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Abstract

Objective: to identify Brazilian micro-regions with under-reported tuberculosis cases, from 2012 to 2014. Methods: this
was an ecological study using data from the Notifiable Health Conditions Information System (SINAN). The indirect estimator of
the proportion of notified cases (EIPCN) was calculated as the mean between the proportion of cases that adhered to treatment
and the proportion of those who underwent sputum smear microscopy. Negative Binomial Regression was used to investigate
evidence of under-reporting in the micro-regions selected through EIPCN. Results: under-reporting was suspected in 89
(17.5%) micro-regions with EIPCN below 83%. The EIPCN rate ratio in the regression model was 0.996 (95%CI 0.988;1.003)
considering all the data and equal to 0.987 (95%CI 0.974;0.999) excluding the 89 micro-regions with suspected under-reporting.
Conclusion: evidence of tuberculosis case under-reporting was found in micro-regions where basic indicators of surveillance
system quality had poor performance.
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Introduction

Among communicable diseases, tuberculosis (TB) is
the one that most kills worldwide. In 2017, 10 million
new cases and 1.3 million deaths were recorded.! In
Brazil, in the same year, 69,569 new TB cases were
notified, this being equivalent to an incidence rate of
33.5 cases/100,000 inhabitants.> In 2016, there were
4,426 TB deaths in Brazil, resulting in a mortality rate
equal to 2.1 deaths/100,000 inhab.

According to the World Health Organization (WHO),
globally some 3.6 million cases are not notified by the TB
surveillance system.' Under-reporting occurs when part
of the cases is not diagnosed by health centers and/or
when part of diagnosed cases is not notified on the TB
information system. In both situations, epidemiological
surveillance of TB is jeopardized, as is the targeting of
resources and planning of actions to address the disease.’

Increasing detection and, consequently,
case notification, is one of the possible
strategies for reducing the TB mortality
rate in Brazil.

In Brazil, the estimated proportion of notified cases
was 87% in 2017." High health professional turnover
and delays in health service provision are some of the
challenges to improved case notification in the coun-
try.# In addition, TB is little known by the population,
including by health professionals working in primary
care.’ Lack of information about TB is known to be
associated with case under-reporting.®

Under 15 year-olds comprise the age group with the
lowest proportion of notified cases in Brazil.' Among the
239,000 deaths estimated for this age group, over 90%
occurred in cases that did not have access to treatment.”
As such, increasing detection and, consequently, case
notification, is one of the possible strategies for reducing
the TB mortality rate in Brazil.

Although WHO has estimates of the proportion of
cases notified nationally in Brazil, including by age
group, it does not measure this on the sub-national level.
No studies having this objective for the entire country
were found in the literature. The study closest to this
theme evaluates the proportion of cases notified in the
country, among those diagnosed by the TB surveillance
system, using probabilistic database linkage.®

In view of this gap, the objective of this study is to
identify Brazilian micro-regions with under-reported
TB cases between 2012 and 2014.

Methods

Study design

This was a cross-sectional ecological study having as
its units of analysis the 508 Brazilian micro-regions with
a good or regular information system and at least 6 TB
cases notified between 2012 and 2014. Micro-region
information systems were considered to be good or
regular when mean completeness was equal to or greater
than 70% in relation to priority information system
variables, selected by means of consulting specialists
on the subject. The 508 areas account for 91.0% of
Brazil’s total micro-regions, and were used with the
aim of minimizing bias and random fluctuation of the
TB surveillance system quality indicators.’

New cases were considered to be those input onto
the information system as “new case”, “does not know”
or not known. Cases closed due to change of diagnosis
were excluded from the study. The TB incidence rate was
calculated as the ratio between the number of resident
cases diagnosed between 2012 and 2014, and the total
population resident in the micro-region in the three
years analyzed, multiplied by 100,000.

Data source

New cases and surveillance quality indicators were
calculated using Notifiable Health Conditions Informa-
tion System (SINAN) data for the period 2012-2014. In
addition, the population estimates for 2012-2014 made
by the Brazilian Institute of Geography and Statistics
(IBGE) for the Federal Audit Court (TCU), were used
as the source of data for the number of people resident
in the micro-regions.'

