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ABSTRACT 
Aim: This study aimed to evaluate the role of preventive strategies in reducing neonatal sepsis by analyzing microbial and 

biochemical risk factors in a pediatric population. Materials and Methods: A prospective observational study was 

conducted over one year, involving 100 neonates admitted to the NICU of a tertiary care hospital. Neonates were categorized 

into two groups based on preventive care exposure: the Adequate Prevention Group and the Inadequate Prevention Group. 

Data included demographic characteristics, preventive measures, laboratory investigations (biochemical markers such as 

CRP and procalcitonin), and microbiological analyses. Outcomes included sepsis incidence, clinical severity, and mortality 

rates. Results: The Adequate Prevention Group had significantly better outcomes, including higher birth weights (2.85 ± 

0.45 kg vs. 2.45 ± 0.50 kg, p = 0.002), longer gestational ages (38.20 ± 1.50 weeks vs. 36.80 ± 2.00 weeks, p = 0.001), and 

improved Apgar scores (8.50 ± 1.20 vs. 7.80 ± 1.50, p = 0.005). Sepsis incidence was significantly lower in this group 

(20.00% vs. 45.00%, p = 0.008), with Escherichia coli being the most common pathogen. Biochemical markers (CRP, 

procalcitonin, and lactate) were significantly elevated in the Inadequate Prevention Group, correlating with greater disease 

severity. Clinical outcomes were also superior in the Adequate Prevention Group, with reduced mortality (6.67% vs. 

25.00%, p = 0.011), shorter NICU stays (12.50 ± 3.80 days vs. 18.20 ± 4.50 days, p = 0.001), and lower mechanical 

ventilation requirements (16.67% vs. 40.00%, p = 0.005). Conclusion: Preventive strategies such as antenatal care, hygienic 

delivery practices, early breastfeeding, and umbilical cord care significantly reduce neonatal sepsis incidence and severity. 

Elevated CRP and procalcitonin levels remain critical markers for early diagnosis and management. A multifaceted approach 

combining preventive measures and robust diagnostic protocols is essential for improving neonatal outcomes and reducing 

healthcare burdens. 
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INTRODUCTION 
Neonatal sepsis is a leading cause of morbidity and 

mortality in newborns worldwide, particularly in low- 

and middle-income countries. This condition, 

characterized by a systemic inflammatory response to 

infection, poses significant challenges to neonatal 

health. It can result in severe complications such as 

organ dysfunction, prolonged hospital stays, and, in 

many cases, death. The early neonatal period, 

especially the first 28 days of life, represents a critical 

window of vulnerability when the immune system is 

underdeveloped, making newborns particularly 

susceptible to infections. The prevention of neonatal 

sepsis has therefore emerged as a priority in neonatal 
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healthcare, with the implementation of targeted 

strategies offering hope for reducing its burden.1 

Several factors contribute to the development of 

neonatal sepsis, including maternal health during 

pregnancy, delivery practices, and postnatal care. 

Common pathogens associated with neonatal sepsis 

include Escherichia coli, Klebsiella pneumoniae, and 

Staphylococcus aureus. These microorganisms are 

often transmitted vertically from mother to child 

during delivery or horizontally in healthcare settings. 

In many cases, suboptimal hygiene practices and a 

lack of infection control measures exacerbate the risk 

of transmission. Addressing these risk factors through 

preventive strategies is essential for mitigating the 

impact of neonatal sepsis.Preventive measures 

encompass a broad range of interventions that address 

maternal, intrapartum, and neonatal factors. During 

pregnancy, routine antenatal care plays a vital role in 

identifying and managing maternal infections, 

nutritional deficiencies, and other conditions that may 

predispose newborns to sepsis. Hygienic delivery 

practices, including proper hand hygiene and the use 

of sterile equipment, are critical in preventing the 

vertical transmission of pathogens during childbirth. 

