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ABSTRACT

Background and Objectives: Tuberculosis is a
communicable disease and a serious public health
problem, with Brazil ranking among the countries
with the highest burden of the disease. For
epidemiological surveillance and tuberculosis
control, time-series studies are important to
investigate temporal patterns in disease occurrence.
The aim of this study was to analyze temporal
trends in tuberculosis incidence among Brazilian
adults over a 2l-year period. Methods: We
conducted an ecological epidemiological study of
tuberculosis notification data for the Brazilian adult
population (age 20-59 years) between 2001 and
2021, obtained from the Notifiable Diseases
Information System (SINAN). We calculated
overall incidence and specific rates by sex, age
group, and clinical form. Temporal trends were
analyzed using the Prais—Winsten regression model,
and Annual Percent Change (APC) was estimated.
Results: A total of 1,446,499 adult cases of
tuberculosis were reported in Brazil, and a
decreasing trend was observed for overall incidence
(B = -0.005; p < 0.001; APC = -1.3%). Regarding
age group, sex, and clinical form, all strata showed
a decreasing trend, except for the 20-29-year age
group, which showed a stationary trend (f = 0.001;
p = 0.643; APC = 0.2%). Conclusion:
Notwithstanding the stationery trend in the 20-29-
year age group, there was a decreasing trend in the
overall incidence rate of tuberculosis in Brazilian
adults, although this remains far from global targets
for disease control. The findings highlight that
Brazil still faces major challenges for tuberculosis
prevention and control.
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RESUMO

Justificativa e Objetivos: a tuberculose ¢ uma
doenga infectocontagiosa, considerada um grave
problema de satde publica, e o Brasil se encontra
entre os paises com maior carga da doenga.

Considerando a vigilancia epidemiologica e
controle da tuberculose, os estudos de séries
temporais sdo importantes para investigar os

padrdes de variagcdo da doenga. Assim, este estudo
objetivou analisar a tendéncia temporal da
incidéncia de tuberculose em adultos brasileiros, em
um periodo de 21 anos. Métodos: estudo
epidemiologico do tipo ecoldgico, cujos dados de
notificagdo da tuberculose na populagdo adulta
brasileira (20 a 59 anos), no periodo de 2001 a
2021, foram extraidos do Sistema de Informagao de
Agravos de Notificagdo. Foram calculadas as taxas
de incidéncia geral, especifica por sexo, faixa etaria
e forma clinica. Para andlise de tendéncia, utilizou-
se 0 modelo de Prais-Winsten e foi calculada a Taxa
de Incremento Anual (TIA). Resultados: foram
notificados no Brasil, 1.446.499 casos de
tuberculose em adultos, identificou-se tendéncia
decrescente da incidéncia geral (f = -0,005; p =
<0,001; TIA = -1,3%). Com relagdo a faixa etaria,
ao sexo e a forma clinica, todos os estratos
apresentaram tendéncia decrescente, exceto a faixa
etaria de 20 a 29 anos, que apresentou tendéncia
estacionaria (f = 0,001; p = 0,643; TIA = 0,2%).
Conclusio: conclui-se que, apesar da faixa etaria de
20 a 29 anos manter-se estacionaria, observou-se
uma tendéncia decrescente na taxa de incidéncia
geral de tuberculose em adultos no Brasil, estando
ainda distante das metas globais de controle da
doenga. Ficou evidente que o Brasil possui grandes
desafios para a prevencdo e controle da tuberculose.
Descritores: Estudos Ecologicos. Epidemiologia.
Tuberculose. Indicadores de Satide. Saiide Publica.
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RESUMEN

