > 14.3% 
(sensitivity 85%, specificity 100%).6 A previous 
cross-sectional study with 50 subjects suspected for 
neonatal sepsis in Malang found that RDW value at 
the cut-off point of 16.5% had 53% sensitivity and 
58% specificity.23 

In this study, the exclusion criteria were strict by 
excluding neonates with less than 34 week 
gestational age and respiratory distress. Therefore, 
intervening factors affecting RDW values were 
minimalised. However, this study has limitations. 
This study used secondary data so that it was 
difficult to obtain numerous data that comply with 
the inclusion and exclusion criteria. Therefore, the 
sample size was relatively small. The data was also 
often difficult to read and / or incomplete. 
Prospective studies with a large number of neonates 
are needed in order to generalise these findings. A 
parallel test with other diagnostic markers (e.g. 
CRP, leukocyte count) may increase sensitivity and 
specificity. 

CONCLUSIONS 
In conclusion, RDW value was sufficiently 
accurate to support the diagnosis of neonatal sepsis 
in 34 – 42 week gestational age neonates with 
suspected infection. As such, the RDW value of 
more than 16.2% might potentially be used as a 
diagnostic marker to support the diagnosis of 
neonatal sepsis. It is also quicker and more cost-
effective than blood cultures and serial CRP so that 
it might help to reduce the mortality and morbidity 
due to neonatal sepsis. 
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