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A critical analysis of the decreasing trends
in tuberculosis cure indicators in Brazil,
2001-2022

Gabriel Pavinati'®, Lucas Vinicius de Lima'®, Pedro Henrique Paiva Bernardo'®,
Jhenicy Rubira Dias*®, Barbara Reis-Santos*®, Gabriela Tavares Magnabosco'

ABSTRACT

Objective: To analyze the temporal trend of tuberculosis cure indicators in Brazil.
Methods: An ecological time-series study using administrative data of reported cases of
the disease nationwide between 2001 and 2022. We estimated cure indicators for each
federative unit (FU) considering individuals with pulmonary tuberculosis, tuberculosis-
HIV coinfection, and those in tuberculosis retreatment. \We used regression models
using joinpoint regression for trend analysis, reporting the annual percentage change
and the average annual percentage change. Results: For the three groups analyzed,
we observed heterogeneity in the annual percentage change in the Brazilian FUs, with
a predominance of significantly decreasing trends in the cure indicator in most FUs,
especially at the end of the time series. WWhen considering national indicators, an average
annual percentage change of —0.97% (95% CI: —1.23 to —0.74) was identified for the
cure of people with pulmonary tuberculosis, of =1.11% (95% CI: —-1.42 to -0.85) for
the cure of people with tuberculosis-HIV coinfection, and of —1.44% (95% Cl: -1.62 to
—1.31) for the cure of people in tuberculosis retreatment. Conclusions: The decreasing
trends of cure indicators in Brazil are concerning and underscore a warning to public
authorities, as it points to the possible occurrence of other treatment outcomes, such
as treatment discontinuity and death. This finding contradicts current public health care
policies and requires urgent strategies aiming to promote follow-up of patients during
tuberculosis treatment in Brazil.
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INTRODUCTION

Despite its ancient origin and global efforts for
control, tuberculosis remains an important public health
problem.® In 2022, the WHO estimated that 10.6
million individuals fell ill worldwide, and 1.3 million
died from the disease.*) This scenario becomes even
more complex and worrying when we consider that
tuberculosis disproportionately affects underdeveloped
and developing countries and the most socioeconomic

social determination.® In general, the SDGs presented
by the United Nations aim to guarantee to the global
population the end of persistent social inequalities, and
environmental and climate protection.®

Brazil is one of the countries with the highest number
of tuberculosis cases. As part of efforts to achieve global
goals, the Ministry of Health launched the “National
Plan to End Tuberculosis as a Public Health Problem”,
which recognizes the WHO international pacts and the

vulnerable groups.®

Regarding this context, WHO launched the “End
Tuberculosis Strategy”, an international proposal that
aims to eliminate the global tuberculosis epidemic.®
This strategy is anchored in pillars of research and
innovation, support systems, and integrated patient-
centered care and prevention.® The objectives are to
reduce the incidence rate of tuberculosis by 90% and
the number of deaths caused by the disease by 95%
by 2035, according to data released in 2015.®

In relation to this issue, Sustainable Development Goals
(SDGs) were also highlighted, which are directly related
to combating tuberculosis as a public health problem.
These include ending hunger and poverty, as well as
reducing inequities, given that the disease has a strong

2030 SDG agenda.® However, recently, the COVID-19
pandemic caused negative effects on global health and
reversed advances in tuberculosis control, including on
a national level.(®

Among the efforts towards the elimination of
tuberculosis as a public health problem, the importance
of actions aimed at linking individuals to health services
for effective treatment follow-up stands out.® This
requires unique strategies focused on the specificities
of individuals affected by the disease, with a focus on
therapy adherence to increase cure rates, on reducing
unfavorable outcomes (e.g., loss to follow-up and death),
and controlling the transmission chain.®

However, a country with continental dimensions and
regional inequalities, such as Brazil, implies the possibility
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of dissimilarity of indicators in geopolitical areas, which
shape different actions and responses to tuberculosis.®
Therefore, with the aim of understanding the evolution
of cure indicators in light of the history of actions
already developed and identifying barriers towards
achieving global goals, we analyzed the temporal
trend of tuberculosis cure indicators in Brazil.

METHODS

We conducted an ecological study that presented
the Brazilian Federative Units (FUs) as the unit of
analysis. We followed all the recommendations of the
Reporting of Studies Conducted using Observational
Routinely Collected Health Data (RECORD).”’ Also, as
this study used aggregated, anonymous, and publicly
available data, it did not require an evaluation by a
research ethics committee, in accordance with the
Ordinance No. 674 of May 6, 2022, issued by the
Brazilian National Health Council.

