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ABSTRACT

Introduction: Brazil shows heterogeneous regional patterns of
meningitis mortality. Between 2001 and 2021, 22,764 deaths were
recorded nationwide.

Objective: To analyze the spatial distribution and epidemiological
profile of meningitis-related mortality in Brazil from 2001 to 2021.
Methods: An epidemiological study with a spatial analysis approach.
Death data were obtained from the Mortality Information System
(SIM/DATASUS) and population data from the Brazilian Institute of
Geography and Statistics (IBGE) to calculate mortality rates. The
epidemiological profile was described according to sex, age, race, marital
status, education level, and municipality. Temporal trends were
assessed using Joinpoint, and spatial analyses were performed using
GeoDa.

Results: Over the study period, the highest mortality occurred among
men (59%), infants under 1 year of age (17%), White individuals (49%),
single individuals (39%), and those with 4 to 7 years of completed
schooling (16%). Spatial analysis identified clusters of high mortality
rates mainly in the Central-West and Southeast regions. The
municipalities with the highest rates were Ipueiras (5.6 per 100,000),
Muliterno (5.15 per 100,000), and Oliveira de Fatima (4.5 per 100,000).
The average mortality rate was 0.56 per 100,000, peaking in 2001 (0.79
per 100,000) and reaching its lowest level in 2021 (0.27 per 100,000),
with an average annual decrease of 4.38%.

Conclusion: Meningitis mortality decreased in Brazil. This study
identified municipalities with high mortality rates and existing clusters,
highlighting target populations and the need for targeted strategies.
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RESUMO

Introdugdo: O Brasil apresenta padrdes regionais heterogéneos de
mortalidade por meningite. Entre 2001 e 2021, foram registrados 22.764
6bitos no pais.

Objetivo: Analisar a distribuicdo espacial e o perfil epidemioldgico da
mortalidade por meningite no Brasil (2001-2021).

Métodos: Estudo epidemiolégico com enfoque em andlise espacial.
Utilizaram-se dados de ébitos do SIM/DATASUS e dados populacionais
do IBGE para cdlculo de taxas de mortalidade. O perfil epidemiolégico
foi descrito por sexo, idade, raca, estado civil, escolaridade e municipio.
A tendéncia temporal foi analisada no Joinpoint e a analise espacial no
GeoDa.

Resultados: No periodo, a maior mortalidade ocorreu em homens
(59%), menores de 1 ano (17%), brancos (49%), solteiros (39%) e com 4 a
7 anos de estudo (16%). Identificaram-se aglomerados de altas taxas nas
regides Centro-Oeste e Sudeste. Os municipios com maiores taxas
foram Ipueiras (5,6/100 mil), Muliterno (5,15/100 mil) e Oliveira de
Fatima (4,5/100 mil). A mortalidade média foi 0,56/100 mil, com maior
valor em 2001 (0,79/100 mil) e menor em 2021 (0,27/100 mil), com
reducdo média anual de 4,38%.

Conclusao: Houve diminui¢do da mortalidade por meningite no Brasil,
com identificacdo de municipios e aglomerados prioritarios, reforcando
a necessidade de estratégias direcionadas.

Palavras chave: Analise Espaco-Temporal. Mortalidade. Meningite.
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INTRODUCTION

Meningitis is an inflammatory disease of the
meninges, classified by ICD codes G00-G03, that remains an
important cause of morbidity and mortality worldwide. In
2019, according to data from the Global Burden of Disease,
global incidence was approximately 35.4 cases per 100,000
individuals, resulting in 236,000 deaths in that year,
regardless of age." Despite advances in vaccination and
clinical management, the disease maintains high lethality,
especially in bacterial variants, whose prognosis depends
on early diagnosis and treatment.">34

In Brazil, meningitis requires immediate
compulsory notification, which reflects its public health
relevance and the need for continuous monitoring.®> Recent
global strategies reinforce the goal of substantial reduction
of meningitis mortality by 2030, while immunization
programs have shown significant impact in reducing
disease burden in different regions of the world.%” However,
mortality remains associated with structural inequalities,
including  socioeconomic differences, heterogeneous
vaccine coverage, and regional disparities in access to
diagnosis and timely treatment.5”#

