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Abstract
Background Preterm neonates are susceptible to various complica-
tions and may require invasive procedures that increase the risk 
of sepsis, which is the third leading cause of mortality in children. 
Routine laboratory results, such as red-cell distribution width 
(RDW) and immature to total neutrophil (I/T) ratio, may be 
useful as predictors of mortality in neonatal sepsis patients. These 
laboratory markers have undergone limited testing as mortality 
predictors in preterm neonates with sepsis.
Objective To analyze the predictive ability of RDW and I/T ratio 
on sepsis mortality in preterm neonates.
Methods This prospective cohort study included 42 preterm 
neonates (gestational age 28-36 weeks + 6 days), with birth 
weight appropriate to gestational age. The diagnosis of sepsis was  
established based on the high probable sepsis (HPS) and prob-
able sepsis (PRS) criteria scores. RDW and I/T ratio values were 
obtained at the time of the sepsis diagnosis. Neonatal mortality 
was defined as death occurring within the first 28 days of life.  
Receiver operating characteristic (ROC) curve was used to  
analyze for associations between mortality and the laboratory 
markers.
Results The median RDW in preterm neonates who died was 
16.5% (range 14.0-32.7%). This was relatively similar to the 
median RDW value in preterm neonates who lived (16.25%; 
range 14.6-34.3%). ROC curve analysis revealed an area under 
curve (AUC) of 0.541 (95%CI 0.359 to-0.722; P=0.656). The 
median I/T ratio in preterm neonates who died was 0.13 (range 
0.03-0.22), which was similar to the median I/T ratio in preterm 
neonates who lived (0.15; range 0.11-8.20). The AUC value was 
0.387 (95%CI 0.214 to -0.559; P=0.213).
Conclusion The RDW and I/T ratio values cannot be used as 
predictors of sepsis mortality in preterm neonates. [Paediatr  
Indones. 2025;65:462-9;  DOI: https://doi.org/10.14238/
pi65.6.2025.462-9 ].
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P
reterm neonates are babies born before 

37 weeks of gestation. Over the past few 

decades, the number of premature births has 

increased worldwide. In Indonesia, in 2010, 

15.5% of neonates were born prematurely (around 

675,700 neonates) and 6.2% were born with low birth 

weight in 2018.1,2 

Preterm neonates have immature immune 

systems due to born before their immune systems fully 

developed and mature. They also lack of maternal 

antibodies such as immunoglobulin (IgG) that 

should be transferred tranplacentally during the third 

trimester of pregnancy, making them more susceptible 

to infection. Preterm neonates are also susceptible to 

complications that require invasive measures such as 

intravenous access and intubation, which can increase 

the risk of sepsis.2

Neonatal sepsis is a systemic clinical syndrome 

accompanied by bacteremia, which occur in the first 

month of life or in those aged <28 days.3 Sepsis causes 
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life-threatening organ dysfunction due to infection-

related immune dysregulation.3 Sepsis can damage to 

various neonatal organs.4

Neonatal sepsis is the third leading cause of 

death in children in Indonesia, with mortality rate 

that varies by study, 28.3% at Sanglah Hospital, 

Denpasar (especially in neonates with low birth 

weight and prematurity),5 22.2% at Dr. M. Haulussy 

Regional Hospital, Ambon,6 and 40.74% in Dr. 

Soetomo General Hospital, Surabaya (related to 

Apgar score and prematurity).7 A study at Sanglah 

General Hospital, Denpasar, in 2017-2018 also 

reported a mortality rate of 29.8% in babies with low 

birth weight (LBW).8 Variation of mortality rates 

related to neonates sepsis still far from the Sustainable 

Developmental Goals (SDGs) 3.2 target of 12 deaths 

per 1,000 live births or 1.2% in 2030.7  

Neonatal mortality rates related to sepsis need to 

be reduced, including by identifying markers to predict 

the final outcome of neonatal sepsis (mortality). 