Brazil has over 200 million inhabitants and is stratified
into 26 states and the Distrito Federal, organized into
five regions: North, Northeast, South, Southeast, and
Central-West. This organization ensures the adoption
of different programmatic responses for the prevention
and management of tuberculosis. The country has a
gross domestic product per capita estimated at R$
42,247.52, an unemployment rate of 7.7%, and an
illiteracy rate among people over 15 years of age of
5.6%.®

We collected data from the Brazilian Sistema de
Informagdo de Agravos de Notificagdo (SINAN,
Notifiable Diseases Information System) via the
Departamento de Informética do Sistema Unico de
Saude (DATASUS, Information Technology Department
of the Unified Health System), accessed in November
of 2023. Regarding cases of tuberculosis, we should
note that only people with a confirmed diagnosis are
reported by health professionals at all levels of the
health care network.®

For the study population, we included all tuberculosis
cases reported between 2001 and 2022, considering
that this period refers, respectively, to the initial
availability of data on SINAN and the last year with
qualified data until the date of access to DATASUS.
Concerning the cure indicators studied, we considered
the following definitions and formulas established in
the recently released “Tuberculosis Indicators Booklet”,
elaborated by the Brazilian Ministry of Health.®

e Percentage of cure among new cases of laboratory-
-confirmed pulmonary tuberculosis: the total
number of laboratory-confirmed new cases of
pulmonary tuberculosis that presented a status
of closure as cure, in the year and locality, divided
by the total number of new laboratory-confirmed
cases of pulmonary tuberculosis in the year and
locality, and then multiplied by 100;

e Percentage of cure among new cases of tuber-
culosis in people with HIV: the total number of
new cases of tuberculosis among people with a
positive test for HIV that presented a status of

cure for tuberculosis, in the year and locality,
divided by the total number of new tuberculosis
cases among people with a positive test for HIV, in
the year and locality, and then multiplied by 100;
e Percentage of cure of tuberculosis retreatment
cases: the total number of tuberculosis retreat-
ment cases cured, in the year and locality, divided
by the total number of retreatment cases, in the
year and locality, and then multiplied by 100.
We selected these indicators to explain tuberculosis
cure over time in three different groups. Reported
cases that had essential information (such as year
of diagnosis, place of residence, and closure status)
filled in as ignored or blank were not included, because
these are data points do not allow a reliable analysis.
We proceeded to data tabulation in an electronic
spreadsheet (Microsoft Excel®), with indicators
calculated according to the year of diagnosis and the
FU of residence.®

Considering that a reduced number of events could
generate important random variations in the proportion
measurements, we decided to use the strategy of
smoothing the historical series using the three-point
moving average.'% Based on the initially calculated
indicators, we averaged the values from the previous
year, the current year, and the following year. This
process resulted in series with 20 points (considered
as the years after smoothing) for trend analysis.

We applied regression models via the Joinpoint
Regression Program®, version 5.0 (National Cancer
Institute, Bethesda, MD, USA), which aimed to
visualize whether the insertion of several straight
segments, verified by the identification of inflection
points (joinpoints), is capable of better explaining the
behavior of the set of data than are fewer segments
or just one straight line.**) Based on the assumption
defined in the literature,(**) as 20 years were considered
for the analysis, we postulated a maximum of three
joinpoints per series.

The aforementioned indicators were defined as the
dependent variable and, as the independent variable,
the years of the historical series after smoothing (i.e.,
2002-2021). To build the models, we applied the grid
selection method, using the following parameters:
natural logarithmic transformation of the dependent
variable; adjustment of the models by the standard
error of the percentages; and adjustment for first-order
autocorrelation, verified by the “estimated from the
data” function.®?

The best model was the one with the lowest value
in the weighted Bayesian criterion. We calculated the
annual percentage change (APC), the average annual
percentage change (AAPC), and corresponding 95%
CIs using the empirical quantile method.**) The APC
indicated the change in the segments, and the AAPC,
which consists of the geometric mean of the APC,
demonstrated the behavior across the entire series.
The interpretation of the APC and AAPC was as follows:

e Increasing trend (1): indicated by positive

values of APC or AAPC with a 95% CI that did
not encompass the null point (zero);
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e Decreasing trend (|): indicated by negative
values of APC or AAPC with a 95% CI that did
not encompass the null point (zero);

e Stationary trend (<): characterized when the
APC or AAPC, whether positive or negative,
encompassed the null point (zero) within the
95% CI.

RESULTS

Between 2001 and 2022, 994,081 new laboratory-
confirmed cases of pulmonary tuberculosis were
registered, of which 709,096 (71.33%) were declared
cured. Regarding the trend of the cure indicator, we
observed heterogeneity in the APC across FUs. We
detected moments of increasing and decreasing trends
throughout the analyzed period, but with a negative
AAPC in most FUs (n = 24; 88.88%), except for Acre,
Amapa, and Rio de Janeiro, as described in Table 1.

Concerning tuberculosis-HIV coinfection, we observed
143,361 cases during the study period, of which 69,794
(48.68%) were cured. It is noteworthy the divergence of
APC across FUs, yet a declining trend at the conclusion
of the series was observed for most states, except
for Acre, Roraima, Tocantins, Rio Grande do Norte,
and Mato Grosso. Acre, Amapa, and Rio de Janeiro
exhibited an upward trajectory in AAPC, contrasting
with the declining (n = 19; 70.37%) or stationary
(n = 5; 18.51%) trends in the other FUs (Table 2).

Regarding tuberculosis retreatment cases, we
identified that, between 2001 and 2022, a total of
275,255 cases were registered, and 134,740 (48.95%)
progressed to cure. We observed that, except for
Rondonia, all FUs experienced a decreasing trend at
the end of the historical series, particularly between
2019 and 2021. According to AAPC, we also detected
a decreasing trend in the period for all FUs of analysis
(n = 23; 85.18%), except for Acre, Amapa, Tocantins,
and Rio de Janeiro (Table 3).

