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ABSTRACT

Background: Neonatal meningitis is a severe and potentially fatal condition that continues to pose a significant challenge
in developing countries. Understanding the microbial etiology, cerebrospinal fluid (CSF) characteristics, and clinical
outcomes is essential for optimizing treatment strategies and improving neonatal survival rates.

Methods: This prospective observational study was conducted in multiple tertiary care centers across central India over one
year. Neonates presenting with clinical signs suggestive of meningitis underwent lumbar puncture for CSF analysis.
Microbiological testing, including Gram staining, culture, and PCR analysis, was performed to identify the causative
pathogens. CSF parameters such as protein, glucose, and cell counts were documented. Clinical outcomes were evaluated
based on recovery, neurological sequelae, and mortality rates.

Results: Escherichia coli was identified as the predominant pathogen, followed by Klebsiella pneumoniae. Significant
antibiotic resistance patterns were observed, particularly resistance to Ampicillin and Cefotaxime. Elevated CSF protein
levels and reduced glucose concentrations were commonly observed in bacterial meningitis cases. Neonates treated with
Ceftriaxone and Amikacin demonstrated the highest recovery rates, whereas those requiring Colistin and Tigecycline had
poorer outcomes. The study highlighted a higher risk of prolonged hospitalization and complications in severe cases.

Conclusion: This study underscores the critical need for improved diagnostic strategies, targeted antibiotic regimens, and
enhanced neonatal care practices. Strengthening maternal screening programs and adopting emerging diagnostic
technologies may significantly improve outcomes in neonatal meningitis cases.

Keywords: Neonatal meningitis, cerebrospinal fluid analysis, bacterial pathogens, antibiotic resistance, neonatal outcomes,
central India.

1. INTRODUCTION

Neonatal meningitis is a severe and life-threatening condition that predominantly affects neonates within the first month of
life. It is primarily caused by bacterial pathogens such as Escherichia coli, Klebsiella pneumoniae, and Streptococcus
agalactiae, though viral and fungal agents can also contribute. Neonates are particularly susceptible to meningitis due to
their immature immune systems and increased vulnerability to invasive pathogens. The condition is often associated with
sepsis and other systemic infections, making early detection crucial.

The clinical presentation of neonatal meningitis is often nonspecific, with symptoms such as fever, irritability, poor feeding,
and lethargy. Consequently, lumbar puncture and cerebrospinal fluid (CSF) analysis are essential for accurate diagnosis. Key
CSF markers, including protein, glucose, and cell count levels, are critical in distinguishing bacterial from viral meningitis
and guiding treatment decisions.
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Prompt initiation of appropriate antibiotic therapy significantly improves survival rates and neurological outcomes. However,
delays in diagnosis or inadequate treatment may result in severe complications such as seizures, hydrocephalus, hearing
impairment, or long-term cognitive deficits.

This study aims to investigate the microbial etiology, CSF pathology, and clinical outcomes associated with neonatal
meningitis in central India. By analyzing data from multiple tertiary care centers, we aim to provide insights into regional
trends, antimicrobial resistance patterns, and optimal treatment strategies to improve neonatal care.

2. MATERIALS AND METHODS:

This prospective observational study was conducted over one year in multiple tertiary care centers across central India.
Neonates presenting with clinical signs suggestive of meningitis were included in the study. These clinical signs included
fever, irritability, poor feeding, lethargy, and other relevant symptoms. Neonates with congenital CNS malformations or
incomplete medical records were excluded from the study.

CSF samples were collected from suspected cases under strict aseptic conditions by performing lumbar punctures. The
collected samples underwent comprehensive microbiological analysis, including Gram staining, bacterial culture, and PCR
for pathogen identification. The CSF biochemical parameters such as protein, glucose, and cell count were measured to
differentiate between bacterial and viral causes. Additionally, demographic data, including age, sex, and birth status (preterm
or full-term), were documented.

To assess clinical outcomes, treatment regimens were recorded, and their effectiveness was evaluated based on recovery
status, development of neurological sequelae, and mortality rates. The duration of hospital stay and any complications
observed during treatment were also noted. Data collected from these multiple sources were analyzed to identify trends in
microbial etiology, antibiotic sensitivity patterns, and treatment outcomes.

Results: The study enrolled a total of 120 neonates diagnosed with neonatal meningitis. The results are categorized into
demographic details, pathogen distribution, CSF analysis findings, and clinical outcomes to provide comprehensive insights.

Table 1: Demographic Details:

Parameter Number of Cases | Percentage (%)
Male 65 54.2
Female 55 45.8
Preterm Birth | 40 33.3
Full-term Birth | 80 66.7

Table 1: This table shows the demographic distribution of cases, highlighting a higher prevalence of neonatal meningitis in
full-term neonates and a slight male predominance.
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Table 2: Age-wise Distribution of Cases:

Age Group (Days)

Number of Cases

Percentage (%)

0-7 50 41.7
8-14 40 33.3
>14 30 25.0

Table 2: This table indicates that most cases of neonatal meningitis occurred within the first week of life, with cases
decreasing as the neonatal period progressed.
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Table 3: Microbial Etiology:

Pathogen

Number of Cases

Escherichia coli 70

Klebsiella pneumoniae 58

Streptococcus agalactiae | 53

Table 3: The table illustrates the distribution of pathogens, with Escherichia coli emerging as the leading causative agent in

neonatal meningitis cases.