Postnatal interventions such as early initiation of 

breastfeeding, umbilical cord care, and timely 

administration of prophylactic antibiotics further 

reduce the risk of infection.2 Biochemical markers, 

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

lactate, have emerged as valuable tools for the early 

diagnosis and monitoring of neonatal sepsis. These 

markers provide insights into the severity of 

inflammation and metabolic disturbances associated 

with infection. Elevated levels of these markers are 

often indicative of sepsis, allowing for timely 

therapeutic interventions. Similarly, microbiological 

analyses, including blood cultures and pathogen 

identification, help guide antibiotic therapy and 

improve outcomes. However, the challenge lies in 

integrating these diagnostic tools with preventive 

strategies to achieve optimal neonatal care.The 

healthcare setting plays a pivotal role in influencing 

the incidence of neonatal sepsis. Overcrowded 

facilities, inadequate staffing, and poor infection 

control practices contribute to the spread of 

pathogens. The lack of awareness and training among 

healthcare workers further hampers efforts to prevent 

neonatal infections. On the other hand, facilities that 

prioritize hygiene protocols, staff training, and family 

education demonstrate significantly lower rates of 

neonatal sepsis. These disparities highlight the need 

for a standardized approach to infection prevention.3 

Despite advancements in neonatal care, neonatal 

sepsis continues to impose a heavy burden on 

healthcare systems, particularly in resource-

constrained settings. The economic implications are 

profound, as the treatment of sepsis often involves 

prolonged hospital stays, advanced interventions, and 

expensive antibiotics. Additionally, the psychological 

impact on families cannot be underestimated, as 

parents grapple with the fear and uncertainty 

surrounding their newborn's health. By reducing the 

incidence of neonatal sepsis through preventive 

measures, healthcare systems can alleviate these 

burdens while improving the quality of life for 

affected families.4,5 In this study, we aim to evaluate 

the role of preventive strategies in reducing neonatal 

sepsis, focusing on the analysis of microbial and 

biochemical risk factors. By examining the 

relationship between preventive measures and 

neonatal outcomes, we seek to identify key 

interventions that can be scaled and implemented in 

diverse healthcare settings. Furthermore, the study 

explores the diagnostic value of biochemical markers 

in detecting sepsis early, enabling prompt and targeted 

management. 

 

MATERIALS AND METHODS 
This was a prospective observational study conducted 

to evaluate the role of preventive strategies in 

reducing neonatal sepsis by analyzing microbial and 

biochemical risk factors. The study involved 100 

neonates admitted to the neonatal intensive care unit 

(NICU) of a tertiary care hospital over a period of one 

year.Ethical approval for the study was obtained from 

the institutional ethics committee. Written informed 

consent was obtained from the parents or legal 

guardians of all neonates before enrollment in the 

study. 

 

Inclusion Criteria 

 Neonates admitted to the NICU with clinical 

suspicion of sepsis. 

 Age less than 28 days at the time of admission. 

 Consent provided by parents/guardians for 

participation. 

 

Exclusion Criteria 

 Neonates with congenital anomalies or genetic 

disorders. 

 Neonates already receiving antibiotic treatment 

for more than 48 hours before admission. 

 Incomplete clinical or follow-up data. 

 

Data Collection 

Clinical Assessment 
Clinical assessment focused on collecting 

comprehensive demographic, maternal, and neonatal 

data to evaluate potential risk factors for sepsis. 

Demographic data included birth weight, gestational 

age, sex, mode of delivery, and Apgar score at birth to 

assess immediate neonatal health. Maternal history 

was reviewed to identify antenatal care quality, 

presence of maternal infections, and intrapartum 

complications such as prolonged labor or premature 

rupture of membranes, which could predispose 

neonates to infection. Neonatal symptoms were 

carefully documented, including fever, respiratory 

distress, feeding intolerance, lethargy, and jaundice, to 

identify early clinical signs of sepsis. 
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Preventive Strategies 
Preventive measures implemented during antenatal, 

intrapartum, and neonatal care were systematically 

evaluated. Key strategies included adherence to hand 

hygiene practices in delivery rooms and NICUs to 

reduce pathogen transmission. Early initiation of 

breastfeeding was emphasized to enhance passive 

immunity in neonates. Antiseptic solutions were used 

for umbilical cord care to prevent colonization and 

infection. Prophylactic antibiotics were administered 

during high-risk deliveries to mitigate vertical 

transmission of pathogens. These preventive measures 

were analyzed for their impact on neonatal sepsis 

outcomes. 

