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ABSTRACT

Objective: To identify the determinants of tuberculosis-related variables in the various
regions of Brazil and evaluate trends in those variables over the ten-year period preceding
the end of the timeframe defined for the United Nations Millennium Development Goals
(MDGs). Methods: This was an ecological analytical study in which we utilized eight
national public databases to investigate the 716,971 new tuberculosis cases reported
between 2006 and 2015. Results: Over the study period, there were slight reductions
in the prevalence, incidence, and mortality associated with tuberculosis. Brazil did not
reach the MDG for tuberculosis-related mortality. Among the performance indicators
of tuberculosis control, there were improvements only in those related to treatment and
treatment abandonment. In terms of the magnitude of tuberculosis, substantial regional
differences were observed. The tuberculosis incidence rate was highest in the northern
region, as were the annual mean temperature and relative air humidity. That region also
had the second lowest human development index, primary health care (PHC) coverage,
and number of hospitalizations for tuberculosis. The northeastern region had the highest
PHC coverage, number of hospitalizations for primary care-sensitive conditions, and
tuberculosis-related mortality rate. The southern region showed the smallest reductions
in epidemiological indicators, together with the greatest increases in the frequency of
treatment abandonment and retreatment. The central-west region showed the lowest
overall magnitude of tuberculosis and better monitoring indicators. Conclusions: The
situation related to tuberculosis differs among the five regions of Brazil. Those differences
can make it difficult to control the disease in the country and could explain the fact that
Brazil failed to reach the MDG for tuberculosis-related mortality. Tuberculosis control
measures should be adapted to account for regional differences.

Keywords: Tuberculosis/epidemiology; Tuberculosis, pulmonary/epidemiology; Health
status indicators; Social determinants of health; Healthcare disparities.

Brazil covers approximately 50% of South America

In 1993, the World Health Organization (WHO)
recognized tuberculosis as a global epidemic.(*? Despite
notable progress, tuberculosis is still a public health
problem that continues to be one of the most lethal
transmissible diseases worldwide.®) Brazil ranks 20th
in the world in terms of the incidence of tuberculosis.®
The WHO reported that Brazil is among the 22 countries
where the burden of tuberculosis is high, and, therefore,
there is a focus on reducing the incidence of tuberculosis
in the country. On the basis of those data, combating
tuberculosis became one of the eight United Nations
Millennium Development Goals (MDGs), the target
being a 50% reduction in the incidence, prevalence, and
mortality rates associated with the disease by 2015 (in
relation to the rates reported for 1990).

and is subdivided into five administrative/geographic
regions (northern, northeastern, southeastern, southern
and central-west regions). These five regions present
different climatic patterns, socioeconomic features,
political dynamics, and administrative structures.®
Although the organization of health care services also
differs substantially among the regions, the majority
(71%) of the population depends on public health care
services provided by the Brazilian Unified Health Care
System. The primary health care (PHC) system is often
the first point of contact for people who interact with
the health care system.®

The care provided to patients suspected of having
tuberculosis, to those with a confirmed diagnosis of
tuberculosis, and to the contacts of tuberculosis patients
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influences the burden of the disease and the levels
of its control, as well as the morbidity and mortality
associated with the disease.”’ Therefore, the rates
of treatment abandonment and retreatment, as well
as other major indicators, are evaluated as a part
of strategies to control tuberculosis, such strategies
including sputum smear microscopy (for diagnosis
and during treatment until confirmation of a clinical
and bacteriological cure), directly observed therapy
(DOT), and immediate sputum smear microscopy/
culture in all cases of retreatment.

The decrease in the incidence of tuberculosis has been
slow® and varies considerably among countries due to
differences in the Human Development Index (HDI),
sociocultural aspects, political structure, organization
of health care services, and the implementation of
national tuberculosis control programs (NTCPs).®
Nevertheless, a multifactorial approach is important for
strengthening the strategies to tackle the tuberculosis
epidemic. Although epidemiological studies have
assessed and reported results related to the dynamics
of tuberculosis at the country level,® to date, there
have been no studies using a multifactorial approach
to address this issue over the long term.

The aim of this study was to add to the body
of evidence in the literature on tuberculosis by
collecting previously unpublished information from
various national databases in Brazil. We combined
many variables from different contexts into a single
study to provide an expanded view of the many
determinants of the tuberculosis burden in Brazil.
In addition, we assessed the epidemiological trends
over the ten-year period leading up to the deadline
proposed by the WHO to achieve the MDGs, and we
attempted to determine whether Brazil had met the
proposed targets.

