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ABSTRACT 

Background: Infant morbidity as well as mortality are frequently caused by neonatal sepsis. Neonatal sepsis can be 

predicted using the red cell distribution width (RDW), according to several researches.   

Objective: To determine if RDW can be employed as a marker for the evaluation of newborn sepsis and the assessment 

of its severity.  

Patients and Methods: 40 newborns, 20 of whom were infected and the other 20 of whom were non infected, 

participated in this case-control research. Patients and controls were collected from neonatal intensive care unit (NICU), 

Zagazig University Hospitals. Full history was taken from all participants parent, with clinical and laboratory 

examination were done; complete blood picture, and creatinine, blood culture, and serum level of C-reactive protein 

(CRP).  

Results: We revealed significant link between RDW and all of total leukocyte count (TLC), immature to total 

neutrophil ratio (I/T ratio), absolute neutrophil count (ANC), CRP, procalcitonin, severity of sepsis, and mortality. 

RDW and platelet count, on the other hand, have a strong negative association. With a sensitivity of 83.3 percent, 

specificity of 50 percent, a positive predictive value (PPV) of 71.4 percent, and a negative predictive value (NPV) of 

66.7 percent, accuracy of 70 percent (p>0.05), the best RDW cutoff for diagnosing newborn sepsis severity was ≥17.9.  

Conclusion: Predictors of illness severity and death in newborn sepsis may be accurately predicted using baseline 

RDW measurements, which is critical for treatment of neonates who are at great risk of sepsis. 
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INTRODUCTION 
As a result of a malfunction in the body's response to 

infection, sepsis is a life-threatening illness (1). Sepsis is 

one of the most prevalent causes of newborn death and 

illness (2). Neonatal sepsis is more common than at any 

time in a person's life. In underdeveloped nations, Severe 

neonatal sepsis is the main cause of death among 

newborns; As many as five newborn sepsis infections per 

thousand live births are common in wealthier nations, 

however, other population-based research from poor 

nations have shown rates of 49-170 per 1,000 live births 

in these countries (3). 

Predominantly mild, nonspecific symptoms and 

indications of newborn sepsis are often followed by 

septic shock, a condition known as dispersed 

intravascular coagulation (DIC), and death.  In this 

regard, determining which neonates are most likely to 

have a negative clinical outcome is of critical importance, 

and more intensive treatment should be given to those 

who need it the most (4). 

Traditional methods for detecting sepsis include 

blood cultures. Blood cultures, on the other hand, take a 

long time to perform; typically, to detect the organism in 

the blood, it takes between two and five days. A decrease 

in blood culture sensitivity occurs when antibiotic 

therapy is initiated or when a slow-growing or fastidious 

organism is being cultured (5). 

A complete blood count (CBC) is utilized in 

conjunction to a blood culture to determine sepsis. Even 

with current severity levels and indicators derived from 

the whole blood count, predicting the outcomes of infant 

sepsis is still a challenge. There are a number of 

traditional screening tests that may be useful in 

determining the severity of sepsis; however these tests are 

not able to reliably predict the severity of sepsis (6). 

Prognostic indicators for newborn sepsis have been 

examined using a variety of substances, procalcitonin, 

soluble E-selectin, C-reactive protein (CRP), CD64, IL-

6, IL-8 and are all examples of these biomarkers (7). 

The variance in red blood cell volume within a blood 

sample is described by the red cell distribution width 

(RDW). All normal complete blood cell counts include 

RDW as an indicator of anisocytosis of the red blood cells 
(8). Pathological diseases linked with infection as well as 

inflammation have been observed to alter the width of the 

red blood cell dispersion considerably in recent 

researches (9). Many studies have found that RDW can 

accurately predict all-cause death in ICU as well as 

critically ill patients (10). In inflammatory or viral settings, 

the RDW may rise due to a lack of red blood cell 

formation or an increase in the breakdown of red blood 

cells (11). The traditional screening index for iron 

deficiency anemia is the width of the red cell distribution. 

It's been shown to play a role in the prediction of poor 

outcomes in sepsis and other clinical circumstances, 

involving critically ill children in general, infective 

endocarditis, heart failure, coronary artery disease, 

malignancy, acute pancreatitis as well as peritoneal 

dialysis (12). 
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It was the goal of this work to determine if RDW may 

be used as a marker for the evaluation of newborn sepsis 

and its severity in contrast to other recognized indicators 

or not. 

