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Epidemiological profile and diagnostic trends of meningococcal disease in Brazil across pre-, peri-, and post-pandemic periods
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ABSTRACT 

	Aims: To describe the epidemiological profile and diagnostic trends of meningococcal meningitis with meningococcemia in Brazil before, during, and after the COVID-19 pandemic, with emphasis on diagnostic criteria and regional distribution to assess the impact on these patterns.
Study design:  Ecological study using national surveillance data from the Notifiable Diseases Information System (SINAN).
Place and Duration of Study: Brazil, covering 01 January 2015 to 31 May 2024.
Methodology: A retrospective, cross-sectional study was conducted using secondary data from the Notifiable Diseases Information System (SINAN) between 2015 and 2024. Confirmed cases in individuals aged 0–18 years were grouped into three periods: pre-pandemic (2015–2019), peri-pandemic (2020–2022), and post-pandemic (2023–2024). Diagnostic methods were categorized as polymerase chain reaction (PCR), culture, clinical criteria Descriptive analyses, Chi-square tests, and multivariate logistic regression were applied. A complete-case analysis was performed after data cleaning to handle missing information. Data were analyzed using R 4.4.2. Pearson’s chi-square test and logistic regression were applied to evaluate associations, with statistical significance set at p < 0.05.
Results: A total of 1,186 confirmed cases in individuals aged 0–18 years were analyzed, 917 (77.3%) pre-pandemic, 174 (14.7%) peri-pandemic, and 95 (8.0%) post-pandemic. Diagnostic confirmation by PCR increased from 42.8% before the pandemic to 63.1% afterward, while clinical criteria decreased proportionally. Significant differences were observed between periods for diagnostic method (p<0.001) and case fatality (p=0.038). The odds of diagnosis by PCR were 1.9 times higher in the post-pandemic period compared with the pre-pandemic baseline (95% CI: 1.35–2.68).
Conclusion: Despite reduced overall case numbers during the pandemic, PCR-based diagnosis expanded substantially, likely reflecting improved laboratory capacity and surveillance integration post-COVID-19. The findings highlight both progress and persistent disparities in meningococcal disease reporting across Brazilian regions.
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1. INTRODUCTION 

Meningitis, an inflammation of the meninges typically of infectious origin, remains a significant global health concern due to its acute onset and substantial associated morbidity and mortality, particularly among pediatric populations. Bacterial agents represent the most severe forms of the disease, with Neisseria meningitidis, Streptococcus pneumoniae, and Haemophilus influenzae type B accounting for the majority of meningitis-related fatalities worldwide1. Neisseria meningitidis is particularly concerning due to its potential to cause meningococcemia, an invasive and rapidly progressive condition characterized by hematogenous dissemination and severe systemic inflammatory response2] This manifestation proves especially dangerous for children under five and adolescents, demonstrating high case-fatality rates and frequent neurological sequelae3.
The global burden of meningitis persists despite vaccination advances, with over 236,000 deaths estimated in 2019, predominantly affecting children under five4. While high-income countries have achieved substantial reductions through immunization programs, low- and middle-income regions continue to face challenges including suboptimal vaccine coverage, emerging antimicrobial resistance, and limited healthcare acces5,6. Invasive meningococcal disease exhibits both endemic and epidemic patterns, with serogroups A, B, C, W, and Y driving most outbreaks globally7.
In Brazil, despite surveillance and immunization advances, meningococcal disease remains a public health priority requiring continuous monitoring to inform prevention and control policies. The Brazilian surveillance system relies on mandatory notification, with laboratory confirmation being essential for etiological identification and timely implementation of response measures, including vaccination campaigns, contact chemoprophylaxis, and intensified surveillance in high-risk regions8. Diagnostic approaches encompass cerebrospinal fluid analysis, culture, PCR, and increasingly, genomic sequencing—tools fundamental for both clinical management and public health actions such as genomic surveillance and antimicrobial resistance monitoring9,10] Rapid identification remains crucial given meningococcemia's potential for fulminant progression, with death possible within hours of symptom onset.
Despite this robust surveillance framework, temporal trends in pediatric meningococcemia diagnosis and epidemiology in Brazil, particularly regarding major disruptive events like the COVID-19 pandemic, remain insufficiently explored. This study aims to describe epidemiological characteristics and analyze confirmed cases of meningococcal meningitis with meningococcemia in the pediatric population (0–18 years) in Brazil between 2015 and 2024 using SINAN data. Specifically, we examine incidence trends, diagnostic method distribution, and potential case profile shifts across pre-pandemic, pandemic, and post-pandemic periods.

2. MATERIAL AND METHODS

Study Design and Data Source
We conducted an observational, retrospective, cross-sectional study using individual-level microdata from the Brazilian Notifiable Diseases Information System (SINAN), that compiles national surveillance data from all federative units and is maintained by the Brazilian Ministry of Health, covering meningococcal meningitis with meningococcemia (ICD-10 A39.2) notified between 1 January 2015 and 31 May 2024. The study population included individuals aged 0–18 years from all Brazilian federal units.

Variables and Period Categorization
Extracted variables included year of notification, age group, sex, diagnostic method (PCR, culture, clinical criteria, or other), and pandemic period. To capture the temporal impact of the COVID-19 pandemic on meningococcal surveillance and diagnostic practices, we categorized the study timeline into three distinct periods: Pre-pandemic (2015–2019), that representing baseline trends before SARS-CoV-2 circulation; Peri-pandemic (2020–2022), encompassing years of disrupted healthcare access and altered disease reporting; Post-pandemic (2023–2024), corresponding to the recovery phase of health systems and normalization of surveillance routines. This classification was chosen based on temporal markers consistent with national COVID-19 epidemiological phases and World Health Organization (WHO) reporting standards.

