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ABSTRACT

Objective: Analyze the spatio-temporal distribution of AIDS cases in Maranh&o. Methods:
Ecological study of AIDS cases in the Notifiable Diseases Information System, 2011-2018. Gross
and adjusted incidences were calculated using the Baysean method; then, the Moran Global
and Local Indices to observe the existence of spatial autocorrelation of the cases and for the
delimitation of high and low risk clusters. Results: 6,349 cases were reported, which were
distributed heterogeneously. There was an advance of cases to new areas and persistence
in old areas, such as in the capital Sdo Luis and its surroundings. The dissemination did not
occur at random, with positive spatial autocorrelation, with evidence of the formation of
clusters in the municipalities of Sao Luis, Sdo José de Ribamar and Pago do Lumiar. Conclusion:
High-risk areas have been identified and should be considered a priority for investment in
health, management, and organization of health services.

Descriptors: Acquired Immunodeficiency Syndrome; Risk; Spatial Analysis; Epidemiology;
Ecological Studies.

RESUMO

Objetivo: Analisar a distribuicdo espaco-temporal dos casos de aids no Maranhao. Métodos:
Estudo ecoldgico dos casos de aids no Sistema de Informacgao de Agravos de Notificagdo,
2011-2018. Calcularam-se as incidéncias bruta e ajustada pelo método bayseano; em seguida,
os Indices de Moran Global e Local para observar a existéncia de autocorrelacio espacial dos
casos e para delimitacdo de aglomerados de Alto e Baixo Risco. Resultados: Foram notificados
6.349 casos, que se distribuiram de forma heterogénea. Houve o avanco de casos para novas
areas e persisténcia nas areas antigas, como na capital Sdo Luis e seu entorno. A disseminagdo
ndo ocorreu de forma aleatoria, existindo autocorrelacao espacial positiva, com evidéncia da
formacéo de aglomerados nos municipios de Sao Luis, Sdo José de Ribamar e Pago do Lumiar.
Conclusao: Foram identificadas areas de alto risco, devendo ser consideradas prioridade para
o investimento em saude, gestao e organiza¢do dos servicos de saude.

Descritores: Sindrome da Imunodeficiéncia Adquirida; Risco; Analise Espacial; Epidemiologia;
Estudos Ecoldgicos.

RESUMEN

Objetivo: Analizar la distribucion espacio-temporal de los casos de SIDA en Maranhao.
Métodos: Estudio ecoldgico de casos de SIDA en el Sistema de Informacién de Enfermedades
de Notificacion, 2011-2018. Las incidencias brutas y ajustadas se calcularon utilizando el
método de Baysean; luego, los indices de Moran Global y Local para observar la existencia de
autocorrelacion espacial de los casos y para la delimitacién de aglomerados de Alto y Bajo Riesgo.
Resultados: se notificaron 6.349 casos, los cuales se distribuyeron de forma heterogénea. Hubo
un avance de casos a nuevas areas y persistencia en areas antiguas, como en la capital Sdo Luis
y sus alrededores. La diseminacion no ocurrié al azar, con autocorrelacidn espacial positiva, con
evidencia de la formacién de aglomerados en los municipios de Sao Luis, Sdo José de Ribamar
y Paco do Lumiar. Conclusidn: Se han identificado areas de alto riesgo y deben considerarse
una prioridad para la inversién en salud, gestion y organizacion de los servicios de salud.
Descriptores: Sindrome de Inmunodeficiencia Adquirida; Riesgo; Anélisis Espacial;
Epidemiologia; Estudios Ecolégicos.
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INTRODUCTION

The acquired immunodeficiency syndrome is a relevant public
health problem with a wide worldwide distribution!2. Despite
advances in responding to the AIDS epidemic, providing diagnosis
and treatment to all people remains a challenge®.

In recent years, AIDS cases have remained stable in Brazil®,
however they continue to increase in the state of Maranhdo,
where the detection rate increased from 12.6 in 2008 to 19.7/100
thousand inhabitants in 2018, occupying the 11th position in
Brazil and the 2nd position in the Northeast Region®.

