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Abstract
BACKGROUND

Tuberculosis is the leading cause of global deaths from a single infectious agent. This study aimed to identify
areas of spatial and space-time risk for pulmonary tuberculosis, to identify areas with variation in the temporal
tendency for this event, and to identify factors associated with the epidemiological situation in one municipality.

METHODS

An ecological study carried out in Ribeirão Preto, São Paulo, Brazil. The population consisted of pulmonary
tuberculosis cases reported in the Tuberculosis Patient Control System between 2006 to 2017. To check the
behavior of tuberculosis over the period, the Seasonal Trend Decomposition using Loess decomposition method
was used. Spatial and spatiotemporal scanning statistics were used to identify risk areas, and Spatial Variation in
Temporal Trends (SVTT) was used to detect clusters with changes in the temporal trend. Finally, Pearson's chi-
square test was performed to identify factors associated with the epidemiological situation in the municipality.

RESULTS

Between 2006 and 2017, 1760 cases of pulmonary tuberculosis were reported in the municipality. With spatial
scanning, four groups of clusters were identi�ed with relative risks (RR) from 0.19 to 0.52 (95%CI:0.09-0.69); 1.73
(95%CI:1.49-1.99); 2.07 (95%CI:1.70–2.32) and from 2.68 to 2.72 (95%CI:2.00-3.77). With the space-time scan,
four clusters were also identi�ed with RR of 0.13 [2008-2013] (95%CI:0.03-0.26); 1.94 [2010-2015] (95%CI:1.77-
2.11); 2.34 [2006 to 2011] (95%CI:1.67-2.94) and 2.84 [2014-2017] (95%CI:2.50-3.90). With the SVTT, a cluster
was identi�ed with RR 0.11, an internal time trend of growth (+0.09%/year) and an external one of decrease
(-0.06%/year). Finally, three risk factors and three protective factors associated with the epidemiological situation
in the municipality were identi�ed, being: race/brown color (OR: 1.26), without education (OR: 1.71), retired (OR:
1.35), 15 years old or more of study (OR: 0.73), not having HIV (OR: 0.55) and not having diabetes (OR: 0.35).

CONCLUSION

The importance of using spatial analysis tools in the identi�cation of areas that should be prioritized is
highlighted, and greater attention is needed to individuals who �t the pro�le indicated as risk for the disease, in
order to undertake social and health actions in an attempt decrease the mortality of the disease.

Background
Tuberculosis is one of the oldest diseases in the world and is still the cause of illness for millions of people each
year. According to the World Health Organization (WHO), tuberculosis is the leading cause of death from a single
infectious agent in the world and is also the leading cause of death among people living with the human
immunode�ciency virus (PLHIV)[1].

It is estimated that in 2018 there were approximately seven million cases of tuberculosis in the world, with 57% of
these cases affecting males, 32% females and 11% children under 15 years of age. In addition to these alarming
statistics, the WHO still estimates that there were 1.2 million deaths from tuberculosis and more than 250,000
deaths caused by co-infection with tuberculosis and human immunode�ciency virus (TB-HIV)[1].
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Brazil occupies the 20th position among the 30 countries that concentrate 90% of the global burden of
tuberculosis, and in 2018, more than 73,000 new cases of tuberculosis were registered in the country, indicating a
detection coe�cient of 35.0 cases/100,000 inhabitants, 13,610 cases of retreatment and approximately 500 new
cases of drug resistance[2].

Tuberculosis can present in two forms, pulmonary and extrapulmonary. Pulmonary tuberculosis, in addition to
being the most frequent form, is the most important in terms of public health since it is responsible for the chain
of transmission of the disease. The main symptoms include fever, night sweats, fatigue, productive cough for
more than 3 weeks, and, in more advanced cases, hemoptysis[2].

The active search for respiratory symptoms and the rapid start of treatment are central elements for the control of
the disease, which allows for the early detection of pulmonary forms, but for extrapulmonary forms, their signs
and symptoms may vary according to the affected organs[3]. The exposure highlights the importance of
identifying areas of risk of tuberculosis occurrence in order to assist managers in making decisions for the
confrontation of the disease, especially in priority áreas.

