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ARTICLE INFO ABSTRACT 

 Introduction: 
Acute bacterial meningitis (ABM) is a critical condition characterized by 
inflammation of the leptomeninges due to bacterial infection in the subarachnoid 
space, leading to severe complications and high morbidity. This study aims to 
determine the incidence, etiological profile, and complications of ABM in children 
aged one month to five years in Central India. 
Methods 
This prospective study was conducted from November 2022 to October 2023 at a 
tertiary care hospital in Central India. Children aged 1 month to 5 years with 
suspected meningitis based on clinical features were included. Diagnosis was 
confirmed through lumbar puncture and cerebrospinal fluid (CSF) analysis, 
including biochemical tests, cell counts, staining, culture, and latex agglutination 
test (LAT). 
Results 
Out of 1560 children admitted, 160 were suspected of having meningitis, and 57 
cases were confirmed as ABM. The highest incidence (59.6%) was in the 3 to 12 
months age group, with a male to female ratio of 2:1. LAT showed 82.45% positivity, 
CSF biochemistry was positive in 63% of cases, Gram staining in 8.7%, CSF culture 
in 3.5%, and blood cultures in 17.5%. The pathogens identified included Group B 
Streptococcus (45.6%), Streptococcus pneumoniae (21%), and Haemophilus 
influenzae (10.5%). Complications during hospitalization included seizures 
(45.6%), increased intracranial pressure (28%), and coma (10.5%), with a case 
fatality rate of 10.5%. Follow-up visits revealed sequelae such as seizures (38%), 
cranial nerve palsies (31%), and developmental delays (26.2%). 
Discussion 
The study reaffirms the high prevalence of ABM in Central India, with a significant 
burden on infants aged 3 to 12 months. The predominant pathogen was Group B 
Streptococcus, contrasting with higher prevalence of Streptococcus pneumoniae 
and Haemophilus influenzae in developed countries. The high rate of complications 
and case fatality rate highlights the need for improved diagnostic and therapeutic 
strategies. 
Conclusion 
The study underscores the critical need for enhanced vaccination, early diagnosis, 
and appropriate antibiotic use to manage ABM effectively. Comprehensive follow-
up care is essential to mitigate long-term complications. 

 
INTRODUCTION 

 
The brain is typically a sterile organ, shielded from external threats by the bony skull and internally by the 
blood-brain barrier (BBB). The vulnerability of the brain to infections is associated with breaches in the BBB 
and compromised host defenses, allowing pathogen proliferation. These infections can alter cerebral blood 
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flow, increase intracranial pressure (ICP), and cause brain tissue inflammation, leading to significant 
complications and long-term sequelae. Acute bacterial meningitis (ABM) involves inflammation of the 
leptomeninges triggered by bacteria in the subarachnoid space, associated with high rates of acute 
complications and long-term morbidity. This study aims to determine the incidence, etiological profile, and 
complications of ABM in children aged one month to five years. 
 

METHODS 
 
This prospective study was conducted over a year at a tertiary care hospital in Central India, from November 
2022 to October 2023. Diagnosis of meningitis was based on history, examination, and laboratory 
investigations. Lumbar puncture was performed, and cerebrospinal fluid (CSF) was analyzed biochemically, 
for cell counts, staining, culture, and latex agglutination test (LAT). 
 
Inclusion Criteria: 

 Children aged 1 month to 5 years. 

 Suspected cases of meningitis based on clinical features such as fever, irritability, poor feeding, vomiting, 
seizures, and altered sensorium. 

 
Exclusion Criteria: 

 Children with chronic illness, malignancy, or on immunosuppressive drugs. 

 Post-operative and post-lumbar puncture cases. 
 

RESULTS 
 
Out of 1560 admitted children (1 month to 5 years), 160 were suspected of having meningitis, with 57 confirmed 
ABM cases. The highest incidence (59.6%) was in the 3 months to 12 months age group, with a male to female 
ratio of 2:1. 
 