Signs of sepsis can be detected in the laboratory using 

infection biomarkers.7 The release of inflammatory 

mediators in sepsis disrupts red blood cells, in terms of 

hemolysis, production, and/or maturation.9,10  These 

events can be assessed by red-cell distribution width 

(RDW), which has been noted in conditions related 

to inflammation and infection such as sepsis.11

Neutrophils are cellular components of the 

body's defense mechanism. Young or immature 

neutrophils can also be released into circulation and 

can increase absolutely so that it increases the ratio of 

immature neutrophil cells to total neutrophils, or what 

is known as the immature to total neutrophil ratio (I/T 

ratio). I/T ratio is a simple laboratory examination that 

can be used as an early detection method of neonatal 

sepsis. An I/T ratio >0.2 indicates that the sepsis 

process is ongoing.12

RDW and I/T ratio values in previous studies 

have been reported to predict mortality in neonatal 

sepsis. A study reported the ability of RDW and 

I/T ratio to predict mortality in term neonates with 

sepsis, with AUC values of 79.7% (P<0.001) and 

68.9%. (P=0.01), respectively.13 Another study also 

mentioned RDW as an independent predictor of late 

onset neonates sepsis (LONS) prognosis in preterm 

neonates, with an AUC value of 76.8%.14 Goh et 

al.15 also reported that I/T ratio was an independent 

predictor of mortality in preterm neonates with LONS. 

Severe I/T ratio values >0.3 can predict neonatal 

sepsis mortality in preterm neonates.16 It appears that 

RDW and I/T ratio are predictors of sepsis mortality 

in preterm neonates, especially in LONS.

The RDW and I/T ratio examinations are 

fast, easily accessible with complete blood counts, 

and affordable, especially in developing countries. 

Therefore, we aimed to evaluate whether RDW and 

I/T ratio can be effective predictors of mortality in the 

population of preterm neonates with sepsis treated at 

Dr. Moewardi Hospital, Surakarta.

Methods

This study was conducted prospectively to determine 

the predictive ability of RDW and I/T ratio values on 

mortality of preterm neonates with sepsis. Neonates 

that born in gestational age <37 weeks which then 

classified as extremely preterm (<28 weeks), very 

preterm (28-31 weeks), moderately preterm (32-33 

weeks), and late preterm (34-<37 weeks), have birth 

weight appropriate to its gestational age, neonates 

with sepsis score in high probable sepsis (HPS) and 

probable sepsis (PRS) categories were included in 

study. But preterm neonates with major congenital 

anomalies of the gastrointestinal tract, hypoxic 

ischemic encephalopathy, intracranial hemorrhage, 

necrotizing enterocolitis (NEC), hormonal disorders, 

or septic shock were excluded. Based on the neonatal 

mortality rate of 73% related to sepsis from a previous 

study14 and an expected sensitivity value of 98%, 

the required minimum number of subjects was 42. 

Subjects were selected consecutively. 

The study was conducted in the Perinatology 

Unit (NICU and HCU) of Dr. Moewardi Hospital, 

Surakarta, from July to December 2024. Sepsis 

diagnoses were established based on HPS or PRS sepsis 

scores. HPS criteria are ≥3 clinical signs related to 
sepsis (temperature instability, apnea, need for oxygen 

supplementation, need for ventilation, tachycardia/

bradycardia, hypotension, feeding intolerance, 

abdominal distension, and necrotizing enterocolitis), 

Hs-CRP >5 mg/mL, ≥2 changes in serum parameters 
(CRP, leukocyte, absolute neutrophil and platelet 

count), and blood culture: positive or negative. PRS 

criteria are <3 clinical signs related to sepsis, Hs-CRP 

>5 mg/mL, <2 other serum parameters change, and 
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negative blood culture.17

Mortality of preterm neonates with sepsis was 

observed from the time of diagnosis to the first 28 

days of life. RDW value was the variability of red 

blood cells (RBCs) in circulation, which is calculated 

by dividing the standard deviation of RBC volume 

by the mean corpuscular volume (MCV) multiplied 

by 100. RBC volume is obtained from a complete 

blood count (CBC) examination using a hematology 

analyzer. The I/T ratio value is the comparison of 

the number of immature neutrophils to the total 

neutrophils obtained from a peripheral blood smear 

examination using Giemsa staining. In addition to the 

RDW and I/T ratio values, characteristics of subjects 

were collected including age, gender, delivery method, 

Apgar score, and onset of sepsis.