It is known that the incidence of any disease changes over time and that the time trend also varies according to
the geographic region. Thus, the importance of monitoring the emerging spatial patterns and temporal risk trends
for tuberculosis is emphasized in order to provide additional information to help prevent, implement control
measures and address new health risks[4].

Therefore, this study aimed to identify areas of spatial and space-time risk for pulmonary tuberculosis, to identify
areas with spatial variation in temporal trends for this event and to identify factors associated with the
epidemiological situation of the municipality.

Methods
Research design and scenario

An ecological study[7] was carried out in Ribeirão Preto, a city in the interior of the state of São Paulo (SP).
Located 314 kilometers (km) from the capital, Ribeirão Preto has an area of approximately 650 square kilometers
(km²) and a high population density of 995.3 inhabitants/km². It also had an estimated population of 711,825
inhabitants in 2020, of which 99.7% live in urban áreas[8].

The ecological analysis units of the study are the census sectors in the municipality. The census sector is the
smallest territorial unit formed by a continuous area, located in an urban or rural area, with a de�ned size, number
of households and number of residents, and is used for the main Brazilian statistical surveys[9].

Figure 1 shows the geographical location of the municipality of Ribeirão Preto, which is divided into 972 census
sectors, however, for this study it was decided to use only the urban census sectors in the municipality,
corresponding to 956 units of analysis. The cartographic base of the census sectors in Ribeirão Preto was
obtained from the website of the Brazilian Institute of Geography and Statistics (IBGE)[9] free of charge.

Regarding tuberculosis, the city is considered one of the 22 priority municipalities in the state of São Paulo due to
the high number of cases; in the last nine years, there was an average of 196 cases/year, with an incidence rate of
around 35/100,000 inhabitants[10].
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The active search for respiratory symptoms with sputum smear collection and X-ray order is performed by all
basic health units (Ribeirão Preto has 44 health units in Primary Care), however, the treatment and monitoring of
the disease is carried out in the �ve specialized district infectology clinics. In addition, the directly observed
treatment is offered to all patients diagnosed with tuberculosis and is carried out by the outpatient teams[10].

Population

The study population consisted of all con�rmed cases of pulmonary tuberculosis reported in the Tuberculosis
Control System (TBWeb) from 2006 to 2017, made available by the Municipal Tuberculosis Control Program of
the Ribeirão Preto Municipal Secretariat.

It is worth mentioning that in Brazil, the noti�cation of tuberculosis is carried out through the Information System
for Noti�able Diseases (SINAN), however the state of São Paulo uses its own unique system for noti�cation and
monitoring of people with tuberculosis, but which also interfaces with SINAN. The system, called TBWeb, started
to be used effectively from the year 2006 and the noti�cations are made online, the main advantage being the
exclusivity of the medical record of each person noti�ed with tuberculosis and automatic communication in
cases of transfer and hospitalization[11].

It was adopted as a selection criterion that the noti�cation was carried out between 2006 and 2017, with only one
registration per person, the most current registration being selected if there was more than one entry in the system
and residents in an urban area of the city of Ribeirão Preto. It is noteworthy that only pulmonary tuberculosis
records were considered, so that extrapulmonary or concomitant forms (pulmonary and extrapulmonary forms
together) were excluded.

Analysis plan

Time series analysis

Initially, monthly time series of tuberculosis cases were constructed, referring to the period from January 2006 to
December 2017. To verify the behavior of the time series over the study period and also its trend, the
decomposition method called Seasonal Trend Decomposition using Loess (STL) was used, which is based on a
locally weighted regression[12]. This analysis was performed using RStudio software through the forecast
package[13].

Identi�cation of clusters

The georeferencing of pulmonary tuberculosis cases was performed using the Google Earth Pro® software in
order to obtain the geographical coordinates (latitude and longitude) of the residential addresses of the noti�ed
cases.

In order to identify areas at higher risk for pulmonary tuberculosis, the spatial analysis technique called scanning
statistics, developed by Kulldorff and Nagarwalla[14], was used.