Table 1: Age and Sex Distribution of ABM Cases 
Age Group Number of Cases Percentage (%) 

1 month - 2 months 11 19.3 
3 months - 12 months 34 59.6 
13 months - 59 months 12 21.1 
Sex Number of Cases Percentage (%) 
Male 38 66.7 
Female 19 33.3 

 
Diagnostic Methods and Pathogen Identification: 

 LAT showed 82.45% positivity. 

 CSF biochemistry was positive in 63% of cases. 

 Gram staining was positive in 8.7% of cases. 

 CSF culture was positive in 3.5% of cases. 

 Blood cultures were positive in 17.5% of cases. 
 

Table 2: Pathogens Identified in ABM Cases 
Pathogen Number of Cases Percentage (%) 

Group B Streptococcus 26 45.6 
Streptococcus pneumoniae 12 21.0 
Haemophilus influenzae 6 10.5 
Klebsiella 1 1.75 
Staphylococcus aureus 1 1.75 
N. meningitides 1 1.75 
E. coli 1 1.75 
Unknown 9 15.8 

 
Table 3: Complications During Hospitalization 

Complication Number of Cases Percentage (%) 

Seizures 26 45.6 
Increased Intracranial Pressure 16 28.0 
Coma 6 10.5 
Infarcts 4 7.0 
Hydrocephalus 2 3.5 
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Subdural Effusions 3 5.26 
 

Table 4: Biochemistry Investigations of CSF in ABM Cases 
Biochemical Parameter Number of Cases Percentage (%) 

Elevated Proteins (>100 mg/dL) 36 63 
Low Glucose (<40 mg/dL) 36 63 
CSF/Serum Glucose Ratio <0.5 36 63 

 
Follow-up visits revealed sequelae such as seizures (38%), cranial nerve palsies (31%), and developmental 
delays (26.2%). The incidence of complications was higher in cases of S. pneumoniae and H. influenzae 
meningitis compared to Group B streptococcus. 

 
DISCUSSION 

 
The incidence of acute bacterial meningitis (ABM) in the pediatric population remains a significant health 
concern, particularly in developing regions such as Central India. Our study found a prevalence of 3.6% among 
hospital admissions for children aged one month to five years, consistent with previous reports from various 
parts of India and other developing countries, which range from 0.5% to 3.5%. This persistent prevalence 
underscores the need for improved public health measures, including widespread vaccination and early 
intervention strategies. 
 
Age and Gender Distribution: The highest incidence of ABM was observed in the 3 months to 12 months 
age group, accounting for 59.6% of the cases. This finding aligns with studies by Mani et al. and Ogunlesi et al., 
which also reported a higher prevalence of ABM in infants under one year of age. The male to female ratio in 
our study was 2:1, indicating a male preponderance. Similar gender distribution has been noted in other 
studies, suggesting that males are more susceptible to bacterial infections possibly due to genetic and 
immunological factors. 
 
Diagnostic Methods: Our study highlighted the efficacy of LAT (Latex Agglutination Test) in diagnosing 
ABM, with a positivity rate of 82.45%. This is higher than the positivity rates reported by Das et al. (83%) and 
Chinchankar et al. (66%), indicating that LAT remains a reliable diagnostic tool in resource-limited settings. 
However, the low positivity rates of Gram staining (8.7%) and CSF culture (3.5%) in our study highlight 
significant challenges. These rates are considerably lower compared to findings by Bhat et al. and Surinder et 
al., who reported Gram staining positivity rates of 53% and 36%, respectively. The poor culture results could 
be attributed to prior antibiotic administration, suboptimal sample handling, and the quality of culture media, 
which are common issues in many developing countries. 
 
Pathogen Profile: Group B Streptococcus (GBS) emerged as the predominant pathogen in our study, 
responsible for 45.6% of the cases. This contrasts with many studies from developed countries where 
Streptococcus pneumoniae and Haemophilus influenzae are more common, especially after the introduction 
of effective vaccination programs. The high prevalence of GBS in our study, including in the post-neonatal 
period, is consistent with findings by Florindo et al. and Dwivedi et al., who reported GBS as a significant 
pathogen beyond the neonatal period. The continued high incidence of H. influenzae (10.5%) and S. 
pneumoniae (21%) in our cohort underscores the need for enhanced immunization coverage in India. 
 
