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ABSTRACT

Tuberculosis (TB) remains a significant public health concern among indigenous peoples in the Brazilian Amazon. This
study aimed to describe the epidemiological characteristics and temporal trends of TB indicators within this population from
2001 to 2022. We analyzed data on new self-reported TB cases by indigenous people in the area of the Legal Amazon from
the DATASUS database of the Brazilian Health Ministry. TB indicators were calculated, and temporal trends were analyzed
using joinpoint regression. A total of 9,245 TB cases were registered among indigenous residents. Men were the most affected
from 2001 to 2022, except in 2019. TB cases significantly decreased from 2001 to 2022 [average annual percent change
(AAPC) = -2.7%; 95% confidence interval (CI) = -3.6 to -1.7]. A considerable decline in incidence was observed in the states
of Rondénia (APC = -7.4%, CI = -1.0 to -4.8) , Acre (APC =-3.2%, CI = -5.4 to -0.9), Amazonas (APC = -4.1%, CI =-4.9
to -3.3%) and Tocantins (APC = -3.3%, CI = -5.8 to -0.7). In Mato Grosso state, a significant increase occurred from 2012
to 2015 (APC = 46.6%, CI = -28.4 to 200.0). TB incidence remains high among indigenous peoples in the Legal Amazon
compared to the general population of the region and Brazil, despite declining trends in the period.
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Tendéncia da tuberculose entre os povos indigenas da Amazonia brasileira
de 2001 a 2022

RESUMO

A tuberculose (TB) continua sendo uma preocupagio significativa de sadde publica entre os povos indigenas na Amazdnia
brasileira. Este estudo teve como objetivo descrever as caracteristicas epidemioldgicas e as tendéncias temporais dos indicadores
de TB nessa populagio de 2001 a 2022. Analisamos dados de novos casos de TB autodeclarados por indigenas na 4drea da
Amazdnia Legal a partir do banco de dados DATASUS do Ministério da Satde do Brasil. Os indicadores de TB foram calculados
e as tendéncias temporais foram analisadas usando regressio joinpoint. Um total de 9.245 casos de TB foram registrados
entre os residentes indigenas. Os homens foram os mais afetados de 2001 a 2022, exceto 2019. Os casos de TB diminuiram
significativamente de 2001 a 2022 [mudanca percentual média anual (AAPC) = -2,7%; intervalo de confianga (IC) de 95%
=-3,6 a -1,7]. Foi observada uma considerdvel reducio na incidéncia nos estados de Rondé6nia (APC = -7,4%, IC = -1,0 a
-4,8), Acre (APC = -3,2%, IC = -5,4 a -0,9), Amazonas (APC = -4,1%, IC = -4,9 a -3,3%) e Tocantins (APC = -3,3%, IC
=-5,82-0,7) . No estado de Mato Grosso, ocorreu um aumento significativo de 2012 a 2015 (APC = 46,6%, IC = -28,4 a
200,0). A incidéncia de TB continua alta entre os povos indigenas na Amaz6nia Legal em comparagio com a populagio geral
da regido e do Brasil, apesar das tendéncias de declinio no periodo.
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INTRODUCTION
Tuberculosis (TB) is a critical public health problem, particularly

in regions with adverse socioeconomic conditions, such as the
Brazilian Amazon. This infectious disease, caused by the bacillus
Mpycobacterium tuberculosis, was discovered by Robert Koch in
1882 (Worboys 1990). It finds allies for its spread in poverty,
malnutrition, and limited access to health services (Welch and
Coimbra Jr 2011; Ferraz and Valente 2014; WHO 2022).
Indigenous populations are especially vulnerable due to specific
socioeconomic and health conditions, and represent a priority
group in the context of TB in the Brazilian Amazon (Levino
and Oliveira 2007; Marques ez al. 2010).

Recent research highlights the high incidence of TB among
indigenous peoples in the Amazon, shedding light on both the
epidemiological dimension of the disease and the challenges
related to its diagnosis and treatment in these communities
(Rios et al. 2013; Santos er al. 2020). The epidemiological
profile of TB among indigenous peoples reveals a predominance
of the pulmonary form of the disease, with a high mortality rate
and transmission mainly among men and productive age groups
(Lachi and Nakayama 2015; Faria 2020). Spatial distribution
of cases and identification of high-risk areas are essential for
directing intervention strategies and prevention (Ferraz and
Valente 2014).