METHODS

This ecological study linked eight public domain
databases to analyze the new tuberculosis cases
registered in the Brazilian Case Registry Database
between 2006 and 2015.*% The data were collected
from the databases of the Brazilian National Ministry
of Health (NMH) Departamento de Informatica do
Sistema Unico de Satide (DATASUS, Information
Technology Department of the Brazilian Unified
Health Care System),(!® the Brazilian Institute of
Geography and Statistics,(*Y) and the Brazilian National
Meteorological Institute.®?

The DATASUS databases used were those of the
Brazilian Tuberculosis Case Registry Database,*?
the Support Room for Strategic Management,®) the
List of Health Indicators and Goals,** the National
Immunization Program,(*¥ the National Registry of
Health Care Facilities,*> and the Hospital Information
Service.*® All variables, including detailed descriptions
and the formulas used for calculations, together with
relevant observations and sources of information,
are displayed in Table 1. Analyses were performed
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in Microsoft Excel as well as with plots. There was
no need for research ethics committee approval,
because research using public domain information
is not evaluated in the Brazilian National Research
Ethics Committee system.

RESULTS

During the ten-year study period, 716,971 cases
of tuberculosis were reported in Brazil (entries
being classified as new cases, cases of recurrence,
cases of retreatment after treatment abandonment,
unclassified cases, transferred cases, or cases reported
post-mortem). If only those classified as new cases
are considered, the mean annual number of cases
was 85,721. Table 2 shows various aspects of the
tuberculosis epidemic in relation to the organization
of health, social, economic, and environmental
services in the five regions of the country. Figures 1
to 4, which analyze the trends of the epidemic, also
clearly show that differences in dynamics among the
regions have influenced those trends.

Brazil did not reach the MDG related to tuberculosis
mortality. Substantial differences were observed among
the regions, and regional differences should be taken
into account when tuberculosis control measures are
being planned. Over the study period, there was a
slight reduction in the prevalence of tuberculosis in
Brazil as a whole (from 46.1% in 2006 to 39.9%
in 2015), the reduction being largest (from 48.1%
to 37.4%) in the northeastern region and smallest
(from 37.5% to 36.4%) in the southern region. The
incidence of tuberculosis also decreased slightly in
Brazil as a whole (from 38.6 cases/100,000 population
in 2006 to 33.1 cases/100,000 population in 2015),
the decrease being largest (from 45.8 to 38.8
cases/100,000 population) in the northern region and
smallest (from 23.9 to 21.3 cases/100,000 population)
in the central-west region. In addition, there was a
slight reduction in the tuberculosis-related mortality
rate in Brazil as a whole (from 2.5 deaths/100,000
population in 2006 to 2.2 deaths/100,000 population
in 2015), the reduction being largest (from 3.1 to
2.6 deaths/100,000 population) in the northeastern
region and smallest (from 1.5 to 1.4 deaths/100,000
population) in the central-west region (Figure 1).

In 2006, 2007, and 2008 (prior to the inclusion of
ethambutol in the tuberculosis treatment regimen in
Brazil), the nationwide tuberculosis-related mortality
rates (deaths per 100,000 population) were 2.58,
2.57, and 2.57, respectively (mean, 2.573 £ 0.004).
The nationwide tuberculosis-related mortality rate was
2.5 in 2009 (the first year of ethambutol use), after
which there were slight reductions. In 2010, 2011,
2012, and 2013, the nationwide tuberculosis-related
mortality rate (annual change) was 2.44 (-0.06%),
2.37 (-0.07%), 2.27 (=0.10%), and 2.29 (+0.02%),
respectively. That rate was lowest in 2014 and 2015
(2.20 for both), corresponding to a reduction of 0.3%
in relation to the 2009 rate (2.345). As illustrated in
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Table 1. Description of variables and sources of information related to tuberculosis in Brazil.

