



Infectious Causes of Acute Meningoencephalitis Syndrome in Children: Insights from a Tertiary Care Hospital in Pakistan


Abstract:
Background: 
Acute Meningoencephalitis Syndrome (AMES) remains a significant cause of morbidity and mortality in children worldwide, with diverse infectious etiologies varying by geography and resource availability. While vaccines have successfully reduced bacterial meningitis due to Streptococcus pneumoniae and Haemophilus influenzae type B (Hib) in developed regions, serotype replacement and antimicrobial resistance pose ongoing challenges. 
Objective:
This study aimed to determine the frequency of infectious causes of AMES among children presenting to a tertiary care hospital in Khyber Pakhtunkhwa, Pakistan, providing essential epidemiological insights to guide diagnostic and preventive strategies.
Methods: 
A cross-sectional study was conducted in the Department of Pediatrics at Lady Reading Hospital (LRH), Peshawar, from August 1, 2020, to January 31, 2021. 130 children aged 1–10 years with acute meningoencephalitis syndrome of ≤72 hours’ duration were enrolled. Lumbar puncture was performed for cerebrospinal fluid (CSF) analysis, and pathogens including Streptococcus pneumoniae, enterovirus, herpesvirus VI, Mycobacterium tuberculosis, Escherichia coli, and Group B Streptococcus were identified. Data were analyzed using Statistical Package for the Social Sciences version 23, with stratification by age, gender, and duration of symptoms.
Results and conclusion: The most commonly identified pathogen was enterovirus (23.1%), followed by Group B Streptococcus (19.2%), Escherichia coli (17.7%), and Streptococcus pneumoniae (16.9%). Herpesvirus VI was detected in 12.3% of cases, while Mycobacterium tuberculosis was the least frequent (3.8%). Male patients accounted for 73.1% of cases. Age stratification indicated higher infection rates among younger children (1–5 years), although no statistically significant differences were observed across age groups, gender, or symptom duration.
Viral etiologies, particularly enteroviruses, remain the predominant cause of pediatric AMES, aligning with global trends. However, the considerable burden of bacterial infections underscores the continued need for improved vaccination coverage and antimicrobial stewardship. The low detection rate of Mycobacterium tuberculosis likely reflects diagnostic limitations rather than its true prevalence.
These findings highlight the importance of early diagnosis, targeted treatment strategies, and enhanced surveillance to improve outcomes in pediatric acute meningoencephalitis syndrome cases.
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Introduction: 
Acute Meningoencephalitis Syndrome continues to affect populations worldwide with high morbidity, mortality, and risk of long-term sequelae and is also associated with a range of emerging and re-emerging viral threats to Europe, such as West Nile virus, Toscana virus, measles, and enteroviruses (1). The epidemiology of community-acquired CNS infections is neither fixed nor homogeneous, with changes over time and between locations. The introduction of vaccines has reduced the burden of the two most common etiological agents for bacterial meningitis in adults and older children, Streptococcus pneumoniae and Neisseria meningitidis (2). Haemophilus influenzae type B (Hib) is now a rare cause of meningitis in Europe. However, concerns persist regarding serotype replacement and rising antimicrobial resistance in Streptococcus pneumoniae, with regional variations in resistance patterns necessitating location-specific and travel-adapted antibiotic regimens. Neonatal meningitis remains a significant concern due to its high morbidity and increased incidence compared to older children. In neonates, the typical disease progression involves primary bloodstream infections that spread hematogenously to the central nervous system (CNS), most commonly caused by Streptococcus agalactiae (Group B Streptococcus, GBS) or Escherichia coli. Encephalitis, characterized by inflammation of the brain parenchyma, carries a high risk of long-term complications and is most often viral in origin.
(3). It is estimated that 40 to 60% of cases remain without an etiological diagnosis. This may partly be due to a lack of consensus on clinical case definitions and standardized diagnostic approaches.
The most commonly diagnosed causes of viral CNS infections in Europe are Herpes simplex virus (HSVs), enteroviruses, Varicella-zoster virus (VZV), and arthropod-borne viruses (arboviruses). The epidemiology of encephalitis is constantly evolving, and emerging infectious diseases may present as undifferentiated CNS infections. This is illustrated by the re-emergence of West Nile virus (WNV) in southeastern Europe and the emergence of Toscana virus as a leading cause of aseptic meningitis in regions in southern Europe during the summer (4). Another cause of concern is recent outbreaks of enterovirus-associated severe neurological disease which cause a strain on pediatric intensive care units. A study by Shen H, et al. showed that the frequency of S. pneumonia was 16.5%, E. coli 17.6%, and group B Streptococcus 20% in patients with acute meningoencephalitis syndrome. Another study by Lona-Reyes JC, et al. has shown that the frequency of Streptococcus pneumoniae was 13%, Enterovirus 26%, Herpesvirus VI 13%, Mycobacterium tuberculosis 4.3% in patients with acute meningoencephalitis syndrome (5).
Due to the large geographical and economic variation in Pakistan, immunization rates and healthcare quality vary in different regions. Apart from the free vaccines, the coverage of others including pneumococcal and H. influenzae type b vaccines would be higher in the developed cities than in other regions. As a metropolis with over 35.5 million population and Pakistan’s open door to the world, it is urgent to understand the etiology of meningoencephalitis syndrome in Khyber Pakhtunkhwa, and then provide a basis for introducing effective policies for immunization and prevention. Therefore, I have planned to determine the frequency of Infectious etiologies of acute meningoencephalitis syndrome in children presented to tertiary care hospitals.
 
