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Abstract

Human Immunodeficiency Virus (HIV) infection still repre-
sents an important public health problem, because it involves clin-
ical, epidemiological, social, economic and political issues. We
analyzed the temporal and spatial pattern of the HIV incidence in
an area of social inequality in northeast Brazil and its association
with socioeconomic indicators. An ecological study was carried
out with a focus on all HIV cases reported in Alagoas State,
Northeast Brazil from 2007 to 2016 using its 102 municipalities as
the units of our analysis. Data from the Brazilian information sys-
tems were used. Georeferenced data were analyzed using
TerraView 4.2.2 software, QGis 2.18.2 and GeoDa 1.14.0. Time
trend analyses were performed by the Joinpoint Regression soft-
ware and the spatial analyses included the empirical Bayesian
model and Moran autocorrelation. Spatial regression was used to
determine the influence of space on HIV incidence rate and
socioeconomic inequalities. There was an increasing trend of HIV
rates, especially in the municipalities of the interior. Significant
spatial correlations were observed with the formation of clusters
with emphasis on the coast of the state and in tourist regions.
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Spatial regression explained 46% of the dependent variable. The
HIV incidence rate was positively influenced by rate of primary
health care units (P=0.00), and negatively by Gini index (P=0.00)
and proportion of heads of household without or low education
(P=0.02). We conclude that the relationship found between indica-
tors of better socioeconomic conditions and HIV infection sug-
gests unequal access to the diagnosis of infection. Prevention and
control strategies can be established according to each epidemio-
logical reality.

Introduction

Human Immunodeficiency Virus (HIV) infection still repre-
sents an important public health problem, because it involves clin-
ical, epidemiological, social, economic and political issues.
Currently, the number of people living with HIV worldwide is
estimated at 37.9 million, with Latin America considered the third
most affected region (UNAIDS, 2019). here, Brazil has the high-
est number of HIV cases (UNAIDS, 2019), despite being one of
the countries that stand out in the infection treatment scenario due
to the local production of drugs, free antiretroviral treatment pro-
tocols and universal access (Galvao, 2002a; Galvao, 2002b). From
2007 to June 2019, 300,496 cases of HIV were registered in the
country by the Ministry of Health (MoH), and the current inci-
dence rate of the Acquired Immunodeficiency Syndrome (AIDS)
is 18.3 cases per 100,000 inhabitants (MoH, 2018).

There is a tendency towards a reduction in the rate of HIV
detection observed in general in the country in the last 10 years.
However, it is still discreet and some places, especially the
Northeast, have shown a substantial increase of cases detected in
the same period, which suggests the existence of concentrated epi-
demics (Grangeiro et al., 2015; Sousa et al., 2016; MoH, 2018).
This heterogeneity can lead to the hypothesis of a relationship
between the social determination of the epidemic and geographi-
cal context. Studies from different parts of the world have reported
the existence of regional sub-epidemics and have shown associa-
tions between the spatial grouping of HIV incidence and mortality
cases in areas with diverse individual, socioeconomic population
and migration specificities (Zulu et al., 2014; Xing et al., 2014;
Wand et al., 2015; Barankanira et al., 2016; Qian et al., 2014;
Wabiri et al., 2016; Bose, 2017; Zhang et al., 2015; Momenyan et
al., 2018).

The investigation of relationships between illness and geo-
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graphic space over time is important to elucidate the extent and
severity of the infection and its impact on public health. This
makes it possible to identify specific demands, priority locations
and more effective and equitable control interventions. More
specifically, this analysis can result in planning with the objective
of early diagnosis in individuals with unknown serology enabling
access to treatment, contributing to the non-development of the
syndrome and consequently breaking the cycle of transmissibility.
These plans are important, especially given the Fast-Track strategy
(90-90-90) proposed by the Joint United Nations Programme on
HIV/AIDS (UNAIDS, 2019) to end the HIV epidemic by 2030.
This strategy proposes that, by 2020, 90% of all people living with
HIV must be diagnosed and know they carry the virus; that 90% of
those diagnosed receive treatment continuously; and that, of those
who receive treatment, at least 90% reach an undetectable viral
load. In this study, we analysed the temporal and spatial patterns of
the HIV incidence rates in an area of social inequality in north-
eastern Brazil and its association with socioeconomic indicators
from 2007 to 2016.

CPress

Materials and methods

Design and study

This was an ecological study with temporal and spatial compo-
nents. The spatial units of analysis were the 102 municipalities in
the state of Alagoas, located in north-eastern Brazil. According to
the Brazilian Institute of Geography and Statistics (Instituto
Brasileiro de Geografia e Estatistica, IBGE), Alagoas has a popu-
lation of 3,375,823 inhabitants in an area of 278,185 km? and has
the lowest Human Development Index (HDI) in the country
(IBGE, 2010). In addition, the state has the highest income
inequality in the country, with a Gini index of 0.711 (IBGE, 2019).

