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Abstract
BACKGROUND

According to the World Health Organization, there are approximately one million cases of tuberculosis in the world's child population, and the disease is
responsible for 130.000 deaths per year, which makes tuberculosis one of the top 10 causes of death in children in the world. The objective of the study was to
identify areas of risk for the appearance of tuberculosis in children and their association with social inequalities in a municipality in southeastern Brazil.

METHODS

Ecological study conducted in Ribeirão Preto, Brazil. To identify areas of spatial risk for tuberculosis in children, we use the technique of spatial scanning
statistics. To analyze the association of cases of childhood tuberculosis with social vulnerability, the Social Vulnerability Index of São Paulo was used and
four explanatory statistical models were listed.

RESULTS

96 cases of childhood tuberculosis were reported, of which 90 were geocoded. A risk area was identi�ed in the municipality, where children under 15 years old
have 3.14 times more risk of contracting tuberculosis than outside this area. Of the models tested, the Zero-In�ated Poisson probability distribution was the
one that best suited the nature of the variables. The variables identi�ed as risk factors were: number of private and collective households; Proportion of
children aged 0 to 5 in the population; Proportion of households without per capita income; Proportion of private households with monthly nominal incomes
of up to 1/4 minimum wages. The variables identi�ed as possible protection factors, there was a proportion of women responsible for the household under 30
and an average income of women responsible for the household.

CONCLUSION

The study showed areas of risk for the occurrence of tuberculosis in children. Although the study was conducted in a city with satisfactory social indicators,
income distribution is quite uneven, as the �ndings reveal. The study is in line with the End TB Strategy and the 2030 agenda, which aims to support strategic
actions and, therefore, save the lives of children through the systematic, intensi�ed and comprehensive search of children with tuberculosis respiratory
symptoms in the community.

Background
Tuberculosis (TB) is a serious global health problem that remains a challenge for public health policies [1]. According to the World Health Organization (WHO),
there are approximately one million cases of TB in worldwide childhood population (about 11,000 cases in Brazil) [2].

The main challenge related to childhood TB is its diagnosis, which is made di�cult by the absence of a test that can be considered the gold standard.
However, the con�rmation of the disease in the pediatric age group is a sentinel event that warns of the presence of tuberculous adults in the child's life [3].

Thus, it is important to identify areas where children are falling ill with TB because it is an alert to the need for active search for sick adults at home whenever
a child with TB is identi�ed, as failure to detect the adult source of the disease, besides compromising the child's own treatment (susceptible to reinfection) is
also a public health problem because it enables the disease to be transmitted to other adults as well [3].

Also according to the WHO, there are economic, social, cultural, ethnic/racial, psychological and behavioral factors that interfere with the onset of diseases
and these factors are attributed to the persistence in the population of infectious diseases, such as TB even in the present days. Studies reinforce the
assumption that social vulnerability may be associated with the occurrence and distribution of TB [4, 5].

In general, most studies have analyzed the behavior of TB in the general population and little emphasis has been placed on children; identifying areas where
children fall ill with TB and their social determinants is an important knowledge gap. Therefore, aims to identify areas of risk for the occurrence of TB in
children and their association with social inequalities in a city in southeastern Brazil.

Methods
Ecological study carried out in one city of the state of São Paulo, Brazil. The study population consisted of cases of children diagnosed with tuberculosis and
reported on TBWeb (TB case reporting system used in the state of São Paulo) from 2006 to 2017. All con�rmed cases were considered in children under 15
(age range considered a priority group for TB treatment) years of age living in Ribeirão Preto and only one registration per person.

To identify areas of spatial risk for TB in children, we use the technique of spatial scanning statistics using SatScan® software version 9.5. As a criterion, we
use a discrete Poisson model, without geographical overlapping of clusters, circular shape, 999 repetitions and size of the exposed population stipulated by
the Gini coe�cient [6]. For statistically signi�cant clusters, p < 0.05 was adopted and the 95% con�dence interval (95% CI) was estimated.

