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Abstract The aim of this study was to identify
spatial patterns in the incidence of childhood tu-
berculosis in cities in the state of Sdo Paulo. An
ecological and exploratory study was carried with
data on new cases of tuberculosis in children 0 to
14 years old for the period 2001 to 2005 and from
2006 to 2010, obtained from DATASUS. Data of
the population of this age group were collected
and raised rates per 100 000 inhabitants. Mo-
ran’s index (I) was calculated for both periods.
Thematic maps with the rates and its difference
besides Moran maps, maps with Kernel densities,
educational level and income were constructed
using using TerraView software. The average rates
were 3.23 / 100 000 inhabitants in the first period
(2881 cases reported) and 2.13 / 100 000 inhabi-
tants in the second period (2513 cases reported);
the Moran index in the first period was I = 0.03 (p
=0.16) and I = 0.06 (p = 0.01) in the second pe-
riod; the thematic map identified 462 municipali-
ties with higher interest rates in the second period;
the kernel map identified higher density rates in
the metropolitan region of Sdo Paulo, west coastal
cities and in the first period and the second period,
the metropolitan region of Sao Paulo and coastal
cities. The data presented in this study provide in-
formations to local and regional managers to im-
plement policies for tuberculosis control.
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Introduction

Tuberculosis (TB) is a chronic infectious disease
that has long affected humanity, and remains a
serious public health problem to this day. With
the development of new and potent chemother-
apy in the 1960s it was thought that the disease
would have a very effective control'.

Nowadays, two billion people (one third of
the world population) are infected with M. tuber-
culosis. Among of these, eight million will develop
the disease and two million die each year?. Brazil
is among the 22 countries responsible for 82% of
TB cases in the world, being the thirteenth in ab-
solute numbers and comprises 35% of the cases
reported in the Americas region’. Brazil has an
annual incidence of 43 cases per 100 000 inhab-
itants (85 000 new cases/year), an incidence rate
of positive pulmonary form of 26/100 thousand
(49 000 new cases/year) and the mortality rate
of 2.6/100 000 inhabitants (5000 deaths/year)
according to WHO estimates®. In the Southeast
region about 33 000 cases were reported in 2006;
and the State of Sao Paulo had the highest num-
ber of cases in the same year, with about 15 000
new cases’.

Five hundred and thirty thousand new cases
of TB cases in children up to 15 years old were es-
timated by WHO in 2012 worldwide, equivalent
to 6% of all cases, with 174,000 deaths from this
disease’. In Brazil, 15% of cases notified TB cases
occur in children under 15 years old®”.

The number of cases of TB in children is di-
rectly related to the prevalence of the disease in
adults, reflecting the continued transmission in
the community. Thus, the presence of the disease
in children should be seen as a sentinel to the
public health, because it refers to a recent infec-
tion due to contact with contagious adults®.

Geo referencing of health events is very im-
portant for analysis and evaluation of risks to the
public health and the use of thematic maps can
explore local and regional determinants of cer-
tain events and establish associations between
these events and determinants, and evaluate in-
terventions®!!.

The aim of this study was to identify the spa-
tial pattern of incidence of tuberculosis in chil-
dren in the municipalities in the state of Sao Pau-
lo in two periods.

Methodology

An ecological and exploratory study was car-
ried out with data on the incidence rate of TB in
children 0-14 years old in the municipalities in
the state of Sdo Paulo. These data were obtained
from Datasus website covering the period from
2001 to 2010, and was divided into two periods:
2001-2005 and 2006-2010. Population data of
this age group were collected and incidence rates
of childhood TB cases per 100,000 inhabitants
were calculated. The digital base of municipali-
ties was obtained from Brazilian Institute of Ge-
ography and Statistics (IBGE)".

Moran’s index, with corresponding p-value
was calculated; this index calculates the spatial
correlation of the rates obtained and their values
range from -1 to +1. Values near zero indicate ab-
sence of spatial autocorrelation, the events are at
random. The closer to 1, the greater the similar-
ity between neighbors and negative values mean
that are dissimilar?’.