DISCUSSION

Between 2002 and 2021, we identified a decreasing
trend in cure indicators for new cases of pulmonary
tuberculosis, cases of tuberculosis-HIV coinfection,
and cases of retreatment in Brazil, with heterogeneity
among the FUs. The reduction in the cure indicator is
worrisome and issues a warning to public authorities,
as it points to the possible occurrence of worse
outcomes. Thus, these findings go against current
public policies and underscore the need of immediate
interventions in Brazil.

A time series analysis conducted in Brazilian capitals
with data between 2001 and 2015 found significant
heterogeneity in the temporal pattern of tuberculosis
outcomes.*? Despite the disparity among locations, the
authors showed an increasing trend of loss to follow-up
during tuberculosis treatment in the country, while the
cure rate remained stationary.*? This scenario already
indicated difficulties related to improving adherence
to treatment and cure rates in Brazil.
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Similarly, a research conducted in the city of Sdo
Paulo between 2006 and 2017 pointed to an annual
increase of 1.60% (95% CI, 0.02-3.48) in cases of
treatment abandonment.®® Furthermore, a study
in a state in the northeast of Brazil, analyzing over
nine thousand tuberculosis cases, found a decreasing
trend in the percentage of people cured, dropping
from 81.78% in 2001 to 57.81% in 2016.“% This
evidence corroborates and reinforces the findings
obtained in this investigation.

Especially at the end of the time series, the effects
of the COVID-19 pandemic can be attributed as one
of the explanatory factors for the decreasing trends,
which may also have influenced the general trend
during the period. Researchers from several countries,
such as Mozambique,*> Brazil,*®) and Italy*” reported
that the health situation that prevailed during the
pandemic caused underdiagnosing and underreporting,
an increase in treatment interruptions, and a reduction
in the cure rates for tuberculosis.

In a scenario of national inequalities, the importance
of targeting specific strategies to groups most socially
vulnerable to the disease stands out. Considering
the daily barriers that prevent adequate access to
health services and the continuity of care,(:8*) people
deprived of liberty,*®) people living with HIV, and
people undergoing retreatment for the disease, for
example,@® are more susceptible to the worst outcomes
(e.g., loss to follow-up and death) of tuberculosis.

A meta-analysis investigating the results and
predictors of tuberculosis treatment on the African
continent observed that the treatment success rate
varied between 53% (95% CI: 47-58%) in Nigeria
and 92% (95% CI: 90-93%) in Ethiopia.?® The worst
outcomes, such as death and loss of follow-up, were
more associated with people living with HIV (relative
risk [RR] = 1.53; 95% CI, 1.36-1.71) and people
undergoing tuberculosis retreatment (RR = 1.48;
95% CI, 1.14-1.94).¢?0

In the Brazilian context, a retrospective cohort
study identified factors leading to loss of follow-up
for tuberculosis treatment when compared with the
cure outcome.?? Among the vulnerabilities, the
following stood out: male gender (adjusted OR [aOR]
=1.35; 95% CI: 1.23-1.46); non-white ethnicity/race
(aOR = 1.16; 95% CI: 1.07-1.26); drug use (aOR =
1.84; 95% CI: 1.66-2.04); and entry as recurrence
(aOR = 1.33; 95% CI: 1.15-1.53) or re-entry after
abandonment (aOR = 4.31; 95% CI: 3.90-4.77).¢%

To achieve the goals of reducing new cases and
deaths from the disease by 2030, it is necessary
and urgent to advance and overcome existing care
gaps. To this end, we suggest expanding diagnostic
testing, timely and adequate reporting of new
cases, guaranteeing general access to health care
for treatment follow-up, mitigation of disease risk
factors (focusing on countries with the highest burden
and among vulnerable populations), and expanding
investments in research.?



Table 1. Temporal trend in the cure percentage of new cases of laboratory-confirmed pulmonary tuberculosis in the
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Brazilian federative units between 2002 and 2021.