 

Laboratory Investigations 
Laboratory investigations included both biochemical 

and microbiological analyses to assess systemic 

inflammation and identify pathogens. Biochemical 

markers evaluated included complete blood count 

(CBC) with a focus on white blood cell count and 

immature-to-total neutrophil ratio as indicators of 

infection. CRP and procalcitonin levels were 

measured to assess systemic inflammation, while 

blood glucose and lactate levels helped identify 

metabolic dysregulation associated with sepsis. 

Microbiological analysis involved aseptic collection 

of blood cultures before initiating antibiotic therapy. 

Surface swabs from the umbilical stump, oropharynx, 

and rectum were analyzed to identify colonizing 

pathogens. PCR-based testing targeted common 

neonatal pathogens, including Escherichia coli, 

Klebsiella pneumoniae, and Staphylococcus aureus. 

 

Preventive Measures Grouping 

Participants were categorized into two groups based 

on their exposure to preventive strategies. The 

Adequate Prevention Group included neonates whose 

mothers received proper antenatal care and where 

deliveries adhered to strict hygiene protocols. This 

group benefited from hand hygiene compliance, 

breastfeeding initiation, umbilical cord antisepsis, and 

timely prophylactic antibiotic administration. The 

Inadequate Prevention Group comprised neonates 

born to mothers with poor antenatal care or in settings 

lacking adherence to recommended preventive 

measures, exposing them to higher risks of sepsis. 

 

Outcome Measures 

Primary Outcome 
The primary outcome measured was the incidence of 

culture-positive neonatal sepsis in both groups. This 

outcome assessed the effectiveness of preventive 

strategies in reducing infection rates. 

 

Secondary Outcomes 
Secondary outcomes included changes in biochemical 

markers between the two groups, which provided 

insights into the severity of sepsis and inflammation. 

Neonatal sepsis severity was compared using clinical 

scoring systems, and mortality and morbidity rates 

were evaluated to assess overall health outcomes. 

These measures highlighted the broader impact of 

preventive strategies on neonatal health. 

 

Data Analysis 

Descriptive statistics summarized demographic and 

clinical data, providing an overview of key variables. 

Continuous variables such as biochemical markers 

were expressed as mean ± standard deviation and 

analyzed using the Student’s t-test or Mann-Whitney 

U test for comparisons. Categorical variables, 

including sepsis incidence, were expressed as 

frequencies and percentages and analyzed using the 

chi-square test or Fisher’s exact test for statistical 

significance. Logistic regression was used to identify 

independent risk factors for neonatal sepsis, including 

inadequate preventive measures, low birth weight, and 

elevated inflammatory markers. A p-value < 0.05 was 

considered statistically significant in all analyses. This 

comprehensive approach ensured robust evaluation of 

the data and reliable conclusions. 

 

RESULTS  

Table 1: Demographic and Clinical Characteristics 

of Neonates 
The neonates in the Adequate Prevention Group had 

significantly higher birth weights (2.85 ± 0.45 kg) 

compared to the Inadequate Prevention Group (2.45 ± 

0.50 kg, p = 0.002), suggesting that preventive 

measures during pregnancy may positively impact 

neonatal birth weight. Similarly, gestational age was 

significantly higher in the Adequate Prevention Group 

(38.20 ± 1.50 weeks vs. 36.80 ± 2.00 weeks, p = 

0.001), indicating better antenatal care in this group. 

The male-to-female ratio did not differ significantly 

between groups (53.33% vs. 60.00%, p = 0.512), nor 

did the mode of delivery (C-section rates: 36.67% vs. 

45.00%, p = 0.412). The Apgar scores at birth were 

significantly better in the Adequate Prevention Group 

(8.50 ± 1.20 vs. 7.80 ± 1.50, p = 0.005), reflecting 

better neonatal health outcomes in settings with 

optimal preventive measures. 

 

Table 2: Incidence of Neonatal Sepsis and 

Pathogen Identification 
The incidence of culture-positive sepsis was 

significantly lower in the Adequate Prevention Group 

(20.00%) compared to the Inadequate Prevention 

Group (45.00%, p = 0.008), indicating the 

effectiveness of preventive strategies in reducing 

neonatal sepsis. Among pathogens, Escherichia coli 

was the most commonly isolated organism, with a 

significantly higher prevalence in the Inadequate 

Prevention Group (20.00% vs. 8.33%, p = 0.032). 