Review of Literature: 

Acute meningoencephalitis syndrome (AMES) in pediatric patients is an urgent neurological condition marked by meningeal and brain parenchymal inflammation usually caused by heterogeneous infectious pathogenesis. AMES presents as fever, confusion, seizures, and neurological impairments with severe acceleration requiring emergent treatment. Within the context of tertiary care, both diagnostic and therapeutic dilemmas are added to by the wide variety of possible pathogens, low microbiological yield, and local heterogeneity of diseases. This article integrates existing literature on the causative infections, diagnostic issues, and management of AMES among children from all over the world and region-wise data, and includes data obtained from a tertiary care center in Karachi, Pakistan (6). AMES is responsible for significant morbidity and mortality among children globally, especially in low-resource environments where delayed diagnosis and poor antimicrobial stewardship worsen outcomes. The rate of hospitalization due to infectious meningoencephalitis in Karachi was estimated at 5.7 per 100,000 population, with children under the age of five having a greater burden (9.8 per 100,000). Mortality rates differ by etiology, with bacterial and amoebic etiologies showing especially high mortality. For example, primary amoebic meningoencephalitis (PAM) caused by Naegleria fowleri has a mortality rate of over 95%, usually because of misdiagnosis and delayed treatment (7). Clinical manifestations of AMES overlap substantially within etiologies, making initial differentiation difficult. Fever (82–94%), headache (64–78%), and altered mental status (56–70%) are frequent complaints, with irritability or bulging fontanelles in infants. Urgent neurological worsening emphasizes the importance of empiric treatment pending confirmation of diagnosis. Viral causes are the most common cause of AMES all over the world and are headed by herpes simplex virus (HSV) and enteroviruses for sporadic occurrences. HSV encephalitis is rare (incidence: 1 in 250,000–500,000) but responsible for 10–20% of cases of encephalitis in developed countries and is characterized by temporal lobe necrosis on imaging. Viral etiology was identified by the California Encephalitis Project in 69% of instances, though 63% had gone undetected with all-out testing5. In the tropics, arboviruses like Japanese encephalitis virus (JEV) and dengue prevail, with JEV responsible for an estimated 68,000 cases per year in Asia.Diagnostic challenges arise from the transient presence of viral nucleic acids in cerebrospinal fluid (CSF) and the limited sensitivity of conventional PCR tests. For example, HSV PCR sensitivity decreases to 70–80% in later stages of the disease, sometimes necessitating repeat testing or even brain biopsy in uncertain cases. New multiplex PCR panels have improved the detection of enteroviruses and parechoviruses, but their accessibility remains limited in resource-constrained settings. While bacterial meningoencephalitis is less common than viral causes, it carries a high mortality risk and requires urgent treatment. Streptococcus pneumoniae and Neisseria meningitidis are most common in community-acquired cases, with pathogens entering the central nervous system (CNS) through hematogenous spread of contagious infections such as otitis media. Bacterial etiologies were present in 18% of AMES cases in the Karachi cohort, with Mycobacterium tuberculosis and Staphylococcus aureus being commonly found. Bacterial meningoencephalitis inflammatory cascade encompasses cytokine-facilitated disruption of blood-brain barriers, led by tumor necrosis factor-alpha (TNF-α) and interleukin-1 beta (IL-1β). Inflammation-mediated recruitment of neutrophils accentuates cerebral edema, with bacterial toxins including pneumolysin in S. pneumoniae causing direct neuron damage. Bacterial resistance, such as in third-generation cephalosporins and carbapenems among gram-negative bacilli like Klebsiella pneumoniae, complicates empiric therapy, necessitating antimicrobial stewardship programs. Fungal meningoencephalitis, while uncommon in immunocompetent children, is very dangerous in immunocompromised hosts. Cryptococcal meningitis due to HIV/AIDS presents sub-acutely with basilar meningeal enhancement on MRI and increased CSF opening pressure (9). Candida spp. Infections, by contrast, follow a history of prolonged antibiotic therapy or indwelling catheters and present with microabscesses and vasculitis.
Parasitic etiologies, particularly Naegleria fowleri, emphasize environmental and geographic risk factors. The warm freshwater amoeba infects the CNS through the olfactory neuroepithelium when inhaling water. PAM develops quickly from headache and fever to coma within 72 hours, with CSF abnormalities mimicking bacterial meningitis (neutrophilic pleocytosis, hypoglycorrhachia). Survival is still exceptional despite combination therapies such as amphotericin B and miltefosine due to delays in diagnosis.
Etiologic profiles of AMES differ significantly by region, corresponding to variations in pathogen prevalence, access to healthcare, and diagnostic capacity. Mycobacterium tuberculosis and scrub typhus (Orientia tsutsugamushi) are the major contributors to encephalitis syndromes in South Asia, while Borrelia burgdorferi (Lyme disease) and Bartonella henselae (cat-scratch disease) are more prevalent in temperate regions. The Karachi study reported undetermined causes in 36% of cases, highlighting the shortcomings of standard diagnostics (10).