The results of the study are presented in 

frequency distribution and percentage for categorical 

data, and median values and minimum-maximum 

ranges for continuous data. Testing for differences in 

proportions was performed using the Chi-square or 

Fisher’s exact test, while differences in median values 

according to preterm neonatal mortality status were 

analyzed using the Mann-Whitney test. The predictive 

ability of RDW and I/T ratio values on the mortality 

of preterm neonates with sepsis was analyzed using 

ROC curves, with SPSS version 22.0 software.

Results

The study subjects consisted of 42 preterm neonates 

with gestational age of 28 to <37 weeks and 

birth weight appropriate for gestational age. The 

characteristics of subjects are shown in Table 1. 

Preterm neonates with sepsis ranged in age from 0-25 

days. The number of males (57.1%) was greater than 

the number of females (42.9%). Subjects’ gestational 

age was mostly early and moderately preterm (35.7% 

each). Most neonates (71.4%) were born by Cesarean 

section and most (64.3%) had low birth weight (LBW). 

Subjects’ median Apgar scores were 5 (range 2-7) at 

1 minute, 6 (range 4-8) at 5 minutes, and 7 (range 

6-9) at 10 minutes. Most preterm neonates (88.1%) 

showed early onset of neonatal sepsis (EONS). The 

Table 1. Characteristics of preterm neonates

Characteristics

Neonatal mortality

Total (n=42) P valueDied  

(n=24)

Lived 

(n=18)

Median age (range), days 0 (0-25) 0 (0-25) 0 (0-25) 0.680*

Gender, n(%)

Male  

Female

14 

10

10 

8

24 (57.1)

18 (42.9)

0.857^

Gestational age, n(%) 

Extremely premature

Early preterm

Moderately premature

Late preterm

4 

9 

8

3

0 

6 

7 

5

4 (9.5)

15 (35.7)

15 (35.7)

8 (19.0)

0.238#

Mode of delivery, n(%) 

Spontaneous

Caesarean section (CS)

5

19

7 

11

12 (28.6)

30 (71.4)

0.200^

Birth weight, n(%) 

Very low birth weight (VLBW)

Low birth weight (LBW)

Normal birth weight (NBW)

12

12

0

2 

15 

1 

14 (33.3)

27 (64.3)

1 (2.4)

0.013#

Median Apgar score (range)

1 minute

5 minutes

10 minutes

5 (2-7)

6.5 (4-8)

8 (6-9)

5 (2-7)

6 (5-8)

7 (6-9)

5 (2-7)

6 (4-8)

7 (6-9)

0.247*

0.823*

0.512*

Onset of sepsis, n(%)

<72 hours after birth (early)

>72 hours after birth (late)

21 (50.0)

3 (7.1)

16 (38.1)

2 (4.8)

37 (88.1)

5 (11.9)

1,000^

Note: *Mann Whitney, ^Chi-square, #Fisher exact
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Table 2. Analysis of RDW and I/T ratio values based on mortality status of preterm 
neonates with sepsis

Variables

Mortality

P valueDied  

(n=24)

Lived  

(n=18)

Median RDW (range), % 16.15 (14.0-32.7) 16.25 (14.6-34.3) 0.656

Median I/T ratio (range) 0.13 (0.03-0.22) 0.15 (0.11-8.20) 0.211

		

mortality rates of preterm neonates with sepsis in this 

study was 57.1%.  Neonatal mortality was significantly 

associated with birth weight (P=0.013), with 

mortality in very LBW and LBW preterm neonates 

57.2% higher than in preterm neonates with normal 

birth weight (0.0%). Other characteristics of preterm 

neonates including age, sex, gestational age, mode of 

delivery, Apgar score, and onset of sepsis were not 

associated with mortality (P>0.05).