Although Klebsiella pneumoniae and Staphylococcus 

aureus were more common in the Inadequate 

Prevention Group, these differences were not 

statistically significant (p = 0.118 and p = 0.317, 

respectively). 
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Table 3: Biochemical Markers in Neonates 
All biochemical markers associated with 

inflammation and sepsis were significantly elevated in 

the Inadequate Prevention Group. The mean white 

blood cell count was higher in the Inadequate 

Prevention Group (14.50 ± 4.20 × 10⁹/L) compared to 

the Adequate Prevention Group (12.80 ± 3.50 × 10⁹/L, 

p = 0.025). The immature-to-total neutrophil ratio, a 

marker of sepsis, was also significantly elevated (0.20 

± 0.07 vs. 0.15 ± 0.05, p = 0.010). Levels of CRP 

(22.10 ± 8.40 mg/L vs. 15.40 ± 6.80 mg/L, p = 0.003) 

and procalcitonin (3.80 ± 1.20 ng/mL vs. 2.40 ± 0.90 

ng/mL, p = 0.001) were markedly higher in the 

Inadequate Prevention Group, indicating more severe 

inflammatory responses. Lactate levels, a marker of 

metabolic stress, were also significantly higher in the 

Inadequate Prevention Group (3.10 ± 0.80 mmol/L vs. 

2.50 ± 0.60 mmol/L, p = 0.014). 

 

Table 4: Preventive Measures and Clinical 

Outcomes 
The Adequate Prevention Group had significantly 

better clinical outcomes. Mortality rates were much 

lower in the Adequate Prevention Group (6.67%) 

compared to the Inadequate Prevention Group 

(25.00%, p = 0.011). NICU stay duration was 

significantly shorter in the Adequate Prevention 

Group (12.50 ± 3.80 days vs. 18.20 ± 4.50 days, p = 

0.001), highlighting the benefits of preventive 

strategies in reducing hospital burden. Mechanical 

ventilation was required more frequently in the 

Inadequate Prevention Group (40.00% vs. 16.67%, p 

= 0.005), reflecting greater disease severity. Similarly, 

the duration of antibiotic therapy was significantly 

longer in the Inadequate Prevention Group (12.50 ± 

3.10 days vs. 9.20 ± 2.30 days, p = 0.002), further 

emphasizing the impact of preventive measures on 

reducing treatment needs. 

 

Table 5: Preventive Strategies Implemented 
The implementation of preventive strategies was 

significantly higher in the Adequate Prevention Group 

across all measures. Hand hygiene compliance was 

markedly better in the Adequate Prevention Group 

(91.67%) compared to the Inadequate Prevention 

Group (62.50%, p = 0.001). Early breastfeeding 

initiation was also significantly more common in the 

Adequate Prevention Group (83.33% vs. 55.00%, p = 

0.003). Similarly, the use of antiseptic solutions for 

umbilical cord care was significantly higher in the 

Adequate Prevention Group (75.00% vs. 37.50%, p = 

0.001). Prophylactic antibiotics during delivery were 

more frequently administered in the Adequate 

Prevention Group (66.67% vs. 45.00%, p = 0.042), 

indicating the critical role of these interventions in 

reducing neonatal sepsis risk. 

 

Table 6: Risk Factors for Neonatal Sepsis (Logistic 

Regression Analysis) 
Logistic regression analysis revealed that inadequate 

preventive measures were a significant risk factor for 

neonatal sepsis (OR = 3.20, 95% CI: 1.50–6.80, p = 

0.002). Low birth weight (<2.5 kg) was associated 

with an increased risk of sepsis (OR = 2.80, 95% CI: 

1.40–5.50, p = 0.004). High CRP levels (>20 mg/L) 

and high procalcitonin levels (>3 ng/mL) were the 

strongest predictors of sepsis, with odds ratios of 3.50 

(95% CI: 1.80–6.90, p = 0.001) and 4.00 (95% CI: 

1.90–7.60, p = 0.000), respectively. These findings 

highlight the importance of biochemical markers and 

preventive strategies in identifying and mitigating 

sepsis risk. 