The control variables were obtained from the 2010
IBGE Demographic Census and from the Justice Ministry’s
2014 National Prison Information Survey (Infopen).'"*

Surveillance system quality indicators

We analyzed the indicators proposed by Silva et al.
(2017).° Given that completeness is the proportion of
cases with information provided for a given variable,
the completeness of the following variables was mea-
sured: number of contacts examined, data treatment
started, case closure status, sputum smear microscopy
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at the second and sixth months of treatment. Mean
completeness was also calculated for these five varia-
bles. Level of completeness was categorized as good
(290%), regular (between 70%, inclusive, and <90%)
and poor (<70%).

TB surveillance system timeliness was measured
using the following indicators: notification timeliness
(proportion of cases in which the difference between
notification data and diagnosis date was less than or
equal to 7 days); and treatment timeliness (proportion
of cases starting treatment on the day of diagnosis).
Timeliness was classified as good, regular or poor,
following the same cut-off points used for completeness.

Moreover, indicators were considered to be “invalid”
in micro-regions in which at least 15% of cases had
incomplete or inconsistent data. Although there is no
golden rule in the literature about this cut-off point, studies
indicate that 5%, 10% and 20% incomplete data can
result in biased inferences, depending on the generating
mechanism in which information is missing.'* In this
study the probability of loss of data was taken to be non-
-random, and the 15% cut-off point suggested by Harrel
(2001) was adopted in order to identify variables needing
multiple imputation, i.e. requiring a more sophisticated
imputation method for inferences to be made.”

Health professional acceptability in relation to the
recommendations of the National Tuberculosis Control
Program (PNCT) was measured using the following
indicator: percentage of cases having sputum smear
microscopy (proportion of new pulmonary cases
having sputum smear microscopy); percentage of cases
adhered to treatment (proportion of pulmonary cases
not abandoning TB treatment, among cases not closed
because of treatment failure, change of regimen and
drug-resistant TB); and percentage of cases tested for
HIV (proportion of cases tested for human immunode-
ficiency virus (HIV) infection, taking tests with results
“in progress” as not having been performed).

The cut-off points for classifying acceptability as
good, regular or poor were different for each indica-
tor and were defined according to official document
recommendations and recommendations made by
TB surveillance specialists.” Acceptability was good
in micro-regions in which at least 90% of cases had
sputum smear microscopy, 95% of cases not lost to
treatment and 85% tested for HIV. On the other hand,
acceptability was poor in micro-regions where less than
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80% of cases had sputum smear microscopy, 90% of
cases not lost to treatment and 70% tested for HIV. The
acceptability calculation was considered to be “invalid”
in micro-regions in which 15% or more of cases had
missing or unknown information in the variables needed
to calculate acceptability.

Control variables

The control variables used in this study were: region
(North, Northeast, Midwest, Southeast and South); lo-
garithm of the population resident in the micro-region
from 2012 to 2014; population deprived of liberty/10,000
inhab. in June 2014; urbanization rate (proportion of
people resident in the urban area of the micro-region);
unemployment rate (proportion of unemployed people,
among those aged 16 years and over); and proportion of
people living in households with more than two persons
per bedroom in 2010.

Statistical analysis of the data

The cluster analysis of the acceptability and ti-
meliness indicators was performed using a hybrid
algorithm comprised of the k-means and hierarchical
methods.'*” The number of groups was defined with
the aid of a dendogram built using the Ward method,
taking the Euclidian distance as the measurement of
dissimilarity (available in the supplementary material
to this article). The groups were compared according
to the mean (¥) and standard deviation (s) of the
timeliness and acceptability indicators.

The indirect estimator of the proportion of notified
cases (EIPCN) was equal to the mean of the timeliness
and/or acceptability indicators in which micro-regions
with poor surveillance systems had low mean performan-
ce and great homogeneity, i.e. low standard deviation.
The EIPCN cut-off point for defining micro-regions
with suspected under-reporting was the point of the
ROC curve with greatest sensitivity and specificity for
representing micro-regions with poor TB surveillance.

