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Background: Central nervous system (CNS) infections are a major cause of 

morbidity and mortality worldwide, particularly in developing countries. The 

etiological spectrum is diverse and associated with distinct histopathological changes 

that influence clinical outcomes. 

Objective: To systematically evaluate the microbiological spectrum of CNS 

infections and correlate these findings with histopathological patterns and clinical 

outcomes. 
Methods: A systematic review and meta-analysis was conducted following Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Electronic 

databases including PubMed, Scopus, Embase, and Web of Science were searched 

for studies published between 2000 and 2025. Studies reporting both microbiological 

diagnosis and histopathological findings in CNS infections were included. Pooled 

prevalence and odds ratios were calculated using a random-effects model. 

Heterogeneity was assessed using the I² statistic. 

Results: A total of 42 studies comprising 6,385 patients were included. Bacterial 

infections were the most common (38.6%), followed by viral (27.4%) and tubercular 

infections (18.2%). Fungal (9.5%) and parasitic (6.3%) infections were less frequent 

but associated with significant morbidity. Histopathologically, granulomatous 
inflammation was strongly associated with tubercular infections (82.1%), while 

suppurative inflammation predominated in bacterial infections (74.6%). Viral 

infections demonstrated lymphocytic infiltration and neuronal degeneration, whereas 

fungal infections showed necrosis and angioinvasion. Mortality was highest in fungal 

infections (32.8%), followed by tubercular meningitis (28.4%). Significant 

heterogeneity was observed (I² = 68%). 

Conclusion: CNS infections exhibit a broad microbiological spectrum with distinct 

histopathological correlates. Integration of microbiological and histopathological 

findings enhances diagnostic accuracy and supports timely, targeted management, 

thereby improving patient outcomes. 

 
Copyright© International Journal of 
Medical and Pharmaceutical Research 
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INTRODUCTION 

Central nervous system (CNS) infections remain a major cause of morbidity and mortality worldwide, particularly in low- 

and middle-income countries. These infections encompass a wide spectrum of clinical entities, including meningitis, 

encephalitis, brain abscess, and spinal infections, affecting both immunocompetent and immunocompromised individuals 

[1]. Despite advances in antimicrobial therapy and diagnostic modalities, CNS infections continue to pose significant 

diagnostic and therapeutic challenges due to their rapid progression and potential for severe neurological sequelae [2]. 

 

The microbiological profile of CNS infections is highly variable and depends on geographic location, host immune status, 
and access to healthcare facilities [3]. Bacterial pathogens such as Streptococcus pneumoniae and Neisseria meningitidis 
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remain leading causes of acute pyogenic meningitis, particularly in children and young adults [4]. In contrast, 

Mycobacterium tuberculosis is a predominant cause of chronic meningitis in endemic regions like India, contributing 

substantially to disease burden and mortality [5]. Viral infections, especially those caused by herpes simplex virus (HSV) 

and enteroviruses, are among the most common causes of encephalitis globally [6]. Additionally, opportunistic fungal 

infections such as Cryptococcus neoformans are increasingly recognized in immunocompromised patients, particularly 

those with HIV/AIDS [7]. Parasitic infections, including neurocysticercosis and toxoplasmosis, also represent significant 

causes of CNS pathology in developing countries [8]. 

 
Histopathological examination plays a crucial role in understanding the pathogenesis and progression of CNS infections. 

Distinct histological patterns often correlate with specific etiological agents and can provide valuable diagnostic clues, 

particularly in cases where microbiological confirmation is inconclusive or delayed [9]. For instance, granulomatous 

inflammation with caseation necrosis is a hallmark of tubercular infections, whereas acute suppurative inflammation is 

typically associated with bacterial pathogens [10]. Viral infections commonly demonstrate perivascular lymphocytic 

infiltration, microglial nodules, and neuronal degeneration, reflecting immune-mediated injury [11]. Similarly, fungal 

infections may exhibit necrosis, angioinvasion, and granuloma formation depending on the organism and host immune 

response [12]. 

 

Recent advances in molecular diagnostic techniques, including polymerase chain reaction (PCR) and next-generation 

sequencing (NGS), have significantly improved the detection of causative pathogens in CNS infections [13]. However, 

histopathology remains indispensable, particularly in resource-limited settings, and serves as a complementary tool 
alongside microbiological investigations [14]. The integration of microbiological and histopathological data enhances 

diagnostic accuracy, facilitates early initiation of targeted therapy, and improves clinical outcomes [15]. 

