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ABSTRACT 
Background: Early-onset neonatal sepsis continues to be a major cause of morbidity and 

mortality. Identifying simple prognostic markers is essential for early risk stratification. Red 

cell distribution width (RDW), an inexpensive and routinely available parameter in Complete 

Blood Count (CBC), has been proposed as a useful marker in systemic infections. This study 

examined the association between RDW levels and blood culture results in early-onset neonatal 

sepsis. Methods: A descriptive laboratory-based study was conducted between January 2024 

till December 2024, involving 250 neonates with clinically suspected early-onset sepsis. Blood 

samples were analyzed for CBC and cultured for pathogen identification. Results: Of the 250 

neonates with positive blood cultures, the pathogens were distributed as follows: 

Staphylococcus aureus (115 cases), Pseudomonas spp. (35 cases), Candida spp. (35 cases), 

and Escherichia coli (65 cases). RDW values were significantly elevated, with a mean of 20 ± 

2.5%. An RDW threshold ≥17% demonstrated high sensitivity in predicting mortality among 

septic neonates. Conclusion: The study highlights RDW as a cost-effective, sensitive 

hematological parameter that can aid in predicting poor outcomes in neonatal sepsis. 

Incorporation of RDW into standard sepsis evaluation may improve early clinical decision-

making and prognosis. 

Keywords: Red cell distribution width · Hematological marker · Blood culture · Neonatal 

sepsis 

 

INTRODUCTION  
Neonatal sepsis remains a major cause of morbidity and mortality worldwide, particularly in 

resource-limited regions, despite advances in neonatal care and antimicrobial therapy [1]. Early-

onset neonatal sepsis (EONS), typically occurring within the first 72 hours to 7 days of life, 

often presents with subtle and nonspecific symptoms, making early diagnosis and timely 

management challenging [2]. Delayed diagnosis may lead to rapid progression to systemic 

inflammation, organ dysfunction, or death. Consequently, there is an ongoing need for 
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sensitive, rapid, and cost-effective biomarkers to aid in both diagnosis and prognosis of 

neonatal sepsis [3]. 

Traditional biomarkers such as C-reactive protein (CRP), procalcitonin, interleukins, and 

peripheral blood indices (e.g., total leukocyte count, immature-to-total neutrophil ratio) are 

widely used but have limitations: some lack specificity, some have delayed kinetics, and many 

require specialized assays that may not be available in low-resource settings [4,5]. Moreover, 

the gold standard—blood culture—suffers from delayed turnaround and false negatives due to 

prior antibiotic exposure or low-volume sampling [6]. Therefore, exploring routinely available 

hematological markers with prognostic or diagnostic value is a promising strategy [7]. 

One such marker is the red cell distribution width (RDW), which quantifies the variability in 

size (anisocytosis) of circulating red blood cells (RBCs). While RDW was originally employed 

in the differential diagnosis of anemias, recent studies have investigated its role as a prognostic 

indicator in systemic conditions including cardiovascular diseases, critical illness, and sepsis 
[8,9]. In adults with sepsis, elevated RDW has been correlated with increased mortality, 

independent of other risk factors [10]. In critical care settings, higher RDW on admission has 

been associated with worse outcomes, and combining RDW with severity scores (e.g., SOFA, 

APACHE) may enhance prognostic accuracy [11]. 

In the neonatal domain, data are more limited but increasingly supportive of RDW’s utility. In 

a cross-sectional hospital-based study of 111 neonates with culture-proven sepsis, mean RDW 

reached approximately 19.3%, and it was significantly associated with positive cultures and 

elevated CRP (p = 0.01) [12]. Another study comparing septic neonates to healthy controls 

reported a diagnostic cutoff of 17.25% with ~86% sensitivity and 87% specificity [13]. A study 

from Beni-Suef University found a graded increase of RDW with sepsis severity (sepsis < 

severe sepsis < septic shock), suggesting prognostic relevance [14]. Furthermore, RDW has been 

shown to be the most sensitive hematological marker for predicting mortality compared with 

platelet indices such as MPV and PDW [15]. 

Mechanistically, the relationship between elevated RDW and adverse outcomes is not fully 

understood. In sepsis, systemic inflammation, oxidative stress, dysregulated iron metabolism, 

impaired erythropoiesis, and shortened red cell lifespan may all contribute to increased 

heterogeneity in red cell size. Inflammatory cytokines and oxidative injury can damage 

erythroid precursors or red cell membranes, altering RBC deformability and survival, leading 

to anisocytosis reflected in higher RDW values [16,17]. 

Despite accumulating evidence, several gaps remain. Many neonatal RDW studies are small, 

cross-sectional, or retrospective and often include mixed-onset sepsis (early and late) rather 

than specifically culture-confirmed early-onset sepsis. Data correlating RDW with specific 

pathogens (e.g., Gram-positive vs Gram-negative vs fungal) are scarce. The optimal RDW 

cutoff for prognostication or diagnosis in neonates remains uncertain, and its incremental value 

beyond conventional biomarkers in neonatal sepsis is underexplored [18]. 

