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Abstract: Investigate the spatiotemporal patterns of AIDS 
and tuberculosis (TB) incidents  cases of between the 
years 2006 to 2012 in São Paulo city, SP, according to its 
96 Administrative Districts, as well as their associations 
with the characteristics of income. This is an ecological 
study, and the tools used to incidence rates estimation and 
analysis of data is Bayesian regression models that 
incorporate spatial and temporal effects. These models 
include random effects with a CAR distribution 
(conditional autoregressive) bivariate normal that capture 
the influence of adjacent fields on the number of cases 
reported in each region, according to sex. Estimates of the 
model parameters were obtained by stochastic simulation 
method MCMC (Monte Carlo Markov Chain). The 
spatiotemporal pattern shows the reverse pattern of the 
Income association with TB, and AIDS with TB in space 
in relation to incident cases in men. The results are useful 
to support the policy planning and health actions directed 
to the AIDS and TB in areas and at-risk populations in 
São Paulo. 
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1. INTRODUCTION 
 

 
Tuberculosis (TB) remains the major problem of 

public health worldwide, with millions of notifications 
each year. To the disease is the second leading cause of 
death from infectious disease worldwide, behind only the 
human immunodeficiency virus (WHO, 2014). According 
to the World Health Organization (WHO), there were 9 

million new TB cases in 2013, 1.5 million deaths; of 
these, 1.1 million in HIV-negative people and 0.4 million 
among HIV-positive people. TB is an infectious disease 
caused by Mycobacterium tuberculosis (Koch's bacillus), 
being spread through the air when people suffering from 
pulmonary TB bacillus, eliminate the bacilli, by coughing. 
The case detection and treatment is considered the most 
effective control measures for disease control. It is known 
that only 5 to 10% of people infected with Koch's bacillus 
develop the disease, which is more likely among people 
infected with HIV (Oliveira et al., 2004; WHO, 2014) and 
more frequent among men than women (Holmes et al, 
1998;. Borgdorff et al., 2000). HIV and Mycobacterium 
tuberculosis are among the most lethal human pathogens 
worldwide. In addition, the synergy between HIV and TB 
(coinfection HIV / TB) is a major threat to public health in 
developing countries (Espert, Beaumelle & Vergne, 2015) 
.In areas of high HIV prevalence, TB can not be prevented 
and effectively treated without the prevention and 
treatment of HIV / AIDS. The treatment of latent 
tuberculosis infection, in patients infected with human 
immunodeficiency virus is effective but worldwide have a 
joint processing deficit (Martinson et al., 2011). On the 
other hand, the actions directed for TB control are of 
fundamental importance in the effectiveness of planned 
actions of HIV / AIDS (Jamal and Moherdaui, 2007) 
 

 
2. METHODOLOGY 
 
It is an ecological epidemiological study of spatio-
temporal analysis. Where we will be studied new 
cases of tuberculosis and AIDS, in São Paulo, 
southeastern Brazil, in 96 Administrative Districts 
(AD), in the period 2006 to 2012. The information 



relating to AIDS new cases were obtained by 
TABNET / DATASUS , and tuberculosis were 
obtained by the TB-Web. crusades were the 
incidence of disease information with per capita 
income, assuming that TB is notoriously linked to 
poverty (Hawker et al., 1993; Jeremy et al, 1999), 
and aspects of social inequality in urban 
conglomerates (Ruffino -Netto; 2002), this work has 
the interest to understand this relationship together 
in time, space and the diseases in question. For the 
statistical analysis in question Yikst consider the 
number of incident cases in the administrative 
districts i (i = 1, ..., 96) and t years (t = 2006, ..., 
2012), s by sex  (s = 1 if male and s = 2 are female) 
and k diseases (k = 1 if k = 2 TB to AIDS). The 
statistical model that considers Yikst is a random 
variable that follows a Poisson distribution with 
expected value Nikst * θikst. In the case of count 
data, mathematically, the statistical model is written 
as: Yikts | Nikts, θikts ~ Poisson (Nikts * θikts) where Nitk 
is the number of inhabitants of the i District 
Administrative,  in year t, s by sex and  k for disease, 
where  θikts is a parameter to be estimated by the 
model on the incidence rate disease for each district, 
year, disease and gender. It uses a link function of 
the logarithmic type to estimate the incidence rate, 
considering the space, time, disease and sex, defined 
as:  
ln (θitk) = + αkt WKI + βkst.                                   (1) 
We use Bayesian approach with a priori distributions 
of uninformative type. Thus, αkt is a constant 
intercept for each sex, and year following a 
multivariate normal distribution with arrays 
unstructured WKI is a spatial random effect 
following conditional bivariate autoregressive 
distribution, which allows correlations between 
nearby areas in space are larger also considering the 
information between diseases and βkst follows a 
normal distribution with mean 0 and variance 
structured according to a gamma distribution with 
the hyper = 0.1 and b = 0.1. To compose the 
measurement of covariate per capita income, 
multiply the βkst the covariate of interest.  
We use intensive simulation methods with the 
MCMC algorithm (MCMC), with the support of 
Openbugs program, and additional module Geobugs. 
Where 100,000 samples were obtained. Considered a 
burn-in of size 10,000, to eliminate the effect of the 
initial values in the algorithm, and used 10 size 
jumps to minimize the effects of autocorrelation 
between successive samples of the posterior 
distributions of all model parameters. It was 
considered percentiles of 2.5% and 97.5% for the 
credibility intervals (95% CI) for the parameter of 
interest. The convergence was verified by the usual 
graphic diagnosis (correlogram and trace the graph), 
with the support of software and choosing the best 