The identi�cation of clusters was carried out by placing a circle of variable radius around the centroid of each unit
of analysis (census sector) and the number of observed and expected cases is calculated. This procedure is
performed until all centroids are tested and, when the value observed in the area enclosed by the circle is greater
or less than expected, it is called a cluster[15].
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It is considered as a null hypothesis that there is no high or low risk cluster, that is, the entire population has the
same probability of contracting pulmonary tuberculosis, regardless of its location; while the alternative
hypothesis assumes the existence of clusters that are areas in which the population would be more or less likely
to contract the disease[14].

Unlike the purely spatial scan that is based on circles, in the space-time scan, cylinders are created around each
centroid, in which the base of the circle remains the same, and additionally, the height of that cylinder re�ects the
period of time considered in the cluster, so as to move through time and space simultaneously[15]. Thus,
incorporating time as a variable of interest, it is possible to verify the existence of clusters in a given area, and
that in a speci�c period of time, there was a greater or lesser proportion of cases when compared to the other
areas analyzed[15].

Still referring to the analysis of cluster detection, the SVTT technique was also performed, which differs from the
other analyses presented by calculating the temporal trend of the clusters[4].

This analysis uses the same circles as the purely spatial scan, however, the SVTT does not seek to identify
clusters with a high or low number of occurrences of the event, but veri�es whether the time trend of the cases is
increasing or decreasing over time[15].

The time trend is calculated inside and outside the scan circle, in which we call the internal temporal trend (ITT)
the change in the time trend of the event within a cluster, and the external temporal trend (ETT) as the trend of all
other areas that do not belong to the cluster in question. Therefore, what is statistically signi�cant in this analysis
are the temporal trends and not the formation of a cluster as in spatial and space-time scanning[4,16].

In SVTT, it is considered as a null hypothesis when there is no difference in the temporal trends in the analyzed
areas and we have as an alternative hypothesis that the temporal trends are different.

The parameters used in the analysis of purely spatial scanning, space-time scanning, and SVTT were: discrete
Poisson model, no geographic overlap of clusters, circular-shaped clusters, 999 replications in the Monte Carlo
simulation, and the size of the exposed population was 8%, value stipulated by the Gini coe�cient in which the
number of cases is compared to the data of the base population and the expected number of cases in each
census sector is proportional to the size of the population at risk[15,17].

In addition, the relative risk (RR) and 95% con�dence interval (95% CI) of each cluster was calculated, allowing the
comparison of information in different areas, with the exception of SVTT because, as explained above, it is
emphasized that what is signi�cant in this analysis are ITT and ETT, so that the RR of the identi�ed cluster may
not be within the CI. Clusters with p <0.05 were considered statistically signi�cant.

The analyses were performed using SaTScan software version 9.3, and thematic maps were created using ArcGis
software version 10.5.

Descriptive and association analysis

In order to identify factors associated with the epidemiological situation that occurred in the municipality,
exploratory analyses (absolute and relative frequencies) were carried out, and then, the association of these
variables with the fact of living in a risk area identi�ed through the Pearson's chi-square analysis (X²) and for the
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variables that were statistically signi�cant (p <0.05), Odds Ratio (OR) and 95% CI were calculated using the IBM
SPSS version 25 software.

Results
Between 2006 and 2017, 2259 tuberculosis cases were reported in Ribeirão Preto, of which 1760 (77.9%) were
pulmonary tuberculosis. The minimum age of the cases was 2 months and the maximum was 102 years old, with
an average of 42 years old and a median of 41 years old.

Figure 2 shows the behavior of the pulmonary tuberculosis time series and its time trend over the study period, in
which it is possible to observe the presence of peaks and falls in certain periods of the years.

Then, in the stage of spatial analysis, of the 1760 cases of pulmonary tuberculosis reported in the period, 112
cases were excluded because they were residents of a rural area of the municipality, the address �eld on the
noti�cation form was blank, incomplete, or contained the address of units health and/or being a population
deprived of liberty, so that it was not possible to perform georeferencing. Therefore, of the 1760 cases of
pulmonary tuberculosis, 1648 cases (93.6%) were georeferenced and integrated in the following analyses.

With the application of the purely spatial scanning technique, it was possible to identify four groups of
statistically signi�cant clusters (p <0.01) (Figure 3), corroborating the alternative hypothesis that there are areas
in the municipality with a greater or lesser risk for illness from pulmonary tuberculosis.