Variable

Numerator

Magnitude of tuberculosis (2006-2015)

TB prevalence
PTB prevalence

TB incidence

Smear-positive PTB
incidence

TB-related mortality

Current number of TB cases
Current number of cases of PTB

Total new cases of TB (all
forms) in a given period,
location, and year

Total new cases of smear-
positive PTB in a given location
and year

Number of deaths due to TB in
a given location and year

Denominator

Resident population in the
same location and year
Resident population in the
same location and year
Resident population in the
same location and year

Resident population in the
same location and year

Resident population in the
same location and year

Unit Source
Cases/100,000 (1,11
population
Cases/100,000 (10,11)
population
Cases/100,000 (@)
population
Cases/ 100,000 ()
population
Deaths/100,000 ) for
population 2006-2014

G2 for
2015

Indicators of TB control (2006-2015)

First SSM positive

SSM in the 2nd
month

SSM in the 6th month

Patients in DOT

Retreatment after
relapse or treatment
abandonment

Sputum culture in
patients previously
treated for TB

Treatment
abandonment

Total number of first SSMs
that were positive in a given
location and year

Number of SSMs performed by
the end of the 2nd month of
treatment in a given location
and year

Number of SSMs performed by
the end of the 6th month of
treatment in a given location
and year

Number of TB cases in which
DOT was used in a given
location and year

Number of cases of relapse
or treatment abandonment
reported in a given location
and year

Number of previously treated
cases of TB (relapse or
readmission after treatment
abandonment) submitted to
sputum culture in a given
location and year

Number of cases closed due to
treatment abandonment in a
given location and year

Number of cases of PTB
or PTB+EPTB in the same
location and year
Number of first SSMs that
were positive in the same
location and year

Number of first SSMs that
were positive in the same
location and year

Number of TB cases in the
same location and year

Number of TB cases
reported in the same
location and year

Number of previously
treated cases of TB in the
same location and year

Number of cases closed
in the same location and
year

% (11)

% (11)

% (11)

Health care indicators (2008-2015)

BCG vaccine
coverage

Density of physicians

Density of nurses

Density of

pharmacists

PHC coverage

Number of BCG vaccinations

in children < 1 year of age in a
given location and year

Number of physicians registered
with the CNES in a given
location and year

Number of nurses registered
with the CNES in a given
location and year

Number of pharmacists
registered with the CNES in a
given location and year
Number of people seen by
PHC teams x 3,000 in a given
location and year

Resident population < 1
year of age in the same
location and year
Resident population in the
same location and year

Resident population in the
same location and year

Resident population in the
same location and year

Resident population in the
same location and year

9% (14)

(15,11)

Physicians/10,000
population

(15,11)

Nurses/10,000
population

(15,11)

Pharmacists/10,000
population

% (13)
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Variable Numerator
Hospitalization for Number of hospitalizations for
PCSCs PCSCs in a given location and

year

Denominator Unit Source
Total clinical % 3
hospitalizations in the
same location and year

Socioeconomic indicators (2006-2015)

Hospitalizations
for TB given location and year

Length of hospital Days spent in the hospital for
stay TB in a given location and year

Cost of Amount spent on
hospitalization for hospitalizations for TB in a
TB given location and year

Number of deaths due to TB in
a given location and year

In-hospital mortality

Total hospitalizations for TB in a Number of TB cases in the Hospitalizations/100 IS

same location and year TB cases

Number of Mean number of (16
hospitalizations for TB days
in the same location and

year

Number of days of
hospitalization for TB in

the same location and

year

Number of hospital 100 (@)
admissions for TB in the

same location and year

USS/day ()

Summary (2008-2015)

TB incidence rate Total new cases of TB (all
forms) in a given period,
location, and year

Number of deaths due to TB in
a given location and year
Density of physicians Number of physicians registered
with the CNES in a given
location and year

Number of nurses registered
with the CNES in a given
location and year

Number of pharmacists
registered with the CNES in a
given location and year
Number of people seen by
PHC teams x 3,000 in a given
location and year

Number of hospitalizations

TB mortality rate

Density of nurses
Density of
pharmacists

PHC coverage

Hospitalizations

for TB for treatment of TB in a given
location and year
Cost of Amount spent on

hospitalization for hospitalizations for TB in a
TB given location and year

Demographic density Population of the region

Resident population in the Cases/100,000 ™

same location and year population

Resident population in the Cases/ 100,000 (1:41)
same location and year population

Resident population in the Physicians/10,000 (1)
same location and year population

Resident population in the Nurses/10,000 (1)
same location and year population

Resident population in the Pharmacists/10,000 ({E31)
same location and year population