Autoimmune encephalitis, being non-infectious, commonly presents as infectious AMES and represented 8% of cases in the California cohort. NMDA receptor or voltage-gated potassium channel antibodies should be included in the differential diagnosis in children presenting with subacute psychiatric symptoms or movement disorders not responsive to antimicrobials.
CSF examination continues to be the mainstay of AMES diagnosis, with neutrophilic pleocytosis reflecting bacterial or amoebic infection and lymphocytic predominance reflecting viral or tuberculous etiology. Raised CSF lactate (>35 mg/dL) and procalcitonin (>0.5 ng/mL) increase bacterial detection, while CSF metagenomic sequencing holds promise for detecting uncommon pathogens (11). Neuroimaging, especially MRI, demonstrates characteristic patterns: temporal lobe hyperintensities in HSV, thalamic involvement in JEV, and hemorrhagic necrosis in Naegleria infections.
Low microbiological yield continues, particularly in areas of limited resources. In Karachi, only 42% of bacterial cases were culture-confirmed, indicating previous exposure to antibiotics or fastidious pathogens. Point-of-care syndromic panels, such as the FilmArray Meningitis/Encephalitis assay, expedite time-to-diagnosis but are still cost-inhibitive in endemic areas. Empiric treatment of AMES should strike a balance between broad coverage and local resistance patterns. Neonates and immunocompromised children require ampicillin and cefotaxime or meropenem, and older children receive vancomycin and ceftriaxone until CSF results are available6. Adjunctive dexamethasone (0.15 mg/kg q6h) enhances outcomes in S. pneumoniae meningitis by reducing cytokine-mediated injury.
Empirical antiviral treatment with acyclovir (60 mg/kg/day) is initiated for presumed HSV encephalitis, given a 20% reduction in mortality with early use. In amoebiasis, amphotericin B and miltefosine are employed due to limited effect, underlining the requirement for new agents4. Antimicrobial stewardship programs maximize duration and route with an earlier switch to oral therapy, decreasing hospital length of stay (12).
Material and Methods:
This cross-sectional study, conducted in the Department of Pediatrics at LRH, Peshawar, from August 1, 2020, to January 31, 2021, included 130 children aged 1–10 years with acute meningoencephalitis syndrome (AMES) of ≤72 hours’ duration. Non-probability consecutive sampling was used, and patients with epilepsy, intracranial devices, or tumors were excluded. After ethical approval and informed parental consent, demographic and clinical data were recorded. CSF samples obtained via lumbar puncture were analyzed for pathogens such as Streptococcus pneumoniae, enterovirus, herpes virus VI, Mycobacterium tuberculosis, E. coli, and group B Streptococcus. Data were processed using SPSS v23, with quantitative variables summarized as means and standard deviations and qualitative variables as frequencies. Stratification by age, gender, and symptom duration was performed, Duration of complaint was defined as the time from symptom onset to hospital admission. Categorical variables were compared using the Chi-square test. If any expected cell count was <5, Fisher’s exact test was used instead. A p-value ≤0.05 was considered statistically significant. 
Results:
The age range in this study was from 1 to 10 years, with a mean age of 3.400±1.67 years and a mean duration of complaints of 38.307±13.78 hours. Male patients accounted for 73.1%, while females made up 26.9%. The infectious etiologies identified were Streptococcus pneumoniae (16.9%), Enterovirus (23.1%), Herpesvirus VI (12.3%), Mycobacterium tuberculosis (3.8%), E. coli (17.7%), and Group B Streptococcus (19.2%). The stratification of infectious etiologies for age, gender, and duration of complaints is detailed in table(1-16)  and graph (1-4). The most frequently identified infectious etiology was Enterovirus (23.1%), followed by Group B Streptococcus (19.2%), E. coli (17.7%), and Streptococcus pneumoniae (16.9%). Other detected pathogens included Herpesvirus VI (12.3%) and Mycobacterium tuberculosis (3.8%).
Stratification by age revealed that most infections were more common in younger children (aged 1-5 years) than in the older group (6-10 years), though the differences were not statistically significant. Males had slightly higher rates of Streptococcus pneumoniae, Mycobacterium tuberculosis, and E. coli, while females showed marginally higher proportions of Enterovirus, Herpesvirus VI, and Group B Streptococcus, but these variations did not reach statistical significance.
Regarding the duration of complaints, infections were generally more frequent in children with symptoms lasting 1-48 hours. However, for E. coli and Group B Streptococcus, a slightly higher proportion of cases was observed in children with complaints lasting more than 48 hours. However, these differences were not statistically significant.
Distribution of Identified Pathogens in Pediatric Patients 
Table: 1 Mean± SD of patients according to age and duration of  complaint.  
	Gender
	Frequency
	Percentage (%)