Complications and Mortality: The rate of complications during hospitalization was notably high, with 
seizures occurring in 45.6% of cases, increased ICP in 28%, and coma in 10.5%. These findings are comparable 
to the complication rates reported by Chinchankar et al. and Goetghebeur et al., who noted similar rates of 
acute complications in their studies. The case fatality rate in our study was 10.5%, which aligns with the 10-
30% range reported in other developing nations but is higher compared to the 10% fatality rate in developed 
countries with advanced healthcare facilities. 
 
Long-term Sequelae: On follow-up, 73.68% of patients revisited for examination, with significant sequelae 
observed. Seizures (38%), cranial nerve palsies (31%), and developmental delays (26.2%) were the most 
common complications. These findings are consistent with those reported by Singhi et al. and Grimwood et al., 
who documented similar rates of long-term neurological sequelae. The higher incidence of hearing deficits and 
vision impairments in our cohort, primarily associated with H. influenzae and S. pneumoniae, highlights the 
need for targeted interventions and follow-up care for these patients. 
 
Comparison with Published Literature: Our study's findings are broadly consistent with the existing 
literature but also highlight regional variations in pathogen prevalence and complication rates. For instance, 
while GBS remains a significant pathogen in our study, it is less commonly reported in studies from regions 
with robust neonatal screening and prophylaxis programs. The high complication rates and case fatality 
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observed underscore the challenges faced in resource-limited settings, where early diagnosis and prompt 
treatment are often hindered by systemic healthcare limitations. 
In summary, our study reaffirms the high burden of ABM in pediatric populations in Central India and 
underscores the critical need for enhanced vaccination coverage, early diagnostic interventions, and 
comprehensive follow-up care to mitigate the long-term impact of this serious infection. These findings call for 
concerted efforts to improve healthcare infrastructure and public health policies to address the ongoing 
challenges in managing ABM effectively. 
 

CONCLUSION 
 
The incidence of ABM in Central India is significant, with Group B Streptococcus as the main pathogen. The 
study emphasizes the importance of vaccination, early diagnosis, and appropriate antibiotic use to manage and 
reduce the complications associated with ABM. 
 
Funding: No funding sources.  
 
Conflict of Interest: None declared.  
 
Ethical Approval: The study was approved by the Institutional Ethics Committee. 
 

REFERENCES 
 
1. Tauber MG, Schaad UB. Bacterial infection of the nervous system. In: Swaiman KF, Ashwal S, Ferriero 

DM, editors. Pediatric neurology principles and practice. 4th ed. USA: Elsevier; 2008. p. 1571. 
2. Chinchankar N, Mane M, Bhave S, Bapat S, Bavdekar A, Pandit A, et al. Diagnosis outcome of acute 

bacterial meningitis in early childhood. Indian Pediatr. 2002;39:914-921. 
3. Singhi P, Bansal A, Geeta P, Singhi S. Predictors of long-term neurological outcome in bacterial 

meningitis. Indian J Pediatr. 2007;74(4):369-74. 
4. Tsai CJ, Griffin MR, Nuorti JP, Grijalva CG. Changing epidemiology of pneumococcal meningitis after the 

introduction of pneumococcal conjugate vaccine in the United States. Clin Infect Dis. 2008;46(11):1664-
72. 

5. George CN, Letha S, Bai SS. A clinical study of chronic morbidity in children following pyogenic 
meningitis. Indian Pediatr. 2002;39:663-7. 

6. Ogunlesi TA, Okeniyi JA, Oyelami OA. Pyogenic meningitis in Ilesa, Nigeria. Indian Pediatr. 
2005;42:1019-23. 

7. Das BK, Gurubacharya RL, Mohapatra TM, Mishra OP. Bacterial antigen detection test in meningitis. 
Indian J Pediatr. 2003;70(10):799-801. 

8. Florindo C, Gomes JP, Rato MG, Bernardino L, Spellerberg B, Santos-Sanches I, et al. Molecular 
epidemiology of group B streptococcal meningitis in children beyond the neonatal period from Angola. J 
Med Microbiol. 2011;60(9):1276-80. 