Resident population in the % 13

same location and year

Number of TB cases in the Admissions/100 TB (e
same location and year cases

Number of days of usS$/day an

hospitalization for TB in
the same location and year

Area of the region in km? Population/km? n

HDI Geometric mean of the income, education, and longevity
indices
Temperature - - °C (12)
Relative humidity Actual vapor pressure Saturation vapor % 2
pressure at the ambient
temperature
Latitude Distance from the Equator Degree

TB: tuberculosis; PTB: pulmonary tuberculosis;

SSM: sputum smear microscopy; EPTB: extrapulmonary

tuberculosis; DOT: directly observed treatment; PHC: primary health care; PCSCs: primary care-sensitive
conditions; CNES: Cadastro Nacional de Estabelecimentos de Saude ([Brazilian] National Registry of Health Care

Facilities); PHC: primary health care; HDI: Human Development Index.

Figure 1, there were also reductions in the incidence
and prevalence of tuberculosis in the years after
the inclusion of ethambutol. However, there were
no significant changes between 2010 and 2014 in
terms of the proportion of tuberculosis patients who
abandoned treatment, although that proportion was
lower in 2015 (Figure 2).

J Bras Pneumol. 2021;47(2):e20200119

Table 2 shows the sociodemographic, climatic, and
health care characteristics of the five regions of Brazil.
The northern region of the country has the highest
mean annual temperature (28°C) and highest mean
annual relative humidity (81.5%), as well as having
the second lowest mean HDI (0.701), lowest mean
PHC coverage (59.5%), and lowest mean annual
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A) MAGNITUDE OF TUBERCULOSIS IN BRAZIL B) TB PREVALENCE BY REGION C) PTB PREVALENCE BY REGION
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Figure 1. Magnitude of tuberculosis in Brazil as a whole and by region, 2006-2015. TB: tuberculosis; PTB: pulmonary
tuberculosis; N: northern; NE: northeastern; SE: southeastern; S: southern; and CW: central-west.
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Figure 2. Performance indicators of tuberculosis control in Brazil as a whole and by region, 2006-2015. TB: tuberculosis;
SSM: sputum-smear microscopy; DOT: directly observed therapy; PTB: pulmonary tuberculosis; N: northern; NE:
northeastern; SE: southeastern; S: southern; and CW: central-west. 2Among cases of PTB. PAmong cases in which the
1st SSM was positive. “Among all cases of TB.

number of hospitalizations for tuberculosis (11.3). mean tuberculosis-related mortality rate (2.9
The northeastern region had the highest mean PHC deaths/100,000 population). The mean population
coverage (75.2%), highest mean annual number of  density was highest (89.4 inhabitants/km?) in the
hospitalizations for tuberculosis (17.0), and highest = southeastern region. We found that the reductions in
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A) ACCESSIBILITY, ORGANIZATION, AND
PERFORMANCE INDICATORS OF HEALTH
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B) BCG VACCINE COVERAGE BY REGION C) DENSITY OF PHYSICIANS BY REGION
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Figure 3. Accessibility, organization, and performance indicators of health care services in Brazil as a whole and by
region, 2006-2015. PHC: primary health care; PCSCs: primary care-sensitive conditions; N: northern; NE: northeastern;
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Figure 4. Socioeconomic impact of tuberculosis in Brazil as a whole and by region, 2006-2015. TB: tuberculosis; PHC:
primary health care; PCSCs: primary care-sensitive conditions; N: northern; NE: northeastern; SE: southeastern; S:

southern; and CW: central-west.

analyzing the long-term trends in Brazil. Although the
WHO reported that all MDGs related to tuberculosis
have been achieved,® our findings show that Brazil
has failed to reach the mortality rate goal. The only
region in the country that achieved the goal of reducing
the tuberculosis-related mortality rate by 50.0% in
relation to the 1990 rate, as proposed in the MDGs,
was the southeastern region, where it was reduced
from 4.6 to 2.3 deaths/100,000 population.