Federative Unit Period APC (95% CI) Trend AAPC (95% CI) Trend
North region
Rondonia 2002-2008 0.27 (-0.30;2.19) < -1.55 (-1.90;-1.22) !
2008-2012 -2.08 (-3.63;-0.89) !
2012-2019 0.79 (0.28;2.41) 1
2019-2021 -13.22 (-16.57;-7.74) J
Acre 2002-2007 3.03 (1.97;5.17) 1 0.05 (-0.22;0.39) -
2007-2019 0.29 (0.07;0.54) 1
2019-2021 -8.39 (-10.67;-4.67) l
Amazonas 2002-2004 -3.66 (-5.62;-0.86) | -1.59 (-1.86;-1.33) |
2004-2010 0.69 (0.16;2.16) 1
2010-2019 -0.72 (-1.10;-0.39) J
2019-2021 -9.80 (-12.15;-6.12) |
Roraima 2002-2013 -0.40 (-0.78;0.20) < -1.68 (-2.08;-1.36) !
2013-2016 -5.67 (-7.71;-2.82) !
2016-2019 3.84 (1.10;6.56) 1
2019-2021 -10.25 (-14.53;-5.87) !
Para 2002-2013 0.17 (0.02;0.40) 1 -1.23 (-1.46;-1.08) l
2013-2016 -2.49 (-3.25;-1.36) |
2016-2019 2.67 (1.51;3.69) 1
2019-2021 -12.05 (-14.33;-10.14) b
Amapa 2002-2012 2.57 (1.15;7.83) i 0.38 (-0.17;1.14) -
2012-2019 0.13 (-1.23;2.88) <
2019-2021 -9.07 (-14.57;-2.30) b
Tocantins 2002-2007 2.16 (1.16;4.54) 1 -1.06 (-1.52;-0.67) |
2007-2019 -0.45 (-0.83;-0.10) b
2019-2021 -12.00 (-15.95;-6.79) )
Northeast region
Maranhao 2002-2007 1.12 (0.24;3.13) 1 -0.85 (-1.16;-0.58) b
2007-2016 -0.51 (-2.16;-0.04) N
2016-2019 1.08 (-0.25;2.27) <
2019-2021 -9.75 (-12.59;-5.82) )
Piaui 2002-2004 -2.11 (-4.03;1.11) < -1.58 (-1.91;-1.31) N
2004-2007 3.09 (-0.70;4.19) <
2007-2018 -0.52 (-0.87;-0.16) l
2018-2021 -9.34 (-11.58;-6.50) N
Ceara 2002-2006 4.04 (2.70;5.72) i -1.52 (-1.95;-1.23) )
2006-2019 -1.27 (-1.48;-1.07) b
2019-2021 -13.22 (-16.68;-8.29) N
Rio Grande do Norte ~ 2002-2021 -0.62 (-1.13;-0.11) | -0.62 (-1.13;-0.11) |
Paraiba 2002-2021 -1.18 (-1.80;-0.65) N -1.18 (-1.80;-0.65) )
Pernambuco 2002-2019 0.16 (-0.11;0.56) - -0.99 (-1.52;-0.46) N
2019-2021 -10.20 (-15.08;-3.45) 1)
Alagoas 2002-2006 2.29 (0.81;5.31) 1 -1.63 (-2.17;-1.11) N
2006-2019 -1.64;(-2.03;-1.13) 1)
2019-2021 -9.02 (-13.54;-2.71) 1)
Sergipe 2002-2012 -0.20 (-0.72;1.79) - -1.26 (-1.81;-0.79) l
2012-2016 -3.15 (-6.52;-1.23) 1)
2016-2019 4.59 (1.69;7.68) 1
2019-2021 -10.76 (-16.33;-4.97) N
Bahia 2002-2006 3.44 (2.47;5.05) i -1.28 (-1.59;-0.99) 1)
2006-2010 -1.40 (-2.45;-0.59) [
2010-2019 -0.29 (-0.57;0.78) -
2019-2021 -13.78 (-16.56;-8.72) )
Continue...»
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Table 1. Temporal trend in the cure percentage of new cases of laboratory-confirmed pulmonary tuberculosis in the
Brazilian federative units between 2002 and 2021. (Continued...)

Federative Unit Period APC (95% Cl) Trend AAPC (95% CI) Trend

Southeast region

Minas Gerais 2002-2008 1.41 (0.83;2.13) i -1.36 (-1.64;-1.14) I
2008-2016 -1.18 (-2.23;0.43) -
2016-2019 0.61 (-0.82;1.51) -
2019-2021 -12.53 (-15.11;-9.82) i)

Espirito Santo 2002-2006 1.34 (0.52;3.30) 1 -2.75 (-3.19;-2.49) i)
2006-2016 -0.89 (-1.14;-0.53) I
2016-2019 -3.38 (-4.46;-1.45) I
2019-2021 -17.73 (-21.60;-13.06) i)

Rio de Janeiro 2002-2006 6.25 (4.37;9.84) 1 0.32 (-0.07;0.70) -
2006-2019 0.04 (-0.21;0.36) -
2019-2021 -8.98 (-12.04;-4.66) I

Sao Paulo 2002-2012 0.55 (0.39;0.78) 1 -0.95 (-1.12;-0.82) I
2012-2019 -0.60 (-0.93;-0.33) i)
2019-2021 -9.31 (-10.84;-7.93) i)

South region

Parana 2002-2004 -1.04 (-2.36;0.94) - -1.84 (-2.16;-1.58) I
2004-2013 1.00 (-1.49;2.08) -
2013-2019 -2.33 (-2.93;-1.59) 1)
2019-2021 -13.06 (-15.98;-8.88) i

Santa Catarina 2002-2012 0.05 (-0.25;0.53) - -1.55 (-1.91;-1.26) )
2012-2019 -1.79 (-2.34;-1.06) I
2019-2021 -8.41 (-11.77;-4.23) I

Rio Grande do Sul 2002-2006 1.00 (0.30;2.21) 1 -1.75 (-1.99;-1.56) 1)
2006-2011 -1.98 (-3.00;-1.42) i
2011-2019 -0.69 (-0.94;0.17) -
2019-2021 -10.44 (-12.68;-6.67) I

Central-West region

Mato Grosso do Sul 2002-2007 1.06 (0.44;1.90) 1 -1.74 (-1.96;-1.57) |
2007-2016 -1.93 (-2.38;-1.69) i
2016-2019 1.85 (0.51;2.70) 1
2019-2021 -12.40 (-14.49;-10.47) I

Mato Grosso 2002-2007 0.54 (-0.28;2.83) - -1.60 (-1.99;-1.19) I
2007-2010 -3.00 (-4.08;-1.35) i
2010-2019 -0.51 (-0.85;1.46) <
2019-2021 -9.33 (-13.24;-3.94) i