Difference in incidence rates of childhood TB
was obtained by subtracting the data of the first
period incidence, 2001-2005, from the second
period values, 2006 to 2010. Mean values for each
period were compared using Student’s ¢ test. Val-
ues of the population aged 15 or older who has a
high educational level were used to create rates
that indicate the proportion of the population
with this educational level; proportion values
of people who earn less than half the minimum
wage household income were also analyzed.
These data were obtained from Datasus website.

Kernel estimator created the density map of
the incidence rates of TB in children 0-14 years
old. The method is based on calculations of the
cases density (number of cases per area), pro-
ducing a surface where areas with probabilities
closer cases at higher risk, whose denominator
for rate is in another layer, the density of people
(inhabitants per area or population density) also
as continuous surface’. Kernel density maps,
with incidence rates of TB in children on both
periods, were built with 150 columns, quartic
function, density calculation and adaptive radius.
Both maps were categorized according to density
levels vary with color and tonality.

Thematic maps were constructed with the
incidence rates of TB in children; with differenc-



es in incidence rates, showing where there was a
worsening of the incidence rates of TB in chil-
dren and with rates of education and income.
Moran’s map identifying municipalities that de-
serve more attention from administrators was
also constructed.

Terra View 4.2.2 software released by INPE
was used. Alpha = 5% was the level of signifi-
cance.

Results

Two thousand eight hundred eighty-one new
cases of childhood TB were identified in the peri-
0d 2001-2005, in the cities of the Sao Paulo State;
these data represent an average incidence rate of
3.23 cases/100,000 inhabitants (SD = 6.56, rang-
ing between 0.00 and 67.70); 2513 new cases were
identified in the period 2006-2010, in 645 munic-
ipalities of Sdo Paulo; these data represent an av-
erage incidence of 2.13 cases (standard deviation
= 3.69 ranging between 0.00 and 22.95)/100,000
inhabitants. Comparing these rates, they are sig-
nificantly different (p-value < 0.01).

Thematic maps of the rates in the first and
second period are in Figure 1A (2001 to 2005)
and 1B (2006-2010), respectively. In the first pe-
riod, Figure 1A, municipalities located primari-
ly in the Paraiba Valley, coastal cities, Sdo Paulo
metropolitan region, Central region of the state
and far west region, where rates of childhood TB
are high, can be observed. The Northwest region
had lower rates. In the second period, Figure 1B,
there was little change, and it is possible to ob-
serve a decrease in the incidence rates of child-
hood TB in regions of the Paraiba Valley, coastal
cities, Sdo Paulo Metropolitan Region, Central
Region and the far west, but there was an increase
in these rates in the northern state, on the border
with the state of Minas Gerais.

The difference in incidence rates of child-
hood TB, subtracting the data of the first peri-
od of the values in the second period, identified
cities where there was an increase in these rates.
This difference in rates did not show any signif-
icant spatial autocorrelation because Im = -0.01
(p-value = 0.28). Large number of municipalities
(462) showed an increase in rates, but those in
the metropolitan region of Sao Paulo, municipal-
ities that border the Dutra Highway and coastal
cities (183) decreased (Figure 2).

The Kernel maps in Figure 3A and 3B show a
visual comparison analysis of the incidence rates
densities of childhood TB in the periods 2001-
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Figure 1A. Thematic map with incidence rates of
tuberculosis in children 0-14 years old in the period
2001-2005, Sao Paulo State, 2001-2010.
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Figure 1B. Thematic map with incidence rates of
tuberculosis in children 0-14 years old in the period
2006-2010, Sao Paulo State, 2001-2010.
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Figure 2. Difference in incidence rates of tuberculosis
in children 0-14 years old, Sao Paulo State, 2001-2010.