Justificacién y Objetivos: La tuberculosis es una
enfermedad transmisible y un problema de salud
publica, y Brasil se encuentra entre los paises con
mayor carga. En el contexto de la vigilancia y del
control, los estudios de series temporales son
importantes para investigar patrones de variacion.
Este estudio tuvo como objetivo analizar la
tendencia temporal de la incidencia de tuberculosis
en adultos brasilefios durante un periodo de 21
afios. Métodos: Se realiz6 un estudio
epidemiologico de tipo ecoldgico con datos de
notificacién de tuberculosis en adultos brasilefios
(20-59 afios) durante el periodo 2001-2021,
extraidos del Sistema de Informagdo de Agravos de
Notificagdo (SINAN). Se calcularon tasas de
incidencia globales y especificas por sexo, grupo de
edad y forma clinica. La tendencia se analizo
mediante el modelo de Prais—Winsten y se estimo
la Tasa de Cambio Anual (TCA). Resultados: Se
notificaron 1.446.499 casos de tuberculosis y se
observo una tendencia descendente en la incidencia
global (8 = -0,005; p < 0,001; TCA = -1,3%). Por
grupo de edad, sexo y forma clinica, todos los
estratos presentaron una tendencia descendente,
excepto el grupo de 20-29 afios, que present6d una
tendencia estacionaria (f = 0,001; p = 0,643; TCA
= 0,2%). Conclusiones: Aunque el grupo de 20-29
afios presentd una tendencia estacionaria, se
observo tendencia descendente en la tasa de
incidencia global de tuberculosis en Brasil, ain
distante de las metas mundiales de control. Los
resultados muestran que el pais enfrenta grandes
desafios para la prevencion y el control de la
enfermedad.

Palabras Clave: Estudios Ecoldgicos.
Epidemiologia. Tuberculosis. Indicadores de Salud.
Salud Publica.
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INTRODUCTION

Tuberculosis is an infectious disease considered a
major global public health problem. It primarily affects
the lungs; however, it is important to note that the
disease can also affect other organs, such as the bones,
kidneys, meninges, skin, and lymph nodes, constituting
the extrapulmonary form of the disease.!

Advances in tuberculosis control over the past decades
worldwide have contributed to a reduction in its
incidence and mortality. However, it remains one of the
deadliest infectious diseases.? In 2019, tuberculosis was
the most common cause of death attributable to a single
infectious pathogen. Globally, an estimated 10 million
people developed tuberculosis disease in 2019, with an
estimated 1.2 million deaths from tuberculosis among
HIV-negative individuals and an additional 208,000
deaths among people living with HIV.!

In 2024, there was an increase in the global incidence
of tuberculosis, with an estimated 10.7 million people
developing the disease, 1.08 million deaths among HIV-
negative individuals, and 150,000 deaths among people
living with HIV, resulting in a combined total of 1.23
million tuberculosis-related deaths.? his increase in the
number of cases once again made tuberculosis the
leading cause of death from an infectious disease.* The
impact of tuberculosis on morbidity and mortality rates
is directly related to the socioeconomic profile of
countries, being higher in low- and middle-income
countries, which account for 95% of deaths caused by
the disease.’

Brazil is among the countries with the highest
tuberculosis incidence rates. Social, economic, and
demographic determinants, institutional factors related
to public health services, and lifestyle factors contribute
to this scenario, which has been the subject of ongoing
discussions among health authorities, with the aim of
reducing disease transmission.®’ The End TB Strategy
is an initiative of the World Health Organization
(WHO) that integrates international efforts to achieve
the Sustainable Development Goals (SDGs), guiding
strategies for their implementation at the regional and
national levels.”® From this perspective, the WHO
established three targets to be achieved by 2035: to
reduce the tuberculosis incidence rate by 90% and the
number of deaths from the disease by 95% compared
with 2015 levels, as well as to eliminate the number of
people affected by catastrophic costs resulting from
tuberculosis.®®

In this context, although data on the decreasing trend
in tuberculosis incidence rates in Brazil are available in
the literature,'*'? the time series are short,'!? restricted
to certain regions of the country!'*!> and/or have gaps in
stratification or in specific population groups.!%!416
Therefore, studies that update this information,
particularly considering recent epidemiological changes,

are essential, as time-series analysis is especially
relevant for supporting health management in the
formulation or reformulation of existing public health
policies and the development of prevention strategies.
Such analyses can assist health managers in decision-
making, planning, and the implementation of new
policies and programs aimed at reducing the incidence
and mortality of diseases such as tuberculosis.!”

In view of the above, with the aim of informing
specific public health policies regarding the temporal
trend of tuberculosis among the economically active
Brazilian population, this study aimed to analyze the
temporal trend in tuberculosis incidence among
Brazilian adults over a 21-year period.

METHODS

Study Design

This was an ecological, analytical epidemiological
time-series study that analyzed trends in the incidence
of tuberculosis among Brazilian adults reported between
2001 and 2021. The study was conducted in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines
(STROBE).!®

Study Period and Setting

Cases reported in all Brazilian Federative Units and
the Federal District were investigated from January
2001 to December 2021.