model among many was considered ordinary 
predictive conditional (CPO). Thematic maps were 
obtained with the help of R software (version 2.14). 
 
 
3. RESULTS AND DISCUSSION 
 
By studying the crude rates incidence  of AIDS and 
TB, during the years 2006-2012, for females and 
males.  
 

 
 
Figure 1: Adjusted rate incidence by AIDS and TB in 

women, São Paulo city-Brazil. 
 
 
 
 
 



 

 
 
Figure 2: Adjusted rate incidence by AIDS and TB in 

men, São Paulo city-Brazil. 
 
It is observed in Figure 1 and 2, that in women the 
highest incidence rates are concentrated in the 
Midwest, but with shredded information, ie without 
a clear spatial distribution. With respect to male the 
highest TB incidence rates appear in the southern 
peripheral regions, east and north, inversely 
observed in AIDS incidence rates, which are the 
lowest incidence rates. In other words, showing the 
incidence of inverse spatial pattern in space which is 
maintained over time with subtle changes. After 
adjusting the incidence rates by Bayesian 
spatiotemporal model, there is a smoothing of these 
rates.  
 
For females, we can see that the adjusted incidence 
rates focus on "center" districts of the city under 
study, in contrast to AIDS incidence rates, describes 
a border around this center with the second highest 

rate of incidence of disease. For males the highest 
AIDS incidence rates are in the central areas, and the 
lowest AIDS rates in peripheral areas; TB there are 
higher rates in the peripheral regions, indicating that 
the peripheral regions, supposedly with less 
economic power, are the most affected by TB than 
AIDS. The correlation between the diseases 
according to the spatio-temporal model is 0.41 (CI: 
0.22 to 0.68), identifying the association between the 
disease happens moderately, so as increases AIDS 
incident cases also shows up an increase in TB 
incident cases in the period and the population 
studied. 
Limitations of this study involve important aspects 
such as the quality of the data because the 
information comes from secondary databases 
available in health systems as TABNET and TB-
Web. And also because it is a study of grouped 
information, ecological type, and can not generalize 
our findings to the individual level information.By 
comparing the information of the two diseases with 
per capita income, we can observe evidence of the 
association of income with TB cases, in inverse. 
That is, the districts that have the highest TB 
incidence rates as well have the lowest per capita 
income, there was no association of evidence of per 
capita income with AIDS incidence rates. The trend 
between income per capita and TB incidence rates 
with a curve estimated by the model, we observed an 
inverse relationship between the components. So we 
have evidence that the administractives districts with 
higher rates of incidence of TB has the lowest values 
of per capita income, showing the close link between 
socioeconomic status and TB, confirming issues of 
poverty and pauperization (Fonseca et al., 2000; 
Bastos and Szwarcwald, 2000). Poverty reduction 
would obviously be part of the actions to control the 
global epidemic of TB (Creswell et al 2011). 
 
These results indicate an inverse relationship of 
inidence disease in gender and space, during the 
study time, showing the issue of feminization and 
pauperization of AIDS and TB (Fonseca et al., 2000; 
Bastos and Szwarcwald, 2000). The issue of lack of 
medical assistance (or disability) for coinfection, TB 
and AIDS, demonstrates vulnerability of 
disadvantaged districts with respect to these 
morbidities. With respect to TB treatment, the public 
health network in Brazil, has been decentralized to 
the basic level of health care, and assistance to 
AIDS, which is newer, focuses on secondary and 
tertiary levels. Treatment of coinfected individuals 
(TB and HIV / AIDS) occur in different locations, 
making it difficult to access more expensive the 
same, contributing to lower adherence to treatment 
(Jamal et. Al 2007). The difficulty of access to health 
services and the inefficiency of the treatment for 



coinfected patients is also found in studies 
conducted in South Africa (Daftary, 2012) and 
Europe (Mansfeld et. Al 2015). 

 
 

3. CONCLUSION 
 
Bayesian methods of disease mapping were 

satisfactory to understand the conjoint incidence of 
disease in space and time, these results allow us to present 
evidence of spatiotemporal patterns of the diseases in 
question, thus subsidizing the policy planning and public 
health actions directed at the combat and control them in 
the city in question. It emphasizes the need for service 
integration for both diseases and diversification in access 
to health services, gender by Administrative District. 
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