Mortality distribution does not occur uniformly
throughout the national territory. Brazil presents important
demographic, economic, and healthcare contrasts among
its regions, which can influence both the incidence and
prognosis of the disease. Factors such as population
density, urbanization, health system organization, and
epidemiological surveillance capacity can impact the
patterns observed over time and space.”®9°

Moreover, demographic changes, epidemiological
transitions, and the introduction of new vaccination
strategies over the last two decades may have altered the
dynamics of meningitis mortality.5”® Analysis of extensive
temporal series allows the identification of trends, inflection
points, and possible impact of public policies, while the
spatial approach enables recognition of higher-risk areas
and geographic clusters.

Given the persistence of meningitis as a public
health issue and the possible regional heterogeneities, it
becomes essential to analyze its spaciotemporal dynamics.
Investigation of meningitis mortality in Brazil between 2001
and 2021 allows understanding of temporal trends,
identification of spatial patterns, and provides a foundation
for more targeted and equitable surveillance and control
strategies.

METHODS

This is an epidemiological study analyzing
secondary health data with a focus on spatiotemporal
analysis. Data regarding meningitis death cases were
obtained from the Mortality Information System (in
Portuguese: Sistema de InformacGo sobre Mortalidade;
SIM), of the Department of Informatics of the Brazilian
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Unified Health System (in Portuguese: Departamento de
Informdtica do Sistema Unico de Satde; DATASUS), via
Tabnet, through place of death and place of occurrence.
Population data used as denominators for calculating
mortality rates were sourced from DATASUS.

For the analysis of meningitis mortality trends in
Brazil, the period from 2001 to 2021 was selected to enable
better understanding of the outcome in this historical
series. The study population consists of individuals selected
according to data available in DATASUS for all ages who
were registered with deaths caused by meningitis. The
following variables were considered in the analysis: sex, age
group, race/skin color, marital status, education level,
deaths by place of residence, year of death, place of death,
and place of occurrence.

For the underlying cause of these deaths, ICD
codes GOO to GO3 from the International Classification of
Diseases, 10th revision (ICD-10) were adopted. Information
on the epidemiological profile and frequency of deaths due
to meningitis was compiled using Microsoft Excel for
Microsoft 365 MSO software. Thus, nominal variables were
analyzed using absolute frequency and percentage of
occurrence in the study population. Annual mortality was
calculated using the total number of deaths in Brazil as the
numerator and the Brazilian population in that year as the
denominator, with a reference rate of 100,000 inhabitants.
Municipality-level mortality was calculated based on indirect
standardization, using the average number of cases for the
period divided by the average population between 2001
and 2021, multiplied by 100,000 inhabitants.

The annual percent change (APC)was estimated
with a 95% confidence interval (95% Cl), considering p<0.05
as statistically significant. Temporal trend analysis was
conducted using Joinpoint Regression Program software,
version 5.0.2 (2023). Considering the 21-year time series
(2001-2021), the Joinpoint model allowed testing up to the
maximum recommended number of inflection points.
However, no statistically significant joinpoints were
identified, and the most parsimonious model (0 joinpoints)
was selected, indicating a single temporal trend throughout
the entire period analyzed. Subsequently, the spatial
distribution of meningitis mortality was evaluated through
mapping of municipal mortality rates in Brazil. To reduce
rate instability in areas with small populations, crude
municipal values were smoothed using the local empirical
Bayesian method, which weights each municipality's rate
considering the rates of neighboring municipalities, based
on a spatial proximity matrix. Spatial analyses and the
construction of thematic maps were performed using
GeoDa software, version 1.22.0.4 (2023).

