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ABSTRACT

Background: Neonatal sepsis is a leading cause of neonatal mortality, and early identification of severity remains
challenging in resource-limited settings. Red cell distribution width (RDW), a routinely reported haematological
index, has emerged as a potential low-cost prognostic biomarker in sepsis.

Objective: To evaluate the prognostic value of RDW in neonatal sepsis and its correlation with disease severity,
and to identify associated risk factors.

Methods: This prospective observational study enrolled 100 neonates aged 1-28 days with clinical features
suggestive of sepsis to Koppal Institute of Medical Sciences, Koppal, India. Institutional ethical clearance and
written consent from parents or guardian was taken. Neonates were classified as no sepsis, sepsis, or septic shock.
RDW, complete blood count, CRP, and blood culture were assessed on day 1 and day 3 of illness. Sensitivity,
specificity, and receiver operating characteristic (ROC) curve analysis were used to evaluate RDW as a predictor
of CRP positivity.

Results: Mean RDW increased with severity: 15.99 in neonates without sepsis, 17.43 in sepsis, and 18.25 in septic
shock (correlation coefficient 0.49, moderate positive correlation). On day 1, RDW-CV (cut-off >16.00%)
predicted CRP positivity with 88.9% sensitivity and 51.1% specificity (AUC 0.689, p=0.008), while RDW-SD
(cut-off >66.30 fL) showed 50.0% sensitivity and 78.7% specificity (AUC 0.585, p=0.048). Blood culture was
positive in 20% of neonates, most commonly Klebsiella pneumoniae (9%). Mortality was higher among outborn
(20.3%) than inborn (12.2%) neonates.

Conclusion: RDW rises progressively with the severity of neonatal sepsis and is a highly sensitive, inexpensive,
and readily available screening biomarker. Its moderate specificity limits its use as a standalone diagnostic test,
and it should be interpreted alongside CRP and clinical assessment. Larger multicentric studies are recommended
to validate cut-off values before routine clinical adoption.

Keywords: Neonatal Sepsis, Red Cell Distribution Width, Biomarker, C - reactive protein, Septic Shock,
Neonatal Mortality.

INTRODUCTION

Neonatal sepsis remains one of the leading causes of
morbidity and mortality among newborns
worldwide, and this burden is more in low- and
middle-income  countries  where  healthcare
infrastructure and diagnostic resources are often
limited.[1] The condition is classified as early-onset
sepsis (EOS), presenting within the first few days of
life and typically resulting from vertical
transmission of pathogens from mother to infant,
and late-onset sepsis (LOS), which develops later
and is linked to hospital-acquired infection.
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[2] Maternal risk factors such as prolonged rupture
of membranes, chorioamnionitis, and untreated
genitourinary infection, together with neonatal
factors including prematurity, low birth weight, and
invasive interventions increases the risk of
sepsis.[3,4]

Clinical diagnosis of neonatal sepsis is challenging
because presenting features like poor feeding,
lethargy, temperature instability, and respiratory
distress are nonspecific and overlap with several
other neonatal conditions. Blood culture remains the
reference standard for confirming bacterial
infection, but its diagnostic yield is limited by
delayed turnaround time, prior antibiotic exposure,
and low sensitivity.[5]Commonly used markers
such as C-reactive protein (CRP) and procalcitonin
support the diagnosis but have variable specificity,
high cost, and limited availability in peripheral
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centres. [6,7] This has driven interest in simple,
inexpensive, and widely available haematological
indices that could help in resource-limited settings.

Red cell distribution width (RDW) is a quantitative
measure of anisocytosis that is generated
automatically as part of every complete blood
count.[8] Although traditionally used in the
evaluation of anaemia, RDW has increasingly been
recognised as a marker of systemic inflammation:
pro-inflammatory cytokines suppress erythropoiesis
and alter red-cell maturation, widening the
distribution of circulating red-cell volumes.[9,10]
Elevated RDW has been associated with adverse
outcomes in adult sepsis and septic shock,[11,12]
and literature suggests that RDW correlates with the
presence and severity of neonatal sepsis and may
add prognostic value alongside CRP.[13,14,15,16]

Because RDW is obtained at negligible additional
cost with every complete blood count, it is an
effective and affordable biomarker for centres where
advanced diagnostics such as procalcitonin assays or
molecular testing are not readily available. [17,18]

District-level teaching hospitals in India care for
large numbers of neonates, often with limited access
to advanced diagnostics and inconsistent referral
pathways. [19,20] So, a low-cost biomarker such as
RDW in this setting is relevance. We conducted this
prospective observational study to evaluate the
prognostic value of RDW in neonates with sepsis, to
determine its correlation with disease severity, and
to identify risk factors associated with neonatal
sepsis in this population.