Distribution of categorical indicators of surveillance
quality in micro-regions with suspected under-reporting
was compared with distribution in the other micro-
-regions. The difference between the groups was assessed
using Person’s chi-square test. In tables in which the
expected number of cases was less than five, Fisher’s
exact test was used. In addition, a thematic EIPCN map
was produced, in relation to the cut-off point found, with
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the aim of visualizing the location of micro-regions with
suspected under-reporting in the Brazilian territory.

A scatter plot was generated in relation to EIPCN and
the TB incidence rate. The smoothing curve was adjusted
using the generalized additive model of TB incidence per
100,000 inhab. in function of EIPCN, using the cubic spline
as the smoothing function. This curve was represented
on the scatter plot in order to assess its compatibility with
the expected theoretical association. The assumption was
made that empirical association deviations, in relation to
expected theoretical association, would be the consequence
of under-reported TB cases in the micro-regions.

Finally, the negative binomial regression model was
adjusted, taking the number of TB cases diagnosed
between 2012 and 2014 as the dependent variable,
EIPCN as the independent variable and the logarithm of
the population resident in the micro-region from 2012
to 2014 as the offset. We opted for this model owing
to the inadequacy of the Poisson regression model,
initially tested, in relation to the super-dispersion of
the dependent variable data.'®

The regression model, having EIPCN as the independent
variable, was adjusted, both by excluding micro-regions
with suspected under-reporting and also by considering
these micro-regions. This model’s rate ratio (RR) was
compared with the rate ratio expected according to
theoretical association between the variables.

A 5% significance level was used for all the statistical
tests. The analyses were performed with the aid of RY
version 3.5.1, using the Facto extra (https://CRAN.R-project.
org/package=factoextra), mgcv (https://CRAN.R-project.
org/package=mgcv) and MASS (https://CRAN.R-project.
org/package =MASS) packages.

Ethical considerations
Ethical principles of research involving human beings
were respected during this study, as standardized by

National Health Council (CNS) Resolution No. 466/2012.
This study was not submitted to a Research Ethics
Committee as it used public domain secondary data,
as per CNS Resolution No. 510/2016.

Results

The 508 micro-regions studied were divided into
four groups. Group 1 (n=73) had the lowest mean
proportion of cases having sputum smear microscopy
(& =75.7%, s =9.5) and cases adhered to treatment
(X =78.0%, s =7.9). The Group 2 micro-regions
(187), in turn, had the highest mean proportion of
cases having sputum smear microscopy (¥ =91.2%,
s =5.3), adherence to treatment (X =91.7%, s =4.7)
and tested for HIV(x =85.9%, s =9.0) (Table 1).

Groups 3 (n=164) and 4 (n=84) had acceptability
indicators with similar performance. In both groups,
the mean percentage of cases having sputum smear
microscopy was 88.2%, while for cases adhered to tre-
atment it was 88.7%. Surveillance system timeliness,
however, was lower in Group 4, both in relation to mean
notification timeliness (X =57.6%, s =10.2), and also
in relation to mean treatment timeliness (¥ =24.6%,
s =10.8) (Table 1).

The Group 1 micro-regions were considered to have a
poor surveillance system. Based on this, the conclusion
was reached that a poor surveillance system can be
characterized, in particular, by the low proportion of
cases having sputum smear microscopy and adhering
to TB treatment. Given that both of these correspond
to acceptability indicators, their mean was called mean
acceptability. This indicator was used as EIPCN due to
its ability to distinguish between micro-regions with
poor TB surveillance from the others.

The cut-off point for mean acceptability was 83%, as
per the ROC curve. The sensitivity and specificity of this

Table 1 - Mean (¥) and standard deviation (s) of Brazilian micro-region tuberculosis surveillance system
acceptability and timeliness indicators, 2012-2014

Group
Indicator 1(n=73) 2 (n=187) 3 (n=164) 4 (n=84)
X s X S X S X N

Notification timeliness 749 10.8 80.6 9.2 824 6.2 57.6 10.2
Treatment timeliness 51.0 19.2 63.8 17.5 421 16.5 24.6 10.8
Cases having sputum smear microscopy (%) 75.7 9.5 91.2 5.3 88.2 6.0 88.2 8.0
Cases adhered to treatment (%) 78.0 79 91.7 4.7 88.7 5.5 88.7 74
Cases tested for HIV (%) 60.0 19.3 85.9 9.0 54.6 14.5 58.1 18.4

Note:The most homogenous indicators (o< 10) are highlighted in gray.
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point for identifying Group 1 micro-regions are equal to
98.6% and 97.0%, respectively. In all, 17.5% (n=89)
of micro-regions had mean acceptability below 83%.