A study® carried out on the spatial and temporal distribu-
tion of AIDS cases in Brazil, in the period 2008-2011, showed a
non-uniform distribution in the Brazilian territory, highlighting
an increased risk of transmission in the Northeast, during the
studied period. In another study", carried out in the state of
Cearg, relating the spatial distribution of AIDS with socioeconomic
determinants, it was demonstrated that different indicators be-
tween municipalities are reflected in a also different distribution,
determining locations with few or no reported cases and locations
with high disease rates where the socioeconomic conditions of
the population are better.

In the search for understanding the distribution of diseases such
as AIDS, the use of geoprocessing tools is important to produce,
store, process, analyze and represent information related to public
health, facilitating the understanding of the facts and phenomena
that occur in the geographical space. Such instruments provide
conditions for the mapping of diseases and risk assessment,
contributing to the structuring, analysis of socioenvironmental
risks and the planning of health actions®.

In this context, considering that the state of Maranhéo has a
large territorial extension, low Human Development Index and
social, economic, and geographical disparities that can influence
this distribution, it is justified to know the spatial and temporal
distribution of AIDS cases in the state through the geographic
information system, as this allows a better understanding of
the dynamics of the disease. This information can be used by
managers and health professionals for surveillance actions, since
they identify the geographical areas of greatest epidemiological
pressure and contribute to prevention strategies that directly
impact the transmission chain, enabling the development of
more effective intervention measures.

OBJECTIVES

To analyze the spatio-temporal distribution of AIDS cases in
the state of Maranhéo, from 2011 to 2018.

METHODS
Ethical aspects

The research was carried out with secondary data without
identification of the participants, in compliance with the ethical
aspects of Resolutions 466/2012 and 510/2016 of the National
Health Council (CNS), with the submission to the Ethics Com-
mittee being waived.
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Study design, period, and location

This is an ecological study of AIDS cases reported in the period
2011 to 2018, using the state’s municipalities as the unit of analysis.

The survey was carried out in the state of Maranhdo, located in
the Northeast Region, with an area of 329,642 km?. According to
the 2010 IBGE census, the state had 6,574,789 inhabitants, with
the capital Sao Luis being the most populous city. Maranhéo
consists of 217 municipalities, 5 mesoregions and 21 geographic
microregions, areas formed according to the physical, geographic,
and productive structure of the state. The five mesoregions of
Maranhdo are divided into: North, East, Center, West and South®.

Population; inclusion and exclusion criteria

The study population comprised all AIDS cases reported in
the Notifiable Diseases Information System (Sinan), from 2011
to 2018, of residents in the state of Maranh&o. There were 7,370
registered AIDS notifications for those over 13 years of age. Of
these, 1,021 cases were discarded, 678 of which were non-residents
in the state of Maranhédo and 343 were duplicates. Thus, 6,349
AIDS cases over 13 years of age were eligible for the study. This
age group was chosen because it is used in the definition of
AIDS cases in adults by the Ministry of Health"® for the purpose
of reporting cases.

Any individual with laboratory evidence, a symptom of a dis-
ease indicative of AIDS and/or CD4 + T lymphocyte count below
350/mm3, was considered as a case of AIDS, as well as death due
to the exceptional criterion9.

The following were excluded: AIDS cases that did not pres-
ent identification of the municipality of residence in the state of
Maranhao (which would make spatialization unfeasible) or the
identification was from another state; and duplicates with two
or more records for the same case.

For the analysis of duplications, manual purifications were
performed in order to quantify the records matched and be-
longing to the same individual. Duplication of registration was
considered when the same patient was notified for AIDS more
than once. After matching the cases, duplications were analyzed
using the following criteria: patient’s name, mother’s name, and
date of birth. In case of duplication, the oldest notification was
kept, and the most recent notification was deleted from the da-
tabase. In some cases, the oldest notification was supplemented
with information from the most recent notification before the
latter was deleted.