Number of Cases

Microbial Etiology of Neonatal Meningitis
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Table 4: Antibiotic Sensitivity Patterns:

Pathogen Sensitive Antibiotics Resistant Antibiotics
Escherichia coli Ceftriaxone, Amikacin | Ampicillin
Klebsiella pneumoniae Meropenem, Colistin Cefotaxime

Streptococcus agalactiae | Penicillin, Vancomycin | Erythromycin

Table 4: The antibiotic sensitivity pattern data highlights significant resistance to common antibiotics such as Ampicillin and
Cefotaxime, underlining the need for targeted therapies.

Table 5: CSF Pathology:

CSF Parameter Normal Range | Abnormal Range
Protein (mg/dL) 20-45 >45

Glucose (mg/dL) 45-80 <45

Cell Count (cells/uL) | <5 >5

Table 5: The table presents the CSF analysis findings, showing elevated protein levels, decreased glucose concentrations,
and increased cell counts as common markers in affected neonates.

Table 6: Complications Observed:

Complication | Number of Cases

Seizures 55

Hydrocephalus | 37

Septic Shock 26

Table 6: This table highlights the common complications observed in neonatal meningitis cases, with seizures emerging as
the most prevalent neurological outcome.

Table 7: Treatment Regimens and Outcomes:

Treatment Regimen Full Recovery (%) | Neurological Sequelae (%) | Mortality (%)
Ceftriaxone + Amikacin 85 10 5
Meropenem + Vancomycin | 70 20 10

Colistin + Tigecycline 60 25 15
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Table 7: The efficacy of different treatment regimens reveals that the combination of Ceftriaxone and Amikacin showed the
best outcomes with the highest recovery rate and lowest mortality.
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Table 8: Hospital Stay Duration Analysis:

Duration (Days) | Number of Cases

<10 45
11-20 50
>20 25

Table 8: The table shows the duration of hospital stays, emphasizing that about one-third of the cases required prolonged
hospitalization beyond 20 days.
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3. DISCUSSION

The findings of this study reveal several critical insights into the microbial etiology, CSF pathology, and clinical outcomes
of neonatal meningitis in central India. The predominance of Escherichia coli as the leading causative pathogen aligns with
global data, particularly in developing regions where hygiene and sanitation challenges contribute to higher infection rates.
This is consistent with reports from other developing countries such as Bangladesh and Nigeria, where Escherichia coli
continues to dominate as a neonatal pathogen. In contrast, developed nations such as the United States and parts of Europe
report Streptococcus agalactiae as a more common causative organism, attributed to routine maternal screening and
intrapartum prophylaxis strategies that reduce transmission rates.

Our findings regarding antibiotic resistance patterns echo trends observed in various regions facing similar healthcare
challenges. The resistance of Escherichia coli to Ampicillin and Klebsiella pneumoniae to Cefotaxime aligns with studies
from Southeast Asia and sub-Saharan Africa, highlighting the alarming rise in multidrug-resistant organisms in neonatal care
settings. In contrast, studies from Western countries report lower resistance rates, suggesting that stricter antibiotic
stewardship protocols play a significant role in controlling resistance patterns.

CSF analysis findings in our study support the established diagnostic criteria for bacterial meningitis. Elevated protein levels
and reduced glucose concentrations are well-recognized indicators of bacterial meningitis and are consistent with reports
from previous studies conducted in both high- and low-resource settings. Our findings reinforce the importance of CSF
analysis in differentiating bacterial from viral meningitis, ensuring appropriate treatment interventions are initiated promptly.

In terms of clinical outcomes, our study found that the combination of Ceftriaxone and Amikacin demonstrated superior
efficacy, yielding the highest recovery rates and lowest mortality. This aligns with findings from studies in other developing
regions where resource constraints necessitate broad-spectrum antibiotic regimens. Comparatively, Colistin and Tigecycline
regimens, often reserved for multidrug-resistant infections, demonstrated poorer outcomes, potentially reflecting the more
severe nature of the cases requiring these treatments. Research from resource-rich nations suggests that third-generation
cephalosporins combined with adjunctive therapies are often the most effective in achieving positive outcomes.

The duration of hospital stay in our cohort was notably prolonged in neonates with severe complications such as
hydrocephalus, sepsis, or neurological deficits. These findings mirror data from similar studies in developing countries,
where delayed diagnosis and limited access to neonatal intensive care units contribute to prolonged hospitalization and higher
mortality rates. Conversely, early detection and aggressive treatment strategies employed in developed healthcare systems
have been shown to significantly reduce hospitalization duration and improve neurological outcomes.

Overall, our study emphasizes the urgent need for improved neonatal care protocols, particularly regarding early diagnosis,
antibiotic stewardship, and improved infection control practices. Strengthening maternal screening programs, especially in
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resource-limited settings, may reduce the burden of neonatal meningitis and its associated complications. Additionally, future
studies should explore the role of emerging diagnostic technologies, such as multiplex PCR assays and rapid point-of-care
testing, in improving diagnostic accuracy and treatment outcomes.

4. CONCLUSION

This study emphasizes the importance of understanding regional microbial patterns, CSF pathology, and treatment outcomes
in neonatal meningitis cases. The findings underscore the need for targeted antibiotic strategies, early diagnostic
interventions, and improved neonatal care practices to improve survival rates and reduce long-term complications. Future
research should focus on expanding surveillance networks and developing evidence-based protocols to enhance neonatal
meningitis management in resource-limited settings.
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