To identify spatial clusters, the Global and Local
Moran's Indices were used. The Global Moran's Index
measures the correlation between first-order neighbors and
was used to test the spatial dependence hypothesis. The
method identifies spatial autocorrelation and can range
from -1 to +1, where values close to zero indicate absence
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of spatial dependence, with p<0.05 considered significant. If
the spatial dependence hypothesis is accepted, the Local
Moran’s Index (LISA, Local Index of Spatial Association) is
used to observe the presence of spatial clusters, given
p<0.05. The results of the analyses described above were
demonstrated using the Moran Map and LISA Map. The
Moran Map graphically demonstrates the degree of

similarity between neighbors, represented by four
quadrants:
1.High-High (upper right quadrant): corresponds to

municipalities with high mortality rates that are adjacent
to municipalities that also have high mortality rates;

2.Low-Low (lower left quadrant): corresponds to
municipalities with low mortality rates that are adjacent
to municipalities that also have low mortality rates;

3.High-Low (lower right quadrant): corresponds to
municipalities with high mortality rates that are adjacent
to municipalities with low mortality rates;

4.Low-High (upper left quadrant): corresponds to
municipalities with low mortality rates that are adjacent
to municipalities with high mortality rates.

According to Resolution No. 510 of April 7, 2016,
from the Brazilian National Health Council, there is no
requirement for Research Ethics Committee review for
studies that use publicly accessible information, as well as
for research that employs secondary databases with
aggregated information, without the possibility of individual
identification of participants. In this context, the data used
in this study were obtained from DATASUS, a public, freely
accessible, and anonymized database that does not allow
direct or indirect identification of individuals. Therefore, the
present study is exempt from submission to the Research
Ethics Committee, in accordance with the current
legislation.

RESULTS

After analysis of the profile of Brazilian meningitis
victims, a significant prevalence was identified among
individuals under 1 year of age, totaling 17.13% of cases in
the period. However, it is notable that the occurrence of this
fatal event was partially comparable in distant age groups,
with 12.66% of deaths occurring between 50 and 59 years,
and 12.01% between 40 and 49 years of age. Additionally,
there was a marked predominance of males, representing
59.13% of the analyzed cases. Similarly, the majority of
victims were white (46.64%) and had single marital status
(38.97%) (Table 1).

Regarding educational level, it was observed that
the majority of deaths occurred among individuals with 4 to
7 years of completed education, comprising 16.25% of
cases, followed by 13.66% among those with 1 to 3 years of
completed education (Table 1). It is crucial to highlight that
the majority of meningitis mortality cases occurred in
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hospital settings, representing 93.05% of the total, followed
by home settings at 2.69% (Table 1).

TABLE 1 - Epidemiological profile of individuals who died from meningitis in Brazil,
between 2001-2021

Educational Level n % Age Group n %
None 2554 11.22% | |1 1o 4 years 1831 8.04%
110 3 years 3110 13.66% | |5 to 9 years 910 4 00%
4 1o 7 years 3699 16.25% | |10 to 14 years 856 3.76%
8 to 11 years 2672 11.74% | |15 to 19 years 945 4 15%
12 years and more 836 367% ||20 to 29 years 1793 7.88%
Ignored 9893 43.46% | |30 to 39 years 2228 9.79%
Marital Status n % 40 to 49 years 2735 12.01%
Single 8870  38.97% ||50 to 59 years 2882  12.66%
Married 5350 23.50% | |60 to 69 years 2284 10.03%
Widowed 1430 6.28% ||70to 79 years 1471 6.46%
Divorced 855 3.76% | |80 years and more 847 372%
Other 351 1.54% ||lgnored age 82 0.36%
Ignored 5908 25.95% | |Gender n %
Place of Death n % Male 13460 99.13%
Hospital 21183  93.05% | |Female 9294 40.83%
Other health facility 611 2.68% | |lgnored 10 0.04%
Home 612 2.69% ||Race/skin color n %
Public street 127 0.56% ||White 10617  46.64%
Other 194 0.85% ||Black 1739 7.64%
Ignored 37 0.16% ||Yellow 90 0.40%
Age Group n % Brown 8222 36.12%
Less than 1 year 3900 17.13% | |Indigenous 148 0.65%
Ignored 1948 8.56%

Source: Department of Informatics of the Brazilian United Health System (2024).