The differences in RDW and I/T ratio values 

according to the mortality status of neonatal sepsis 

preterm neonates are shown in Table 2. The median 

RDW value in preterm neonates with sepsis who died 

was 16.15% (range 14.0-32.7). In preterm neonates 

who lived, the median value was almost the same 

[16.25% (median 14.6-34.3)]. Mann-Whitney test 

revealed no significant difference in RDW values 

between subjects who lived and those who died 

(P=0.656; P>0.05). The median I/T ratio of preterm 

neonates with sepsis was 0.13 (0.03-0.22) in those 

who died and 0.15 (0.11-8.20) in those who lived. 

Mann Whitney test revealed that the I/T ratio was 

not significantly different in those who died or lived 

(P=0.211; P>0.05).

The ability of RDW and IT/ratio to predict 

sepsis mortality in preterm neonates is shown in the 

ROC curve analyses in Figures 1 and 2. Figure 1 

shows that the ROC curve is relatively close to the 

diagonal line, reflecting a 50% mortality probability 

level. The AUC value was 54.1% (95%CI 35.9 to 72.2; 

P=0.656), indicating that the RDW value cannot be 

used to classify/predict mortality in preterm neonates 

with sepsis.

Figure 2 shows that the ROC curve is below the 

diagonal line, reflecting a 50% mortality probability 

level. The AUC value was 38.7% (95%CI 31.4 to 55.9; 

P=0.213), indicating that the I/T ratio also cannot 

be used to classify mortality in preterm neonates 

with sepsis. Since both AUC values of RDW and 

I/T ratio were less than 0.60, the RDW and IT/ratio 

values failed to predict or classify mortality in preterm 

neonates with sepsis. 

Figure 1. ROC curve of RDW and mortality of pre-

term neonates with sepsis

Figure 2. ROC curve of I/T ratio and mortality of 

preterm neonates with sepsis
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Discussion 

The median age of subjects at sepsis diagnosis was 

0 (range 0-25) days, in line with the definition of  

neonatal sepsis  as an infection in the bloodstream of 

neonates aged ≤ 28 days. Neonatal sepsis in preterm 
neonates is due to immune system deficiency, especially 

from decreased IgG antibodies and opsonization and 

activation of incompetent complement, as well as the 

use of instruments to assist delivery.17 In our study, 

the majority of preterm neonates (71.4%) underwent 

Caesarean section (CS). Similarly, a previous study 

found that 56% of preterm neonates with sepsis 

underwent CS deliveries.18  In a study at Fatmawati 

Hospital, 59.5% of subjects underwent CS.19 

Subjects were mostly male (57.1%), similar 

to previous studies that reported male was more 

frequently seen in sepsis  (42-61.9%).20,21,22 Most 

neonates had early and moderately preterm gestational 

age (71.4%). A study similarly noted that the median 

gestational age of preterm neonates with sepsis was 

32 (range 28-36) weeks.21  Most of our subjects had 

LBW (64.3%). Likewise, another study reported 

that the median birth weight of preterm neonates 

with sepsis was 1,590 (1010-2,320) gr.21 Haryani 

et al.19 reported that 69.1% of neonates with LBW 

experienced neonatal sepsis.

Apgar score is used to assess the presence or 

absence of asphyxia in neonates immediately after 

birth. There was no significant difference in Apgar 

scores between subjects who died and lived. Preterm 

neonates with sepsis in this study had a median Apgar 

score of 5 (range 2-7) in the first minute after birth, 

a median score of 6 (range 4-8) at 5 minutes, and 

a median score of 7 (range 6-9) at the 10th minute. 

These findings were similar to those in a study at  

H. Hanafie Muara Bungo Hospital, Jambi, in which 

the mean 1-minute Apgar score of preterm neonates 

was 4.8 (SD 1.4), lower than the average 1-minute 

Apgar score of term neonates [5.7 (SD1.7)]. This 

difference is due to the fact that preterm neonates 

have immature organ development.21 Study at 

Temanggung Regional Hospital, Temanggung, also 

reported similar increases in preterm neonates’ Apgar 

scores at measurements 5 and 10 minutes after birth 

compared to measurements 1 minute after birth. 