Goias 2002-2004 -2.96 (-5.97;1.30) o -1.29 (-1.70;-0.90) I
2004-2009 2.24 (-2.45;5.00) -
2009-2019 -1.01 (-1.46;0.42) <
2019-2021 -9.33 (-12.98;-4.80) i

Distrito Federal 2002-2008 0.19 (-1.79;1.72) - -4.28 (-4.98;-3.81) i
2008-2015 -2.16 (-3.90;1.69) o
2015-2019 -8.82 (-10.13;-0.34) !
2019-2021 -14.82 (-21.01;-9.57) i’

Brazil 2002-2007 1.60 (0.94;2.78) 1 -0.97 (-1.23;-0.74) i
2007-2019 -0.47 (-0.67;-0.27) |
2019-2021 -9.88 (-12.14;-5.96) !

APC: annual percentage change; AAPC: average annual percentage change; and (1: increasing; <>: stationary;
and |: decreasing).

The literature reported several useful strategies that
focus on promoting care for people affected by tuberculosis
that can be used to provide access to health services,
adequate follow-up, and treatment. Directly observed

treatment, for example, has been crucial to guarantee the
bond between health professionals and affected people,
allowing early identification of possible loss to follow-up
and favoring the chances of curing the disease.(?*23:24)
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Table 2. Temporal trend in the percentage of cure of new cases of tuberculosis with HIV coinfection in the Brazilian
federative units between 2002 and 2021.

Federative Unit Period APC (95% CI) Trend AAPC (95% CI) Trend

North region

Rondonia 2002-2006 1.66 (-1.73;10.70) - -1.25 (-1.98;-0.35) )
2006-2010 -7.25 (-11.90;-3.22) i)
2010-2019 2.23 (1.37;6.45) 1
2019-2021 -9.59 (-16.02;-1.50) i)

Acre 2002-2006 19.24 (11.29;32.47) i 2.33 (1.42;3.90) 1
2006-2011 -8.89 (-15.53;-5.57) i)
2011-2015 7.78 (3.36;14.51) 1
2015-2021 -1.65 (-5.83;0.05) -

Amazonas 2002-2005 -2.81 (-12.14;4.52) < -0.84 (-1.48;0.04) <
2005-2009 7.80 (-1.48;12.98) -
2009-2019 -1.27 (-1.72;-0.50) i)
2019-2021 -11.63 (-15.29;-6.27) |

Roraima 2002-2019 -1.14 (-7.57;24.79) < -2.80 (-4.83;0.59) <
2019-2021 -15.86 (-31.13;1.06) -

Para 2002-2004 -5.02 (-10.51;3.26) < -1.56 (-2.11;-0.80) i)
2004-2010 4.16 (-2.40;9.04) -
2010-2019 -0.86 (-1.66;0.68) <
2019-2021 -16.57 (-20.28;-10.70) |

Amapa 2002-2011 13.38 (12.20;16.46) i 2.48 (1.86;3.58) 1
2011-2014 -9.89 (-12.60;-4.49) I
2014-2018 3.69 (1.03;8.66) 1
2018-2021 -15.27 (-21.40;-10.92) I

Tocantins 2002-2004 25.95 (6.89;59.03) 1 1.22 (0.98;3.65) <
2004-2009 7.12 (-14.29;12.69) <
2009-2014 -11.00 (-17.66;6.91) -
2014-2021 0.10 (-13.58;9.51) <

Northeast region

Maranhao 2002-2019 0.22 (-1.23;7.07) < -1.20 (-2.57;1.24) 1)
2019-2021 -12.51 (-22.27;-0.08) I

Piaui 2002-2012 0.77 (-4.73;8.74) < -2.33 (-3.21;-1.13) |
2012-2019 -2.89 (-5.27;4.50) -
2019-2021 -14.78 (-22.32;-3.93) |

Ceara 2002-2004 15.10 (7.18;22.87) 1 -1.69 (-2.21;-1.06) N
2004-2007 -4.26 (-5.88;-1.24) i
2007-2018 -0.09 (-0.40;0.85) -
2018-2021 -14.34 (-16.43;-10.60) i)

Rio Grande do Norte 2002-2019 1.13 (0.38;30.49) 1 -0.28 (-1.56;3.63) <
2019-2021 -11.50 (-23.88;0.45) -

Paraiba 2002-2011 -2.24 (-2.83;0.81) < -3.03 (-3.74;-2.48) 1)
2011-2014 -7.13 (-10.07;-3.72) I
2014-2017 6.21 (1.24;9.73) 1
2017-2021 -8.11 (-14.54;-6.25) I

Pernambuco 2002-2007 1.04 (0.03;2.92) 1 -1.22 (-1.52;-0.94) |
2007-2013 -2.47 (-4.21;-1.74) |
2013-2018 1.83 (0.78;3.81) 1
2018-2021 -7.24 (-10.98;-4.84) I

Alagoas 2002-2005 10.00 (2.19;23.84) 1 -3.50 (-4.79;-2.05) |
2005-2009 -13.32 (-18.85;-8.14) i)
2009-2019 -0.73 (-1.91;7.18) -
2019-2021 -14.67 (-24.69;-3.83) i)

Sergipe 2002-2011 -0.35 (-1.59;2.84) - -1.49 (-2.49;-0.54) 1)
2011-2014 -12.69 (-17.62;-5.68) i
2014-2018 12.92 (8.44;23.54) 1
2018-2021 -10.46 (-20.72;-4.81) i

Continue...p>
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Table 2. Temporal trend in the percentage of cure of new cases of tuberculosis with HIV coinfection in the Brazilian
federative units between 2002 and 2021. (Continued...)