In addition to climatic and socioeconomic diversity,
we observed substantial differences among the regions
of Brazil, in terms of the magnitude of tuberculosis
and general indicators of PHC performance, as well
as in terms of the cost of tuberculosis, tuberculosis
control, and specific indicators, such as the number
of hospitalizations for tuberculosis. In 2015, Brazil
was classified as having a high level of human
development overall, ranking 79th in the worldwide
ranking of countries by HDI,(*”) although that level

7111

J Bras Pneumol. 2021;47(2):e20200119



8/11

Tuberculosis in Brazil: one country, multiple realities

was classified as low in the northern and northeastern
regions. The HDI was highest for the southern and
central-west regions, where the incidence of and
mortality associated with tuberculosis were lowest.
One study, analyzing data from 165 countries for the
2005-2011 period, identified a significant association
between the HDI and tuberculosis-related morbidity.*®
Another study, using data from the 22 countries with
the highest tuberculosis burden, detected a significant
inverse correlation between HDI and the incidence
of tuberculosis, showing that a one-point increase
in the former cause the latter to decrease by 11.0%
(95% CI: 2.03-19.06).¢2

Demographic heterogeneity may be another factor
influencing the incidence of and mortality associated
with tuberculosis in Brazil, where the population
density is high in some regions and low in others.
Tuberculosis transmission is associated with crowding,
such as that seen in metropolitan areas in Brazil,?® the
region with the second highest tuberculosis incidence
rate being the southeastern region, which is the most
populous region of the country. A study conducted
in 36 Turkish provinces (evaluating a collective total
of 43,560,619 inhabitants) demonstrated a positive
correlation between population density and the
incidence of tuberculosis, the former being found to
be an independent predictor of the latter.(®

In the present study, we showed that the rates of
treatment abandonment in Brazil have decreased
since 2012. However, we also found that the annual
retreatment rate in the country has increased,
especially since 2009, reaching 15.9% in 2015, higher
than the 12.0% reported for Morocco," although
the tuberculosis burden is higher in Brazil. In the
southern region of Brazil, we observed a considerable
increase in the treatment abandonment rate and a
higher retreatment rate. A local study conducted
in the state of Rio Grande do Sul (the fifth most
populous state in the country) revealed major flaws
in the Rio Grande do Sul State Tuberculosis Control
Program.??

Although the use of DOT has increased in Brazil,
by 2012 it was still below the 100.0% goal the WHO
expected to be achieved worldwide by 2010.%% In
China, only 13.9% of the population was covered by
the DOT strategy in 2012.% In Ethiopia, coverage
was better, 70.0% of the population being covered
by DOT in 2011.¢3® The challenges for improving
DOT coverage include financial and logistical barriers
to health care access,®® as well as the lengthy
commitment required of human resources, 2?7 the
need for a mixed public-private approach, and the
need for professional awareness of the importance of
DOT in all patients with tuberculosis (not only those
who are smear-positive).®

The Brazilian NTCP recommends that tuberculosis
control measures, including diagnosis and treatment
monitoring, be decentralized.®® However, expanding
actions to address tuberculosis at PHC clinics and to
decentralize control measures continues to be a challenge
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in Brazil,* where heterogeneous levels of organization,
due to different regional administrative conditions,
impede the decentralization process.") Therefore,
the NTCP operates in different formats in many areas
of the five regions and difficulties in achieving timely
case management have been reported.?

Most of the Brazilian population depends on public
health care services,® and the PHC system is the
gateway to those services. Therefore, the level
of PHC coverage of the population represents an
important marker of access to health care services
in the country. In 2015, the PHC coverage in Brazil
was 73.0%, corresponding to an increase of 12.7%
compared with that of 2006.

Among the five regions examined, the PHC coverage
was lowest in the northern region, which also had
the lowest concentrations of physicians and nurses,
potentially delaying the diagnosis and evaluation
of contacts of tuberculosis cases, thus favoring the
maintenance of the transmission chain and probably
accounting for our finding that the incidence rates were
highest in that region. In addition, the combination
of higher numbers of patients with smear-positive
pulmonary tuberculosis, high treatment abandonment
rates, and high retreatment rates also affects the
rate of possible transmissions, which could explain
the higher incidence and mortality rates in the
region. Furthermore, other infectious diseases are
endemic to the northern region, and the experience
of clinicians with those other diseases could favor
the local diagnosis of tuberculosis, which could have
increased the tuberculosis incidence rate in the region.