9. Dwivedi S, Das BK, Aneja S, Sharma S, Chaturvedi MK, Kahn G, et al. Group B streptococcal meningitis 
in infants beyond the neonatal period. Indian J Pediatr. 2014;81(1):4-8. 

10. Bhat BV, Verma IC, Puri RK, Srinivasan S, Nalini P. A profile of pyogenic meningitis in children. J Indian 
Med Assoc. 1991;89:224-7. 

11. Surinder K, Bineeta K, Megha M. Latex particle agglutination test as an adjunct to the diagnosis of 
bacterial meningitis. Indian J Med Microbiol. 2007;25(4):395-7. 

12. Mani R, Pradhan S, Nagrathna S, Wasiulla R, Chandermukhi A. Bacteriological profile of community-
acquired acute bacterial meningitis: a ten-year retrospective study in a tertiary neurocare centre in South 
India. Indian J Med Microbiol. 2007;25(2):108-14. 

13. Kabra SK, Kumar P, Verma IC, Mukherjee D, Chowdhary BH, Sengupta S, et al. Bacterial meningitis in 
India: an IJP survey. Indian J Pediatr. 1991;58(4):505-11. 

14. Deivanayagam N, Ashok TP, Nedunchelian K, Ahmed SS, Mala N. Bacterial meningitis: diagnosis by latex 
agglutination test and clinical features. Indian Pediatr. 1993;30:495-500. 

15. Mohammadi SF, Patil AB, Nadagir SD, Nandihal NW, Lakshminarayana SA. Diagnostic value of latex 
agglutination test in diagnosis of acute bacterial meningitis. Ann Indian Acad Neurol. 2013;16:645-9. 

16. Goetghebuer T, West TE, Wermenbol V, Cadbury AL, Milligan P, Lloyd-Evans N, et al. Outcome of 
meningitis caused by Streptococcus pneumoniae and Haemophilus influenzae type b in children in The 
Gambia. Trop Med Int Health. 2000;5(3):207-13. 

17. Fortnum HM, Davis AC. Epidemiology of bacterial meningitis. Arch Dis Child. 1993;68:763-7. 
18. Baraff LJ, Lee SI, Schriger DL. Outcomes of bacterial meningitis in children: a meta-analysis. Pediatr 

Infect Dis J. 1993;12:389-94. 
19. Grimwood K, Anderson P, Anderson V, Tan L, Nolan T. Twelve-year outcomes following bacterial 

meningitis: further evidence for persisting effects. Arch Dis Child. 2000;83:111-6. 



1218  Satakshi Manwani, et.al / Kuey, 30(1), 6113 

 

20. Halket S, de Louvois J, Holt DE, Harvey D. Long-term follow-up after meningitis in infancy: behavior of 
teenagers. Arch Dis Child. 2003;88:395-8. 

21. Bedford H, de Louvois J, Halket S, Peckham C, Hurley R, Harvey D. Meningitis in infancy in England and 
Wales: follow-up at age 5 years. BMJ. 2001;323:533-6. 

22. Oostenbrink R, Maas M, Moons KG, Moll HA. Sequelae after bacterial meningitis in childhood. Scand J 
Infect Dis. 2002;34:379-82. 

23. Baker CJ, Rench MA. Commercial latex agglutination for detection of group B streptococcal antigen in 
body fluids. J Pediatr. 1983;102:393-5. 

24. Tunkel AR, Hartman BJ, Kaplan SL, Kaufman BA, Roos KL, Scheld WM, et al. Practice guidelines for the 
management of bacterial meningitis. Clin Infect Dis. 2004;39:1267-84. 

25. Hughes DC, Raghavan A, Mordekar SR, Griffiths PD, Connolly DJ. Role of imaging in the diagnosis of 
acute bacterial meningitis and its complications. Postgrad Med J. 2010;86:478-85. 

26. Cherian T. Current concepts in the pathogenesis, pathophysiology and management of bacterial 
meningitis. Pediatr Today. 2000;3:268-72. 

27. Prober CG. Central nervous system infections. In: Kliegman RM, Stanton BF, Geme JW 3rd, Schor NF, 
editors. Nelson Textbook of Pediatrics. 19th ed. USA: Elsevier; 2012. p. 2086-2098. 

 