Federative Unit
Bahia

Southeast region
Minas Gerais

Espirito Santo

Rio de Janeiro

Sao Paulo

South region
Parana

Santa Catarina

Rio Grande do Sul

Central-West region
Mato Grosso do Sul

Mato Grosso

Goias

Distrito Federal

Brazil

Period
2002-2007
2007-2010
2010-2019
2019-2021

2002-2011
2011-2016
2016-2019
2019-2021
2002-2010
2010-2013
2013-2018
2018-2021
2002-2006
2006-2010
2010-2019
2019-2021
2002-2008
2008-2011
2011-2019
2019-2021

2002-2010
2010-2016
2016-2019
2019-2021
2002-2012
2012-2015
2015-2019
2019-2021
2002-2007
2007-2015
2015-2019
2019-2021

2002-2008
2008-2011
2011-2019
2019-2021
2002-2015
2015-2019
2019-2021
2002-2011
2011-2014
2014-2018
2018-2021
2002-2015
2015-2021
2002-2006
2006-2019
2019-2021

APC (95% CI)
10.00 (8.64;12.52)
-5.81 (-7.03;-2.69)
-0.59 (~0.99;0.50)

-12.38 (-15.96;-7.29)

2.17 (1.69;2.67)
-3.45 (-5.92;-2.45)
2.88 (0.74;4.51)
-9.61 (~13.40;-5.47)
1.65 (-0.75;3.29)
-3.65 (-5.32;3.43)
0.22 (-1.61;3.28)
-19.25 (-23.01;-14.80)
15.43 (13.72;17.78)
-2.92 (-4.94;-1.32)
1.41 (1.01;2.45)
-7.61 (-10.77;-3.16)
0.23 (-2.21;1.24)
2.34 (-1.67;3.49)
-0.48 (~1.35;1.06)
-13.78 (-17.37;-8.57)

2.40 (2.06;2.84)
-0.07 (-0.48;0.88)
-2.34 (-3.20;-1.10)

-18.07 (-20.41;-16.27)

1.70 (-1.25;5.62)
-5.11 (-7.29;4.15)
-0.99 (-3.51;3.00)
~11.74 (-18.84;-3.66)
3.18 (2.42;3.82)
-2.11 (-2.83;-1.81)
-0.79 (-1.65;0.33)
-15.51 (-17.87;-13.30)

-0.87 (-2.92;6.84)
-10.43 (-14.90;-4.37)
1.22 (-0.41;11.14)
-21.20 (-32.82;-9.74)
-3.73 (-7.45;4.39)
3.60 (-8.20;9.48)
-13.96 (-26.26;0.21)
-0.53 (~1.26;1.04)
~7.30 (-9.80;-3.50)
4.25 (1.56;8.99)
-8.30 (-17.10;-4.23)
-0.71 (~1.25;-0.08)
-7.88 (-11.15;-6.02)
3.08 (1.88;5.24)
-0.54 (-0.74;-0.32)
-12.37 (-14.84;-7.71)

Trend
i

!
!

!
!
!
1
|
!
|
1
!

!

AAPC (95% ClI)
-0.11 (-0.54;0.36)

-0.52 (-0.91;-0.26)

-3.16 (-3.74;-2.72)

2.25 (1.88;2.67)

-1.32 (-1.75;-1.02)

-1.49 (-1.73;-1.31)

-1.46 (-2.20;-0.82)

-1.99 (-2.25;-1.79)

-3.93 (-5.31;-2.80)

-3.38 (-4.75;-1.63)

-1.92 (-2.60;-1.41)

-3.03 (-3.72;-2.62)

-1.11 (-1.42;-0.85)

Trend

<«

APC: annual percentage change; AAPC:

and |: decreasing).
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Table 3. Temporal trend in the cure percentage of tuberculosis retreatment cases in the Brazilian federative units
between 2002 and 2021.

Federative Unit
North region
Rondonia

Acre

Amazonas

Roraima

Para

Amapa

Tocantins

Northeast region

Maranhao

Piaui

Ceara

Rio Grande do Norte

Paraiba

Pernambuco

Alagoas

Period

2002-2012
2012-2015
2015-2019
2019-2021
2002-2019
2019-2021
2002-2010
2010-2013
2013-2019
2019-2021
2002-2006
2006-2013
2013-2016
2016-2021
2002-2016
2016-2019
2019-2021
2002-2004
2004-2008
2008-2019
2019-2021
2002-2007
2007-2019
2019-2021

2002-2006
2006-2016
2016-2019
2019-2021
2002-2006
2006-2011
2011-2014
2014-2021
2002-2006
2006-2009
2009-2019
2019-2021
2002-2013
2013-2019
2019-2021
2002-2006
2006-2015
2015-2018
2018-2021
2002-2007
2007-2011
2011-2019
2019-2021
2002-2007
2007-2010
2010-2015
2015-2021