2005 and 2006-2010, and in the first, a greater
density was identified in the Metropolitan Re-
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Figure 3A. Kernel Maps of incidence of tuberculosis
in children 0-14 years old in the period 2001-2005,
Sao Paulo State, 2001-2010.
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Figure 3B. Kernel Maps of incidence of tuberculosis
in children 0-14 years old in the period 2006-2010,
Sao Paulo State, 2001 -2010.

gion of Sao Paulo, and the far west; in the second,
the high density remained only on the coastal cit-
ies and in the Metropolitan Region of Sdo Paulo.

Moran’s index calculated for the first time
presented an Im = 0.03 (p- value = 0.16), showing
no significant spatial autocorrelation. Moran’s
index calculated for the first time presented Im
= 0.03 (p- value = 0.16), showing no significant
spatial autocorrelation. Ten cities with priority
intervention were identified using Moran’s map
that identifies areas that deserve more attention
(map not shown); these show high rates, and are
located in the Metropolitan Region of Sado Paulo,
coastal cities and the far west.

In the second period, 2006-2010, Moran’s
index showed Im = 0.06 (p-value = 0.01) with
a positive spatial autocorrelation, even with Im

small value, this proved significant because it has
a large number cities. Moran’s map (map not
shown) identified 33 municipalities that must be
investigated, located in the Metropolitan Region
of Sao Paulo, coastal cities and in the far North.

The proportion values of the population
aged 15 or older who presents high education
level were placed on a map (map not shown); in
both periods cities with higher rates and higher
educational level are located in the Metropolitan
Region of Sao Paulo, coastal cities, Paraiba Valley
and upstate, following the edges of Dutra, An-
hanguera and Bandeirantes highways; these cities
have over 30% of the population with high edu-
cational level.

In the first period, largely on the state of Sdo
Paulo there were more than 50% of municipali-
ties with household income up to half minimum
wage. The metropolitan region of Sdo Paulo, mu-
nicipalities that border the Dutra Highway and
coastal cities had better income, with up to 40%
of the cities with low income according to the
map (map not shown). In the second period, this
region had 30% of cities with low income. The
rest of the state had rates of 40% to more than
50% of the cities with household income up to
half minimum wage (map not shown).

Discussion

This study identified spatial pattern for the dis-
tribution of rates of childhood TB in the state of
S3o Paulo in individuals up to 14 years old; it was
also possible to identify cities where there was an
increase in these rates and also those cities where
there was a decrease.

This is the first study carried out in the state
of Sdo Paulo using the tools of spatial analysis
with data on incidence of tuberculosis in children
up to 14 years old. The disease was approached
in two periods. This approach, mapping disease,
has been an important tool in the field of pub-
lic health with advances in analytical techniques
that have been developed in recent years''*>.

The Emergency Plan for Tuberculosis Con-
trol was released in 1996, but there were diffi-
culties in the decentralization process and for
expanding basic network since the formalization
of the program in 1999 The current National
Tuberculosis Control Program (NTCP) was ap-
proved and placed on the agenda public policies
in Brazil only in 2004'¢"”. Comparing the two pe-
riods there was a decrease in the incidence rates
of TB in children from the first to the second



period (3.23 for 2.13 cases/100 000 inhabitants),
possibly due to the implementation of the cur-
rent NTCP and strengthening the primary care
through access to diagnosis and treatment, which
may have contributed to the decline in incidence
rates of TB in the state of Sdo Paulo’.

Rates found in this study for the first and sec-
ond period are close to those found in the state of
Minas Gerais (3.52 to 3.35 cases/100 000 inhab-
itants). On the other hand, these rates are lower
than the rates found in the states of Rio de Janei-
ro (14,98-13.28 cases/100 000 inhabitants) and
Bahia (7.63 to 6.33 cases/100 000 inhabitants)'®.
In a study of 1996 data from the Sdo Paulo Parai-
ba Valley, the cities showed an incidence in this
age group of 10.4/100 000 inhabitants'®.