Brazil is located in the central part of South America,
predominantly in the Southern Hemisphere and entirely
in the Western Hemisphere, occupying nearly half of
the continent (approximately 47%). It is the largest
country in South America and the fifth-largest country
in the world in terms of territorial area. According to the
Brazilian Institute of Geography and Statistics (IBGE),
Brazil is a Federative Republic that is politically and
administratively organized into states, municipalities,
and districts. It currently comprises 26 states and the
Federal District, which together constitute the
Federative Republic of Brazil; for this reason, the states
are referred to as Federative Units.'® In the most recent
census, conducted in 2022, Brazil’s resident population
was 203,080,756, of whom 116,425,264 were adults.
This group represents the largest share of the national
population, accounting for 57.33% of the total.'

Population, Sample, Inclusion and Exclusion
Criteria

In this study, individuals aged 20 to 59 years were
considered adults.?® Only new and confirmed cases of
tuberculosis among adults were included, based on the
place of occurrence. The Ministry of Health
recommends that individuals with tuberculosis be
considered new cases when registered under the
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following options: “new case,” “unknown,” and “post-
mortem.” These categories refer to the different patient
entry classifications in the health conditions notification
system. “New case” refers to a patient who has never
undergone tuberculosis chemotherapy; “post-mortem”
refers to a case in which death due to the disease was
reported; and “unknown” indicates that information
regarding the patient’s status was not recorded or was
incomplete.?!

The following inclusion criteria were applied: new and
confirmed cases of pulmonary and extrapulmonary
tuberculosis among individuals aged >20 and <60 years.
Cases with missing information on age, sex, or clinical
form of tuberculosis were excluded.

Data Collection

Data were extracted from the Ministry of Health’s
Notifiable Diseases Information System (SINAN) and
the Brazilian Institute of Geography and Statistics
(IBGE) between April and May 2024, using TabNet,
available on the website of the Department of
Informatics of the Brazilian Unified Health System
(DATASUS). SINAN is the official system for the
notification and investigation of cases of diseases and
health conditions included in the national list of
notifiable diseases.® For the extraction of data on
reported tuberculosis cases from TabNet, the years,
Federative Units, and the Federal District were selected.
For the rows, the years were selected; for the columns,
the Federative Units and the Federal District were
selected; and the content consisted of confirmed cases,
as described in the tutorial developed by DATASUS for
generating information from the databases of the
Brazilian Unified Health System (SUS).2

Study Variables

The selected variables were: year of notification (2001
to 2021); sex (male; female); age group (in years: 20—
29; 30-39; 40-49; 50-59); and clinical form of
tuberculosis (pulmonary; extrapulmonary; pulmonary
and extrapulmonary). Tuberculosis incidence rates were
calculated annually, using the absolute number of new
cases as the numerator and the estimated population
aged 20 to 59 years, according to IBGE, for the same
period as the denominator, expressed per 100,000
population.?!

Data Analysis and Interpretation

The temporal trend in tuberculosis incidence in Brazil
was calculated wusing the Prais—Winsten linear
regression model. For the purposes of the analysis, the
year was considered the independent variable, and the
incidence rates were considered the dependent
variables. This statistical method allows for the
identification and quantification of trends in temporal
data, such as increases or decreases in disease cases
over time. Initially, a logarithmic transformation of the

variables of interest was performed, followed by the
application of the Prais—Winsten autoregressive model,
from which the B coefficient of the overall tuberculosis
incidence rates and those stratified by sex, age group,
and clinical form was obtained, corresponding to the
slope of the regression line. The time series may reveal
an increasing trend (p-value < 0.05 and positive B), a
decreasing trend (p-value < 0.05 and negative B), or a
stationary trend (p-value > 0.05, regardless of the B
value).!”

Additionally, the Annual Percentage Change (APC)
was calculated using the following equation:

APC = (-1+10%)*100

Where B is the value of the slope coefficient obtained
from the linear regression.

The 95% confidence interval (95%CI) for the study
measures was also calculated using the following
formula:

955CI = (-1 + 10P="SEN* 100

Where t is the value corresponding to the Student’s t-
distribution with 20 degrees of freedom at a two-tailed
95% confidence level, and SE is the standard error of
the estimate of 3, obtained from the regression analysis.
Results with p-values < 0.05 were -considered
statistically significant.