Distribution of surveillance quality indicators in the
micro-regions with mean acceptability below 83.0%, in
which under-reporting is suspected, was significantly
different to distribution in micro-regions with mean
acceptability great than or equal to this limit. Treatment
timeliness distribution, however, was similar in both
groups. This indicator had poor performance in around
80.5% of the micro-regions (Table 2).

Only 11.2% (n=10) of micro-regions with mean
acceptability below 83% had good completeness for the
number of contacts examined. Moreover, 62.9% (n=56)
of them had good completeness for the case closure
status variable, compared to 95.0% in the other micro-
-regions. Completeness of sputum smear microscopy in
the second month was regular in the majority (n=51)
of micro-regions with suspected case under-reporting,
while completeness was good (n=246) in the majority
of the other micro-regions. Almost a quarter (n=21)
of micro-regions with mean acceptability below 83%
had poor sputum smear microscopy completeness in
the 6™ month (Table 2).

Notification timeliness was regular or poor in 93.2%
(n=83) of micro-regions with suspected TB case under-
-reporting. In addition, 74.2% (n=60) of these areas
had a poor percentage of cases tested for HIV, while it
was 48% (n=201) in the other micro-regions (Table 2).

Four (4.5%) micro-regions were identified as having
mean acceptability below 83% in the Northern region,
33 (37.7%) in the Northeast, 21 (23.6%) in the Sou-
theast, 17 (19.1%) in the South and 14 (15.7%) in the
Midwest. These micro-regions are concentrated more in
the states of Rio Grande do Sul (n=16, 18.0%), Minas
Gerais (n=12, 13.5%), Bahia (n=11, 12.4%,), Mato
Grosso (n=8,9.0%), Rio de Janeiro (n=7,7.9%) and
Piaui (n=6, 6.7%) (Figure 1).

It is expected that the greater the mean acceptability
of the TB surveillance system, the lower the mean TB
incidence rate will be. In the micro-regions with mean
acceptability greater than or equal to 83.0%, the em-
pirical relationship between these indicators is linear
and coherent with the theoretical relationship expected.
In the other micro-regions, however, an increase can
be seen in the mean TB incidence rate as a result of
the increase in mean acceptability of the surveillance
system (Figure 2).

Gabriela Drummond Marques da Silva et al.

Taking the data as a whole, the TB incidence rate is
not significantly different in micro-regions with distinct
mean acceptability, both in the crude negative binomial
regression model (RR=0.996 - 95%CI 0.988;1.003), and
in the adjusted model (RR=0.997- 95%CI 0.991;1.003).
However, the rate ratio becomes less than one when the
micro-regions with suspected under-reporting are excluded
from the analysis (95%CI 0.974; 0.999 in the crude model
and 95%CI 0.975; 0.996 in the adjusted model). In this
case, when mean micro-region acceptability increases
by 1 percentage point, on average the TB incidence rate
decreases by 1.3% in the crude model and by 1.5% in
the adjusted model) (Table 3).

Therefore, leaving the micro-regions with mean
acceptability below 83% to one side, it can be concluded
that the better the TB surveillance system is structured in
terms of acceptability, the lower the expected incidence
rate in the region will be. Moreover, the fact that this
association was not significant for the complete data-
base suggests the existence of TB case under-reporting
in micro-regions with mean acceptability below 83%.

Discussion

Evidence of TB case under-reporting can be seen in
micro-regions with a low proportion of new pulmonary
cases having sputum smear microscopy and/or a low
proportion of pulmonary cases that adhered to TB
treatment. These micro-regions were mainly located in
the country’s Northeast and Southeast regions, while
they were concentrated in the states of Rio Grande do
Sul, Minas Gerais and Bahia.