The analysis of gender, age, and geographic location
is essential for understanding the dynamics of TB among
indigenous populations. These factors are expected to influence
TB incidence, with potential disparities based on regional
healthcare access, age-related diagnostic challenges, and
gender-related differences in health-secking behavior. These
hypotheses will be explored further in the discussion section.
Studies point to a direct relationship between TB incidence
and factors such as low income, poverty, and lack of education
(Rios et al. 2013; Ferraz and Valente 2014). The highlighted
disparities reinforce the need for specific approaches adapted to
the cultural and social realities of these communities. The long-
term trend analysis of TB in indigenous peoples is fundamental
for the planning and implementation of effective public policies
(Marques ez al. 2010; Dehghani ez 4/. 2018). The integration
of public health strategies that consider the specific cultural,
social, and economic aspects of indigenous populations is vital
for the success of the interventions. In this context, this study
aimed to analyse the trend of TB in indigenous peoples of the
Brazilian Amazon during the period of 2001-2022, seeking to
understand the epidemiological patterns of the disease in order
to provide support for the development of more assertive and
culturally adapted public policies for TB control in this region
(Costa et al. 2022; Pascoal et al. 2022; Aguiar et al. 2023).

MATERIAL AND METHODS

TB data were analyzed for the indigenous population of the
Legal Amazon, an administrative macro-region that covers
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approximately 5.217.423 km?, representing about 61%
of Brazil’s area, including the whole Brazilian area of the
Amazon biome. It fully includes the states of Acre, Amapd,
Amazonas, Pard, Rondénia, Roraima, Tocantins, Mato Grosso
and significant parts of Maranhao. In 2022, the indigenous
population in the region was 26.7 million (IBGE 2022).
This region exhibits a complex socio-environmental fabric,
with the coexistence of dense urban centres and traditional
communities in inaccessible rural zones, reflecting a mosaic
of social and economic indicators.

We carried out an ecological time series analysis of new
TB cases in indigenous residents of the Legal Amazon from
January 1, 2001, to December 31, 2022. The data were
obtained from the Department of Informatics of the Unified
Health System (DATASUS) of the Health Ministry of Brazil.
The data comes from compulsory notifications, which consist
of a standardised form filled out by health professionals
with sociodemographic, clinical, and treatment information
(Brasil 2024). Individuals self-identifying as indigenous
during disease notification were classified as such. Cases not
presenting data or categorised as unknown in the race/color
variable were not included in the analysis IBGE 2022).
Population data were obtained from the Instituto Brasileiro
de Geografia e Estatistica (IBGE), based on state census data
from 2000, 2010, and 2022, and population estimates for the
intercensal years (2001-2009 and 2011-2021) (IBGE 2022).

In the descriptive analysis, TB incidence coefficients
were calculated for three distinct groups: the indigenous
population of the Legal Amazon, the general population of
the Legal Amazon, and the Brazilian population. Incidence
coefficients were determined as the number of new TB cases
per population multiplied by the constant 100,000.

Between 2000 and 2010, the indigenous population
had an average annual geometric growth rate of 2.4%,
which increased to 3.0% between 2010 and 2022. These
estimates were crucial for adjusting demographic parameters
in indicator calculations, ensuring more accurate projections
of the indigenous population and reliable calculations of
TB incidence rates (IBGE 2022). To determine the average
incidence coefficient of TB, the arithmetic mean was
employed by adding the annual incidence coefficients and
subsequently dividing them by the number of observations in
the analysed period. The standard deviation, minimum, and
maximum values were calculated for the TB incidence rates
among the three population levels analysed. These indicators
were computed to provide a comprehensive understanding
of central trends and the variability of the collected data.
The proportion of TB cases by gender in the Indigenous
population was calculated by dividing the new cases in men
or women by the total number of cases, multiplying the result
by 100. Additionally, incidence coefficients were calculated by
age group in the categories of 0 to 14 years, 15 to 24 years,
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25 to 34 years, 35 to 44 years, 45 to 54 years, 55 to 64 years,
and 65 years or more.