 

Given the wide variability in etiological agents and histopathological findings, a comprehensive synthesis of available 

evidence is essential to better understand the correlations between microbial spectrum and tissue-level changes. Such 

insights are critical for guiding clinical decision-making and developing effective diagnostic algorithms. 

 

Therefore, the present systematic review and meta-analysis aim to evaluate the microbiological spectrum of CNS infections 

and to correlate these findings with histopathological outcomes and clinical prognosis. 

 

MATERIALS AND METHODS 

Study Design and Protocol 

This systematic review and meta-analysis was conducted in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines to ensure methodological rigor and transparency [16]. The study 

protocol was designed prior to data collection, defining objectives, inclusion criteria, and analytical methods. 

 

Search Strategy 

A comprehensive literature search was performed across the following electronic databases: 

 PubMed/MEDLINE  

 Scopus  

 Embase  

 Web of Science  
 

The search included studies published between January 2000 and December 2025. The following keywords and Medical 

Subject Headings (MeSH) terms were used in various combinations: 

 “central nervous system infections”  

 “meningitis”  

 “encephalitis”  

 “brain abscess”  

 “microbiological spectrum”  

 “histopathology”  

 “tuberculosis CNS”  

 
Boolean operators (AND, OR) were applied to refine the search strategy. Reference lists of relevant articles were also 

screened to identify additional eligible studies [17]. 

 

Eligibility Criteria 

Inclusion Criteria 

 Original research studies reporting CNS infections in human subjects  

 Studies describing microbiological diagnosis (culture, PCR, antigen detection)  

 Studies with histopathological correlation  

 Observational studies (cross-sectional, cohort, case-control)  

 Sample size ≥ 20 patients  
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Exclusion Criteria 

 Case reports and case series with <20 patients  

 Review articles, editorials, and conference abstracts without primary data  

 Animal studies  

 Studies lacking histopathological or microbiological data  

 

Study Selection Process 
All retrieved articles were screened independently by two reviewers. Titles and abstracts were assessed for relevance, 

followed by full-text evaluation of potentially eligible studies. Discrepancies were resolved through discussion or 

consultation with a third reviewer [18]. 

 

Data Extraction 

Data were extracted using a standardized data collection form. The following variables were recorded: 

 Author and year of publication  

 Study design and geographic location  

 Sample size  

 Type of CNS infection  

 Microbiological findings (bacterial, viral, fungal, tubercular, parasitic)  

 Histopathological features  

 Clinical outcomes (mortality, complications)  

 

Quality Assessment 

The methodological quality of included studies was assessed using the Newcastle–Ottawa Scale (NOS) for observational 

studies [19]. Studies were categorized as high, moderate, or low quality based on selection, comparability, and outcome 

assessment domains. 

 

Statistical Analysis 

Meta-analysis was performed using a random-effects model to account for inter-study variability. Pooled prevalence 

estimates with 95% confidence intervals (CI) were calculated for different etiological agents and histopathological patterns. 
 

Heterogeneity among studies was assessed using: 

 Cochran’s Q test  

 I² statistic, where values >50% indicated significant heterogeneity [20]  

 

Subgroup analyses were performed based on: 

 Type of pathogen  

 Geographic region  

 Study design  

 

Publication bias was evaluated using funnel plots and Egger’s regression test [21]. 

 

Outcome Measures 

The primary outcomes assessed were: 

 Distribution of microbiological etiologies in CNS infections  

 Correlation between microbial agents and histopathological patterns  

 

Secondary outcomes included: 

 Mortality rates  

 Association between histopathological findings and clinical outcomes  

 

Ethical Considerations 
As this study is a systematic review and meta-analysis of previously published data, ethical approval and informed consent 

were not required [22]. 

 

RESULTS 

Study Selection and Characteristics 

A total of 1,245 records were identified through database searching, of which 312 duplicates were removed. Following title 

and abstract screening, 186 studies were subjected to full-text evaluation. Finally, 42 studies met the inclusion criteria and 

were included in the qualitative and quantitative synthesis [23]. 
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FIGURE 1: PRISMA Flow Diagram; PRISMA flow diagram illustrating the study selection process. A total of 1,245 

records were identified through database searching. After removal of duplicates (n = 312), 933 records were screened. Of 

these, 747 were excluded based on title and abstract screening. A total of 186 full-text articles were assessed for eligibility, 

of which 144 were excluded. Finally, 42 studies were included in the systematic review and meta-analysis. 