 

PATIENTS AND METHODS 

The newborns hospitalized to the neonatal intensive 

care unit at Zagazig University Hospitals between 

September 2019, and September, 2020 served as the 

subjects for this case-control study.  

 

Ethical considerations: 

As long as all parents of participants signed informed 

consent forms and submitted them to Zagazig 

University's Research Ethics Committee, the study 

was allowed (ZU-IRB#6250). We followed the World 

Medical Association's ethical code for human 

experimentation, the Helsinki Declaration.  

 

Inclusion criteria: Aged from 1-28 days, full-term, 

preterm, low birth weight, extremely low birth weight, 

and sepsis-related symptoms like fever, breathing issues, 

diarrhea, and decreased suckling are all possible 

outcomes.  

Exclusion criteria: Age: > 28 days, neonates with 

congenital abnormalities or cases of perinatal asphyxia, 

as well as those who had experienced birth trauma. 

 

Children were divided into two groups: Group A: 

included 20 patients with sepsis, and Group B: 

(control): included 20 apparently healthy neonates 

This is what all of the participants in this research had 

to go through:  

History: The patient's age, sex, gender, maternal risk 

factors, gestational age, prenatal, natal history were all 

recorded in a thorough medical history.  

 

Clinical examination: 

Weight of a newborn suckling and Moro reflexes 

were performed on the newborns as well as vital 

parameters such as heart rate and respiration rate, 

spotting the early indications of sepsis: 

Restlessness, sleepiness, pallor, and mottled skin 

characterises the infant's condition.  

A fluctuation in temperature, either hyperthermia or 

hypothermia problem with the respiratory system (signs 

of respiratory distress, apnea). Circulatory dysfunction 

(poor peripheral circulation, hypotension, prolonged 

capillary refill). A problem with the digestive system 

(hepatomegaly, feeding intolerance, abdominal 

distension, as well as jaundice). Disruption of the brain 

(lethargy, hypotonia, irritability). Petechiae or bleeding 

from puncture wounds are signs of hemorrhagic 

diathesis. Sclerema: this is a common symptom in the 

later stages of any major illness, especially in preterm 

infants. It was characterized as sepsis plus 

cardiovascular or respiratory organ dysfunction, or two 

or more organ dysfunctions, as well as sepsis. 

 

Laboratory evaluation: 

Blood samples were taken at the time of sepsis 

suspicion. Skin was rubbed with antiseptic and 4 cm of 

blood was taken: 1 cm of blood was collected in a test 

tube containing 20 mcg of EDETA for CBC, 2 cm of 

blood was collected in a plain test tube for CRP and 

serum creatinine, 1 cm of blood injected into culture 

bottle. 

 

Complete Blood Count:  

Analysed by sysmex 21-kx cell counter for hemoglobin 

level, red blood cell count, RDW, hematocrit value, 

platelet count and white blood cell (WBC) count (Total 

and differential). Results of CBC were interpreted using 

Hematological scoring system by Rodwell et al. (13). 

It was only documented that RDW was obtained on the 

same day as blood cultures were done. In our laboratory, 

the normal range for RDW is 11.5 to 14.5 percent, and 

this was used to divide newborns into two groups: those 

with low RDW and those with high RDW.  

 

Quantitative C- reactive protein (CRP): 

1 cm of blood was taken, blood was collected in a plain 

test tube, left to clot, then centrifuged for 10 minutes at 

1500 rpm, Turbox plus was used to separate and analyze 

serum. Above 6 mg/l, results were deemed positive.  

 

Blood culture. 

 

Estimation of serum creatinine: 
1 cm of blood was taken, blood was collected in a plain 

test tube, left to clot, then centrifuged for 10 minutes at 

1500 rpm, serum was separated and analyzed using 

Biosystem 15A. 

 

Statistical analysis 

The collected data were coded, processed and 

analyzed using the SPSS (Statistical Package for Social 

Sciences) version 22 for Windows® (IBM SPSS Inc, 

Chicago, IL, USA). Quantitative data were presented as 

median and range and were compared by the Mann-

Whitney test (Z). Qualitative data were presented as 

number and proportions and were compared using the 

Chi-square test (X2). RDW levels and predicted 

parameters were correlated using the Spearman 

Correlation coefficient (r). The diagnostic and 

prognostic utility of RDW in newborn sepsis were 

evaluated using Receiver Operating Characteristics 

(ROC) analysis. P value 0.05 was considered 

statistically significant. It was judged highly significant 

when the P value was 0.001. 