Ethical Considerations

The data used in this study are secondary data from
publicly available sources and are unrestrictedly
accessible, with no possibility of nominal identification.
Therefore, submission to and review by a Research
Ethics Committee involving human participants was not
required.

RESULTS

Between 2001 and 2021, 1,446,499 cases of
tuberculosis were reported in Brazil. However, to meet
the proposed exclusion criteria, 252 cases (0.017%)
were excluded, leaving 1,446,247 cases for analysis.
Throughout the study period, variation was observed in
the tuberculosis incidence rate among the adult
population, with the lowest rate of 55.43 per 100,000
population recorded in 2020 and the highest rate of
76.77 per 100,000 population recorded in 2002. When
the tuberculosis incidence rate was calculated by sex,
the highest rate recorded among men was 103.77 per
100,000 population, while among women it was 50.88
per 100,000 population, both in 2002 (Table 1, Figure
1).

When the tuberculosis incidence rate was calculated
by age group, the results showed that the 40—49 and 50—
59-year age groups had the highest rates up to 2013
(Table 1, Figure 2). Regarding the clinical form, the
highest incidence rates were observed for pulmonary
tuberculosis. In the first year of the series, the incidence
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rate for this clinical form was 61.54 per 100,000
population, while in the final year, the rate was 50.06

throughout the study period occurred in 2002 (63.68 per
100,000 population) (Table 1, Figure 3).

per 100,000 population. The highest rate recorded

Table 1. Tuberculosis incidence rate among adults (per 100,000 population), overall and stratified by sex, age group (years), and
clinical form, Brazil, 2001-2021.

Tuberculosis Incidence Rate Among Adults

By Sex By Age Group (years) Clinical Form
Year General Male Female 2029  30-39 4049  50-59 Pulmonary Extrapulmonary Pulmonary +
Extrapulmonary

2001 73.76 99.54 48.97 62.66 76.54 84.04 78.70 61.54 9.58 2.44
2002 76.77 103.77 50.88 65.72 79.32 87.42 81.32 63.68 10.,21 2.65
2003 76.05 102.79 50.51 65.88 7838 86.64 78.77 62.94 10.16 2.62
2004 74.01 100.70 48.55 65.31 75.63 82.58 77.87 61.23 9.98 2.58
2005 71.77 98.08 46.64 64.02 72.54 80.10 7515 59.55 9.56 2.44
2006 65.34 89.57 42.23 58.53 65.13 72.40 69.79 54.54 8.61 2.17
2007 63.72 87.98 40.63 58.28 63.57 69.64 66.88 53.03 8.48 223
2008 64.72 90.16 40.51 59.91 64.72 69.57 67.53 53.88 8.53 232
2009 63.32 88.38 39.48 60.00 63.12 66.37 65.92 52.90 8.20 2.21
2010 61.72 86.60 38.04 57.94 62.14 64.70 64.30 51.63 7.85 2.24
2011 62.10 87.88 37.44 58.31 62.46 64.81 64.72 51.66 8.05 2.15
2012 60.30 85.58 36.21 57.18 60.89 61.93 62.81 50.19 7.87 222
2013 59.25 84.09 35.53 56.62 59.74 60.60 61.24 49.54 7.60 2.01
2014 57.94 82.79 34.33 56.16 5851 58.75 59.16 48.78 721 1.95
2015 57.28 83.03 32.74 57.85 57.10 55.86 58.41 48.84 6.71 1.89
2016 56.86 82.66 32.24 59.03 5727 54.52 55.86 48.12 6.88 1.76
2017 59.02 87.03 32.19 64.57 58.77 54.53 56.51 50.26 6.96 1.78
2018 61.32 90.40 33.45 69.14 60.02 56.95 56.99 52.15 727 1.91
2019 61.36 90.43 33.46 70.19 59.83 56.67 56.34 52.13 7.43 1.79
2020 55.43 81.86 30.05 64.17 54.31 51.42 49.42 47.35 6.30 1.76
2021 58.03 85.71 31.46 66.38 56.74 54.54 52.58 50.06 6.15 1.83
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Figure 1. Overall and sex-specific tuberculosis incidence rates among adults (per 100,000 inhabitants) in Brazil from 2001 to 2021.
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Figure 3. Tuberculosis incidence rate in adults (per 100,000 inhabitants) by clinical form of the disease in Brazil from 2001 to 2021.