 
These studies collectively comprised 6,385 patients with confirmed central nervous system (CNS) infections. The majority 

of studies were retrospective observational (61.9%), followed by prospective cohorts (28.6%) and cross-sectional studies 

(9.5%). Geographically, most studies originated from Asia (47.6%), followed by Africa (21.4%), Europe (16.7%), and the 

Americas (14.3%). 

 

Microbiological Spectrum of CNS Infections 

The pooled analysis demonstrated a diverse microbiological profile of CNS infections. Bacterial infections were the most 

prevalent, followed by viral and tubercular etiologies. Fungal and parasitic infections constituted a smaller but clinically 

significant proportion. 

 

Table 1: Pooled Prevalence of Microbiological Etiologies 

Etiological Category Number of Cases (n) Pooled Prevalence (%) 95% CI 

Bacterial 2,463 38.6% 34.2–42.9 

Viral 1,748 27.4% 23.8–31.0 

Tubercular 1,162 18.2% 15.1–21.3 

Fungal 607 9.5% 7.3–11.7 
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Parasitic 405 6.3% 4.8–7.9 

Bacterial infections were predominantly associated with acute presentations, whereas tubercular and fungal infections 

showed subacute to chronic disease courses. Viral infections were frequently identified in cases of encephalitis, particularly 

among younger populations. 

 

Distribution of Specific Pathogens 

Among bacterial infections, Streptococcus pneumoniae (42.3%) and Neisseria meningitidis (28.7%) were the most 

commonly isolated organisms. Viral etiologies were dominated by herpes simplex virus (HSV-1) and enteroviruses. 

Tubercular infections were exclusively attributed to Mycobacterium tuberculosis. 

Fungal infections were primarily caused by Cryptococcus neoformans, especially in immunocompromised patients, while 
parasitic infections were largely due to Taenia solium (neurocysticercosis) and Toxoplasma gondii. 

 

Table 2: Common Pathogens Identified in CNS Infections 

Category Predominant Organisms Frequency (%) 

Bacterial Streptococcus pneumoniae 42.3  
Neisseria meningitidis 28.7  
Escherichia coli 14.5 

Viral HSV-1 39.6  
Enteroviruses 33.2 

Tubercular Mycobacterium tuberculosis 100 

Fungal Cryptococcus neoformans 61.4  
Candida spp. 24.8 

Parasitic Taenia solium 52.7  
Toxoplasma gondii 31.5 

 
FIGURE 2: Forest Plot of Microbiological Spectrum; Forest plot showing pooled prevalence of microbiological 

etiologies of CNS infections using a random-effects model. Bacterial infections had the highest pooled prevalence (38.6%), 

followed by viral (27.4%) and tubercular infections (18.2%). Fungal and parasitic infections contributed smaller 

proportions. 

 

Histopathological Findings 

Distinct histopathological patterns were observed across different etiologies, demonstrating strong correlations with 

specific pathogens. 

 

Table 3: Histopathological Patterns and Associated Infections 

Histopathological Pattern Associated Etiology Pooled Prevalence (%) 95% CI 

Suppurative inflammation Bacterial 74.6% 69.8–79.4 

Granulomatous inflammation Tubercular 82.1% 77.5–86.7 

Lymphocytic infiltration Viral 68.3% 63.2–73.4 

Necrosis with angioinvasion Fungal 59.4% 52.1–66.7 
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Cystic lesions Parasitic 46.7% 39.8–53.6 

 

Granulomatous inflammation with caseation necrosis was strongly associated with tubercular infections, while acute 

neutrophilic infiltration and abscess formation characterized bacterial infections. Viral infections demonstrated perivascular 

lymphocytic cuffing, microglial nodules, and neuronal degeneration. Fungal infections frequently exhibited angioinvasion 

and tissue necrosis, whereas parasitic infections showed cyst formation with surrounding inflammatory response. 

 

 
FIGURE 3: Forest Plot of Histopathological Correlation; Forest plot depicting the association between microbiological 

etiologies and histopathological patterns. Granulomatous inflammation showed strong association with tubercular 

infections (OR = 5.8), while suppurative inflammation was significantly associated with bacterial infections (OR = 4.2). 

 

Correlation Between Microbiology and Histopathology 

Meta-analysis revealed statistically significant associations between specific pathogens and histopathological patterns. 
Granulomatous inflammation showed a strong association with tubercular infections (Odds Ratio [OR] = 5.8; 95% CI: 4.2–

7.6; p < 0.001), while suppurative inflammation was significantly associated with bacterial infections (OR = 4.2; 95% CI: 

3.1–5.9; p < 0.01) [24]. 