Pavinati G, Lima LV, Bernardo PHP, Dias JR, Reis-Santos B, Magnabosco GT *p

APC (95% Cl)

-1.42 (-10.20;12.92)
-7.85 (-15.35;9.57)
8.34 (-6.85;20.06)

-13.23 (-26.53;2.34)

1.67 (1.32;2.43)
-12.44 (-19.06;-5.52)
0.47 (-0.13;1.59)
-4.28 (-5.40;-2.21)
-0.77 (-1.39;1.09)
-13.06 (-15.78;-8.62)
7.81 (4.27;11.51)

-10.37 (-12.74;-9.25)
21.42 (14.66;25.66)
-7.31 (-8.86;-5.91)
-0.51 (-2.32;-0.02)

4.70 (0.85;7.08)

-14.81 (-20.04;-8.25)

-12.65 (-25.59;6.93)
12.98 (-6.15;27.68)
-0.15 (-1.32;6.35)

-9.10 (~16.66;-1.83)
10.95 (2.49;26.19)
-3.20 (-5.32;13.53)

-17.01 (-29.86;-3.18)

—_ e~~~ o~~~

-0.38 (-1.39;1.96)
-2.10 (-3.72;-1.86)
1.42 (-0.54;2.75)

-14.07 (-16.63;-11.34)

1.17 (-0.66;4.77)
-4.71 (-8.68;-3.18)
5.36 (1.06;8.14)
-3.94 (-5.90;-2.90)
3.99 (2.73;6.21)
-4.35 (-5.35;-2.55)
-2.19 (-2.49;-0.76)
-13.17 (-16.42;-8.58)
-4.45 (-4.73;-4.19)
6.55 (5.97;7.29)
-10.16 (-12.56;-7.50)
-1.86 (-3.13;-0.01)
-6.78 (~7.32;-6.35)
8.85 (6.93;10.39)
-10.42 (-12.60;-8.64)
0.24 (-1.55;5.54)
-2.85 (-5.67;2.28)
1.74 (0.85;4.14)

—_———~ —~

—_ e~~~ o~~~

-15.89 (-20.55;-20.55)

-1.84 (-2.97;0.26)
-10.49 (-12.60;-6.85)
2.89 (0.95;8.06)
-7.63 (-9.84;-5.98)

Trend

AAPC (95% ClI)

-1.84 (-3.23;-0.38)

0.09 (~0.63;0.80)

-2.18 (-2.46;-1.85)

-1.37 (-1.78;-0.83)

-1.33 (-1.92;-0.92)

0.05 (-0.83;1.68)

-1.28 (-2.99;0.72)

-2.54 (-2.81;-2.29)

-1.67 (-2.09;-1.33)

-2.50 (-2.86;-2.20)

-1.74 (-1.99;-1.52)

-4.03 (-4.34;-3.81)

-1.62 (-2.14;-1.09)

3.92 (-4.37;-3.56)

Trend

Continue...»
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Table 3. Temporal trend in the cure percentage of tuberculosis retreatment cases in the Brazilian federative units
between 2002 and 2021. (Continued...)

9/11

Federative Unit Period APC (95% CI) Trend AAPC (95% CI) Trend

Sergipe 2002-2005 -8.93 (-12.78;-6.55) 1) -2.98 (-3.41;-2.64) !
2005-2011 -3.21 (-5.07;-1.27) 1)
2011-2019 0.28 (-0.26;3.25) <
2019-2021 -5.84 (-10.06;-1.49) N

Bahia 2002-2019 -0.69 (-1.40;1.31) < -2.53 (-4.15;-1.10) U
2019-2021 -16.80 (-29.53;-2.00) N

Southeast region

Minas Gerais 2002-2007 0.78 (0.01;1.82) 1 -2.07 (-2.40;-1.82) |
2007-2015 -3.01 (-3.72;-2.59) N
2015-2019 2.94 (1.60;5.44) i
2019-2021 -14.26 (-17.39;-9.23) N

Espirito Santo 2002-2017 0.19 (-0.87;0.64) - -4.62 (-5.81;-3.95) l
2017-2021 -19.57 (-25.35;-14.61) N

Rio de Janeiro 2002-2005 4.03 (0.75;10.62) i -0.41 (-1.03;0.19) <
2005-2019 0.70 (-0.28;1.65) -
2019-2021 -13.71 (-18.56;-8.04) N

Sao Paulo 2002-2005 3.31 (0.97;7.89) i -0.86 (-1.22;-0.47) |
2005-2019 0.18 (-0.24;0.44) -
2019-2021 -13.33 (-15.95;-8.17) b

South region

Parana 2002-2004 -4.82 (-6.05;-2.45) b -2.53 (-2.75;-2.33) !
2004-2011 2.50 (2.09;3.14) i
2011-2019 -1.76 (-2.14;-1.42) )
2019-2021 -18.84 (-20.66;-17.17) |

Santa Catarina 2002-2009 -1.12 (-4.90;0.30) < -2.90 (-3.56;-2.43) !
2009-2013 1.78 (-0.50;4.52) <
2013-2019 -3.72 (-5.27;-1.91) )
2019-2021 -14.97 (-20.30;-8.91) b