Strategies aimed only at increasing PHC coverage and
health professional awareness do not always produce
actions consistent with the needs of the population,
and the recommendations outlined in tuberculosis
guidelines must therefore be followed.*®> We posit
that higher PHC coverage does not necessarily lead
to greater positive health impacts, given the regional
differences in hospitalizations for PCSCs. Regions with
extremely different PHC coverage exhibit similarly high
rates of hospitalization for PCSCs. The northeastern
region has good PHC coverage but presented the
lowest expansion of the DOT strategy, a high number of
hospitalizations for PCSCs, and higher rates of hospital
admissions for and mortality due to tuberculosis. In
view of these findings, the problem of tuberculosis
in the northeastern region appears to be unique,
not only in terms of the specific tuberculosis control
measures required but also in terms of the quality
and general effectiveness of health care services. A
previous study demonstrated that the public health
care system in the northeastern region is inefficient
because of the low density of health care professionals
and the low number of individuals who graduate with
a health-related degree.3%

Failure to diagnose and treat tuberculosis accurately
and in a timely manner maintains the chain of
transmission, thus increasing the number of
hospitalizations, health expenditures, and even mortality



rates. In addition, tuberculosis affects the active work
force and can therefore have a negative socioeconomic
impact.(?53 The rates of hospitalization for tuberculosis
are 33.3% in China and 66.5% in Spain, substantially
higher than the rate in Brazil, and hospitalizations
account for a significant portion of the total costs
associated with the disease.(*®3”) In Brazil, hospital
admissions for tuberculosis are avoided, being limited
to special situations and patients with complications of
the disease.®® In contrast, hospitalization is a routine
measure during the intensive phase of tuberculosis
treatment in some countries in Eastern Europe and
Central Asia.

The longer hospital stays observed in the southern
and southeastern regions of Brazil could be explained
by the lack of financial resources for infrastructure,
the imbalance between the density of health care
service providers and that of the population, and the
migration of inhabitants from other regions.** The
high population density can reduce the number of
available beds, delaying the initiation of appropriate
treatment in patients who require hospitalization,
thus increasing the length of the hospital stay,
hospitalization costs, and the risk of death. However,
studies investigating hospitalization for other causes
have also shown that hospitalization costs are higher
in the southern region than in the northern region,
likely because of the lower technological complexity
of the hospitals in the latter.3®

One influential factor in the estimates of the
epidemiological aspects of tuberculosis is the
pharmacological treatment used. In 1979, the basic
treatment regimen recommended for new cases in
Brazil was rifampin, isoniazid, and pyrazinamide for
two months, followed by rifampin and isoniazid for four
months. The inclusion of ethambutol was recommended
for patients undergoing retreatment and for those with
meningoencephalitis, the second phase of treatment
being extended to seven months in the latter. Patients
in whom those treatments failed were treated with a
regimen of streptomycin, pyrazinamide, ethambutol, and
ethionamide for three months, followed by ethambutol
and ethionamide for nine months. In the 1980s and
1990s, there were occasional changes in the treatment
employed in cases of treatment-resistant tuberculosis.
Ethambutol was not added to the basic treatment
regimen to be used in the treatment induction phase
(for patients > 10 years of age) until 2009, the same
year in which the use of fixed-dose combination tablets
was introduced.?

The results of the present study show that there
have been slight reductions in the rates of incidence,
prevalence, and mortality associated with tuberculosis
in Brazil. Those reductions might be related, in part, to
the introduction of ethambutol and of the fixed-dose
combination tablets, which could have increased
patient adherence to treatment by reducing the risk
of forgetfulness.“®

The Brazilian NMH should encourage tuberculosis
researchers to assess factors related to the degree
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of decentralization and the causes of noncompliance
with NTCP recommendations, as well as differences
in the reasons for and frequency of hospitalizations
for tuberculosis, together with the mean length of
hospital stays, hospitalization costs, and in-hospital
mortality, in order to obtain a better understanding of
the regional differences in the country. We recommend
a partnership between the NMH and universities or
research groups investigating tuberculosis, in order
to increase the validity of the studies. We anticipate
that such studies will identify specific measures to
improve tuberculosis control in Brazil.

Despite all being part of the same country, the
five regions of Brazil present distinct tuberculosis
scenarios. Regional differences may have contributed
to difficulties in controlling the disease in the country
and to the failure to reach the MDG for tuberculosis-
related mortality. Such differences should be taken into
consideration in order to adapt tuberculosis control
measures to those distinct scenarios. Some variables
influencing the dynamics of tuberculosis are intrinsic
and difficult to circumvent, whereas others, such as
the performance indicators of the activities proposed
by the NTCP and implemented at PHC clinics, can and
should be modified.

Investigations aimed at explaining operational
differences in NTCPs may contribute to improving
the tuberculosis situation nationwide, although the
need to improve the performance of health care
faciliti