For the trend analysis of TB incidence coefficients, the
segmented linear regression technique (Clegg ez a/. 2009) was
used in the Joinpoint software version 4.2.0 (Kim ez /. 2000).
The evaluated indicators included incidence coefficients of TB
in Brazil, in the Legal Amazon as a whole, in the indigenous
population of the Legal Amazon, and for the indigenous
population of each Amazonian state. In the segmented linear
regression analysis, TB incidence coefficients were considered
as dependent variables, while the year of occurrence was the
independent variable. The Monte Carlo permutation test
was used to determine the optimal model fit, prioritising the
one with the highest coefficient of determination (R?) for

the residuals.
The analysis of trends was quantified by the annual percent

change (APC) and its 95% confidence interval (95% CI),
considering an APC significant with p < 0.05 that did not
include the zero value. Significant trends were interpreted as
increasing (positive APC) or decreasing (negative APC), while
non-significant trends were classified as stable. The average
annual percent change (AAPC) was estimated as the weighted
geometric mean of the APCs, with the weights corresponding
to the length of each segment in the time interval (Kim ez /.
2000; Clegg ez al. 2009).

RESULTS

From 2001 to 2022, a total of 1,597,889 new TB cases were
identified in Brazil, 239,983 of these in the Legal Amazon,
of which 9,278 (3.85%) occurred among the indigenous
population. The average incidence coefficient of TB was
102.51 + 22.17 per 100,000 inhabitants among indigenous
peoples of the Legal Amazon (Table 1). The standard deviation
of 22.17 indicated variability in the indicator within the
indigenous population, with a range from 63.2 to 152.1 per
100,000 inhabitants over the evaluated years. In comparison,
the general population of the Legal Amazon had a lower
average and variability (42.05 + 2.92 per 100,000 inhabitants)
(Table 1). The general population of Brazil presented the
lowest average incidence, with 37.33 + 3.09 per 100,000
inhabitants, suggesting a more stable incidence coefficient.

Table 1. Tuberculosis incidence coefficient among indigenous peoples of the
Legal Amazon, the general population of the Legal Amazon, and the general
population of Brazil in the period 2001-2022.

Population Average Sta”_d?”d Minimum  Maximum
deviation

Indigenous peoples of the 10251 2217 632 1521

Legal Amazon

General population of the 105 99 378 468

Legal Amazon

General population of Brazil  37.33 3.09 323 439
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In the indigenous population, the TB incidence peaked
in 2003 with 152.1 cases per 100,000, followed by a general
declining trend that reached the lowest value of 63.2 in 2021,
and a subsequent increase to 75.5 in 2022, still maintaining
a hyperendemic status (Figure 1). The general population of
the Legal Amazon had an incidence of 46.8 cases per 100,000
inhabitants in 2022, indicating a relatively stable variation over
the period. For the general population of Brazil, the incidence
coefficient showed a relative stability over the years.

In 2001, the proportion of indigenous males with TB was
61.2%, compared to 38.8% among females (Figure 2). Over
the years, these percentages varied, with a trend of decrease
for males until 2009 and a subsequent increase for females,
culminating in a reversal of this trend in 2019, when females
had a higher percentage than males (51.6% and 48.4%,
respectively). In the following years TB incidence was higher
in males again. In 2022, TB incidence was 56.8% for males

and 43.2% for females.

The linear joinpoint regression between 2001 and 2022
revealed a significant declining trend in the TB incidence rate
in the general Brazilian population, with an annual percent
change (APC) of -1.0% (95% CI = -1.3 to -0.6) (Table
2). For the general population of the Legal Amazon, two
distinct trends were identified. From 2001 to 2015 there was
asignificant decrease in the TB incidence coefficient, with an
APC of -3.6% (95% CI = -4.2 to -3.1) (Table 2), while from
2015 to 2022 the trend was stable, with an APC of -1.0%
(95% CI = -2.4 to 0.3) (Table 2). The overall trend for the
period from 2001 to 2022 was of significant decrease, with
an AAPC of -2.8% (95% CI = -3.3 to -2.3) (Table 2). Among
the indigenous population of the Legal Amazon from 2001
to 2022, there was a significant decrease in TB incidence,

with an AAPC of -2.7% (95% CI = -3.6 to -1.7) (Table 2).