	Male
	95
	73.1%

	Female
	                    35
	26.9%

	Total
	130
	100%


Table: 2  Frequency and %age of patients according to gender. 

	Streptococcus pneumoniae
	Frequency
	Percentage (%)

	Yes
	22
	16.9%

	No
	108
	83.1%

	Total
	130
	100%



Table: 3  Frequency and %age of patients according to  Streptococcus pneumonia.

	Enterovirus
	Frequency
	Percentage (%)

	Yes
	30
	23.1%

	No
	100
	76.9%

	Total
	130
	100%




Table: 4 Frequency and %age of patients according to Enterovirus.

	Herpesvirus VI
	Frequency
	Percentage  (%)

	Yes
	16
	12.3%

	No
	114
	87.7%

	Total
	130
	100%



Table: 5 Frequency and %age of patients according to Herpesvirus VI

	Mycobacterium tuberculosis
	Frequency
	Percentage (%)

	Yes
	5
	3.8%

	No
	125
	96.2%

	Total
	130
	100%



Table: 6  Frequency and %age of patients according to  Mycobacterium tuberculosis.
	E. coli
	Frequency
	Percentage (%)

	Yes
	23
	17.7%

	No
	107
	82.3%

	Total
	130
	100%



Table: 7  Frequency and % age of patients according to E-coli. 
	Group B Streptococcus
	Frequency
	Percentage (%)

	Yes
	25
	19.2%

	No
	105
	80.8%

	Total
	130
	100%




Table: 8 Frequency and %age of patients according to Group B  Streptococcus.
	Age (years)
	Streptococcus pneumoniae Yes (%)
	Streptococcus pneumoniae No (%)
	P value

	1-5
	19 (16.5%)
	96 (83.5%)
	

	6-10
	3 (20%)
	12 (80%)
	0.735

	Total
	22 (16.9%)
	108 (83.1%)
	



Table: 9 Stratification of Streptococcus pneumoniae with respect to  age.
	Gender
	Streptococcus pneumoniae Yes (%)
	Streptococcus pneumoniae No (%)
	P value

	Male
	18 (18.9%)
	77(81.1%)
	

	Female
	4 (11.4%)
	31(88.6%) 
	0.311

	Total
	22 (16.9%)
	108(83.1%)
	




Table: 10  Stratification of Streptococcus pneumonia with respect to  gender.
	Duration of Complaint (hours)
	Streptococcus pneumoniae Yes (%)
	Streptococcus pneumoniae No (%)
	P value

	1-48
	20(18.2%) 
	90 (81.8%)
	

	>48
	2(10%) 
	18 (90%)
	0.369

	Total
	22(16.9%) 
	108 (83.1%)
	