Rio Grande do Sul 2002-2006 -0.34 (-1.56;2.03) < -2.70 (-2.98;-2.42) !
2006-2013 -3.55 (-5.08;-2.97) N
2013-2019 -0.08 (-0.74;1.33) <
2019-2021 -11.65 (-14.20;-7.47) b

Central-West region

Mato Grosso do Sul 2002-2011 0.89 (0.11;2.05) 1 -2.54 (-3.01;-2.08) |
2011-2014 -11.72 (-14.03;-6.97) )
2014-2019 4.88 (3.31;8.68) 1
2019-2021 -19.49 (-23.65;-14.82) b

Mato Grosso 2002-2008 -2.05 (-3.24;0.88) < -2.87 (-3.37;-2.49) !
2008-2011 -4.89 (-6.62;2.37) <
2011-2019 1.06 (0.03;2.91) 1
2019-2021 -16.56 (-21.01;-10.41) N

Goias 2002-2007 1.89 (-3.25;10.55) - -1.35 (-2.11;-0.48) !
2007-2019 -1.31 (-3.62;5.44) -
2019-2021 -9.24 (-15.71;-1.45) N

Distrito Federal 2002-2006 -6.00 (-10.84;-3.35) N -5.40 (-6.32;-4.77) !
2006-2010 7.93 (4.33;12.84) i
2010-2019 -7.20 (-8.03;-5.87) N
2019-2021 -19.75 (-26.84;-10.99) 1)

Brazil 2002-2006 2.36 (1.78;3.41) i -1.44 (-1.62;-1.31) !
2006-2009 -2.77 (-3.32;-1.39) )
2009-2019 0.03 (-0.14;0.30) <
2019-2021 -13.99 (-14.92;-12.40) l

APC: annual percentage change; AAPC:

and |: decreasing).
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Furthermore, to effectively combat tuberculosis, it
is crucial to reinforce actions aimed at controlling and
managing cases of latent Mycobacterium tuberculosis
infection (LTBI), also known as tuberculosis infection.(?>
In these situations, people are not sick, but when
exposed to risk factors, such as immunosuppression
or malnutrition, they can develop an active condition,
and, eventually, spread tuberculosis among contacts,
maintaining the transmission chain.(®

The Brazilian Ministry of Health has focused efforts on
screening and treating cases of tuberculosis infection
since 2018, when a surveillance protocol for latent
Mycobacterium tuberculosis infection was published.?”
A descriptive study that analyzed the indications for
treatment of tuberculosis infection between January
of 2018 and June of 2022 identified 85,822 cases
of LTBI treatment in the country, especially among
contacts of people with tuberculosis (57.2%) and
people living with HIV (16.7%).¢?®

In addition to the national plan that directs
control strategies,® the Brazilian Ministry of Health
intensified the strengthening of actions that deal with
social protection for people and families affected by
tuberculosis, considering the close relationship between
poverty and the disease.®® Intersectoral actions,
focused mainly on education and social assistance, can
be particularly important for ensuring comprehensive
care and well-being for individuals and groups with
tuberculosis. %

On this topic, in 2024, Decree No. 11,908 established
the Programa Brasil Saudavel, coordinated by the Comité
Interministerial para a Eliminacdo da Tuberculose e
de Outras Doengas Socialmente Determinadas.® The
aim is to promote the integration of ministries, with
the goal of quickly improving access to health care
and mitigating existing inequalities in the country.®
One of the objectives is to eliminate tuberculosis as
a public health problem by the end of this decade.?®

However, given the worrying scenario of tuberculosis
cure indicators in our study, we highlight the need
to strengthen the health care network constantly,
especially primary care. Primary health care has
autonomy on the prevention, diagnosis, and treatment
of tuberculosis.GY Also, the activities and coverage
of primary health care teams are directly related to
the detection of the disease in Brazil,3? playing a
crucial role in monitoring cases and interrupting the
transmission chain.

This study needs to be interpreted in light of some
limitations: (i) the use of secondary data is subject to
filling errors and underreporting, especially during the
COVID-19 pandemic period; (ii) ignored/blank records
about the outcome or location were excluded; (iii) there
is the possibility of reviewing preliminary data between
2018 and 2022 by the Brazilian Ministry of Health; and

(iv) the use of the percentage as a measure makes
the dependent variable more susceptible to variations.

Therefore, it must be considered that the data
employed in this study may not accurately reflect the
actual scenario of the tuberculosis cure trend in the
country. Undiagnosed, unreported, and/or inaccurately
filled cases may overestimate or underestimate the
calculated indicators. However, it is reiterated that
smoothing strategies using a three-point moving
average and the selection of complete cases were
applied in an attempt to minimize these effects.

In short, this study highlighted the need for new
efforts to mitigate the scenario of reduction in the
cure rate among tuberculosis cases, especially in
the most vulnerable populations. The coordination
between health care services, social assistance,
and other sectors of society is a key element in
tackling this problem. Moreover, this is essential for
achieving the goals agreed in the national plan for
the elimination of tuberculosis by 2030, mainly in the
post-pandemic period.

The need to evaluate local scenarios for monitoring
tuberculosis indicators at a national level is highlighted,
considering that there are particularities that lead to
the adoption, or lack thereof, of different strategies
for controlling the disease. In this sense, the results
of our study are essential for managers, particularly
those at a federal level, to understand the different
epidemiological contexts and promote the redirecting
of interventions to locations with the most alarming
indicators.
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