In the indigenous population, there was a significant
decline in the TB incidence coefficient of -7.4% (95% CI =
-1.0 to -4.8) in Rondénia, -3.2% (95% CI = -5.4 to -0.9)
in Acre, -4.1% (95% CI = -4.9 to -3.3) in Amazonas, and
-3.3% (95% ClI= -5.8 to -0.7) in Tocantins (Table 2). In
Roraima, the TB incidence exhibited a declining trend of
-5.9% (95% CI = -10.1 to -1.6) in the period 2001-2014,
and a trend to stability in 2014-2022, with an APC of 5.7%
(95% CI = -2.8 to 14.9) (Table 2). In Pard and Amapd, the
TB incidence coefficient was stable over the whole period,
with an APC of 0.9% (95% ClI=-0.8 t0 2.8) and -2.4% (95%
CI = -6.8 t0 2.2) (Table 2). In Maranhio, the incidence was
stable from 2001 to 2003 (APC = 69.4%, 95% CI = -31.0 to
315.7), and decreased significantly from 2003 to 2022 (APC
=-5.7% 95% CI = -7.6 to -3.7) (Table 2). In Mato Grosso,
the incidence was stable from 2001 to 2012 (APC = -2.8%;
95% CI = -9.2 to 4.1), increased significantly from 2012 to
2015 (APC = 46.6%; 95% CI = -28.4 t0 200.0), and decreased



ACTA
AMAZONICA

Carrasco et al. Tuberculosis trend among the indigenous peoples of the Brazilian Amazon

Figure 1. Temporal evolution of the tuberculosis incidence coefficient in the indigenous population of the Legal Amazon, the general population of the Legal Amazon,

and the general population of Brazil in the period 2001-2022.

Figure 2. Trend of the proportion of new tuberculosis (TB) cases by gender among indigenous peoples of the Legal Amazon in the period 2001-2022.

significantly from 2015 to 2022 (APC = -20.2%; 95% CI =
-27.4 to -12.3) (Table 2).

Regarding age groups, there was a significant declining
trend in TB incidence from 2001 to 2012 for indigenous
individuals under 15 years, followed by an expressive but
not significant increase from 2012 to 2015, and a return to
significant decline from 2015 to 2022 (Table 2). Over the
total period, there was a declining trend in the under-15 age
group, with an APC of -5.6%. Individuals aged 15 to 24 years
had a significant increase from 2001 to 2003, followed by a
continuous and significant decline from 2003 to 2022, but
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an APC of -0.3%, suggesting stability in TB incidence in this
group. In the age groups of 35 to 44 years and 45 to 54 years,
there was a continuous and significant decline in TB incidence
throughout the entire period (Table 2). Individuals aged 55
to 64 years experienced a significant decrease in TB incidence
over the entire period, indicating a continuous and significant
declining trend. Among individuals aged 65 years or older,
there was a trend of decline from 2001 to 2016, followed by
a more significant and sharp reduction from 2016 to 2022.
The overall trend for this group was a significant decrease in
incidence, with an APC of -4.3%.
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DISCUSSION

This study revealed a significant disparity in the TB incidence
coefficient of the indigenous population of the Legal Amazon
and the general population of both the Legal Amazon
and Brazil from 2001 to 2022. These findings align with
previous studies documenting the larger vulnerability of
indigenous populations to TB, attributed to social and health
determinants such as living conditions, access to healthcare,
and socioeconomic factors (Smith 2017; Ferreira ez al. 2020).
Moreover, the observed variability in incidence coefficients
among indigenous people (as indicated by the standard
deviation 0f 22.17) suggests heterogeneity in living conditions
and risk factors within this population (Martins ez a/. 2014;
Lopez et al. 2019).

The contrast between the high variability in TB incidence
among indigenous peoples and the lower variability in
the general population of the Legal Amazon and Brazil
suggests a greater stability in TB control outside Indigenous
communities. This phenomenon may be explained by
differences in public health efforts, healthcare accessibility and

Carrasco et al. Tuberculosis trend among the indigenous peoples of the Brazilian Amazon

quality, and operational capacity (Bastos and S4 2017; Ferreira
et al. 2020), which are better for the general population. The
persistent and high TB incidence among indigenous people
points to the need for targeted approaches that consider
the cultural and social specificities of these communities
(Ferreira et al. 2020; Santos et al. 2020), as well as increasing
operational capacity in indigenous health districts by training
professionals who make up the indigenous health teams for
diagnostic accuracy and case management (Monteiro ez al.
2018). Comparing our results with similar studies underscores
the importance of culturally adapted public health strategies
and strengthening health systems in indigenous communities
(Silva et al. 2012; Sartori et al. 2018).