From 2001 to 2021, 22,764 deaths from meningitis
were recorded in Brazil. The average mortality rate for this
period was 0.56 per 100,000 inhabitants, with the lowest
mortality recorded in 2021 (0.27 per 100,000 inhabitants)
and the highest in 2001 (0.79 per 100,000 inhabitants).
Analysis of the temporal pattern of mortality from 2001 to
2021 showed a significant average decrease of 4.38% per
year in the mortality rate per 100,000 inhabitants (p<0.05)
(Fig. 1). Pearson's correlation coefficient was -0.9503 with
p<0.05, indicating a significant and inversely proportional
linear correlation; over the years, there was a significant
reduction in the mortality rate.

All: 0 Joinpoints

Mortalidade /100.000 habitantes

Source: Authors (2026).
FIGURE 1 - Temporal pattern of meningitis mortality in Brazil, between 2001-2021
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A)

FIGURE 2 - Spatial analysis of meningitis mortality rate in Brazil, between 2001-2021

A) Spatial analysis of the crude meningitis mortality rate in Brazil, between 2001-2021;

B) Spatial analysis of the smoothened meningitis mortality rate in Brazil using the local empirical Bayesian

method, between 2001-2021.
Source: Authors (2026).

Application of LISA enabled identification
of spatial clusters of both high-high and low-low

values (Fig. 3A). The high-high pattern was t

identified mainly in the Central-West, Southeast,
and North regions of Brazil, indicating similarity
among municipalities in these regions for high
mortality values from the analyzed pathology.
Meanwhile, the low-low pattern was
identified mainly in the North, Northeast, and
Southeast regions of Brazil, indicating similarity
among municipalities in these regions for low
mortality values from the analyzed pathology (Fig. =~
3A). Figure 3B demonstrates the degree of
statistical significance of the clusters using the LISA

Meningitis mortality Brazil 01-21

Through spatial analysis, as shown in
Figure 2A, there is a spatial dispersion of crude
meningitis mortality in Brazil, presenting focus of
incidence in the central-west and southeast
regions. lpueiras (5.6 per 100,000 inhabitants),
Muliterno (5.15 per 100,000 inhabitants), Oliveira
de Fatima (4.5 per 100,000 inhabitants), Lourdes
(4.35 per 100,000 inhabitants), and Ribeirdo
Corrente (4.3 per 100,000 inhabitants) were the
five municipalities that presented with the highest
meningitis mortality rates between 2001 and 2021.

With smoothing of crude rates using
the local empirical Bayesian method (Fig. 2B), it is
possible to observe a more apparent spatial
pattern, with aggregation of municipalities with
higher mortality rates in the Central-West,
Southeast, and North regions of Brazil. Spatial
autocorrelation was identified using the Global
Moran’'s Index (I=0.663; p=0.01), demonstrating
evidence of positive autocorrelation.

B)

FIGURE 3 - Spatial clusters of meningitis mortality in Brazil, between 2001-2021

A) Spatial clusters of meningitis mortality in Brazil using LISA, between 2001-2021;

Map. B) Degree of statistical significance of spatial clusters of meningitis mortality in Brazil, between 2001-2021.
Source: Authors (2026).

DISCUSSION

This ecological analysis of national coverage shows
persistent demographic and territorial heterogeneity in
meningitis mortality in Brazil between 2001 and 2021.
Mortality is concentrated disproportionately in male
individuals, in those under one year of age, and in adults
between 40 and 59 years. Although these distributions are
largely consistent with national and global epidemiological
patterns, their interpretation must be restricted to the
population level, considering the ecological design and the
use of secondary mortality data.

The predominance in males (59%) probably
reflects the complex interaction between biological
susceptibility, different exposure patterns, comorbidity
burden, and dynamics of access to health services.”
However, mortality differentials should not be interpreted
exclusively as a behavioral phenomenon. Variations
in diagnostic opportunities, referral pathways, and

certification practices for the underlying causes of death
may also contribute to disparities registered between sexes.
Therefore, the observed excess male mortality should be
understood as a systemic and structural pattern, and not as
an isolated effect of individual behavior.

Infant mortality remains a central characteristic of
meningitis ~ mortality. Beyond the immunological
vulnerability inherent to this age group, mortality trends are
strongly influenced by programmatic factors, such as
vaccination opportunities, primary health care coverage,
and the capacity for early recognition of serious
infections.''* Thus, the high mortality in those under one
year of age should be analyzed in context of health system
responsiveness and the underlying social conditions.