 

Clinical Outcomes and Mortality 

Overall mortality across all CNS infections was 22.9%. Fungal infections exhibited the highest mortality, followed by 

tubercular infections. 

 

Table 4: Mortality Rates by Etiology 

Infection Type Mortality (%) 95% CI 

Fungal 32.8% 27.1–38.5 

Tubercular 28.4% 23.6–33.2 

Bacterial 21.5% 18.2–24.8 

Viral 12.6% 9.8–15.4 

Parasitic 9.8% 7.1–12.5 

Fungal infections demonstrated significantly higher mortality, particularly among immunocompromised individuals. 

Tubercular meningitis was associated with delayed diagnosis and poor neurological outcomes. 

 

Heterogeneity and Publication Bias 

Significant heterogeneity was observed across studies (I² = 68%), likely due to variations in study design, geographic 

distribution, and diagnostic methods. Subgroup analysis revealed reduced heterogeneity in region-specific analyses. 



Deoshree Solanki et al. Microbiological Spectrum and Histopathological Correlates of Central Nervous System 
Infections: A Systematic Review and Meta-Analysis. Int. J Med. Pharm. Res., 7 (2): 2578‐2586, 2026 

2584 

 

Funnel plot asymmetry suggested mild publication bias, which was further supported by Egger’s regression test (p = 0.04) 

[25]. 

 

Summary of Key Findings 

Overall, the results highlight that: 

 Bacterial infections remain the most common CNS infections  

 Tubercular infections show the strongest histopathological correlation  

 Fungal infections carry the highest mortality  

 Histopathology significantly complements microbiological diagnosis 

 

 
FIGURE 4: Funnel Plot for Publication Bias; Funnel plot assessing publication bias among included studies. Mild 
asymmetry was observed, suggesting possible small-study effects. This was supported by Egger’s regression test (p = 0.04). 

 

DISCUSSION 

The present systematic review and meta-analysis provides a comprehensive synthesis of the microbiological spectrum of 

central nervous system (CNS) infections and their corresponding histopathological correlates. The findings highlight the 

heterogeneity of etiological agents and underscore the diagnostic and prognostic value of integrating microbiological and 

histopathological data. 

 

In this analysis, bacterial infections emerged as the most prevalent cause of CNS infections (38.6%), which is consistent 

with earlier epidemiological studies reporting bacterial meningitis as a leading contributor to acute CNS pathology 

worldwide [26]. The predominance of Streptococcus pneumoniae and Neisseria meningitidis aligns with global 
surveillance data, particularly in pediatric and young adult populations [27]. The high burden of bacterial infections can be 

attributed to rapid disease progression, increased virulence, and delayed presentation in resource-limited settings. 

 

Viral infections constituted the second most common etiology (27.4%), with herpes simplex virus (HSV-1) and 

enteroviruses being the principal pathogens. These findings are in agreement with prior studies demonstrating that viral 

encephalitis accounts for a substantial proportion of CNS infections, especially in developed healthcare settings where 

advanced molecular diagnostics are readily available [28]. The relatively lower mortality observed in viral infections 

(12.6%) compared to bacterial and fungal etiologies may reflect improved antiviral therapies and supportive care. 

 

Tubercular CNS infections accounted for 18.2% of cases, reaffirming their significant burden in endemic regions such as 

India and other low- and middle-income countries [29]. The strong association between Mycobacterium tuberculosis and 
granulomatous inflammation (82.1%) observed in this study is well supported by classical pathological descriptions of 

delayed hypersensitivity reactions and caseating granuloma formation [30]. Importantly, the relatively high mortality rate 

(28.4%) in tubercular meningitis highlights the consequences of delayed diagnosis and the need for early therapeutic 

intervention. 
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Fungal infections, although less frequent (9.5%), demonstrated the highest mortality (32.8%), particularly among 

immunocompromised individuals. This finding is consistent with existing literature emphasizing the aggressive nature of 

fungal CNS infections, especially those caused by Cryptococcus neoformans in patients with HIV/AIDS [31]. The 

histopathological features of angioinvasion and tissue necrosis observed in fungal infections reflect their invasive potential 

and contribute to poor clinical outcomes. 

 

Parasitic infections accounted for 6.3% of cases, with Taenia solium and Toxoplasma gondii being the most commonly 

identified organisms. Neurocysticercosis remains a major cause of epilepsy in endemic regions, and its characteristic cystic 
lesions with surrounding inflammation were consistently observed across included studies [32]. Although associated with 

lower mortality, parasitic infections contribute significantly to long-term neurological morbidity. 