 

RESULTS 

A statistically insignificant difference in age or 

gender was found between the two groups of neonates 

investigated. Seventy percent of patients had LOS while 

60% had severe sepsis (Table 1). 
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Table (1): Results from comparisons of the study groups in terms of demographic variables, sepsis type and 

severity 

Parameter Groups Test 

Case group Control group χ2/Z p 

N=20 (%) N=20 (%) 

Gender: 

Female 

Male 

 

7 (35) 

13 (65) 

 

10 (50) 

10 (50) 

 

0.921 

 

0.337 

Age (days): Median 

(Range) 

5 (6 hours – 17 days) 3.5  (18 hours – 7 days) -0.939 0.347 

 N=20 % 

Type of sepsis: 

Early-onset neonatal sepsis (EOS) 

Late-onset sepsis (LOS)  

 

6 

14 

 

30 

70 

Severity of sepsis: 

Mild 

Severe  

 

8 

12 

 

40 

60 
Z: Mann Whitney test,   χ2:    Chi square test 

 

Thirty five percent of patients had sepsis due to E. coli and the same percent had K. pneumonia (Figure 1). 

 

 
Figure (1): Diagram illustrating the distribution of patients (cases) based on blood culture findings 

 

RDW and all of TLC, I/T ratio, ANC, CRP, and procalcitonin had a statistically significant positive connection. 

On the other hand, RDW and platelet count had a strong negative association. The connection between RDW and 

hemoglobin in the case group was insignificant (Table 2). 

 

Table (2): Correlation between RDW and laboratory parameters among case group 

Parameters RDW 

r p 

TLC 0.347 0.028* 

I/T ratio 0.672 <0.001** 

ANC 0.44 0.005* 

Hemoglobin -0.254 0.113 

Platelet count -0.676 <0.001** 

CRP 0.83 <0.001** 

Procalcitonin 0.807 <0.001** 
*: Statistically significant,   **: Statistically highly significant,   r: Spearman rank correlation coefficient 

 

A link between RDW and gestational age was statistically insignificant among the case group (Table 3). 

 

 

E. coli, 35%

K. pneumonia, 
35%

Pseudomona
s aeurginosa, 

10%

Staph 
aureus, 

5%

Staph 
hemolyticus, 5%

Staph 
hominiss , 

10%



 https://ejhm.journals.ekb.eg/ 

4341  

Table (3): Correlation between RDW and age of patients within case group 

Parameters RDW 

r p 

Age  -0.007 0.968 

Gestational age -0.126 0.44 

r: Spearman rank correlation coefficient 

RDW and kind of sepsis had no statistically significant relationship. A statistically significant correlation existed 

between RDW and the severity of sepsis among the patients in the case group. The more RDW a patient had, the more 

severe their illness was (Table 4). 

 

Table (4): Relation between RDW and both type and severity of sepsis among case group 

Sepsis RDW Test 

Median Range Z p 

Type: 

LOS 

EOS 

 

18.4 

18.85 

 

15 – 23.1 

17.3 – 25.1 

 

-0.784 

 

0.443 

Severity: 

Mild 

Severe  

 

17.9 

19.15 

 

15 – 19 

15.7 – 25.1 

 

-1.968 

 

0.049* 

*: Statistically significant,   Z: Mann Whitney test 

Among patients in the case group, RDW was statistically linked to mortality. A higher RDW was linked to a decreased 

life expectancy (Table 5). 

 

Table (5): Relation between RDW and mortality among case group 

Mortality RDW Test 

Median Range Z p 

No  

Yes  

17.8 

19 

15 – 19.3 

17.2 – 25.1 

 

-1.967 

 

0.048* 

*: Statistically significant,   Z: Mann Whitney test 

The performance of RDW in diagnosis of neonatal sepsis and its severity is shown in table 6. 

 

Table (6): Performance of RDW in diagnosis of neonatal sepsis, and severity of neonatal sepsis among the 

studied patients respectively 

Cutoff  AUC Sensitivity  Specificity PPV NPV Accuracy  p 

≥15.65 0.964 95 70 76 93.3 82.5 <0.001** 

Cutoff  AUC Sensitivity  Specificity PPV NPV Accuracy  p 

≥17.9 0.766 83.3% 50% 71.4% 66.7% 70% 0.049* 

*: Statistically significant,   **: Statistically highly significant,    

 

 
Figure (2): ROC curve showing performance of RDW in diagnosis of neonatal sepsis among the studied patients 

 



 https://ejhm.journals.ekb.eg/ 

4342 

 

 
Figure (3): ROC curve showing performance of RDW in diagnosis of severity of neonatal sepsis among the 

studied patients.