To analyze the association of cases of childhood TB with social vulnerability, we use the Social Vulnerability Index of São Paulo (SVI), which classi�es the
census sections of the municipalities of São Paulo into Social Vulnerability Groups (SVG); These indexes were constructed based on variables from the 2010
Census of demographic and socioeconomic dimensions.

In the analyzes, the variables were tested for Variance In�ation Factors (VIF). A value greater than 10 was adopted as indicative of multicollinearity [7]. After
this selection, the remaining variables were dichotomized by their own medians, assigning 1 for values   less than or equal to the median and 2 for values   
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greater than the median.

Taking into account the dependent variable (total of children with tuberculosis) as a count, four explanatory statistical models were listed with the following
probability distributions: Poisson, Negative Binomial (BN), Zero-In�ated Poisson (ZIP) and Zero-In�ated Negative Binomial (ZINB). The objective of using four
different models was to verify the best adequacy of modeling in view of the nature of the data used [8].

The best model was weighted from the lowest values   of the Akaike Information Criterion (AIC) [9]. It is noteworthy that for the model with the best comparison
parameters, the Odds Ratio (OR) and the respective 95%CI were calculated. The 5% type I error was �xed as statistically signi�cant (p < 0.05).

Results
96 cases of childhood TB were reported, of which 90 were geocoded (93.75%). A space risk area was identi�ed (p: 0.006) (Fig. 1), which shows RR = 3.14 (95%
CI = 2.05–4.84)   that involves 167 census sections in the Central, West and South districts, 33 cases of childhood TB and population of 17.794 children (under
15 years old).

Figure 1. Area of   space risk for childhood tuberculosis, Ribeirão Preto (2006–2017).

Source: authors' �le.

For statistical modeling, according to the criteria for the selection of VIF, variables with values   greater than 10 were excluded (like Average residents in
permanent private housing units, Average household income of permanent private housing units, Ratio of household income per capita 1/8 to 1/2 SM and
Proportion of responsible for 10 to 29 years) and, in addition, �ve variables were excluded due to their total separation, making modeling impossible.
Therefore, 14 variables were included in the multiple model. Of the models tested, the ZIP probability distribution was the one that best suited the nature of the
variables following the lowest AIC criteria (581.77).

In the �nal model, there were eight variables, six of them signi�cant: number of private and collective households; Proportion of children aged 0 to 5 in the
population; Proportion of households without per capita income; Proportion of private households with monthly nominal incomes of up to ¼ minimum wages;
Proportion of women responsible for household under 30 years; Average income of women in charge of the household.

In relation to the coe�cients of the explanatory variables of the ZIP counting model, the variables identi�ed as risk factors were: number of private and
collective households (OR: 6.55; 95% CI: 1.75–24.28); Proportion of children aged 0 to 5 in the population (OR: 3.09; 95% CI: 1.25–7.61); Proportion of
households without per capita income (OR: 1.78; 95% CI: 1.12–2.82); Proportion of private households with nominal monthly income of up to ¼ minimum
wages (OR: 2.77; 95% CI: 1.10–7.02).

Regarding the variables identi�ed as possible protection factors, there was a proportion of women responsible for the household under 30 years old (OR: 0.31;
95% CI: 0.10–0.33) and the average income of the women responsible for the home (OR: 0.04; 95% CI: 0.01–0.33). Finally, the ZIP distribution model did not
identify variables associated with these cases.

Source: authors' �le.

Table 1
Explanatory model for cases of childhood tuberculosis following the distribution of Zero-In�ated Poisson (ZIP), Ribeirão Preto, São Paulo, Brazil (2006–

2017).
Variables

(median)

Coe�cient Pvalue OR (95% CI)

Private and collective homes(> 85) 1.88 0.005 6.55 (1.75–24.28)

Average residents in permanent private housing units(> 3) -0.69 0.06 -

Proportion of children from 0 to 5 years in the population(> 5) 1.13 0.01 3.09 (1.25–7.61)

Proportion of households without per capita income(> 0.6) 1.75 0.01 1.78 (1.12–2.82)