Previous research has also emphasised the necessity of
health interventions that extend beyond medical treatment,
including improvements in living conditions and actions
addressing the social determinants of health to reduce TB
incidence (Belo et 2l 2010; Silva et al. 2020). Interventions
must be designed in collaboration with indigenous
communities to ensure their implementation and acceptance,

Table 2. Tuberculosis indicator trends in Brazil, the Legal Amazon and the indigenous population in the Legal Amazon (per state and age group) according to joinpoint

regression analysis in the period 2001-2022.

Trend 1 Trend 2 Trend 3 Total period
Population
Period APC @ Period APC a Period APC a AAPC CI

Brazil 2001-2022  -1.0* -13t0-06 = - = = = = -1.0* -13t0-06
Legal Amazon 2001-2015  -3.6* -4.210-3.1 2015-2022  -1.0 -24100.3 - - - -2.8%  -3310-23
Indigenous population

Legal Amazon 2001-2022  -2.7* -3.6t0-1.7 - - - - - - -2.7%  -36to-17
Rondonia 2001-2022  -7.4* -10t0-4.8 - - - - - - =74 -10t0-4.8
Acre 2001-2022  -3.2* -5410-09 - - - - - - -32% -5410-09
Amazonas 2001-2022  -4.1% -49t0-3.3 = = = = = = -41*  -49t0-33
Roraima 2001-2014  -59*  -10.1to-1.6  2014-2022 57 -281t0 149 - - - -1.7 -55t023
Pard 2001-2022 09 -0.8102.8 - - - - - - 09 -0.8t02.8
Amapa 2001-2022 -24 -6.8102.2 - - - - - - -24 -6.8102.2
Tocantins 2001-2022  -33* -5.810-0.7 = = = = = = -33*  -58t0-0.7
Maranhdo 2001-2003 694  -31.0t03157  2003-2022  -57* -76t0-3.7 - - - -03 -8.1t082
Mato Grosso 2001-2012  -28 -92t04.1 2012-2015 466  -284t02000 2015-2022 -202* -274t0-123  -35 -129t07.0
I< 15 years 2001-2012  -64*  -106t0-2.1 2012-2015  22.1 -3621t01337  2015-2022  -142*  -209t0-70  -56  -13.8t034
15 t0 24 years 2001-2003 284  -196t0 1053  2003-2022  -2.9* -39t0-19 = = = -03 -44t04.0
35 to 44 years 2001-2022 -1 -23100.2 - - - - - - -1 -23t002
45 to 54 years 2001-2022  -1.7* -291t0-0.5 = = = = = = -1.7% -291t0-0.5
55 to 64 years 2001-2022  -3.4* -49t0-19 - - - - - - -34%  -49t0-19
65yearsorolder  2001-2016  -1.2 -37t014 2016-2022 -11.8* -202t0-2.5 = = = -43*  -73t0-12

APC = Annual Percentage Change; AAPC = Average Annual Percentage Change; Cl = 95% confidence interval.

* Significantly different from 0 (p < 0.005).
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reinforcing the importance of including traditional knowledge
in the fight against tuberculosis (Ferreira ez a/. 2020)

The trend variation in the proportion of TB cases between
indigenous males and females reflects significant gender-
related differences in healthcare access and risk behaviours
in the Legal Amazon throughout the study period (Santos
and Coimbra Jr 2003; Gomes 2017; Silva et al. 2022), but
also indicates that women are more prone to seeking health
services and caring for their health (Monteiro ez a/. 2018). This
dynamic suggests that public health interventions, changes in
health-seeking patterns, and shifts in social determinants can
influence TB incidence by gender, underlining the need for
adapted control strategies that account for these differences
(Belo et al. 2010; Ferreira et al. 2020; Silva et al. 2022).