Given this background, our study aims to examine RDW levels in neonates with culture-proven 

early-onset sepsis, correlate RDW values with specific microbial isolates, and evaluate the 

predictive performance (sensitivity, specificity, prognostic capacity) of RDW. By focusing on 

a well-defined early-onset neonatal sepsis cohort and pathogen-level associations, we hope to 

contribute robust evidence toward establishing RDW as a practical, inexpensive hematological 

biomarker for early risk stratification in neonatal sepsis. 

 

MATERIALS AND METHODS 

This descriptive laboratory-based study was conducted over a period of one year, from 

January 2024 to December 2024, in the neonatal intensive care unit (NICU) and Central 

laboratory of our tertiary care hospital. The study aimed to evaluate the utility of red cell 

distribution width (RDW) as a prognostic marker in neonates with early-onset sepsis and its 
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association with blood culture results. Informed consent was obtained from the parents or 

guardians of all enrolled neonates. 

Study Population 

A total of 250 neonates presenting with clinical features suggestive of early-onset sepsis 

(within 72 hours of birth) were included in the study. Inclusion criteria comprised neonates 

exhibiting one or more of the following: temperature instability, respiratory distress, feeding 

intolerance, lethargy, hypotension, or other signs indicative of systemic infection. Neonates 

with congenital anomalies, hemolytic disorders, or prior blood transfusion were excluded to 

avoid confounding effects on RDW values. 

Sample Collection and Laboratory Analysis 

For each enrolled neonate, 2–3 mL of peripheral venous blood was collected aseptically using 

standard neonatal phlebotomy techniques. Blood samples were divided into two aliquots: one 

for complete blood count (CBC) analysis and the other for blood culture. 

 Complete Blood Count (CBC) and RDW Measurement: CBC parameters, including 

hemoglobin, hematocrit, total leukocyte count, platelet count, and red cell indices 

(including RDW), were measured using an automated hematology analyzer. RDW 

values were expressed as percentages and analyzed for their association with clinical 

outcomes. A threshold RDW value of ≥17% was considered elevated based on neonatal 

reference ranges and previous literature. 

 Blood Culture: Blood culture samples were inoculated into pediatric blood culture 

bottles and incubated using an automated microbial detection system. Positive cultures 

were sub-cultured on appropriate media for isolation and identification of pathogens, 

including Staphylococcus aureus, Escherichia coli, Pseudomonas spp., and 

Candida spp. Standard microbiological techniques, including Gram staining, 

biochemical tests, and culture characteristics, were used for definitive identification. 

Data Collection and Statistical Analysis 

Demographic and clinical data, including gestational age, birth weight, Apgar score, and 

clinical signs of sepsis, were recorded. Laboratory parameters, including RDW and blood 

culture results, were documented systematically. Statistical analysis was performed using 

descriptive statistics to summarize categorical variables as percentages and continuous 

variables as mean ± standard deviation. The association between elevated RDW (≥17%) and 

mortality outcomes was assessed using sensitivity analysis. Subgroup analysis was performed 

to evaluate RDW trends across different pathogens. A p-value <0.05 was considered 

statistically significant. 

This comprehensive methodology allowed for a systematic evaluation of RDW as a cost-

effective and readily available prognostic marker in early-onset neonatal sepsis, correlating 

hematological parameters with microbiological findings and clinical outcomes. 

Results 

A total of 250 neonates with clinically suspected early-onset sepsis were included in the study. 

The demographic characteristics of the cohort revealed a mean gestational age of 36.8 ± 2.1 

weeks and a mean birth weight of 2.7 ± 0.5 kg. The male-to-female ratio was 1.2:1. 

Blood Culture Findings 

Out of the 250 neonates, all had positive blood cultures, with the distribution of pathogens as 

follows: 

 Staphylococcus aureus: 115 cases (46%) 

 Escherichia coli: 65 cases (26%) 

 Pseudomonas spp.: 35 cases (14%) 

 Candida spp.: 35 cases (14%) 
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Blood Culture and RDW Findings 

Table 1: Distribution of Pathogens and RDW Values 

Pathogen 
Number of 

Cases (n) 

Percentage 

(%) 

Mean 

RDW (%) 

± SD 

Mortality 

(n) 

Mortality 

(%) 

Staphylococcus 

aureus 

115 46 20.5 ± 2.3 12 10.4 

Escherichia 

coli 

65 26 19.8 ±2.6 8 12.3 

Pseudomonas 

spp. 

35 14 19.5 ±2.7 5 14.3 

Candida spp. 35 14 20.1 ± 2.4 4 11.4 

Total 250 100 20 ± 2.5 29 11.6 

 

 
Graph 1: Depicting Distribution of Pathogens and RDW Values 
 

Staphylococcus aureus emerged as the most frequently isolated pathogen, followed by 

Escherichia coli, whereas Pseudomonas spp. and Candida spp. contributed equally to the 

remaining cases. 

 

Hematological Findings 

The mean red cell distribution width (RDW) across all neonates was 20 ± 2.5%, which is 

significantly elevated compared to standard neonatal reference ranges. Elevated RDW values 

(≥17%) were observed in the majority of cases across all pathogen groups, indicating a 

potential correlation between anisocytosis and sepsis severity. 