Variables and data source

Information related to AIDS cases was collected in September
2019, in the Sinan database, made available by the Epidemiologi-
cal Surveillance service of the State Health Secretariat. For the
descriptive analysis of the cases, the variables“year of notification”
were used in Sinan. "And” municipality of residence ". To obtain
population data from the municipalities of Maranhao, population
estimates for each year, produced by the Brazilian Institute of
Geography and Statistics (IBGE), available in the virtual environ-
ment of the SUS Department of Health (DATASUS), were used".
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Study protocol

The guidelines of the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) initiative were followed
to organize the methodological design of the study/?.

Analysis of results and statistics

Initially, gross incidences were calculated and adjusted by the
Bayesian method in order to minimize fluctuations due to the
small number of cases and population in some municipalities.
With the Bayesian method, a weighted average was obtained
between the gross incidence of the municipality and the incidence
of the nearest neighbors?,

For the calculation of incidences, AIDS cases that occurred in
the municipality were considered as a numerator; and as a de-
nominator, the resident population in the respective municipality,
multiplied by 100 thousand.

The spatial analysis of the data started with the creation of the
neighborhood matrix between the 217 municipalities in the state
of Maranhao, with the objective of comparing the similarity of the
geographical attributes in neighboring features. As this is an area
analysis study, we adopted the first-order Queen neighborhood
matrix, as it was the one that captured the maximum spatial de-
pendence, that is, the one that generated the highest value of the
Moran Index Significant overall™, The created neighborhood matrix
presented an average of 5.46 (+ 1-13) neighbors per municipality.

To observe the existence of spatial autocorrelation, the Moran
Global Index (1) was calculated. Then, the Local Moran Index (li)
was calculated to define the high and low risk AIDS clusters. For
this purpose, the average AIDS incidence in the 217 municipalities,
adjusted by the local empirical Bayesian method, was considered
as the cutoff point. For both I and Ii, p value less than 0.05 was
taken into account as statistical significance.

It was considered as a cluster of High Risk the group of those
municipalities that had an above-average incidence and were
surrounded by municipalities that also had high incidences
(autocorrelation pattern called Alto-Alto). Conversely, it was
considered as a cluster of Low Risk the set of those municipalities
that showed incidence below the average and were surrounded
by municipalities that also showed low incidences (low-low
autocorrelation pattern)‘?.
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All statistical analysis of the present study was performed us-
ing GeoDa software, version 1.14.0 (Spatial Analysis Laboratory,
University of lllinois at Urbana-Champaign, USA). Choropleth maps
were built using the QGIS 3.6.2 software (Quantum Geographic
Information System) to present the data. The digital cartographic
network of the municipalities was acquired from the Brazilian
Institute of Geography and Statistics (IBGE).

RESULTS

During the period from 2011 to 2018, 6,349 AIDS cases were
notified in the state of Maranhao (with an annual average of 793
cases), which were distributed in a heterogeneous way in all the
five mesoregions of the state and did not occur at random, posi-
tive spatial autocorrelation (Figure 1).

2011 2012

2013 2014

2015 2016 2017 2018

Incidents per
100,000 inhabitants
0-10
10.1-20
20.1-30
30.1-40
>40

Figure 1 - Gross incidence of AIDS cases in the state of Maranhao, Brazil,
in the period 2011-2018

There was variation in the gross incidence of AIDS over the
years of the study, with 2015 having the highest incidence (6.73
+ 8.14 cases per 100 thousand inhabitants) and 2018, the lowest
incidence (4.52 £ 6.00 cases per 100 thousand inhabitants) (Table 1).

After adjusting the data by the Bayesian method, it is observed
that AIDS cases maintained their distribution in a heterogeneous
manner and positive spatial autocorrelation (Figure 2).