MATERIALS AND METHODS

Study design and setting

This prospective observational study was conducted
in the Department of Paediatrics, Koppal Institute of
Medical Sciences (KIMS), a tertiary-level district
teaching hospital in Koppal, Karnataka, India, over
a period of 18 months (1 July 2023 to 31 December
2024).

Study population

Neonates aged 1-28 days admitted with clinical
features suggestive of sepsis (fever, respiratory
distress, lethargy, poor feeding, or other signs of
systemic infection) were eligible for inclusion.
Neonates were additionally classified by gestational
age (full-term, late preterm, moderate preterm, very
preterm, and extreme preterm, using the New
Ballard Score) and by birth weight (low birth weight
<2.5 kg, very low birth weight <1.5 kg, and
extremely low birth weight <1 kg). Neonates older
than 28 days and those with major congenital
anomalies, perinatal asphyxia, or a diagnosis of
anaemia were excluded.

Sample size

Sample size was calculated using the standard
formula for estimation of a population proportion
(Z=1.96 for 95% confidence, expected proportion
p=0.30, allowable error e=9%), which vyielded a
minimum requirement of approximately 100
neonates. A total of 100 neonates were enrolled.
Clinical and laboratory evaluation

A structured case record form was used to document
antenatal, intrapartum, and postnatal history
(maternal fever, prolonged rupture of membranes,
foul-smelling or  meconium-stained  liquor,
prolonged labour), Apgar scores, and clinical
examination findings, including vital signs (heart
rate, respiratory rate, oxygen saturation, capillary
refill time, and temperature). Peripheral venous
blood was sampled aseptically on day 1 and day 3 of
iliness for complete blood count with RDW
(measured on an automated haematology analyser),
CRP, and, in neonates with clinical suspicion of
sepsis, blood culture and sensitivity testing;
neonates without clinical features of sepsis served as
an internal comparison group and did not undergo
blood culture. Neonates were categorised into three
severity groups — no sepsis, sepsis, and septic shock
— based on standard clinical and laboratory criteria.
Ethical considerations

The study was approved by the Institutional Ethics
Committee of KIMS, Koppal. Written informed
consent was obtained from the parent or legal
guardian of each participating neonate prior to
enrolment.

Statistical analysis

Data were analysed using standard statistical
software. Continuous variables were summarised as
means and compared between severity groups using
the independent-sample t test; categorical variables
were compared using the chi-square test. Sensitivity,
specificity, positive and negative predictive values,
and diagnostic accuracy of RDW — both coefficient
of variation (RDW-CV) and standard deviation
(RDW-SD) - for predicting CRP positivity were
calculated for day 1 and day 3, and receiver
operating characteristic (ROC) curve analysis was
used to identify optimal cut-off values and the area
under the curve (AUC). A two-tailed p value <0.05
was considered statistically significant.

RESULTS

Total of 100 neonates were enrolled, of which 41
(41.0%) were male and 59 (59.0%) were female. On
the basis of clinical and laboratory criteria, 34
neonates (34.0%) had no sepsis, 43 (43.0%) had
sepsis, and 23 (23.0%) had septic shock. Forty-one
neonates (41.0%) were inborn and 59 (59.0%) were
out born (Table 1).

Table 1. Demographic Characteristics and Clinical Profile of the Study Population (N = 100)
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Variable Category No Sepsis Sepsis Septic Shock
Female 16 (39.02%) 14 (34.15%) 11 (26.83%)
Sex Male 18 (30.51%) 29 (49.15%) 12 (20.34%)
1.0-15 3 (16.67%) 13 (56.52%) 3 (30.00%)
. . 1.6-2.5 8 (44.44%) 7 (30.43%) 6 (60.00%)
B'”h(lyv)e'ght 2635 7 (38.89%) 3 (13.04%) 1 (10.00%)
g >3.5 0 (0.00%) 0 (0.00%) 0 (0.00%)
Lower birth weight was associated with higher disease saturation below 92%, capillary refill time
severity, neonates weighing 1.0-1.5 kg had the highest exceeding 3 seconds, and hypothermia were all
proportion of sepsis (56.5%), while those 1.6-2.5 kg more frequent in sepsis and septic shock than in
accounted for the large number of septic shock cases neonates without sepsis. Capillary refill time and
(60.0%); no neonate weighing more than 3.5 kg hypothermia showing the strongest association with
developed sepsis or septic shock. septic shock (Table 2).