Spatial cluster 1 (SC1), considered as protection for the event, presented RR: 0.19 to 0.52 (95% CI: 0.09–0.69),
composed of 238 census sectors in the eastern, western and central districts of the municipality, with a
population of 129,233 inhabitants, 131 expected cases and 215 cases of pulmonary tuberculosis, with an
average annual rate of 7.8 cases/100,000 inhabitants.

Spatial cluster 2 (SC2) with RR: 1.73 (95% CI: 1.49–1.99), was composed of 60 census sectors in the west district,
two census sectors in the central district, and two census sectors in the north district, with a population of 48,190
inhabitants, 131 expected cases and 215 cases of pulmonary tuberculosis observed, with an average annual rate
of 37.2 cases/100,000 inhabitants.

Spatial cluster 3 (SC3), presented RR: 2.07 (95% CI:1.70–2.32), was composed of 52 census sectors in the north
district and two census sectors in the central district, with a population of 34,919 inhabitants, 92 expected cases
and 180 observed cases of pulmonary tuberculosis, with an average annual rate of 44.6 cases/100,000
inhabitants.

Finally, spatial cluster 4 (SC4) with RR: 2.68 to 2.72 (95% CI:2.00–3.77), was composed of 24 census sectors in
the southern district, with a population of 20,243 inhabitants, 52 expected cases and 138 observed cases of
tuberculosis pulmonary disease, with an average annual rate of 59.9 cases/100,000 inhabitants.

With the space-time scan, it was possible to identify four statistically signi�cant clusters (p <0.01), one being
protective and three at risk for pulmonary tuberculosis (Figure 4). The space-time cluster 1 (STC1), considered as
protection for the event, presented RR: 0.13 (95% CI:0.03–0.26) between the years 2008 and 2013, was composed
of 87 census sectors in the eastern district, with a population of 46,781 inhabitants, 66 expected cases and 9
observed cases of pulmonary tuberculosis, with an average annual rate of 3.1 cases/100,000 inhabitants.
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The space-time cluster 2 (STC2) presented RR: 1.94 (95% CI:1.77–2.11) between the years 2010 and 2015, it was
composed of 58 census sectors in the west district, 4 in the north district, and two census sectors in the central
district, with a population of 48,190 inhabitants, 66 expected cases and 123 observed cases of pulmonary
tuberculosis, with an average annual rate of 42.6 cases/100,000 inhabitants.

The space-time cluster 3 (STC3), with RR: 2.34 (95% CI:1.67–2.94) and the period from 2006 to 2011, was
composed of 44 census sectors in the northern district, with a population of 27,700 inhabitants, 36 expected
cases and 82 cases of pulmonary tuberculosis observed, with an average annual rate of 51.8 cases/100,000
inhabitants.

Finally, space-time cluster 4 (STC4) (p <0.01) presented RR: 2.84 (95% CI:2.50–3.90) between the years 2014 and
2017, it was composed of 20 census sectors in the southern district, with a population of 19,386 inhabitants , 16
expected cases and 46 observed cases of pulmonary tuberculosis, with an average annual rate of 63.5
cases/100,000 inhabitants.

With the application of SVTT, it was found that the cases of pulmonary tuberculosis in Ribeirão Preto showed an
average decrease of 0.12% per year, making the �ndings presented in Figure 2 in which periods of peaks and falls
were clearer. Still, with this analysis, it was possible to identify a cluster with a statistically signi�cant variation in
the temporal trend (p <0.01) (Figure 5).

The cluster with spatial variation in temporal trends 1 (SVTT1) has RR: 0.11 and was composed of 13 census
sectors in the eastern district of the municipality, with a population of 6,223 inhabitants, 17 expected cases and 2
observed cases of pulmonary tuberculosis, with an average annual rate 2.6 cases/100,000 inhabitants. The
cluster, classi�ed as protection for the event, presented an ITT of growth (+0.09% per year), while the ETT
indicated a decrease (–0.06% per year).

Finally, Table 1 shows the clinical-epidemiological pro�le of all pulmonary tuberculosis cases reported in Ribeirão
Preto from 2006 to 2017 and the clinical-epidemiological pro�le of cases of pulmonary tuberculosis resident in
the clusters identi�ed with the techniques of the scan applied.