Pelissari et al. identified that requesting sputum
smear microscopy was positively associated with TB
case detection in Brazilian municipalities with primary
health care teams evaluated by the second cycle of the
Program for Improving Primary Care Access and Quality
(PMAQ-AB).% Moreover, a study conducted in Rio de
Janeiro identified that death notification was higher
among TB cases with bacteriological confirmation.”!
Both studies provide evidence that mean acceptability
can be used as a proxy for TB case notification.

TB under-reporting in a given region can occur due to
problems in three different stages of case care: access to
the health system, TB diagnosis and notification on the
information system.* The EIPCN proposed in this study
has the potential to identify under-reporting happening
in any of these stages. If, for example, this phenomenon
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Mean acceptability

W lessthan83%
Greater than or equal to 83%

] Poor completeness

1,000

Note: Mean acceptability is equal to the meanian between proportion of tuberculosis cases having sputum smear microscopy and proportion of cases adhered to TB treatment, calculated only for

micro-regions that have good or regular mean information system completeness (>70%).

Figure 1 - Thematic map of tuberculosis surveillance system mean acceptability, Brazil, 2012 -2014

occurs owing to problems with sick people accessing he-
alth services, whether because of geographical, financial
or cultural barriers, it is possible for this reality to be
reflected in low adherence to TB treatment.”*¢

If, on the other hand, under-reporting is caused by
underdiagnosis, the proportion of cases having sputum
smear microscopy may be useful for identifying this.
Shortcomings with this indicator may also suggest low
levels of sputum smear microscopy among symptomatic
respiratory cases, given that both groups are submitted
to the same surveillance system.”

Finally, Selig et al. (2004)*' assume that there is
association between bacteriological confirmation and
TB case notification, given that in the case of more
robust surveillance systems, health professionals are
committed to fulfilling the main PNCT recommendations,
and not just doing isolated activities. In this sense, mean
acceptability is a good indirect estimator of the proportion
of cases notified on the TB information system.

Oliveira et al. (2012)® used probabilistic linkage to
measure the proportion of under-reported deaths on

the TB information system in Brazil in 2006. Given
that under-reporting on the information system is one
of the components of overall case under-reporting, the
two measurements can be compared. They identified
a high proportion of under-reporting on information
systems in the Southeast and Northeast regions of Brazil,
corroborating the results found in this study. On the other
hand, the highest proportion of case under-reporting
on the SINAN system was found in the Northern region,
whereas our study did not find evidence of TB under-
-reporting for that region.

The divergence between the studies may be explained
by the time difference in the data. Despite this, it is im-
portant to highlight that all areas with under-reporting
were not necessarily identified by our study. Although
evidence of this phenomenon exists in the areas selec-
ted, the possibility of its occurrence in other Brazilian
micro-regions cannot be excluded.

The main assumption of this study is that TB case
under-reporting exists in micro-regions with low quality
surveillance systems and, for this reason, deviations
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Table 2 - Description of tuberculosis surveillance system quality indicators, by cut-off point equal to 83% for
mean acceptability® in the micro-regions, Brazil, 2012-2014

. Mean acceptability < 83% Total
Indicator No Yes p-value
n % n % n %
Completeness of number of contacts examined
Good 188 449 10 1.2 198 39.0 <0.001°
Regular 170 40.6 4 472 212 4.7
Poor 61 14.6 37 4.6 98 19.3
Completeness data treatment started
Good 400 95.5 80 89.9 480 94.5 0.081°
Regular 18 43 9 10.1 27 53
Poor 1 0.2 - - 1 0.2
Completeness of case closure status
Good 398 95.0 56 62.9 454 89.4 <0.001¢
Regular 21 50 31 34.8 52 10.2
Poor - - 2 22 2 04
Completeness of sputum smear microscopy in the 2" month
Good 246 58.7 33 371 279 549 <0.001°
Regular 142 339 51 573 193 38.0
Poor 31 74 5 5.6 36 71
Completeness of sputum smear microscopy in the 6" month
Good 164 39.1 22 24.7 186 36.6 0.003
Regular 205 489 46 517 251 494
Poor 50 11.9 21 23.6 71 14.0
Mean Completeness
Good 301 71.8 27 30.3 328 64.6 <0.001°
Regular 118 28.2 62 69.7 180 354
Notification timeliness
Invalid 4 1.0 1 11 5 1.0 0.047°
Good 48 1.5 5 5.6 53 104
Regular 273 65.2 52 584 325 64.0
Poor 9% 224 31 34.8 125 24.6
Treatment timeliness
Invalid 8 19 4 4.5 12 24 0.395¢
Good 9 21 1 11 10 2.0
Regular 66 15.8 " 124 77 15.2
Poor 336 80.2 73 82.0 409 80.5
Cases that had sputum smear microscopy (%)
Good 227 54.2 4 45 231 45.5 <0.001°
Regular 173 M3 30 337 203 40.0
Poor 19 4.5 55 61.8 74 14.6
Cases that adhered to treatment (%)
Invalid 4 1.0 20 22.5 24 47 <0.007¢
Good 88 21.0 3 34 91 179
Regular 134 320 2 2.2 136 26.8
Poor 193 46.1 64 719 257 50.6
Cases tested for HIV (%)
Invalid 1 0.2 1 11 2 04 <0.001
Good 121 289 8 9.0 129 254
Regular 96 229 14 15.7 110 217
Poor 201 48.0 66 74.2 267 52.6
Total 419 100.0 89 100.0 508 100.0