Apgar scores at 1 minute after birth were dominated 

by mild to moderate asphyxia (41.2%), while at 5 

and 10 minutes, most preterm neonates (82.4% and 

94.1%, respectively) showed improvements in Apgar 

scores.23

Most of our subjects had EONS (88.1%). 

Similarly, a study at Fatmawati General Hospital , 

Jakarta, found that the most common form of neonatal 

sepsis was EONS (81%).20 Low birth weight has 

been associated with mortality in preterm neonates. 

Similar results were also shown in a study in the NICU 

of Zeynep Kamil Women and Children's Diseases 

Training and Research Hospital, Istanbul, Turkey. 

Neonatal sepsis patients who died had a lower birth 

weight than those who lived (1,045 g vs. 1,290 g; 

P=0.03).24 Another study in Serbia also reported 

that neonates with sepsis who died had significantly 

lower mean birth weight than those who lived [882.8 

(SD 372.2) g vs. 1660.9 (SD 721.1) g; P<0,001].25  

Previous studies also stated that the mortality rate of 

sepsis in very LBW babies was 29.8%,8 similar to our 

result of 28.6%. The mortality rate was negatively 

correlated with birth weight,24 because neonates 

with LBW experience deficiencies in the cellular and 

humoral immune systems and often undergo more 

invasive procedures.26

The mortality rate of our subjects was 57.1%, 

which was higher than that reported at Sanglah 

Hospital, Denpasar (35.5%)13 and Adam Malik 

Hospital, Medan (42.5%).27 The difference in 

mortality rates may have been due to differences in 

subjects’ ages. Our study was on preterm neonates 

who mostly had LBW and very LBW, while the 

two previous studies were on term neonates14 and 

children aged 2 months to 17 years.28

The ROC analysis showed that RDW was not 

effective in predicting mortality in preterm neonates 

with sepsis (AUC=0.541; 95%CI 0.359 to 0.722; 

P=0.656). In contrast, a previous study stated that 

RDW was effective as a predictor of neonatal sepsis 

mortality in term neonates at Sanglah Hospital, 

Denpasar (AUC 0.797; 95%CI 0.685 to 0.908;  

P<0.001).13 

The RDW value in preterm neonates with sepsis, 

both those who died or still alive, was relatively similar 

(16.15% vs. 16.25%, respectively). These figures are in 

the normal range because RDW in almost all preterm 

neonates in this study was measured <72 hours after 

birth.  A study on 165.613 neonates reported that 

the lower limit for term and late preterm is 15.5% 
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to 20% and slightly higher until >23% in preterm. 

Those ranges persistent till the first two weeks, but in 

preterm that value could be rise along with erythrocyte 

transfusions.29 This could be the one of reason RDW 

can’t predict mortality in preterm neonates with sepsis.  