Table: 11 Stratification of Streptococcus pneumonia with respect to the duration of complaints.
	Age (years)
	Enterovirus Yes (%)
	Enterovirus No (%)
	P value

	1-5
	26 (22.6%)
	89 (77.4%)
	

	6-10
	4 (26.7%)
	11 (73.3%)
	0.726

	Total
	30 (23.1%)
	100 (76.9%)
	




Table: 12 Stratification of Enterovirus with respect to age

	Gender
	Enterovirus Yes (%)
	Enterovirus No (%)
	P value

	Male
	21 (22.1%)
	74 (77.9%)
	

	Female
	9 (25.7%)
	26 (74.3%)
	0.665

	Total
	30 (23.1%)
	100 (76.9%)
	



Table: 13 Stratification of Enterovirus with respect to gender.
	Duration of Complaint (hours)
	Enterovirus Yes (%)
	Enterovirus No (%)
	P value

	1-48
	26 (23.6%)
	84 (76.4%)
	

	>48
	4 (20%)
	16 (80%)
	0.723

	Total
	30 (23.1%)
	100 (76.9%)
	



Table:14 Stratification of Enterovirus with respect to duration of  complaint.
	Age (years)
	Herpesvirus VI Yes (%)
	Herpesvirus VI No (%)
	P value

	1-5
	15 (13%)
	100 (87%)
	

	6-10
	1 (6.7%)
	14 (93.3%)
	0.480

	Total
	16 (12.3%)
	114 (87.7%)
	



Table: 15 Stratification of Herpesvirus VI with respect to age.
	Gender
	Herpesvirus VI Yes (%)
	Herpesvirus VI No (%)
	P values

	Male
	11 (11.6%)
	84 (88.4%)
	

	Female
	5 (14.3%)
	30 (85.7%)
	0.677

	Total
	16 (12.3%)
	114 (87.7%)
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· Graph:1 Stratification of Herpesvirus VI with respect to duration of  complaint.
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Graph:2  Stratification of Mycobacterium tuberculosis with  respect to age.
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Graph:3 Stratification of Mycobacterium tuberculosis with respect  to gender.
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Graph:4 Stratification of Mycobacterium tuberculosis with respect  to duration of complaint.









Table: 16 Stratification of Herpesvirus VI with respect to gender.

Table-16: Stratification of Pediatric Infections by Age, Gender, and Duration of Complaints
	Variable
	Streptococcus pneumoniae (%)
	Enterovirus (%)
	Herpesvirus VI (%)
	Mycobacterium Tuberculosis (%)
	E. coli (%)
	Group B Streptococcus (%)
	p-value (Range)

	Age (years)
	
	
	
	
	
	
	

	1-5
	19 (16.5%)
	26 (22.6%)
	15 (13%)
	5 (4.3%)
	20 (17.4%)
	22 (19.1%)
	0.410 - 0.936

	6-10
	3 (20%)
	4 (26.7%)
	1 (6.7%)
	0 (0%)
	3 (20%)
	3 (20%)
	

	Gender
	
	
	
	
	
	
	

	Male
	18 (18.9%)
	21 (22.1%)
	11 (11.6%)
	4 (4.2%)
	17 (17.9%)
	17 (17.9%)
	0.311 - 0.921

	Female
	4 (11.4%)
	9 (25.7%)
	5 (14.3%)
	1 (2.9%)
	6 (17.1%)
	8 (22.9%)
	

	Duration of Complaints
	
	
	
	
	
	

	1-48 hours
	20 (18.2%)
	26 (23.6%)
	14 (12.7%)
	5 (4.5%)
	18 (16.4%)
	19 (17.3%)
	0.184 - 0.733

	>48 hours
	2 (10%)
	4 (20%)
	2 (10%)
	0 (0%)
	5 (25%)
	6 (30%)
	