a) Mean acceptability is equal to the mean between proportion of tuberculosis cases having sputum smear microscopy and proportion of cases adhered to TB treatment.
b) Pearson’s chi-square test.
¢) Fisher's exact test.
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% Group1

80— o Othermicro-regions

Incidence /100,000 inhab.

Median acceptability

Note:
The vertical dotted line indicates mean acceptability equal to 83%.

Group T:micro-regions with poor tuberculosis surveillance systems, selected by means of cluster analysis.
Other micro-regions: micro-regions with good or regular tuberculosis surveillance systems, according to cluster analysis.

Figure 2 - Smoothing curve (with 95% confidence interval) of tuberculosis surveillance system mean acceptability,
according to tuberculosis incidence per 100,000 inhab. in Brazil's micro-regions, 2012-2014

Table 3 — Results of the regression model of tuberculosis incidence per 100,000 inhab. according to tuberculosis
surveillance system mean acceptability, based on inclusion of micro-regions with mean acceptability
below 83% in the database and use of control variables in the model, Brazil, 2012-2014

Micro-regions with acceptability <83%

Control variables Yes No

Rate ratio 95%(Cl 2 Rate ratio 95%(Cl?
Yes 0.997 0.991;1.003 0.985 0.975;0.996
No 0.996 0.988;1.003 0.987 0.974;0.999

a) 95%(C1 :95% confidence interval.

in empirical association between mean acceptability
and TB incidence per 100,000 inhab., in relation to
theoretical association, are generated due to this me-
chanism. However, it is also possible that the deviations
found may have been caused by confounding factors,
representing spurious associations. In order to minimize
this problem, crude regression models and regression
models adjusted by control variables were used.
Alimitation of this study is the use of secondary data
to evaluate TB case under-reporting. It was not possible
to analyze 8.8% (n=49) of the Brazilian micro-regions
because of low quality TB information systems. It is

recommended that these micro-regions be included
in initiatives intended to enhance the TB surveillance
system, so that they too are improved.

Another important limitation was the level of ag-
gregation used for the analysis. The micro-regions are
geographic units formed by a set of municipalities with
independent Municipal TB Control Programs. As such,
municipalities within the same micro-region may be
heterogeneous with regard to surveillance system quality.
Notwithstanding, it was considered that neighboring
municipalities have greater likelihood of having simi-
lar surveillance systems than areas distant from each

8 Epidemiol. Serv. Saude, Brasilia, 29(1):e2018485,2020



other, given that they are subject to the same regional
determinants. In addition, the level of aggregation
chosen was useful for reducing random fluctuation of
the quality indicators calculated at municipal level and
caused as a result of a small number of notified cases.

Identification of areas with TB case notification
problems on the sub-national level can be an expensive
initiative if it is done by means of population surveys.”As
such, this study proposed a simple method, based on
secondary data, in order to identify such areas. The
results found can be useful for targeting public policies
aimed at improving case finding, diagnosis and noti-
fication. Moreover, the findings of this study can have
an impact on reducing TB mortality, especially among
children affected by the disease.
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