We observed an overall declining trend for TB incidence
among the indigenous population from 2001 to 2022, despite
significant regional variations. The general declining trend in
TB incidence in the Legal Amazon and among indigenous
populations, with an AAPC of -2.8% and -2.7% respectively,
suggests overall progress in combating TB in these areas. This
decrease may reflect the effectiveness of TB control strategies,
improvements in healthcare access and quality, as shown
in previous studies (Lopez et al. 2019; Pascoal et al. 2022).
However, local trends such as the recent reversal to stability
in Roraima and the significant increase followed by a decline
in Mato Grosso, highlight the complexity of TB control and
the influence of specific regional factors, including healthcare
accessibility, population mobility, and socioeconomic
determinants (Martins ez /. 2019; Silva ez al. 2020).

The stability and variation in TB incidence trends
in states like Pard and Amapd, and the distinct phases in
Roraima and Mato Grosso underscore the importance of
locally adapted control strategies and the need for continuous
surveillance. These findings align with literature pointing to
the heterogeneity of TB epidemiology among indigenous
populations and the need for integrated approaches that
consider cultural, social, and public health factors (Ferreira
et al. 2020; Pascoal et al. 2022). The reversal to stability in
Roraima and the temporary increase pattern in Mato Grosso
draw attention to the challenges in sustaining progress in TB
control and the importance of investigating and addressing
the underlying causes of these variations, including specific
risk factors such as genetics and susceptibility, the coverage
and effects of public health interventions, and changes in the
socioeconomic context (Coimbra Jr er al. 2014; Ferreira et
al. 2020).

The stabilization of TB cases in children under 15
years of age, rather than a reduction, can be explained by
underreporting and diagnostic challenges in this age group,
particularly in children under ten years old, where sputum
collection is difficult and false-negative results are common
(Perez-Velez and Marais 2012; Costa et al. 2022). Despite
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declining trends in indigenous children due to improved
access to culturally adapted health teams, expanded BCG
vaccination, and active TB screening, vigilance remains
crucial. The nonspecific nature of TB symptoms in children
and the difficulty in obtaining bacteriological confirmation
necessitate a diagnostic approach integrating clinical,
radiological, and epidemiological data (Newton ez a/. 2008;
Cano et al. 2017).

The COVID-19 pandemic further compromised TB
detection, with an estimated 15% to 20% reduction in
notifications across Latin America (PAHO 2021), masking
the true magnitude of the disease. Additionally, high TB
incidence among indigenous populations underscores social
inequalities and healthcare access barriers, while inadequate
implementation of management strategies like directly
observed therapy may increase risks of treatment abandonment
and death, highlighting the need for strengthened control
measures in primary care (Gadelha 2010; Viana ez /. 2019).

In the age groups from 55 to 64 and > 65 years,
the significant decrease in TB incidence might reflect a
combination of factors possibly including greater acquired
immunity over a lifetime and the long-term accrued benefit
of health interventions (Basta ez a/. 2004; Levino and Oliveira
2007). These age groups may also benefit from greater disease
knowledge and health practices that protect against TB
compared to younger generations.

One of the primary limitations of this study lies in the
use of secondary data for analysing TB incidence. While these
data provide a comprehensive overview of trends over time,
they may be subject to underreporting and/or variation in
recording quality, which could affect the accuracy of results.
Additionally, the lack of detailed information on individual
risk factors, socioeconomic conditions, and access to health
services limits the ability to fully understand the underlying
causes of the observed trends. Future research should focus on
collecting primary data, conducting qualitative assessments
of health determinants, and exploring specific genetic and
susceptibility factors among Indigenous populations to
provide deeper insights into prevention and control strategies.

CONCLUSIONS

This study underscores a significant decrease in tuberculosis
incidence among the Indigenous population of the Legal
Amazon in Brazil from 2001 to 2022, highlighting
advancements in disease control. However, the persistent
disparity in TB incidence between Indigenous peoples and the
general population, along with observed regional variability,
emphasises the need for more targeted and culturally sensitive
public health approaches. Future strategies should focus on
improving healthcare access, integrating traditional practices
into TB management, and adapting interventions to the
specificities of each community. This study reinforces the
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importance of continuing efforts to reduce the TB incidence
coefficient among Indigenous populations through an
integrated approach addressing both social determinants of
health and specific population risk factors.
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