Table 1 - Incidence and clusters of AIDS cases in the state of Maranhdo, Brazil, in the period 2011-2018

Variables/Year 2011 2012 2013 2014 2015 2016 2017 2018
Average annual incidence* 5.64 579 6.23 6.41 6.73 6.62 6.67 4.52
DP=8.76 DP=7.73 DP=8.56 DP=8.69 DP=8.14 DP=8.71 DP=7.83 DP=6.00
Adjusted mean incidence* 7.88 7.67 7.96 8.11 8.71 8.04 8.07 571
DP=6.63 DP=6.03 DP=6.87 DP=6.26 DP=6.33 DP=5.84 DP=6.00 DP=4.13
Global Moran Index** 0.49 0.64 0.64 0.61 0.67 0.68 0.72 0.60
High-High Agglomerate
Incidence in the cluster® 19.89 20.10 19.81 21.63 21.56 18.72 21.99 13.39
Number of municipalities involved 25 19 25 20 22 30 19 20
Low-Low Chipboard
Incidence in the cluster* 1.93 291 1.96 227 2.47 2.90 3.03 233
Number of municipalities involved 41 38 42 42 38 50 41 29

* Average incidence/100 thousand inhabitants adjusted by the local empirical Bayesian method. **p < 0.05
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Figure 2 - Adjusted incidence (Bayesian method) of AIDS cases in the state
of Maranhéo, Brazil, in the period 2011-2018

There was a better smoothing of the data: the adjusted inci-
dence also changed in the period, reaching a higher incidence
in 2015 (8.71 + SD 6.33 cases per 100 thousand inhabitants) and
in 2018 a lower incidence (5.71 £ SD 4.13 cases per 100 thousand
inhabitants) (Figure 2, Table 1).

In the spatial statistical analysis, statistically significant clusters
of High and Low Risk were identified (Figure 3). The High-Risk
areas maintained a distribution pattern in the surveyed period,
with a concentration in municipalities located in the northern
and central mesoregions of the state of Maranhao.

The cluster of High Risk of illness for AIDS located in the northern
mesoregion was formed by the grouping of the municipalities of
Alcantara, Arari, Axixa, Apicum Acu, Bacabeira, Bacuri, Bacurituba,
Bequimao, Cajapio, Conceicao do Lago Acu, Cedral, Central do
Maranhao, Cururupu, Guimaraes, Icatd, Matdes do Norte, Mirinzal,
Paco do Lumiar, Peri Mirim, Pinheiro, Puerto Rico do Maranhao,
Presidente Juscelino, Raposa, Rosario, Santa Rita, Sdo Bento, Sdo
José de Ribamar, Sdo Luis and Serrano do Maranhéo. In the central
mesoregion, it was formed by the grouping of the municipali-
ties of Bacabal, Igarapé Grande, Lago Verde, Lima Campos, Olho
D’agua das Cunhas, Pio XlI, Pedreiras, Santo Antonio dos Lopes,
Séo Luiz Gonzaga do Maranhéo, Sdo Mateus do Maranhéo and
Trizidella Valley.

The Low-Risk areas were mainly concentrated in the eastern
and southern mesoregions. There was a variation in cases in
the western mesoregion with expansion in the years 2013 and
2014, reduction in the year 2015 and again ascendancy in the
years 2016 to 2018. In 2018, the data showed a reduction in the
southern mesoregion, making this area to be considered non-
significant for AIDS.

The Low Risk cluster of illnesses for AIDS located in the eastern
mesoregion was formed by the grouping of the municipalities of
Araioses, Anapurus, Agua Doce do Maranhéao, Bardo de Grajad,
Brejo, Buriti, Buriti Bravo, Beldgua, Chapadinha, Coelho Neto,
Duque Bacelar, Lagoa do Mato, Magalhaes de Almeida, Mata
Roma, Matées, Miracles of Maranhao, Mirador, New York, Para-
ibano, Parnarama, Passage Franca, Pastos Bons, Sdo Benedito do
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Rio Preto, Santa Quitéria do Maranhao, Santana do Maranhao,
Sao Bernardo, Sao Francisco do Maranhéao, Sdo Joao dos Patos,
Sucupira do Riachdo and Urbano Santos. In the southern mesore-
gion, the Low Risk cluster was formed by the municipalities of
Alto do Parnaiba, Balsas, Benedito Leite, Carolina, Feira Nova do
Maranhéo, Fortaleza dos Nogueiras, Loreto, Nova Colina, Riachao,
Sao Pedro dos Crentes, Sdo Raimundo das Mangabeiras, Sdo
Félix do Balsas, Sdo Pedro dos Crentes, Sambaiba, Tasso Fragoso.