Deranged vital signs were in line with severity.
Tachycardia, respiratory rate above 60/min, oxygen

Table 2. Association of vital signs with severity of illness

Vital sign No sepsis n (%) Sepsis n (%) Septic shock n (%)
Heart rate Normal _ 20 (50.0) 15 (37.5) 5 (12.5)
Tachycardia 14 (23.3) 28 (46.7) 18 (30.0)
Respiratory < 60/min 26 (36.6) 26 (36.6) 19 (26.8)
rate > 60/min 8 (27.6) 17 (58.6) 4 (13.8)
SpOs Normal (>92%) 32(37.2) 35 (40.7) 19 (22.1)
Abnormal (<92%) 2 (14.3) 8 (57.1) 4 (28.6)
CRT CRT < 3sec 33 (49.3) 27 (40.3) 7 (10.4)
CRT > 3 sec 1(3.0) 16 (48.5) 16 (48.5)
Normal 21 (38.9) 27 (50.0) 6 (11.1)
Temperature Hypothermia 1(5.3) 7 (36.8) 11 (57.9)
Hyperthermia 12 (44.4) 9 (33.3) 6 (22.2)

Mean RDW increased progressively with severity, from 15.99% in neonates without sepsis to 17.43% in sepsis
and 18.25% in septic shock (Table 3)

Table 3. Mean Red Cell Distribution Width (RDW) By Severity Group

Severity group Mean RDW (%)
No sepsis 15.99
Sepsis 17.43
Septic shock 18.25
Blood culture was positive in 20 of 100 neonates species (6.0%), Citrobacter species (3.0%),
(20.0%); Klebsiella pneumoniae was the most Pseudomonas aeruginosa (1.0%), and Streptococcus
frequent isolate (9.0%), followed by Acinetobacter species (1.0%) (Table 4).
Table 4. Blood Culture Profile of the Study Population
Organism n %
Negative 80 80.0
Klebsiella pneumoniae 9 9.0
Acinetobacter spp. 6 6.0
Citrobacter spp. 3 3.0
Pseudomonas aeruginosa 1 1.0
Streptococcus spp. 1 1.0
On ROC analysis, day 1 RDW-CV at a cut-off of sensitivity and 51.1% specificity (AUC 0.689, p =
>16.00% predicted CRP positivity with 88.9% 0.0078), while day 1 RDW-SD at a cut-off of >66.30
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fL showed lower sensitivity (50.0%) but higher
specificity (78.7%; AUC 0.585, p = 0.0484). By day
3, RDW-CV (cut-off >14.80%) retained high
sensitivity (95.6%) but specificity fell to 25.0%

(AUC 0.471, p = 0.042), and RDW-SD (cut-off
>58.30 fL) showed intermediate, non-significant

performance (AUC 0.564, p = 0.241) (Table 5).

Table 5. Diagnostic Performance of RDW-CV and RDW-SD for Predicting CRP Positivity on Day 1 and Day 3

Day / index Cut-off | AUC Sen(soi/t)i )V ity Spe(%i/f)i)city lz(;)\)/ 'E{;)\)/ AC?,J/: ;‘ cy p value
PYLIPW | 21600 | 0689 | 889 51.1 410 | 923 | 615 | 00078
Day égDW' >66.30 | 0585 |  50.0 78.7 474 | 804 708 | 0.0484
PSEOW | 1ag0 | 0471 | 956 25.0 741 | 714 | 738 | 00420
PySEOW: | >s830 | 0564 | 733 45.0 750 | 429 | 646 | 02414

Risk factors more common among neonates with
sepsis and septic shock, including clinical features
of sepsis at presentation, maternal febrile illness

with suspected bacterial infection, foul-smelling or
meconium-stained liquor, and prolonged labour
(Table 6).