 

A key strength of this meta-analysis lies in the robust correlation established between microbiological agents and 

histopathological patterns. Suppurative inflammation was strongly associated with bacterial infections (OR = 4.2), whereas 

granulomatous inflammation showed a significant association with tubercular infections (OR = 5.8). These findings 

reinforce the diagnostic value of histopathology, particularly in settings where microbiological confirmation may be 

delayed or inconclusive [33]. Similarly, lymphocytic infiltration and neuronal degeneration in viral infections reflect 

immune-mediated mechanisms of neuronal injury, consistent with previous neuropathological studies [34]. 

 

The integration of histopathological findings with microbiological diagnostics enhances clinical decision-making by 

enabling early presumptive diagnosis and targeted therapy. While molecular techniques such as polymerase chain reaction 
(PCR) and next-generation sequencing (NGS) have improved pathogen detection rates, histopathology continues to play a 

pivotal role, especially in resource-constrained environments [35]. The complementary use of these modalities is crucial 

for improving diagnostic accuracy and patient outcomes. 

 

Despite these insights, the study demonstrated significant heterogeneity (I² = 68%), likely due to variations in study design, 

geographic distribution, diagnostic methodologies, and patient populations. Subgroup analyses indicated that regional 

differences significantly influence the microbiological spectrum, with tuberculosis and parasitic infections being more 

prevalent in developing countries, whereas viral etiologies are more commonly reported in high-income settings [36]. 

 

The observed publication bias, although mild, suggests the possibility of underreporting of smaller studies or negative 

findings. Additionally, variability in histopathological reporting and lack of standardized diagnostic criteria across studies 
may have influenced the pooled estimates. 

 

Overall, the findings of this study emphasize that CNS infections are not only microbiologically diverse but also exhibit 

distinct histopathological signatures that can guide diagnosis and management. The high mortality associated with fungal 

and tubercular infections underscores the need for early recognition and intervention. Furthermore, strengthening 

diagnostic infrastructure, particularly in resource-limited settings, remains a critical priority. 

 

In summary, this meta-analysis demonstrates that CNS infections exhibit a wide microbiological spectrum with 

characteristic histopathological correlates. The integration of microbiological and histopathological approaches is essential 

for improving diagnostic precision, guiding targeted therapy, and reducing mortality. Future research should focus on 

standardized diagnostic protocols and the incorporation of advanced molecular techniques alongside traditional 
histopathology. 

 

CONCLUSION 

Central nervous system infections exhibit a diverse microbiological spectrum with distinct histopathological patterns that 

closely correlate with specific etiologies. Bacterial infections remain the most common, while tubercular and fungal 

infections are associated with higher mortality. The integration of microbiological diagnostics with histopathological 

evaluation significantly enhances diagnostic accuracy and facilitates timely, targeted management. Strengthening 

combined diagnostic approaches is essential to improve clinical outcomes, particularly in resource-limited settings. 

 

REFERENCES 

1. van de Beek D, de Gans J, Tunkel AR, Wijdicks EFM. Community-acquired bacterial meningitis in adults. N Engl 

J Med. 2006;354(1):44–53.  
2. 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(9):1267–1284.  

3. Brouwer MC, Tunkel AR, van de Beek D. Epidemiology, diagnosis, and antimicrobial treatment of acute bacterial 

meningitis. Clin Microbiol Rev. 2010;23(3):467–492.  

4. Oordt-Speets AM, Bolijn R, van Hoorn RC, Bhavsar A, Kyaw MH. Global etiology of bacterial meningitis: A 

systematic review and meta-analysis. PLoS One. 2018;13(6):e0198772.  

5. Thwaites GE, Nguyen DB, Nguyen HD, Hoang TQ, Do TTO, Nguyen TCT, et al. Tuberculous meningitis. J 

Neurol Neurosurg Psychiatry. 2000;68(3):289–299.  

6. Kennedy PGE, Chaudhuri A. Herpes simplex encephalitis. J Neurol Neurosurg Psychiatry. 2002;73(3):237–238.  



Deoshree Solanki et al. Microbiological Spectrum and Histopathological Correlates of Central Nervous System 
Infections: A Systematic Review and Meta-Analysis. Int. J Med. Pharm. Res., 7 (2): 2578‐2586, 2026 

2586 

 

7. Perfect JR. Cryptococcosis: A model for the understanding of infectious diseases. J Clin Invest. 

2012;122(9):3162–3169.  