Study on sepsis patients treated in the PICU room of 

Haji Adam Malik Hospital, Medan, also reported that 

the RDW value was also not associated with pediatric 

sepsis mortality.28 

The RDW cannot predict mortality of preterm 

neonates with sepsis because the age of preterm 

neonates in our study was 0-25 days and they generally 

had low and very LBW. Preterm neonates with low/

very LBW showed an increase in RDW during the 

first week of life, and the increase was relatively 

constant up to one month of life. Thus, RDW in that 

study cannot be used to predict the development of 

bronchopulmonary dysplasia because lack of control 

(preterm neonates with normal birth weight).30  

A condition that becomes one of the most common 

causes of morbidity and mortality in preterm neonates 

that have multifactorial etiology both from maternal or 

neonates, include: lack of antenatal steroids, maternal 

smoking, preeclampsia, hypoxia, maternal infection, 

genetic susceptibility, congenital anomalies, lung 

immaturity, poor nutrition, mechanical ventilation 

needs, oxygen injury, and sepsis.31

Increased RDW in preterm neonates occurs due 

to vulnerability to the postnatal environment, such as 

inflammation and sudden cessation of transplacental 

iron transport, so erythropoiesis becomes ineffective or 

reticulocytosis occurs.28 The number of reticulocytes 

in preterm neonates is usually higher than in term 

neonates; however, the number can vary greatly 

depending on the severity of the disease.32 The 

increase in the number of reticulocytes in preterm 

neonates is a rapid physiological response to changes 

in the intra- to extrauterine environment during the 

early postnatal period.33 

While RDW can be elevated in sepsis due to 

the body's inflammatory response and its impact on 

red blood cell production and survival, it may not 

reliably predict mortality in neonates with sepsis. 

While some studies suggest a correlation between 

higher RDW and increased mortality risk, others show 

no significant association or find conflicting results. 

The predictive value of RDW in neonatal sepsis is still 

under investigation and may be influenced by various 

factors like gestational age, comorbidities, and other 

biomarkers.28  The RDW is a relatively non-specific 

marker, and its levels can be affected by various factors 

beyond sepsis, such as anemia, vitamin deficiencies, 

and other inflammatory conditions.25 Sepsis is a 

complex condition, and RDW alone may not capture 

the full picture of disease severity. Other biomarkers 

like C-reactive protein (CRP), procalcitonin, and 

white blood cell counts are often used in conjunction 

with RDW to assess prognosis.34

The ROC curve analysis showed that I/T ratio 

was also not effective in predicting mortality in 

preterm neonates with sepsis (AUC 0.387; 95%CI 

0.214 to 0.559; P=0.213). This finding differed from 

the study by Sukewanti et al. who found I/T ratio 

effective as a predictor of neonatal sepsis mortality 

(AUC 0.689; 95%CI 0.557 to 0.821; P=0.01).13  The 

I/T ratio value in a Singaporean study was reported 

to be an independent predictor of LONS mortality in 

preterm neonates with very LBW.15

The median I/T ratio was 0.13 (range 0.03-

0.22) in preterm neonates with sepsis who died and 

0.15 (range 0.11-8.20) in those who lived, with no 

significant difference. The I/T ratio value of both 

groups was considered normal because it was below 

0.2. Since most preterm neonates had EONS, the I/T 

ratio value WAS not reliable for predicting mortality 

because increases in I/T ratio can be caused by other 

physiological conditions. The I/T ratio in EONS can 

also be misinterpreted in cases of preterm neonates 

with perinatal asphyxia, maternal hypertension, and 

long-term oxytocin induction.15,16 The normal I/T 

ratio increases to 0.16 during the first 24 hours of 

birth and decreases to 0.12 in the 5 days after birth 

until the end of the neonatal period.16

Since other factors can affect I/T ratio in preterm 

neonates with EONS, neutropenia is considered to 

be a better marker for predicting neonatal sepsis 

outcomes because conditions such as maternal 

hypertension, asphyxia, and hemolytic disease can 

suppress neutrophil counts in neonates.30 Previous 

study also stated that I/T ratio is useful for predicting 

EONS but cannot be relied on as the only predictor 

of neonatal sepsis outcomes, and is better if combined 

with CRP measurements.35  The I/T ratio, while 

helpful in diagnosing neonatal sepsis, does not 

consistently predict mortality because other factors 

beyond the I/T ratio significantly influence mortality 
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in septic neonates.36 Sepsis is a dynamic process, 

and the I/T ratio may change over time, making 

it challenging to correlate with a single outcome 

measure like mortality.37

The limitations of our study were that we could 

not fully control for confounding factors that can 

affect the mortality status of preterm neonates with 

EONS. These factors, according to previous study, 

include septic shock, heart failure, respiratory failure, 

hypothermia, and persistent pulmonary hypertension 

of the newborn (PPHN).38  In conclusion, RDW and 

I/T ratio cannot be used to predict neonatal sepsis 

mortality in preterm neonates with low and very low 

birth weight and in those with early onset sepsis.
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