The relative contribution of deaths among adults
between 40 and 59 years requires cautious interpretation.
In this age group, chronic conditions, immunosuppression
states, and delay in diagnosis can increase lethality.
However, ICD code aggregation GO00-GO3 prevents
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etiological differentiation, limiting the ability to distinguish
increased incidence and higher lethality. Thus, the observed
pattern may reflect differences in clinical severity, diagnostic
confirmation, or death certification practices, and not
necessarily changes in transmission dynamics.

Findings related to race/skin color demand
rigorous contextualization. Although the largest proportion
of deaths was seen among white individuals (46.6%), this
distribution partially follows the national demographic
composition and may be influenced by regional variations
in data completeness. Structural inequalities regarding
access to health systems and differences in information
quality can affect death registration in racialized
populations.”'®  Therefore, the results should be
interpreted as the registered distribution in the information
system, and not as definitive evidence of difference in
biological risk.

Lower educational level was associated with higher
mortality, consistent with the role of socioeconomic
position in determining health outcomes.'® Educational
level, frequently used as a proxy for social vulnerability, may
influence early symptom recognition and timely access to
care.” However, this variable is also subject to
incompleteness and  possible  misclassification  in
information systems. Therefore, although findings point to
social inequality as a relevant determinant, the magnitude
of this association should be interpreted with caution.

The predominance of hospital deaths (93%)
indicates that most fatal cases reached health services.
However, hospital occurrence does not necessarily imply
timely access or homogeneous health care quality. Delays in
referrals, regional disparities in diagnostic capacity, and
differences in intensive care availability may influence
hospital lethality. Thus, hospital mortality should be
understood as a marker of severity within the health
system, and not as a direct indicator of uniform care
performance.

Spatial analysis identified high-high clusters in
Center-West, Southeast, and North regions. These clusters
probably reflect territorial heterogeneity in mortality risk;
however, they may result from the overlap of multiple
mechanisms, including demographic structure, surveillance
capacity, health infrastructure, and local socioeconomic
conditions. Similarly, low-low clusters may indicate both
lower actual risk and underdiagnosis or nonspecific
classification of the wunderlying cause, especially in
municipalities with lower technical capacity.’®’® In the
absence of additional contextual indicators, causal
inferences about spatial patterns should be made with
caution.

The temporal variation observed over the two
decades probably results from the interaction between
demographic transitions, expansion of vaccination
programs, improvement of information systems, and
persistence of regional inequalities. The use of intercensal
population estimates may have influenced rate calculation,
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particularly in  small municipalities. Although Bayesian
smoothing reduces random fluctuations, it does not
eliminate systematic biases.

This study presents limitations inherent to the use
of secondary mortality data, including underreporting,
variability in variable completeness, possible coding errors,
and analysis restricted to the underlying cause of death.
The ecological study design prevents individual-level
inferences and is subject to ecological fallacy. Furthermore,
the absence of etiological stratification limits specific
interpretation by causal agent. Despite these restrictions,
the analysis offers a comprehensive assessment of national
meningitis mortality patterns over two decades, revealing
persistent demographic and territorial inequalities that
demand targeted public health responses.

CONCLUSION

Thus, the spatiotemporal analysis made it possible
to identify municipalities with high meningitis mortality and
highlighted important differences in mortality rates across
locations. These findings reinforce the need for strategies
tailored to local realities and specificities. This study
provides scientific support for the organization and
planning of actions aimed at strengthening healthcare in
the most vulnerable areas, especially Primary Health Care,
to expand access, improve care, promote health, and
prevent meningitis-related adverse outcomes.
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	High-Low (lower right quadrant): corresponds to municipalities with high mortality rates that are adjacent to municipalities with low mortality rates;
	Low-High (upper left quadrant): corresponds to municipalities with low mortality rates that are adjacent to municipalities with high mortality rates.
	According to Resolution No. 510 of April 7, 2016, from the Brazilian National Health Council, there is no requirement for Research Ethics Committee review for studies that use publicly accessible information, as well as for research that employs secondary databases with aggregated information, without the possibility of individual identification of participants. In this context, the data used in this study were obtained from DATASUS, a public, freely accessible, and anonymized database that does not allow direct or indirect identification of individuals. Therefore, the present study is exempt from submission to the Research Ethics Committee, in accordance with the current legislation.