It was observed that the temporal trend in the overall incidence of tuberculosis in Brazil was decreasing (f = —0.005; p
<0.001; APC =—1.3%), with a 1.3% annual reduction. When analyzing the trend in incidence rates according to sex, a
decreasing trend was observed among males (5 = -0.003; p = 0.014; APC = -0.8%) and females (# = -0.010; p < 0.001;
APC = -2.4%), with a greater reduction in the temporal trend observed among females, based on the annual rate of
change in this population group, compared with males. Regarding age group, among individuals aged 20-29 years, the
temporal trend was stationary (f = 0.001; p = 0.643; APC = 0.2%), as there was no statistically significant change in the
tuberculosis incidence rate over the years analyzed. For the 30-39-year age group (f = —0.006; p < 0.001; APC =
—1.6%), 40—49-year age group (f = —0.010; p < 0.001; APC = —2.4%), and 50-59-year age group (f = —0.009; p <
0.001; APC = —2.2%), a decreasing temporal trend in tuberculosis incidence was observed. Regarding the temporal
trend in tuberculosis incidence by clinical form, pulmonary (5 = —0.005; p = 0.003; APC = —1.1%), extrapulmonary (f
= -0.010; p < 0.001; APC = —2.3%), and pulmonary + extrapulmonary tuberculosis (f = —0.008; p < 0.001; APC =
—2.0%) all showed a decreasing trend (Table 2).

Table 2. Temporal analysis of tuberculosis incidence rates among Brazilian adults, overall and stratified by sex, age group, and
clinical form, from 2001 to 2021.

Prais-Winsten Annual Percentage Change (APC%)
Variable 959, CI 959 CI Trend
p Lowest Highest  p-value* R? APC% Lowest Highest
General -0.005 -0.008 -0.002 <0.001 0.992 -1.3 -2.0 -0.7 Decreasing
By sex
Male -0.003 -0.006 -0,000 0.014 0.992 -0.8 -1.5 -0.2 Decreasing
Female -0.010 -0.013 -0.008 <0.001 0.991 2.4 -3.0 1.9 Decreasing
By age group (years)
20-29 0.001 -0.003 0.005 0.643 0.986 0.2 -0.8 1.3 Stationary
30-39 -0.006 -0.009 -0.004 <0.001 0.992 -1.6 22 -0.9 Decreasing
40-49 -0.010 -0.013 -0.008 <0.001 0.992 2.4 -3.0 -1.8 Decreasing
50-59 -0.009 -0.010 -0.008 <0.001 0.972 2.2 -2.5 -2.0 Decreasing
Clinical form
Pulmonary -0.005 -0.008 -0.001 0.003 0.991 -1.1 -1.8 0.5 Decreasing
Extrapulmonary -0.010 -0.012 -0.007 <0.001 0.952 -2.3 -6.9 2.6 Decreasing
Pulmonary + -0.008 -0.010 -0.006 <0.001 0.865 -2.0 -2.4 -1.6 Decreasing

Extrapulmonary

Abbreviation: ¢5%CI: Confidence interval; R* coefficient of determination; APC: Annual Percentage Change; * Significance level: p < 0.05.
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DISCUSSION

The tuberculosis incidence rate in Brazil showed a
decreasing trend between 2001 and 2021, consistent
with findings reported in the scientific literature.!':*
One study found that the overall tuberculosis incidence
among individuals aged 20 to 59 years in Brazil showed
a decreasing trend throughout the study period, from
2001 to 2017. The incidence rate decreased from 73.0
per 100,000 population in 2001 to 55.2 per 100,000
population in 2017, reflecting a continuous decline in
the disease.!! Another study using secondary data from
209 countries demonstrated a decline in the global
tuberculosis incidence rate between 2000 and 2021,
from 184 cases per 100,000 population in 2000 to 134
cases per 100,000 population in 2021. This decreasing
trend was observed in several countries, including
Brazil, with variations in the magnitude of the decline
across different geographical areas.?*