2011 2012 2013 2014

2015 2016 2017 2018

Bl High-High

B Low-Low
Low-High
High-Low

Figure 3 - Clusters of AIDS cases in the state of Maranhé&o, Brazil, in the
period 2011-2018

DISCUSSION

The present study demonstrates that there was a heterogeneous
geographical distribution of AIDS cases in the state of Maranhao,
in the period from 2011 to 2018, which can be attributed to the
process of internalization of the AIDS epidemic, indicating a spread
to medium and small municipalities where the least-assisted
communities are found, as was also demonstrated in studies
carried out in the states of Alagoas™ and Piaui®.

It became evident that there was a gradual increase in the in-
cidence rate of AIDS cases in the period from 2011 to 2015 and a
reduction in the incidence in the period from 2016 to 2018.These
data arein line with the Ministry of Health's Panel of Epidemiological
Indicators on HIV/AIDS, which showed an oscillation year by year,
with anincrease in the disease in the state of Maranhao between
the years 2009 to 2017 and a reduction in the incidence rate since
2018"7. The growth can be attributed to the process of expanding
the testing, which produces more notification of cases; the sub-
sequent decline may occur due to the influence of public policies
for the control of HIV in the state, such as better infrastructure and
organization of specialized services that provide care, which may
have contributed to the identification of new cases.

Another aspect found in this study was the advancement of
cases to new areas and the persistence of old areas of occurrence
of the disease, as in the capital Sdo Luis and its surroundings.
The spread of AIDS cases did not occur at random, with positive
spatial autocorrelation, indicating that nearby regions are similar
to each other and evidencing the formation of high-risk clusters
in the municipalities of Sdo Luis, Sdo José de Ribamar and Paco
do Lumiar. These three municipalities are in the ranking of the
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hundred cities in Brazil with the highest rates of detection of
AIDS cases®.

AIDS cases in the state of Maranhdo were mainly concentrated
in the northern mesoregion throughout the study period. This
situation can be explained by the fact that this mesoregion is a
coastal area, with a large population size, political and economic
center of the state, an area of tourist potential, of great social and
economic vulnerability®'® and where the Sao Luis metropolitan
region is located.

Studies carried out in Brazil®'® and in the state of Ceara?”
showed a higher concentration of AIDS cases in coastal areas, in
urban centers with a greater sociodemographic and socioeco-
nomic flow, being corroborated by this study. The cases tend to
be concentrated in the areas with the highest population density,
and one reason is the intense migration of people in search of
health care in the most urbanized areas where the large special-
ized treatment centers are concentrated®?. In addition, on the
northeastern coast, there are tourist routes and/or highways, which
determines a greater number of people susceptible to spread-
ing the HIV virus through prostitution and drug trafficking®®,
resulting from the situation of poverty and of social exclusion".

Socioeconomic inequalities, such as those existing in the
state of Maranhao®, influence the dynamics of AIDS?. A study
conducted in the state of Piaui pointed out that the illiteracy rate
was shown to be a risk factor for AIDS deaths!'®. Another survey
conducted in the Northeast showed an increase in AIDS cases
in the population with less education®?. Dissemination in the
poorest layers and with a low level of education indicates greater
susceptibility, possibly due to the lack of information and less ac-
cess to health services, means of prevention and treatment®@22),

However, research conducted in Ceara has shown that AIDS
is associated more with the pace and risky behavior of modern
and urban life than with factors related to poverty”. Behavioral
and cultural factors such as the use of alcohol and other drugs,
unprotected sexual practices, multiple partners, issues of sexual-
ity, gender and stigmas increase vulnerability to HIV?+29, which
may also explain the increased incidence of infection, justifying
the importance of intensifying health promotion and disease
prevention actions both in the general population and in the
key population, the most affected by the epidemic.