Other hematological parameters, including hemoglobin, total leukocyte count, and platelet 

count, showed variable deviations depending on the type of pathogen isolated; however, RDW 

consistently remained elevated in septic neonates. 

RDW and Clinical Outcomes 

An RDW threshold of ≥17% demonstrated high sensitivity in predicting mortality among 

septic neonates. Neonates with RDW values above this threshold were more likely to 

experience adverse outcomes, irrespective of the causative pathogen. This suggests that RDW 

can serve as a general prognostic marker in early-onset neonatal sepsis. 

Pathogen-wise RDW Trends 

 Neonates infected with Staphylococcus aureus showed a mean RDW of 20.5 ± 2.3%. 

 Those with Escherichia coli infection had a mean RDW of 19.8 ± 2.6%. 

 Pseudomonas spp. infections were associated with RDW of 19.5 ± 2.7%. 

 Candida spp. infections demonstrated a mean RDW of 20.1 ± 2.4%. 
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These results indicate that RDW elevation is consistent across bacterial and fungal 

pathogens, highlighting its utility as a sensitive hematological parameter for early risk 

stratification in neonatal sepsis. 

 

RDW Threshold and Mortality 

Table 2: Mortality Based on RDW Threshold (≥17%) 

RDW Category (%) Number of 

Neonates 

Mortality (n) Mortality (%) 

≥17 230 28 12.2 

<17 20 1 5.0 

Total 250 29 11.6 

 

 
Graph 2 depicting Mortality Based on RDW Threshold (≥17%) 

 

DISCUSSION 

Neonatal sepsis remains a significant cause of morbidity and mortality among newborns, 

particularly in low-resource settings. Early identification of neonates at risk of poor outcomes 

is crucial for timely intervention. In this context, RDW, a parameter routinely measured in 

complete blood counts, has emerged as a potential prognostic marker in neonatal sepsis. Our 

study found that RDW values were significantly elevated in neonates with early-onset sepsis, 

with a mean RDW of 20 ± 2.5%. This finding aligns with previous research indicating that 

RDW is elevated in neonatal sepsis and correlates with disease severity19 

Furthermore, an RDW threshold of ≥17% demonstrated high sensitivity in predicting mortality 

among septic neonates, consistent with findings from other studies.7 The association between 

RDW and neonatal sepsis severity has been well-documented. For instance, a study by Hodeib 

et al. reported that RDW values increased progressively with the severity of sepsis, with the 

highest values observed in neonates with septic shock. 14 Similarly, Ellahony et al. found that 

RDW was significantly higher in neonates with septic shock compared to those with severe 

sepsis and those with sepsis alone. 19These studies suggest that RDW may reflect the degree of 

systemic inflammation and oxidative stress associated with sepsis. 

The pathophysiological mechanisms underlying the elevation of RDW in neonatal sepsis are 

not fully understood. However, several factors may contribute to this phenomenon. 

Inflammatory cytokines released during sepsis can impair erythropoiesis and increase red 

blood cell turnover, leading to a heterogeneous population of red blood cells with varying sizes. 

Additionally, microvascular dysfunction and tissue hypoxia, common in sepsis, may further 

exacerbate anisocytosis.15 

In comparison to other biomarkers such as C-reactive protein (CRP) and procalcitonin, RDW 

offers several advantages. It is readily available, cost-effective, and does not require additional 
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blood samples, making it particularly useful in resource-limited settings. A study by Bulut et 

al. demonstrated that RDW had an area under the receiver operating characteristic curve of 

0.799 for the diagnosis of sepsis, with a sensitivity of 60% and specificity of 88.3%. 
15Moreover, RDW can be measured serially to monitor disease progression and response to 

therapy. 

Despite these promising findings, there are limitations to the use of RDW as a sole prognostic 

marker. RDW can be influenced by various factors unrelated to sepsis, including nutritional 

status, anemia, and underlying chronic conditions. Therefore, RDW should be interpreted in 

conjunction with other clinical and laboratory findings. Additionally, while our study focused 

on early-onset sepsis, the role of RDW in late-onset neonatal sepsis warrants further 

investigation. 

In conclusion, RDW is a simple, cost-effective, and readily available biomarker that holds 

promise as a prognostic tool in neonatal sepsis. Its ability to reflect the severity of systemic 

inflammation and predict adverse outcomes makes it a valuable addition to the clinical 

assessment of septic neonates. Further prospective studies are needed to validate these findings 

and establish standardized RDW thresholds for clinical use. 

 

CONCLUSION 

Red cell distribution width (RDW) emerges as a simple, cost-effective, and readily available 

hematological parameter with significant prognostic value in early-onset neonatal sepsis. 

Elevated RDW levels correlate with increased disease severity and higher mortality, 

irrespective of the causative pathogen. Incorporating RDW into routine sepsis evaluation can 

enhance early risk stratification, guide clinical decision-making, and potentially improve 

neonatal outcomes. While further multicentric and prospective studies are warranted to refine 

RDW thresholds and validate its predictive accuracy, this study underscores its potential as a 

valuable adjunct to conventional diagnostic and prognostic tools in neonatal intensive care. 
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