Table 6. Antenatal and Intrapartum Risk Factors By Severity Group

Risk factor No sepsis n (%) | Sepsis n (%) | Septic shock n (%)

Clinical features of sepsis 10 (27.0) 20 (54.1) 7(18.9)
Maternal febrile illness with suspected bacterial

infection (<2 wk pre-delivery) 7(35.0) 7(35.0) 6(30.0)
Foul-smelling / meconium-stained liquor 4 (30.8) 7 (53.8) 2 (15.4)
Rupture of membranes >24 h 9 (45.0) 6 (30.0) 5 (25.0)
>3 sterile / uncleanl ;/bagllj?al examinations in 3 (60.0) 1(20.0) 1(20.0)
Prolonged labour (1st + 2nd stage >24 h) 1 (20.0) 2 (40.0) 2 (40.0)

DISCUSSION

In this study 100 neonates were evaluated for sepsis,
Mean RDW increased progressively with severity,
from 15.99% in neonates without sepsis to 17.43%
in sepsis and 18.25% in septic shock — supporting its
role as a marker in neonatal sepsis. This observation
is consistent with similar studies where elevated
RDW was linked to greater severity and mortality in
neonatal sepsis. [9,10,13,15,16]

Similar associations between RDW and adverse
outcomes have also been described in adult sepsis
and septic shock, where higher RDW independently
predicted mortality on multivariable analysis.
[11,12]

The diagnostic performance of RDW in our study
showed similar pattern that is reported in the wider
literature: RDW-CV was highly sensitive but only
moderately specific for predicting CRP positivity,
whereas RDW-SD showed the reverse pattern of
lower sensitivity but better specificity.[17] This
trade-off suggests that RDW-CV is best suited as a
screening test to flag neonates who require closer
evaluation, while a normal RDW-SD may help
identify neonates at lower risk. The decline in
specificity of RDW-CV from day 1 to day 3, with

Asian J. Med. Res. Health Sci., 2026; 4 (2):2065-2070

sensitivity remaining high, indicates that RDW
alone becomes progressively less discriminating as
illness evolves and is better used for early screening
than for serial monitoring. This is consistent with
prior work showing RDW is a useful adjunct rather
than a stand-alone diagnostic marker for neonatal
sepsis, and supports combining it with CRP or other
inflammatory markers to improve accuracy.[14]
Low birth weight neonates in our study experienced
sepsis and septic shock more frequently than those
with birth weight above 2.5 kg, and no neonate
above 3.5 kg developed sepsis or septic shock. This
is in keeping with previous reports identifying low
birth weight as a major risk factor for neonatal sepsis
and its complications.[22]  Antenatal and
intrapartum risk factors — including maternal febrile
illness, foul-smelling or meconium-stained liquor,
and prolonged labour — were more common among
neonates who developed sepsis or septic shock,
corroborating risk factors reported in earlier Indian
cohorts and systematic reviews.[3,4]

Abnormal vital signs tachycardia, tachypnoea,
hypoxaemia, prolonged capillary refill time, and
hypothermia were c associated with severity in our
study, a pattern was seen other studies.[23] The high
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rate of culture-negative sepsis (80.0%) in our study
is consistent with other reports from similar settings
and likely reflects a combination of prior antibiotic
exposure and the limited sensitivity of conventional
blood culture. Klebsiella pneumoniae was the
predominant isolate among culture-positive cases,
echoing the organism profile reported from other
Indian and regional neonatal units.[24,25,26]
Taken together, our findings support RDW as an
accessible, low-cost adjunct biomarker that can be
obtained from a routine complete blood count and
used for early screening of neonates at risk of severe
sepsis, particularly in resource-limited settings
where procalcitonin or molecular diagnostics are not
readily available.[17,18] However, given its
moderate specificity, RDW should not be used in
isolation; incorporating it into a composite score
alongside CRP, clinical severity indices, and vital-
sign trends is likely to improve diagnostic and
prognostic accuracy.[21]

Limitations

This study has several limitations. It was conducted
at a single centre with a small sample size of 100
neonates, which may limit generalisability. The
relatively short follow-up period did not allow
assessment of long-term outcomes. Reliance on a
single biomarker, cannot fully capture neonatal
sepsis, and future work should evaluate RDW as part
of a multi-marker panel.

CONCLUSION

RDW increases progressively with the severity of
neonatal sepsis and is a highly sensitive, low-cost,
and readily available screening biomarker that can
be derived from a routine complete blood count. Its
moderate specificity means it is best used as an early
screening tool rather than a stand-alone diagnostic
test, and should ideally be interpreted together with
CRP, clinical severity assessment, and other
available  biomarkers.  Larger, multicentric,
prospective studies with longer follow-up are
recommended to validate optimal RDW cut-off
values and to define its place within a composite
diagnostic and prognostic panel for neonatal sepsis,
particularly in resource-limited settings.
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