Statistical Analysis and Data Handling: 
Descriptive statistics summarized frequencies and proportions of cases by year, age group, and diagnostic method. The Chi-square test assessed differences between categorical variables, and binary logistic regression was used to estimate adjusted odds ratios (OR) and 95% confidence intervals (CI) for PCR diagnosis according to the epidemiological period. All analyses were conducted using R (version 4.2.3) with a 5% significance level.
All data were reviewed for completeness and consistency before analysis. Records with missing diagnostic method or outcome were excluded (“listwise deletion”), as imputation was deemed inappropriate for surveillance data. This decision was justified to preserve data validity and avoid bias in regression modeling. 


3. RESULTS AND DISCUSSION
Results
Analysis of 1,186 confirmed cases revealed notable temporal variation (Figure 1). Case numbers declined steadily from 228 in 2015 to 162 in 2019, followed by a sharp drop to 32 in 2020, coinciding with the onset of the COVID-19 pandemic. Notifications remained low in 2021 (35 cases), then gradually rose in 2022 (61 cases), reaching 93 in 2023. By May 2024, 39 additional cases had been recorded. Overall, reported cases during the pandemic years (2020–2022; n=67) were markedly lower than in the pre-pandemic period (2015–2019; n=917), with partial recovery observed in the post-pandemic phase (2023–2024; n=202). (Figure 1).
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Figure 1. Yearly distribution of confirmed meningococcal meningitis with meningococcemia cases in individuals aged 0–18 years in Brazil.

Significant variation in diagnostic approaches occurred across periods (χ²=61.38; p<0.0001; Cramer's V=0.15). The overall proportion of cases confirmed by PCR increased steadily across the three periods. In the pre-pandemic period (n=917), clinical criteria constituted the most frequent diagnostic method (35.6%), followed by culture (25.0%) and PCR (22.1%). During the pandemic (n=128), clinical criteria increased to 50.0% while culture decreased substantially to 11.7%. PCR remained relatively stable (14.8%). In the post-pandemic period (n=131), PCR became predominant (69.5%), while clinical criteria decreased to 17.0% and culture represented only 7.6% (Figure 2).
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Figure 2. Yearly distribution of diagnostic criteria among confirmed meningococcal meningitis with meningococcemia cases in individuals aged 0–18 years in Brazil, January 2015–May 2024.

Discussion

This study provides an updated epidemiological overview of meningococcal disease in Brazil over a decade marked by the COVID-19 pandemic, highlighting temporal shifts in diagnostic strategies and reporting practices.
Our analysis reveals significant temporal and diagnostic patterns in pediatric meningococcal disease in Brazil across the study period. The pre-pandemic decline (2015-2019) aligns with established trends following the introduction and expansion of the meningococcal C conjugate vaccine in the Brazilian childhood immunization schedule 11,12, consistent with documented vaccination effectiveness13,14.
The dramatic reduction in cases during 2020-2021 corresponds with COVID-19 onset and implementation of non-pharmaceutical interventions, including social distancing, mask mandates, and school closures, reflecting both reduced pathogen circulation 15,16. The subsequent case resurgence from 2022 onward parallels global trends of meningococcal disease rebound following relaxation of public health measures17,18, potentially exacerbated by accumulated vaccination gaps during the pandemic disruption19,20.
The diagnostic shift toward clinical criteria during the pandemic likely reflects healthcare system overload and temporary reductions in laboratory capacity9,21. The subsequent predominance of PCR in the post-pandemic period indicates recovery of molecular diagnostic capabilities and aligns with WHO recommendations prioritizing rapid confirmatory methods22,23. This evolution toward molecular diagnostics enhances surveillance accuracy and represents a positive development in disease monitoring, though maintaining culture capacity remains crucial for antimicrobial resistance surveillance and outbreak investigation24-27.

Limitations and Strengths

Limitations of this study include those inherent to secondary data from SINAN, such as underreporting and incomplete records, exacerbated during health system disruptions. The ecological design limits individual-level inferences, and the absence of population denominators restricts incidence rate calculations. Serogroup analysis was also limited by data availability. We addressed these through rigorous data cleaning and complete-case analysis. Nonetheless, our study offers comprehensive national insights into pediatric meningococcal disease trends across a decade that included a major pandemic, providing crucial information for public health planning. Future surveillance should enhance data completeness through active case-finding and laboratory network strengthening.

4. CONCLUSION

This study demonstrates important temporal and diagnostic changes in meningococcal meningitis with meningococcemia among children and adolescents in Brazil. A significant reduction in cases was observed following the onset of the COVID-19 pandemic, followed by a gradual resurgence, likely associated with relaxation of sanitary measures and resumption of in-person activities. Concurrently, there was a progressive shift from traditional laboratory-based diagnostics to clinical criteria and molecular methods, reflecting both structural limitations and changes in healthcare workflows. These findings highlight the need to reinforce epidemiological surveillance, maintain laboratory infrastructure, and ensure timely, accurate diagnostics to guide vaccination strategies, allocate healthcare resources effectively, and control meningococcal disease. Future research should focus on serogroup-specific incidence, the long-term impact of diagnostic shifts on reporting, and evaluating vaccine effectiveness in post-pandemic contexts.
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