	RESULTS
	After analysis of the profile of Brazilian meningitis victims, a significant prevalence was identified among individuals under 1 year of age, totaling 17.13% of cases in the period. However, it is notable that the occurrence of this fatal event was partially comparable in distant age groups, with 12.66% of deaths occurring between 50 and 59 years, and 12.01% between 40 and 49 years of age. Additionally, there was a marked predominance of males, representing 59.13% of the analyzed cases. Similarly, the majority of victims were white (46.64%) and had single marital status (38.97%) (Table 1).                 Regarding  educational  level,  it  was observed that  the majority of deaths occurred among individuals with 4 to 7 years of completed education, comprising 16.25% of cases, followed by 13.66% among those with 1 to 3 years of completed education (Table 1). It is crucial to highlight that the   majority   of   meningitis   mortality   cases  occurred  in
	hospital settings, representing 93.05% of the total, followed by home settings at 2.69% (Table 1).
	From 2001 to 2021, 22,764 deaths from meningitis were recorded in Brazil. The average mortality rate for this period was 0.56 per 100,000 inhabitants, with the lowest mortality recorded in 2021 (0.27 per 100,000 inhabitants) and the highest in 2001 (0.79 per 100,000 inhabitants). Analysis of the temporal pattern of mortality from 2001 to 2021 showed a significant average decrease of 4.38% per year in the mortality rate per 100,000 inhabitants (p<0.05) (Fig. 1). Pearson’s correlation coefficient was -0.9503 with p<0.05, indicating a significant and inversely proportional linear correlation; over the years, there was a significant reduction in the mortality rate.
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	Through  spatial  analysis,  as  shown  in  Figure 2A, there is a spatial dispersion of crude meningitis mortality in Brazil, presenting focus of incidence in the central-west and southeast regions. Ipueiras (5.6 per 100,000 inhabitants), Muliterno (5.15 per 100,000 inhabitants), Oliveira de Fátima (4.5 per 100,000 inhabitants), Lourdes (4.35 per 100,000 inhabitants), and Ribeirão Corrente (4.3 per 100,000 inhabitants) were the five municipalities that presented with the highest meningitis mortality rates between 2001 and 2021.                  With   smoothing   of  crude  rates  using  the  local empirical Bayesian method (Fig. 2B), it is possible to observe a more apparent spatial pattern, with aggregation of municipalities with higher mortality rates in the Central-West, Southeast, and North regions of Brazil. Spatial autocorrelation was identified using the Global Moran’s Index (I=0.663; p=0.01), demonstrating evidence of positive autocorrelation.
	Application of LISA enabled identification of spatial clusters of both high-high and low-low values (Fig. 3A). The high-high pattern was identified mainly in the Central-West, Southeast, and North regions of Brazil, indicating similarity among municipalities in these regions for high mortality values from the analyzed pathology.                  Meanwhile,   the   low-low   pattern  was  identified mainly in the North, Northeast, and Southeast regions of Brazil, indicating similarity among municipalities in these regions for low mortality values from the analyzed pathology (Fig. 3A). Figure 3B demonstrates the degree of statistical significance of the clusters using the LISA Map.