 

Table 1: Demographic and Clinical Characteristics of Neonates 

Parameter Adequate Prevention Group 

(n = 60) 

Inadequate Prevention 

Group (n = 40) 

p-value 

(ANOVA) 

Birth Weight (kg) 2.85 ± 0.45 2.45 ± 0.50 0.002 

Gestational Age (weeks) 38.20 ± 1.50 36.80 ± 2.00 0.001 

Male Sex 32 (53.33%) 24 (60.00%) 0.512 

Mode of Delivery (C-section) 22 (36.67%) 18 (45.00%) 0.412 

Apgar Score (Mean ± SD) 8.50 ± 1.20 7.80 ± 1.50 0.005 

 

Table 2: Incidence of Neonatal Sepsis and Pathogen Identification 

Outcome/Pathogen Adequate Prevention 

Group (n = 60) 

Inadequate Prevention 

Group (n = 40) 

p-value 

(ANOVA) 

Culture-Positive Sepsis 12 (20.00%) 18 (45.00%) 0.008 

Escherichia coli 5 (8.33%) 8 (20.00%) 0.032 

Klebsiella pneumoniae 4 (6.67%) 6 (15.00%) 0.118 

Staphylococcus aureus 3 (5.00%) 4 (10.00%) 0.317 

 

Table 3: Biochemical Markers in Neonates 

Marker Adequate Prevention 

Group (Mean ± SD) 

Inadequate Prevention 

Group (Mean ± SD) 

p-value 

(ANOVA) 

White Blood Cell Count (×10⁹/L) 12.80 ± 3.50 14.50 ± 4.20 0.025 

Immature/Total Neutrophil Ratio 0.15 ± 0.05 0.20 ± 0.07 0.010 
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CRP (mg/L) 15.40 ± 6.80 22.10 ± 8.40 0.003 

Procalcitonin (ng/mL) 2.40 ± 0.90 3.80 ± 1.20 0.001 

Lactate (mmol/L) 2.50 ± 0.60 3.10 ± 0.80 0.014 

 

Table 4: Preventive Measures and Clinical Outcomes 

Outcome Adequate Prevention 

Group (n = 60) 

Inadequate Prevention 

Group (n = 40) 

p-value 

(ANOVA) 

Mortality 4 (6.67%) 10 (25.00%) 0.011 

NICU Stay (days) 12.50 ± 3.80 18.20 ± 4.50 0.001 

Mechanical Ventilation 10 (16.67%) 16 (40.00%) 0.005 

Antibiotic Duration (days) 9.20 ± 2.30 12.50 ± 3.10 0.002 

 

Table 5: Preventive Strategies Implemented 

Preventive Measure Adequate Prevention 

Group (n = 60) 

Inadequate Prevention 

Group (n = 40) 

p-value 

(ANOVA) 

Hand Hygiene Compliance 55 (91.67%) 25 (62.50%) 0.001 

Early Breastfeeding Initiation 50 (83.33%) 22 (55.00%) 0.003 

Antiseptic Umbilical Cord Care 45 (75.00%) 15 (37.50%) 0.001 

Prophylactic Antibiotics in 

Delivery 

40 (66.67%) 18 (45.00%) 0.042 

 

Table 6: Risk Factors for Neonatal Sepsis (Logistic Regression Analysis) 

Risk Factor Odds Ratio (95% CI) p-value 

Inadequate Preventive Measures 3.20 (1.50–6.80) 0.002 

Low Birth Weight (<2.5 kg) 2.80 (1.40–5.50) 0.004 

High CRP (>20 mg/L) 3.50 (1.80–6.90) 0.001 

High Procalcitonin (>3 ng/mL) 4.00 (1.90–7.60) 0.000 

 

DISCUSSION 

The significant difference in birth weights and 

gestational ages between the Adequate and Inadequate 

Prevention Groups indicates the impact of antenatal 

care on neonatal outcomes. This finding aligns with 

the study by Singh et al. (2018), which reported 

higher birth weights (2.90 ± 0.50 kg vs. 2.60 ± 0.40 

kg, p < 0.01) and gestational ages (38.1 ± 1.6 weeks 

vs. 36.7 ± 2.1 weeks, p < 0.01) in neonates whose 

mothers received proper antenatal care.6 The 

improved Apgar scores in the Adequate Prevention 

Group reflect better immediate postnatal health, 

consistent with findings by Kumar et al. (2020), who 

reported significantly higher Apgar scores in neonates 

delivered under optimal intrapartum conditions. These 

findings highlight the importance of comprehensive 

antenatal and perinatal care in improving neonatal 

health metrics.7The lower incidence of culture-

positive sepsis in the Adequate Prevention Group 

underscores the effectiveness of preventive measures. 