The reduction in the tuberculosis incidence rate in
Brazil is the result of a combination of global and
national efforts aimed at addressing the disease. Starting
in 1990, the implementation of the Stop TB Strategy,
followed by the End TB Strategy endorsed by the World
Health Organization (WHO) in 2014, brought about
significant changes in the approach to tuberculosis
control.” This new strategy aims to end tuberculosis as a
public health problem by 2035, with a 90% reduction in
cases and a 95% reduction in deaths, while also
minimizing the economic impact on affected
families.>® The End TB Strategy is structured around
three fundamental pillars: patient-centered care and
prevention, bold policies and supportive systems, and
intensified innovation and research.?’ These pillars aim
to ensure universal access to diagnosis, treatment, and
prevention without catastrophic costs for patients. The
integration of these actions is essential for detecting and
treating active tuberculosis, preventing new cases, and
ensuring a multisectoral response to the disease.’

In Brazil, effective public policies, such as the
Brazilian Unified Health System (SUS) and the Bolsa
Familia Program (PBF), have contributed to effective
tuberculosis control in the country.® Universal health
coverage, free access to tuberculosis diagnosis and
treatment through the SUS, and high BCG vaccination
coverage are key factors contributing to this
achievement. Additionally, the Family Health Strategy
(FHS) and directly observed treatment (DOT) have
contributed to reducing the incidence of the disease.?

Although progress has been made in tuberculosis
control, the disease continues to disproportionately
affect vulnerable populations, such as people
experiencing homelessness, incarcerated individuals,
Indigenous communities, and people living with

HIV/AIDS.® To address these challenges, it is essential
to invest in intersectoral coordination and the
development of public policies that address the social
determinants of tuberculosis through integrated and
multisectoral actions.® Such initiatives should ensure
equitable access to prevention, early diagnosis, and
appropriate treatment, with particular attention to
vulnerable populations.?’

In this study, when the trend in tuberculosis incidence
rates was analyzed by sex, a decreasing trend was
observed for both sexes, although the incidence rates
were considerably higher among males. The results
observed are consistent with those reported in the
scientific literature, which consistently indicates higher
tuberculosis incidence and mortality among men in
various regions of Brazil.®®® In a time-series study
conducted in Santa Catarina from 2010 to 2019, the
highest tuberculosis incidence rate was observed among
males (68.5%) in every year of the study period.?®
Another study conducted in Brazil reported a total of
144,804 hospitalizations due to tuberculosis in the
country, with a higher prevalence among men (72.3%)
during the period from 2013 to 2022.%°

Several hypotheses have been proposed to explain this
gender difference in tuberculosis, involving biological,
social, behavioral, and healthcare access factors. From a
biological perspective, men may be more susceptible to
infection and disease progression due to hormonal,
immunological, and genetic factors.?® The literature has
demonstrated increased male susceptibility to M.
tuberculosis infection due to the formation of smaller B-
cell follicles in men, a factor that contributes to a less
effective immune response.

From a social perspective, research indicates that men
may be more exposed to risk factors for tuberculosis,
such as poverty, malnutrition, smoking, alcohol use,
illicit drug use, HIV infection, diabetes, silicosis, and
other chronic pulmonary diseases.?®?%3! These factors
may impair immunity and the body’s resistance to M.
tuberculosis, thereby favoring the development of the
disease.’> Another aspect that deserves attention is
social contact. Evidence suggests that men tend to have
more social contacts outside the home than women,
which may increase their exposure to and transmission
of tuberculosis, particularly in workplaces and public
spaces.’? Additionally, men may be less likely to seek
healthcare services and may experience greater
difficulty adhering to treatment, which may contribute
to sustaining the chain of tuberculosis transmission.**

When tuberculosis incidence was analyzed by age
group, the population aged 20-29 years was the only
group that showed a stationary trend, with an average
annual variation of 0.2%, whereas the other age groups
showed a decreasing trend, with average annual
reductions ranging from 1.6% to 2.4%. This
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phenomenon may be related to factors that influence
both exposure to and susceptibility to M. tuberculosis.
One such factor is the greater social mobility of young
adults, who may move more frequently between
different settings, such as schools, workplaces, and
recreational venues, increasing their contact with
infected individuals or people with active disease. In
addition, they may spend more time in enclosed and
crowded environments, such as bars, parties, and public
transportation, thereby facilitating airborne transmission
of the bacillus.>* An additional factor that may influence
the stationary trend in tuberculosis incidence among
young adults is the increased susceptibility to
tuberculosis—HIV coinfection in this population group.®