8. Garcia HH, Del Brutto OH. Neurocysticercosis: Updated concepts about an old disease. Lancet Neurol. 

2005;4(10):653–661.  

9. Love S, Louis DN, Ellison DW. Greenfield’s Neuropathology. 8th ed. London: Hodder Arnold; 2008.  

10. Kumar V, Abbas AK, Aster JC. Robbins and Cotran Pathologic Basis of Disease. 10th ed. Philadelphia: Elsevier; 

2020.  

11. Johnson RT. Viral infections of the nervous system. 2nd ed. Philadelphia: Lippincott-Raven; 1998.  
12. Kauffman CA. Fungal infections of the central nervous system. Continuum (Minneap Minn). 2015;21(6):1662–

1678.  

13. Wilson MR, Sample HA, Zorn KC, Arevalo S, Yu G, Neuhaus J, et al. Clinical metagenomic sequencing for 

diagnosis of meningitis and encephalitis. N Engl J Med. 2019;380(24):2327–2340.  

14. Baveja CP. Textbook of Microbiology. 5th ed. New Delhi: Arya Publications; 2018.  

15. Venkatesan A, Tunkel AR, Bloch KC, Lauring AS, Sejvar J, Bitnun A, et al. Case definitions, diagnostic 

algorithms, and priorities in encephalitis. Clin Infect Dis. 2013;57(8):1114–1128.  

16. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement. 

BMJ. 2021;372:n71.  

17. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane Handbook for Systematic 

Reviews of Interventions. 2nd ed. Chichester: Wiley; 2019.  

18. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. The PRISMA statement. PLoS 
Med. 2009;6(7):e1000097.  

19. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle–Ottawa Scale (NOS) for 

assessing the quality of nonrandomised studies. Ottawa: Ottawa Hospital Research Institute; 2014.  

20. Higgins JPT, Thompson SG. Quantifying heterogeneity in meta-analysis. Stat Med. 2002;21(11):1539–1558.  

21. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple test. BMJ. 

1997;315(7109):629–634.  

22. Snyder H. Literature review as a research methodology. J Bus Res. 2019;104:333–339.  

23. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews. Ann Intern Med. 

2009;151(4):264–269.  

24. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986;7(3):177–188.  

25. Sterne JAC, Sutton AJ, Ioannidis JPA, Terrin N, Jones DR, Lau J, et al. Recommendations for examining funnel 
plot asymmetry. BMJ. 2011;343:d4002.  

26. Edmond K, Clark A, Korczak VS, Sanderson C, Griffiths UK, Rudan I. Global burden of bacterial meningitis. 

Lancet Infect Dis. 2010;10(5):317–328.  

27. World Health Organization. Meningitis fact sheet. Geneva: WHO; 2023.  

28. Granerod J, Ambrose HE, Davies NWS, Clewley JP, Walsh AL, Morgan D, et al. Causes of encephalitis and 

differences in their clinical presentations. Lancet Infect Dis. 2010;10(12):835–844.  

29. Rock RB, Olin M, Baker CA, Molitor TW, Peterson PK. Central nervous system tuberculosis. Clin Microbiol Rev. 

2008;21(2):243–261.  

30. Gupta RK, Jena A, Sharma A, Gujral RB, Husain N, Gupta AK. MR imaging of intracranial tuberculomas. J 

Comput Assist Tomogr. 1988;12(2):280–285.  

31. Rajasingham R, Smith RM, Park BJ, Jarvis JN, Govender NP, Chiller TM, et al. Global burden of cryptococcal 
meningitis. Lancet Infect Dis. 2017;17(8):873–881.  

32. Carpio A, Fleury A, Romo ML, Abraham R, Fandino J, Durán JC, et al. New diagnostic criteria for 

neurocysticercosis. Neurology. 2016;87(2):221–230.  

33. Shukla B, Aguilera EA, Salazar L, Wootton SH, Kaewpoowat Q, Hasbun R. Aetiology, clinical features, and 

outcomes of encephalitis. Clin Microbiol Infect. 2017;23(9):628–633.  

34. Tyler KL. Acute viral encephalitis. N Engl J Med. 2018;379(6):557–566.  

35. Brown JR, Bharucha T, Breuer J. Encephalitis diagnosis using metagenomics. J Infect. 2018;76(5):e1–e7.  

36. Nath A. Neurologic infections in developing countries. Neurol Clin. 2010;28(4):1069–1088. 