[bookmark: _GoBack]Discussion and conclusion
The infectious cause of acute meningoencephalitis syndrome (AMES) in children attending tertiary care centers is a mixed picture of viral, bacterial, and at times parasitic causes, with great regional and demographic heterogeneity. The fact that Enterovirus (23.1%) was the most prevalent in this group is consistent with international experience, in which viral pathogens are responsible for most pediatric meningoencephalitis, especially in resource-poor countries with poorly developed diagnostic facilities (13). Enteroviruses are well established as major causes of aseptic meningitis and encephalitis in children, frequently presenting with nonspecific flu-like illnesses that make early discrimination from bacterial etiologies challenging (16). The prevalence of bacterial pathogens including Group B Streptococcus (19.2%), E. coli (17.7%), and Streptococcus pneumoniae (16.9%) highlights the ongoing risk of bacterial meningoencephalitis, particularly in younger children with immature immune systems68. These results echo multi-center surveillance research in which bacterial pathogens continue to be major causes of morbidity despite progress in vaccination campaigns (14).
Bacterial meningitis symptoms include a stiff neck, headaches, high fever, confusion, sensitivity to light, and sometimes a rash. In children, irritability, vomiting, and swelling of the head may occur. Diagnosis involves a physical examination, blood tests, and a lumbar puncture to analyze cerebrospinal fluid. Treatment typically starts with intravenous antibiotics before confirmation, often accompanied by corticosteroids to reduce inflammation. Prompt hospitalization is necessary for close monitoring and to prevent severe complications.
Of particular interest is the low rate of Mycobacterium tuberculosis detection (3.8%) compared with endemic areas but potentially due to underdiagnosis through this study's acute presentation bias or insensitivity of mycobacterial culture36. In the same way, Herpesvirus VI (12.3%) demonstrates increased herpesvirus detection in pediatric AMES, especially with advanced molecular diagnostics such as PCR, that increase viral DNA detection in CSF. Nonetheless, the large percentage of nonspecific or undiagnosed etiologies (e.g., 36% in previous studies3) underscores diagnostic issues in AMES, where confounded clinical syndromes and transient pathogen occupation of CSF require multimodal testing (15).
The increased infection rate among children 1–5 years (e.g., 17.4% E. coli compared to 20% in older age groups) is consistent with international evidence of increased susceptibility among younger children as a result of developmental weaknesses in the blood-brain barrier and greater environmental exposure. Male dominance (73.1%) has also been noted in bacterial and tubercular infections—perhaps associated with healthcare-seeking activities or immunological variations—but the absence of statistical significance of gender stratification (p = 0.311–0.921) indicates that demographic variables are poor predictors of etiology(16).
Pathogens such as Enterovirus and S. pneumoniae were more commonly identified within 48 hours of symptom onset, in line with their rapid course. The high rates of E. coli (25%) and Group B Streptococcus (30%) among children presenting after 48 hours might be due to delayed care-seeking or insidious bacterial invasion, as reported in studies associating delayed hospitalization with poorer outcomes (17).
Dependence on molecular diagnostics and CSF analysis here highlights their sentinel role in the management of AMES. CSF pleocytosis with neutrophils and increased lactate/procalcitonin are still key to differential diagnosis between viral and bacterial infections, while PCR enhances the detection of fastidious bacteria such as M. tuberculosis and herpesviruses(18). Even so, lingering diagnostic gaps (e.g., 26.9% established etiologies in a cohort from Turkey) emphasize a role for enlarged syndromic panels and metagenomic sequencing in tertiary units.
Empiric treatment regimens need to be weighed against broad-spectrum coverage (e.g., ceftriaxone for bacterial suspects, acyclovir for herpesviruses) versus local antimicrobial resistance rates. The low mortality (0.53%), but high morbidity, in this population is consistent with outcomes in centers making early stabilization (e.g., oxygenation, seizure control) and urgent transfer to pediatric intensive care for elevated intracranial pressure (19).
The prevalence of vaccine-preventable agents such as S. pneumoniae and Group B Streptococcus promotes reinforced immunization strategies, especially where a high AMES burden occurs. Parallel public health action in Naegleria fowleri-endemic water bodies and enhanced public education for timely symptom detection (e.g., fever, decreased level of consciousness) might avoid late presentations.
[bookmark: _heading=h.x3cmqgpq8k2q]AMES in children is a diagnostic and therapeutic dilemma, fueled by heterogenous infectious agents and geographic variability in epidemiology. Although Enterovirus and bacterial pathogens are the most prevalent, underdiagnosis of tubercular and herpesvirus causes continues to be a problem. The lack of statistically significant demographic predictors underscores the need for detailed diagnostics, including CSF molecular testing and neuroimaging. Rapid pathogen identification, antimicrobial stewardship, and prevention measures, including vaccination and environmental control, are imperative in future efforts to limit the global disease burden of pediatric AMES. Since this is a cross-sectional study, it captures associations at a single point in time and cannot establish causality between risk factors and AMES. Since this study was conducted in a single tertiary care center, selection bias may be present, and findings may not be generalizable to the broader pediatric population.Longitudinal studies or cohort studies are needed to assess causation and temporal relationships(20). 
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