A third factor that may be associated with the
stationary tuberculosis incidence rate among individuals
aged 20-29 years is the harmful use of alcohol and other
drugs in this population group.?*> Alcohol and drugs can
impair the body’s immune response, facilitating
infection and reactivation of M. tuberculosis. In
addition, alcohol and drug use may interfere with
adherence to tuberculosis treatment, increasing the risk
of treatment discontinuation, relapse, and drug
resistance.>! The use of alcohol and other drugs may
also be associated with unfavorable social and economic
conditions, such as poverty, violence, and
marginalization, which may hinder access to healthcare
services and tuberculosis prevention.3!-°

Regarding the clinical form of the disease, the present
study demonstrates a decreasing trend in the incidence
rate across all clinical forms. This finding is comparable
to that of a study that analyzed the temporal distribution
of tuberculosis cases in Fortaleza, Ceara, from 2012 to
2021, which demonstrated a decrease in the incidence of
pulmonary and extrapulmonary tuberculosis, but an
increase in cases with both pulmonary and
extrapulmonary involvement.*®

Despite the decreasing trend across clinical forms, this
study observed a predominance of pulmonary
tuberculosis, accounting for 83.98% of cases, while
extrapulmonary tuberculosis and pulmonary
tuberculosis associated with extrapulmonary
involvement accounted for 12.59% and 3.34% of cases,
respectively. This finding is consistent with the
literature, which also identifies pulmonary tuberculosis
as the most common form and the most relevant to
public health, as it is primarily responsible for disease
transmission.*’

The clinical form of tuberculosis depends on the
interaction between the etiological agent, the host, and
the environment. M. tuberculosis has a predilection for
pulmonary tissue, particularly the upper lobes, where
there is a higher oxygen concentration and lower partial
pressure of carbon dioxide, favoring its growth and
multiplication.’” The host, in turn, may exhibit varying
degrees of immunity and resistance to the bacillus,

which can influence the dissemination and localization
of the disease. For example, individuals with impaired
cellular immunity, such as those living with HIV, are at
increased risk of developing extrapulmonary forms of
tuberculosis, including meningeal, lymph node, bone,
renal, and cutaneous tuberculosis, among others.® The
environment may also influence the clinical form of
tuberculosis through factors such as population density,
ventilation, lighting, hygiene, and nutrition, which can
affect exposure to and the host response to the
bacillus.*®

It should be noted that, given the nature of the study,
the results obtained represent general patterns in the
populations studied and should not be extrapolated to
specific individuals. It is important to note that case
notification rates may be influenced by behavioral
factors related to healthcare-seeking behavior, as well as
by the systemic issue of underreporting. These factors
should be taken into account when interpreting the
results. For example, the Covid-19 pandemic led to a
reduction in both the demand for and provision of
healthcare services, particularly in primary care, which
serves as the gateway to tuberculosis diagnosis and
treatment. This contributed to the underreporting of
tuberculosis cases in Brazil, particularly in 2020, when
the Covid-19 pandemic reached its peak.*

Regarding the limitations of the study, the use of a
database obtained from DATASUS should be
highlighted, as it may contain incomplete data entry
and/or underreporting of the disease. However, a
strength of the study is the use of SINAN, a high-quality
national surveillance database. It is a database widely
used in Brazil for health monitoring and is an essential
tool that enables the continuous consolidation of data, as
well as the evaluation and monitoring of actions related
to disease control in the country. It includes a large and
robust study population, as well as a 21-year historical
time series. Therefore, the findings of the present study
not only reinforce the importance of the results, which
may support health policymakers in the development
and/or revision of public health policies and strategies,
but also highlight their potential to serve as a reference
for future research in the field.

It can be concluded that, during the period analyzed
from 2001 to 2021, tuberculosis incidence rates in
Brazil showed a decreasing trend, except among
individuals aged 20-29 years, who showed a stationary
trend. The clinical forms of tuberculosis also showed a
declining pattern in incidence rates, with pulmonary
tuberculosis being the most common form. This study
demonstrated that Brazil remains far from achieving the
global targets for tuberculosis control and faces major
challenges in the prevention and control of the disease.
Furthermore, the importance of data on the temporal
trends in tuberculosis incidence rates was evident,
playing an important role in understanding the disease
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and developing control strategies to reduce its
occurrence.
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