	DISCUSSION
	This ecological analysis of national coverage shows persistent demographic and territorial heterogeneity in meningitis mortality in Brazil between 2001 and 2021. Mortality is concentrated disproportionately in male individuals, in those under one year of age, and in adults between 40 and 59 years. Although these distributions are largely consistent with national and global epidemiological patterns, their interpretation must be restricted to the population level, considering the ecological design and the use of secondary mortality data.                  The    predominance   in    males    (59%)   probably  reflects the complex interaction between biological susceptibility, different exposure patterns, comorbidity burden, and dynamics of access to health services.12 However, mortality differentials should not be interpreted exclusively   as   a   behavioral   phenomenon.   Variations  in   diagnostic   opportunities,     referral     pathways,      and
	certification practices for the underlying causes of death may also contribute to disparities registered between sexes. Therefore, the observed excess male mortality should be understood as a systemic and structural pattern, and not as an isolated effect of individual behavior.               Infant mortality remains a central characteristic of meningitis mortality. Beyond the immunological vulnerability inherent to this age group, mortality trends are strongly influenced by programmatic factors, such as vaccination opportunities, primary health care coverage, and the capacity for early recognition of serious infections.13,14 Thus, the high mortality in those under one year of age should be analyzed in context of health system responsiveness and the underlying social conditions.             The relative contribution of deaths among adults between 40 and 59 years requires cautious interpretation. In this age group, chronic conditions, immunosuppression states, and delay in diagnosis can increase lethality. However,     ICD     code    aggregation     G00-G03    prevents
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	etiological differentiation, limiting the ability to distinguish increased incidence and higher lethality. Thus, the observed pattern may reflect differences in clinical severity, diagnostic confirmation, or death certification practices, and not necessarily changes in transmission dynamics.                 Findings    related    to    race/skin    color    demand  rigorous contextualization. Although the largest proportion of deaths was seen among white individuals (46.6%), this distribution partially follows the national demographic composition and may be influenced by regional variations in data completeness. Structural inequalities regarding access to health systems and differences in information quality can affect death registration in racialized populations.15,16 Therefore, the results should be interpreted as the registered distribution in the information system, and not as definitive evidence of difference in biological risk.                 Lower educational level was associated with higher mortality, consistent with the role of socioeconomic position in determining health outcomes.16 Educational level, frequently used as a proxy for social vulnerability, may influence early symptom recognition and timely access to care.17 However, this variable is also subject to incompleteness and possible misclassification in information systems. Therefore, although findings point to social inequality as a relevant determinant, the magnitude of this association should be interpreted with caution.                  The    predominance   of    hospital   deaths   (93%)  indicates that most fatal cases reached health services. However, hospital occurrence does not necessarily imply timely access or homogeneous health care quality. Delays in referrals, regional disparities in diagnostic capacity, and differences in intensive care availability may influence hospital lethality. Thus, hospital mortality should be understood as a marker of severity within the health system, and not as a direct indicator of uniform care performance.                  Spatial   analysis   identified   high-high  clusters  in  Center-West, Southeast, and North regions. These clusters probably reflect territorial heterogeneity in mortality risk; however, they may result from the overlap of multiple mechanisms, including demographic structure, surveillance capacity, health infrastructure, and local socioeconomic conditions. Similarly, low-low clusters may indicate both lower actual risk and underdiagnosis or nonspecific classification of the underlying cause, especially in municipalities with lower technical capacity.18,19 In the absence of additional contextual indicators, causal inferences about spatial patterns should be made with caution.                  The   temporal   variation   observed  over the  two  decades probably results from the interaction between demographic transitions, expansion of vaccination programs, improvement of information systems, and persistence of regional inequalities. The use of intercensal population estimates may have influenced  rate  calculation,
	particularly in  small municipalities. Although Bayesian smoothing reduces random fluctuations, it does not eliminate systematic biases.                This study presents limitations inherent to the use of secondary mortality data, including underreporting, variability in variable completeness, possible coding errors, and analysis restricted to the underlying cause of death. The ecological study design prevents individual-level inferences and is subject to ecological fallacy. Furthermore, the absence of etiological stratification limits specific interpretation by causal agent. Despite these restrictions, the analysis offers a comprehensive assessment of national meningitis mortality patterns over two decades, revealing persistent demographic and territorial inequalities that demand targeted public health responses.

	CONCLUSION
	Thus, the spatiotemporal analysis made it possible to identify municipalities with high meningitis mortality and highlighted important differences in mortality rates across locations. These findings reinforce the need for strategies tailored to local realities and specificities. This study provides scientific support for the organization and planning of actions aimed at strengthening healthcare in the most vulnerable areas, especially Primary Health Care, to expand access, improve care, promote health, and prevent meningitis-related adverse outcomes.
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