Proportion of private households with monthly nominal incomes of up to 1/4 minimum wages(> 48.6) 1.02 0.02 2.77 (1.10–7.02)

Share of household income in household income(%)(> 69) -0.53 0.50 -

Proportion of female heads of household under 30(> 69) -1.15 0.04 0.31 (0.10–0.91)

Average income of household heads(> 2,344) -3.19 0.002 0.04 (0.01–0.33)

Discussion
The study aimed to identify areas of risk for the appearance of TB in children and their association with social inequalities in a city in southeastern Brazil.
When analyzing the statistics, an area was identi�ed in which children have a 3.14 times greater risk of TB than in other areas of the municipality. This area is
localized in the Central, West and South regions.
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In the Central District are the oldest districts of the municipality and its most striking feature is to have the largest number of homeless people in the
municipality, being a serious public health problem. The western district, on the other hand, has a large number of slums and a large number of residents per
household; the predominance is of midle economic class. Referring to the Southern District, it is the largest subnormal group in number of residents with a
predominance in midle-low economic class [10].

Of the explanatory models tested, the ZIP model was the one that best �t the data according to the pre-established criteria. As a result, it was identi�ed that
children living in census sections that have more than 85 private and collective households (OR: 6.55), the proportion of households with no per capita income
greater than 0.6 (OR: 1.78) and the proportion of private households with income, nominal wages of up to ¼ of the minimum wage greater than 48.6 (OR:
2.77) have a higher risk of TB. The in�uence of living conditions on the transmission of TB still persists and highlights the image of socioeconomic
inequalities that result in social inequities [11].

It has also been identi�ed that places whose proportion of children from 0 to 5 years in the population is over 5 (OR: 3.09) is a probable risk factor for TB. This
may be related to the immaturity of the immune system itself; studies have shown that environmental and even food antigens induce the body to produce its
own immunoglobulins. The child's immune system is considered immature and more vulnerable to the disease until the maternal antibodies have decreased
and his own body produces its antibodies; This should occur until the age of �ve years [12]. In 2015, TB caused the death of 210.000 children worldwide, and
80% (191.000) of these deaths occurred in children under �ve years [13].

A systematic review of the subject indicates that changes in TB incidence rates are more associated with variations in socioeconomic indices and consequent
change in the general health status of the population than in health services variables [11].

The variables identi�ed as protection, there are the proportion of women responsible for the household under 30 years of age over 69 years (OR: 0.31) and the
average income of women responsible for the household over 2.344 BRL (OR: 0.04).

According to The Brazilian Institute of Geography and Statistics data, there is a growing trend in the proportion of women who become pregnant after age 30
and women under 30 are likely to have fewer children [14]. A study by San Pedro and Oliveira (2013) found that low income increases vulnerability to TB by
re�ecting unequal access to information, consumer goods and health services [11]; therefore, increasing income tends to decrease vulnerability to disease.

Among the limitations of the study is the use of secondary data sources that can lead to incomplete data or writing errors.

The study showed areas of risk for the occurrence of tuberculosis in children. Although the study was conducted in a city with satisfactory social indicators,
income distribution is quite uneven, as the �ndings reveal. The study is in line with the End TB Strategy and the 2030 agenda, which aims to support a
strategic agenda for action and, therefore, save the lives of children through the systematic, intensi�ed and comprehensive search of children with
tuberculosis respiratory symptoms in the community.

Conclusion
Advances in knowledge by highlighting areas of risk for the occurrence of TB in children and the relationship with inequality. It is worth mentioning that there
are probably bacilliferous adults in these regions still unknown by health services, so these areas should be treated as priorities for the active search of cases,
which may affect epidemiological indicators in the municipality.

Therefore, TB is still a problem closely linked to living conditions, as it suffers a marked and persistent in�uence of socioeconomic and cultural factors and
worsens the rates of social inequalities and inequities.
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Figure 1

Area of space risk for childhood tuberculosis, Ribeirão Preto (2006-2017).
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