From the analysis of X² and OR it was possible to identify three risk factors and three protective factors
associated with the epidemiological situation in the municipality. In the identi�ed areas, people of race/color
brown are 1.26 times more likely to fall ill with pulmonary tuberculosis, as well as people without any study (OR:
1.71) and retirees (OR: 1.35).

Higher education (15 years or more of study) was identi�ed as a protective factor against tuberculosis in the
identi�ed areas (OR: 0.73). Also classi�ed as protection for the event are human immunode�ciency virus (HIV)
negative people who do not have diabetes (OR: 0.55 and 0.35, respectively).

Table 1. Clinical and epidemiological pro�le of pulmonary tuberculosis cases and factors related to living in a risk
area, Ribeirão Preto, SP, Brazil (2006–2017)

Discussion
When analyzing the time series of pulmonary tuberculosis cases between 2006 and 2017, it was possible to
observe a series of undulations in its temporal trend, which was later classi�ed through the SVTT, which indicated
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an average decrease of 0.12% per year of pulmonary tuberculosis in Ribeirão Preto.

In Brazil, in general, between 2009 and 2018 there was an average annual drop of about 1% in the incidence rate
of tuberculosis in the country[18], therefore, this drop in pulmonary tuberculosis cases in Ribeirão Preto may be a
re�ection of actions and policies to combat tuberculosis that may be successful. However, it is worth highlighting
the possibility that new cases may not be being diagnosed and/or reported and that this time trend is considered
to be decreasing as an alert so that municipal managers can identify situations in which the reported data differ
from the real behavior of the disease in the municipality[19].

With the analysis of purely spatial scanning, it was possible to verify the formation of clusters in areas that can
be considered at risk for the occurrence and transmissibility of pulmonary tuberculosis.

SC4, classi�ed with the highest RR (RR: 2.68 to 2.72), was located in the southern district where the largest
subnormal agglomerate in the number of residents is found in the municipality, and it is noteworthy that Family
Health Units have not yet been implemented in this área[20–21]. SC3 (RR: 2.07), located mostly in the northern
district, is the region with the highest population density in the municipality and also concentrates the largest
number of residents per residence. It is noteworthy that in this district, there is a settlement of rural workers and
this region also concentrates the largest number of subnormal agglomerates (slums) in the city[21].

The SC2 (RR: 1.73) identi�ed in the western district of the municipality, which also had an area classi�ed as
protection against pulmonary tuberculosis, has one of the lowest municipal human development rates in the city,
with the population receiving mostly two minimum wages. It is the region with the largest number of health units
and has the highest percentage of exclusive users of the Uni�ed Health System (SUS) in the city[21].

Finally, SC1 was classi�ed as protection for the event (RR: 0.19 to 0.52) and located in the eastern, western, and
central districts. It is noteworthy that the center of Ribeirão Preto had the lowest density of inhabitants per
residence and presents mainly commercial properties. In the eastern district, the population has the highest
municipal income and also the highest level of education. It is noteworthy that this region has areas of expansion
of high standard condominiums, however, there are also population clusters with lower socioeconomic resources
that deserve attention[20–21].

As already explored by other studies[22–25], the close relationship between tuberculosis and social vulnerability
is emphasized and, in this way, it is understood that the understanding of tuberculosis as a disease related to the
social determinants of health can help to expand strategies for coping with it.

With the use of the space-time scanning statistics, four statistically signi�cant clusters were identi�ed; one for
protection (STC1; RR: 0.13) between the years 2008 and 2013 in the eastern district, which may indicate that
during this period there were improvements in surveillance services in health, such as awareness campaigns and
active search for respiratory symptoms or even if there were fewer diagnoses of the disease in this period or no
noti�cation of new cases.

With the association analysis, it was identi�ed that, in the risk areas classi�ed in the municipality, people of brown
race/color were 1.26 times more likely to get sick with pulmonary tuberculosis. Other studies have shown that
people of mixed race/color are less likely to be cured[31] and that the mortality rate from tuberculosis is growing
in this population[32].
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No plausible biological justi�cation or relationship was found in the literature to justify this difference between
brown race/color and other classi�cations, but the construction of Brazilian Society[33] and the social
determinants of health[34] must be taken into account.