Similar results were observed in a study by Gupta et 

al. (2019), where sepsis rates were 18% in neonates 

with adequate preventive measures compared to 42% 

in those without (p < 0.05).8Escherichia coli was the 

predominant pathogen in both groups, consistent with 

findings by Sharma et al. (2020), who reported E. coli 

as the most common isolate in 22% of neonatal sepsis 

cases. The higher prevalence of E. coli and other 

pathogens in the Inadequate Prevention Group 

underscores the role of hygiene and prophylactic 

interventions in reducing microbial transmission.9The 

significantly elevated inflammatory markers (CRP 

and procalcitonin) and metabolic markers (lactate) in 

the Inadequate Prevention Group reflect more severe 

sepsis. A study by Mohan et al. (2017) reported 

similar findings, with mean CRP levels of 21.5 ± 7.8 

mg/L in septic neonates compared to 14.8 ± 6.2 mg/L 

in non-septic neonates (p < 0.01).10 Procalcitonin 

levels above 3 ng/mL were strongly predictive of 

sepsis in both studies, emphasizing its diagnostic 

value. Elevated lactate levels in the Inadequate 

Prevention Group mirror findings by Raj et al. (2021), 

which highlighted lactate as a reliable marker of 

metabolic stress and poor perfusion in septic 

neonates.11The significantly lower mortality rate in 

the Adequate Prevention Group highlights the life-

saving potential of preventive measures. A study by 

Thomas et al. (2019) reported a similar reduction in 

neonatal mortality (7% vs. 23%, p < 0.01) with the 

implementation of intrapartum and postpartum 

preventive strategies.12 Shorter NICU stays and 

reduced mechanical ventilation requirements in the 

Adequate Prevention Group also parallel findings by 

Das et al. (2018), who noted a 5-day reduction in 

NICU stays (12.0 ± 3.5 vs. 17.5 ± 4.0 days, p < 0.05) 

with effective prevention. These outcomes underscore 

the broader economic and healthcare benefits of 

reducing neonatal sepsis severity through proactive 

measures.13Higher compliance with hand hygiene, 

breastfeeding initiation, umbilical cord care, and 

prophylactic antibiotics in the Adequate Prevention 

Group highlights the multifaceted approach needed to 
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prevent neonatal sepsis. A study by Patel et al. (2017) 

demonstrated similar trends, where hand hygiene 

compliance was 92% in the intervention group 

compared to 68% in the control group, significantly 

reducing sepsis rates (p < 0.01).14 Early breastfeeding 

has been shown to reduce sepsis risk by providing 

immunological protection, as noted by Chawla et al. 

(2020), where breastfeeding initiation within the first 

hour was associated with a 30% reduction in sepsis 

risk.15Logistic regression identified inadequate 

preventive measures, low birth weight, and elevated 

inflammatory markers as significant risk factors for 

neonatal sepsis. These findings align with those of 

Verma et al. (2021), who reported odds ratios of 3.0 

(95% CI: 1.4–6.5) for inadequate preventive care and 

4.2 (95% CI: 2.1–8.3) for elevated procalcitonin 

levels in predicting sepsis.16Low birth weight remains 

a critical risk factor, as highlighted in studies like that 

of Nair et al. (2019), where neonates weighing <2.5 

kg had a threefold higher risk of developing sepsis 

(OR: 3.1, 95% CI: 1.8–5.2). These results emphasize 

the need for targeted interventions in high-risk 

neonates to mitigate sepsis-related morbidity and 

mortality.17 

 

CONCLUSION 
This study highlights the critical role of preventive 

strategies in reducing the incidence, severity, and 

complications of neonatal sepsis. Adequate antenatal 

care, hygienic delivery practices, and postnatal 

interventions such as breastfeeding and umbilical cord 

care significantly improve neonatal outcomes. 

Elevated biochemical markers like CRP and 

procalcitonin serve as valuable tools for early 

diagnosis and management. The findings emphasize 

the need for a multifaceted approach that integrates 

preventive measures with robust diagnostic and 

treatment protocols to minimize neonatal morbidity 

and mortality. Prioritizing such strategies in clinical 

practice can transform neonatal care, particularly in 

resource-limited settings. 
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