 

 

DISCUSSION 

When it comes to very low birth weight (VLBW) 

newborns (1500 g), diagnosis of neonatal sepsis is 

difficult and challenging for neonatal health care 

workers, making it a prevalent health care burden (3). 

Detecting sepsis early and excluding 

noninfectious causes has been a long-standing goal for 

clinicians. It is common to express RDW-coefficient of 

variation (RDW-CV) in terms of red blood volume 

heterogeneity (RDW-CV). RDW can be used in the 

clinic to determine if the RBC volume is evenly 

distributed. Volume heterogeneity increases with an 

increase in RDW and an increase in RBC size variability 
(10).  

Concerning the incidence of early (≤ 3 day) and 

late (>3 day) onset sepsis, seventy percent of patients 

had LOS, and this comes similar incidence was noticed 

in an Egyptian study conducted by Medhat et al.(14). 

In our study, we found no significant difference in 

sex and postnatal age between both groups. According 

to Gad et al.(15), there was no significant difference in 

sex between the two groups.  But Aderem and 

Underhill (16) reported that male newborns are four 

times more likely than females to get sepsis. Thymus 

function or immunoglobulin synthesis gene situated on 

X-chromosome may be responsible for this. 

Concerning the isolated organisms from cultures, 

thirty five percent of patients had sepsis due to E. coli 

and the same percent had K. pneumonia. P. aeurginosa, 

staph aureus, staph hemolyticus and staph hominis 

prevailed in 10%, 5%, 5% and 10% of patients 

respectively. The findings of Dzwonek et al.(17) are in  

 

 

agreement with our results.  However, a study by 

Garcia et al.(18) found that 80.4 percent of the bacteria 

were Gram positive and 10.5 percent were Gram 

negative.  

RDW had a statistically significant positive connection 

with all of TLC, I/T ratio, ANC, CRP, and  

procalcitonin in our study. On the other hand, RDW and 

platelet count had a strong negative association by 

Ellahony et al. (19), who found the same thing.  

Abdullah et al. (20) found no statistically 

significant connection between RDW and gestational 

age or admission time in the case group, which is in 

agreement with the results of this study. 

RDW had a substantial correlation with the 

severity of newborn sepsis. RDW may be useful in 

distinguishing between more severe and less severe 

cases of newborn sepsis since it is higher in severely 

cases than in mild cases. The findings of this study are 

consistent with those of Kader et al. (21) and Saleh et al. 
(22) who found that RDW increases in newborn sepsis 

and increases with increasing illness severity.  

Compared to neonatal sepsis survivors, RDW was 

shown to be considerably higher in non-survivors, and 

death was significantly higher in infants with greater 

RDW. In conjunction with Ellahony et al. (19), this 

shows that RDW may be useful in predicting the 

outcome of sepsis.  

Severe sepsis is characterized by a rise in RDW, 

which is a result of a dysregulation of erythropoiesis 

caused by the inflammatory cytokines (23). Sepsis may 

also impact erythroid tissue and the circulating RBCs; 

this may decrease their lifespan and result in the release 
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of new red blood cells from the bone marrow, which 

may contribute to elevated RDW values (24). 

A better understanding of how increased RDW 

affects mortality is beginning to emerge. Until now, it 

has never been shown that RDW is associated with 

decreased RBC deformability, which may in turn 

impede blood flow via the microcirculation, causing 

organ dysfunction in sepsis, according to new studies 
(25). These abnormally shaped RBCs also elicit an 

immunological response from phagocytic cells to 

remove them. According to these findings. RDW and 

mortality are linked in more ways than one, contrary to 

what some researchers initially assumed (26). 

The microcirculatory alterations during sepsis are 

not solely due to RDW. Sepsis-related alterations in 

nitrate, sialic acid reactive oxygen species, intracellular 

calcium, and 2, 3-diphosphoglycerate have been linked 

to decreased RBC deformability and increased RBC 

aggregation (27). 

 

CONCLUSION 

In neonatal sepsis, our findings show that baseline 

RDW measurements can help predict mortality as well 

as disease severity that is critical for the care of these at-

risk newborns. There are still many unanswered 

questions about the relevance of this easy-to-use marker 

in predicting the outcome of newborn sepsis.  
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