It is worth mentioning that in Brazil, the data on racial characteristics are obtained through self-declaration, so
that it is the population itself that attributes the racial identity according to the IBGE classi�cation, and it is also
highlighted that it is expected that the number of self-declared blacks is less than browns due to miscegenation,
characteristic of the Brazilian people.

Thus, a study identi�ed that, in general, the living conditions of black and brown people in Brazil were always
worse than those of the white population[35–36], so that, since the period of slavery, this population has been
subjected to a greater burden of tropical diseases and illnesses and that this racial history of socioeconomic
exclusion and precariousness in health re�ects a set of disadvantages that, even today, can be observed in terms
of social and health indicators[36–37].

The WHO highlights that this construction of racial differences is the basis for social and discriminatory divisions
in various territories and contexts, and emphasizes that this racial division used is a social and not a biological
category. In societies that have this marked characteristic of racial decriminalization, generally that group
belonging to a certain category tends to be marginalized, so that this conformation affects all aspects of the
individual's life, resulting in signi�cantly worse health status than those belonging to other racial groups[34].

In addition, as a risk factor, it was identi�ed that retirees living in classi�ed areas were 1.35 times more likely to
become ill from pulmonary tuberculosis. This increased risk can be justi�ed by the fact that the majority of
retirees are elderly people, and aging is associated with a series of changes in the body and organism, in addition
to the greater risk for diseases associated with age such as cancer, heart disease and from infectious diseases,
since there is a lower immune system with age[38–39].

It was also identi�ed that people without any education had 1.71 times more chance, and people with high
schooling (15 years or more of study) have less chance (OR: 0.73) of falling ill with pulmonary tuberculosis in
high-risk areas in the municipality. In a literature review[40] conducted with the aim of relating the level of
education to infection with Mycobacterium tuberculosis, it was identi�ed that the educational level of people with
tuberculosis is directly related to income, highlighting the relationship between tuberculosis and social conditions
of life.

With low education, the majority of people affected by tuberculosis have professional activities consistent with
the level of education they have as domestic employees, drivers, and construction workers. In addition, a review
study[40] added that, generally, these people live in risky places, have inadequate food, and suffer deprivation of
access to basic services (piped water, sewage network), which can negatively in�uence the immune system of
individuals who live in such contexts.

Finally, it was also classi�ed as protection for the event to be HIV negative and not to have diabetes (OR: 0.55 and
0.35, respectively). It is known that HIV is an aggressive virus that attacks the immune system and, thus, the
chances of contracting opportunistic infections such as tuberculosis are signi�cantly increased. The impact of
TB-HIV co-infection on the body is bidirectional as HIV increases the risk of infection and progression of
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tuberculosis, and tuberculosis slows the recovery of TCD4 cells destroyed by HIV, which increases the progression
of the disease to AIDS and, consequently, deaths from tuberculosis in PLHIV[41–43].

The same happens in the case of people with tuberculosis and diabetes because tuberculosis makes glycemic
control di�cult and, in turn, high blood glucose aggravates tuberculosis[44–45]. It has been identi�ed in
studies[44–45] that people with diabetes have a 2.44 to 8.33 times greater chance of developing tuberculosis
than those without the disease. This occurs because people with diabetes have decreased cellular and humoral
immunity, in addition to hyperglycemia and cellular insulinopenia that have effects on the function of
macrophages and lymphocytes, thus increasing the chance of infections[46–48].

With regard to limitations of this study, it was an ecological study; the so-called ecological fallacy stands out in
that, because variables are used at the aggregate level, the results may not represent associations at the
individual level[49]. It is also worth mentioning the use of secondary data sources, which may include incomplete
data or typos.

In view of the above, using statistical techniques and spatial analysis to understand the behavior of the disease
over time and the location of areas in the municipality in which tuberculosis is a problem, the characteristics of its
surroundings, and to estimate the population at risk can assist managers in making assertive decisions, so that it
becomes easier to understand the process about the chain of transmission of the disease and the entire context
in which that population is inserted.

Conclusions
With the present study, it was possible to trace the behavior of tuberculosis over time in Ribeirão Preto, an
endemic municipality and considered a priority for tuberculosis control and from the use of spatial analysis tools,
areas were identi�ed in which new efforts and measures should be prioritized, highlighting the active search for
respiratory symptoms and their communicants, in addition to public awareness campaigns and education on the
subject.