In this sense, it is imperative that disease prevention actions
should also consider the specificity of each territory, with actions
to combat stigma and prejudice being one of the challenges for
facing AIDS. Although the state of Maranhao has decentralized
HIV testing to all municipalities, this offer is still low. In addition,
the services provided with the best infrastructure are concen-
trated in the capital, Séo Luis, which can be a factor that makes
it difficult for sick individuals from their home municipality to
seek anonymity/diagnostic secrecy and better treatment op-
portunities. A study carried out in Minas Gerais?” found that
the approach of the health team with the user about AIDS as a
chronic disease can help in reducing the stigma, stimulating the
gradual increase in HIV testing.

It is important to highlight that the High Risk cluster in the
northern mesoregion, which includes the capital Sdo Luis, has a
low coverage of the Family Health Strategy (FHS)?®, indicating
that the large portion of the population in this location has a
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deficit of assistance, with low response capacity regarding health
promotion actions, disease prevention, diagnosis and treatment,
which are part of the FHS guidelines®-39,

A survey carried out in Brazil found that the coverage of Pri-
mary Care remains relatively low in some regions of Brazil, even
though there is more investment to change the predominant care
model. The constant turnover of professionals, the discontinuity
of actions and the disconnection between the epidemiological
reality and the programs developed are aspects that can interfere
in reaching this level of care in preventive and assistance actions
directed at the control of AIDS. The aforementioned research also
highlights the need to improve the intervention model, giving
greater weight to preventive actions, without prejudice to the
activities of assistance and treatment to the health of people
with HIV/AIDSEY,

In the present study, it is emphasized that the locations where
the Low Risk clusters are located in the Eastern and Southern
mesoregions also presented municipalities with intense social
and economic vulnerabilities®. However, they have municipali-
ties with greater population coverage of family health teams®®,
and this must be a protective factor for a lower risk of illness due
to AIDS, because the greater the coverage, the better strategies
for promoting health are expected health, disease prevention
and lower rate of illness®.

However, the existing data on AIDS is not sufficient to affirm that
the health promotion and disease prevention actions developed in
these locations are adequate for control as a public health problem.
A study® carried out in the state of Maranh&o points out that the
expansion in quantitative terms of the coverage of Primary Care
does not mean guaranteeing comprehensive health care or that
it is satisfactorily in accordance with what is recommended, thus
improving the quality of life of the population. population. For
this to happen, it is essential to reflect on the operationalization,
sustainability and quality of the services provided.

Since AIDS is causally related to different contexts (social,
behavioral, and structural), it can have a differentimpact on the
same geographical space due to poor living conditions, such as
low income, low education, promiscuity and other risky behaviors.
it is necessary to carry out new and continuous studies to better
understand the dynamics of AIDS in the population.

Study limitations

There is a possibility that the data may be underestimated due
to the underreporting of AIDS cases in the Notifiable Diseases
Information System.

Contributions to the area of Nursing, Health or Public
Policies

This research highlights the contributions of the geoprocess-
ing tool for epidemiological studies and improvement of the
nursing management process, providing an expanded view of
the situation of a specific disease or condition in space, in order
to provide an explanatory chain of the problems of the territory
as well as guide decision-making and improvement of public
health policies.
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CONCLUSION

AIDS cases in the state of Maranhao showed heterogeneous
spatial distribution in the different mesoregions. Although there
has been a slight decline in the incidence rate since 2016, it is still
evident that there is a concentration of AIDS cases in the High-
Risk clusters in the North and Center mesoregions, indicating a
deficit in health care in these locations.

The study made it possible to identify priority areas for invest-
ments in health, highlighting important places to be considered
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in terms of the management and organization of health services
in order to ensure equity and integrality in the care of populations
living with HIV/AIDS.

SUPPLEMENTARY MATERIAL

Master’s dissertation “The aids epidemic in the state of Ma-
ranhdo: space-time analysis’, available from: https://renasf.fio-
cruz.br/sites/renasf.fiocruz.br/files/disseracoes/2019_UFMA _
Disserta%C3%A7%C3%A30_L%C3%ADvia%20Cristina%20Sousa.pdf
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