The thematic map with the difference be-
tween the rates according to the periods showed
an increased incidence of childhood TB in 462
cities in the state in the second period, and lower
rates occurred in 183 cities. Despite the decrease
in the number of cases and also lower rates of
TB incidence in the second period, there was an
increase in this rate in most cities; however the
decrease numerically exceeds the increase in in-
cidence rates of TB in this age group with the
greatest impact on reducing the rates that in-
crease them.

Nuclei of higher concentration of TB cases
were identified by Kernel estimator, and are lo-
cated in the metropolitan region of Sao Paulo,
coastal cities, Western and Northern State. In
the second period, with lower rates, there was
a change in the concentrations of cases, as evi-
denced by the Kernel estimator, but remaining
high in the metropolitan region of Sdo Paulo and
coastal cities, possibly because they are areas of
great expansion and human settlement.

In the first period, although Moran rate’s pre-
sented absence of significant spatial autocorrela-
tion, 10 cities were identified with a high priority
for intervention by managers, and are located in
the metropolitan region of Sao Paulo, coastal cit-
ies and two in the far west. In the second period
there is positive spatial autocorrelation, the map
showed 33 cities with high priority for interven-
tion, located in the Metropolitan Region of Sdo
Paulo, coastal cities, two in the far west and two
in the far north. Through this analysis, it was
possible to identify clusters of cities that should
be under investigation for decrease rates of TB
in childhood.

In this study the distribution of incidence
rates and the Kernel density of the highest rates
were in cities with better socioeconomic con-

ditions in the state of Sdao Paulo. Inequalities in
housing, income distribution and access to edu-
cation affect the disease in geographic areas char-
acterized by poverty pockets inside these coun-
ties and these unjust differences place groups at a
disadvantage in relation to the opportunity to be
and stay healthy".

Schooling in people’s lives reflected an access
to knowledge and ability to understand disease
prevention and prescribed therapy. The low in-
come and low educational level configure a set
of unfavorable socioeconomic conditions¥.
However, it is interesting to note that the regions
which have higher incidence rates of tuberculosis
in children do not coincide with areas of low in-
come and low education in the state of Sdo Pau-
lo, but in places where there are better conditions
and more access to education.

This fact can be explained because to notify
TB is compulsory; thus, in regions where there
are better wage conditions there may be better
access to health care. Whereas in regions with
low incidence of TB in childhood, the disease is
not being notified correctly. Unemployment, low
education level and low income are factors that
increase vulnerability to TB, so, that may hinder
access to health services to obtain a correct diag-
nostic’. The fact that higher rates in those cities
with better income and schooling exist would
be due to improved care in health facilities that
would count with more experienced technical
personnel who “think” about tuberculosis, and
with better infrastructure, could make more di-
agnosis of childhood TB.

The data source used — National Disease In-
formation Agency (SINAN) can be included as a
possible limitation of this study because it may
contain errors pointing out diagnosis, despite
being an official, stable and reliable source and
widely used in technical and scientific papers.
Ecological studies do not have individual infor-
mation on exposure and disease, and thus one
cannot evaluate the comorbidities'. It was diffi-
cult to compare the findings of this study with
others because there are few studies with the
same way of approach on tuberculosis in chil-
dren by using the state as an area study.

The epidemiological situation of TB in chil-
dren is another possible limitation. Difficul-
ties with access to health services and diagnosis
should also be considered. Underreporting of
cases of TB in children may occur due to the dif-
ficulty to confirm the diagnosis of TB in this age
group, since 80% of childhood cases are negative
on sputum examination®.
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This study provided information about the
spatial distribution of childhood TB new cases
in the cities of Sao Paulo, and it identifies cities
that should require intervention of municipal
and state management through decentralization
of TB for primary health care and increase cov-
erage of family health strategy, since childhood
TB refers to infection due to recent contact with
contagious adults. If the Program for Tubercu-
losis Control does not diagnose and treat early

tuberculosis in adults, it will not be reduced in
children.
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