It is also necessary to pay more attention to individuals who �t the pro�le with characteristics indicated as risk for
the disease, with emphasis on people of race / brown color, with low education, the elderly, PLHIV and diabetes, in
order to undertake social and health actions. in an attempt to decrease the mortality of the disease, which mainly
affects these most vulnerable populations.
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Variables All reported cases

N (1760)

(%)

Cluster resident cases

N (680)

(%)

Pearson's chi square

X²

(P-value)

Odds Ratio

(95%CI)

Age

0 to 14 years 74 (4.2%) 32 (4.7) 0.69 (0.41) NA

15 to 59 years 1393 (79.1) 541 (79.6) 0.11 (0.73) NA

60 years or older 277 (15.7) 100 (14.7) 0.89 (0.34) NA

Ignored 16 (0.9) 7 (1.0) NA NA

Sex

Male 531 (30.2) 468 (68.8) 0.53 (0.47) NA

Female 1229 (69.8) 212 (31.2) NA NA

Race/color

Yellow 2 (0.1) NA 1.26 (0,26) NA

White 704 (40.0) 267 (39.3) 0.25 (0,62) NA

Brown 331 (18.8) 143 (21.0) 3.58 (0,05) 1.26 (0.99–1.61)

Black 141 (8.0) 50 (7.4) 0.65 (0,42) NA

Ignored 582 (33.0) 65 (9.6) NA NA

Years of study

No study 80 (4.5) 36 (5.3) 5.26 (0.02) 1.71 (1.53– 1.95)

1 to 3 years 160 (9.1) 65 (9.6) 0.29 (0.59) NA

4 to 7 years 500 (28.4) 198 (29.1) 0.27 (0.60) NA

8 to 11 years 241 (13.7) 77 (11.3) 1.43 (0.23) NA

12 to 14 years 51 (2.9) 15 (2.2) 1.88 (0.17) NA

15 years or more 29 (1.6) 17 (2.5) 4.96 (0.02) 0.73 (0.55– 0.98)

Occupation

Formal work 141 (8.0) 55 (8.1) 0.01 (0.92) NA

Informal work 194 (11.0) 71 (10.4) 0.38 (0,53) NA

Retired 27 (1.5) 5 (0.7) 4.68 (0.03) 1.35 (1.13– 1.94)

Unemployed 128 (7.3) 50 (7.4) 0.01 (0.91) NA

Ignored 1270 (72.1) 498 (73.2) NA NA

HIV
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Positive 313 (17.8) 117 (17.2) NA NA

Negative 1447 (82.2) 563 (82.8) 4.38 (0.03) 0,55 (0.08–0.63)

Diabetes

Yes 84 (4.8) 39 (5.7) NA NA

No 1676 (95.2) 641 (94.3) 2.25 (0.03) 0.35 (0.09– 0.73)

Alcoholism

Yes 365 (20.7) 144 (21.2) NA NA

No 1395 (79.3) 536 (78.8) 0.12 (0.71) NA

Mental disease

Yes 34 (1.9) 18 (2.6) NA NA

No 1726 (98.1) 662 (97.4) 2.99 (0.08) NA

Drug addiction

Yes 209 (11.9) 91 (13.4) NA NA

No 1551 (88.1) 589 (86.6) 2.40 (0.12) NA

Smoking

Yes 123 (7.0) 52 (7.6) NA NA

No 1637 (93.0) 628 (92.4) 0.73 (0.39) NA

Figures
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Figure 1

Geographic location of Ribeirão Preto, SP, Brazil (2020).
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Figure 2

Series and time trend of pulmonary tuberculosis cases, Ribeirão Preto, SP, Brazil (2006–2017).

Figure 3

Areas of spatial risk for the occurrence of pulmonary tuberculosis, Ribeirão Preto, SP, Brazil (2006–2017).
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Figure 4

Space-time risk areas for the occurrence of pulmonary tuberculosis, Ribeirão Preto, SP, Brazil (2006–2017).
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Figure 5

Areas with spatial variation in temporal trends for the occurrence of pulmonary tuberculosis, Ribeirão Preto, SP,
Brazil (2006–2017).