Sample, data sources and measures

The study included all cases of HIV in individuals aged 13
years or older diagnosed during the period from 1 January 2007 to
31 December 2016. The collection of secondary data was per-
formed based on the records of the Information System for
Notifiable Diseases of the State Health Department (Sistema
Nacional de Agravos de Notificagao, SINAN). The case definition
was considered from the International Classification of Diseases
10th revision (ICD-10: B20-B24). The rates of incidence of HIV
per 100,000 inhabitants were calculated considering the number of
cases in each area for every 5 years analysed (2007-2011 and
2012-2016) and for the decade (2007-2016). This frequency was
divided by the population at risk based on the census estimates for
the municipalities (IBGE, 2010).

As independent variables of the study, socioeconomic indica-
tors extracted from the last national census were used and made
available by IBGE (2010) and by the Institute of Applied
Economic Research (Instituto de Pesquisa Econdémica Aplicada;
IPEA, 2015). These indicators reflect the context of social vulner-
ability, because they involve the contexts of human capital, health,
life expectancy, economics and education expressed by the Social
Vulnerability Index (SVI); the illiteracy rate; the unemployment
rate; the Municipal Human Development Index (MHDI); average
household income per capita; the Gini index; the proportion of
heads of household without or with low education; and rate of pri-
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mary health care units calculated for 18,000 inhabitants, as recom-
mended by the Brazilian health system.

Data analysis

Trends in the number of new HIV cases per year were analyzed
using a model based on the assumption of a minimum number of
points (Joinpoint) to describe whether they were stable, increasing
or decreasing over the period of time studied and the moment when
the trend had changed. The Annual Percentage Change (APC) was
calculated and a 95% confidence interval was adopted. The analy-
sis was performed using Joinpoint Regression software (Statistical
Methodology and Applications Branch, Surveillance Research
Program of the National Cancer Institute, USA, version 4.7.0.0,
National Cancer Institute, USA).

For the construction of spatial analysis maps, we used the car-
tographic base of the State of Alagoas, which is available in an
electronic database of the IBGE. The georeferenced data were
analysed using TerraView (National Institute for Space Research,
(Instituto Nacional de Pesquisas Espaciais, INPE), SP, BR 4.2.2),
Open Source Geospatial Foundation (QGIS) of OSGeo, CHI,
USA, Version 2.18.2) and GeoDa (Spatial Analysis Laboratory,
University of Illinois, Urbana Champaign, USA, version 1.14.0).

The maps were compiled from the average incidence rates of
HIV infection recorded in two periods by municipality (2007-2011
and 2012-2016). Incidence rates were smoothed by the local
empirical Bayesian method to correct random fluctuations in pop-
ulations or small occurrence numbers by means of a re-estimate
that considers autocorrelation between rates in neighbouring areas.
For this, a weighted average was obtained between the measured
value and the average neighbourhood rate, with weights inversely
proportional to the population of each area (Almeida, 2012).

To estimate the variability of the space in the data analysis, a
proximity matrix was built, in which the adjacent municipalities
received the value 1 and those that did not have adjacent border
geometries were categorized with the value 0. The univariate
Global Moran’s statistic was used to identify spatial autocorrela-
tions using values ranging from -1 to 1, which indicate clusters of
areas with similar risks for the outcome of interest. The positive
indices point to the existence of spatial autocorrelation between
neighbouring municipalities; negative values indicate no similarity
between them; and indices close to zero mean no spatial correla-
tion. Moran’s map was used to indicate critical and transitional
areas that were statistically significant, signalling the categories of
the clusters and their relations with neighbours (Almeida, 2012).

We also used a spatial regression model to verify the spatial
dependence of the incidence rate of HIV and socioeconomic indi-
cators on a single parameter. First, we used Ordinary Least Squares
(OLS) regression to determine spatial dependence, and then exam-
ined whether the spatial error model or the spatial lag model would
be better. The residuals of the multiple linear regression model
were analysed using Moran’s Global index (/) to verify if there was
spatial autocorrelation. In addition, the method of selecting step-
wise variables with stopping criteria was used by the Akaike
Information Criterion (AIC) (Anselin, 2005).

The result showed that the Spatial Autoregressive (SAR) linear
regression model was the most appropriate for our data. The qual-
ity of the fit of the SAR model was verified by observing the nor-
mal distribution of the residues, their values adjusted around the
zero mean and the verification of the absence of autocorrelation of
the residues using Moran’s I (Anselin, 2005).
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Results

From 2007 to 2016, 5,454 HIV cases were reported in the
study area. There was an increasing and statistically significant lin-
ear trend in the diagnosis of infection (APC 2007-2013 =8.0; P <
0.05) with a greater increase after 2013 (APC 2013-2016 = 29.03;
P < 0.05) (Figure 1). In the second period (2012-2016), 3,556
cases were recorded. This increase occurred more significantly
among municipalities in the interior of Alagoas, which presented
an increase of 155% (n = 1,582) in the number of registered cases
compared to the first period studied (n = 656). In the capital of
Maceio, there was an increase of 59% (n = 1,974) over the first 5
years analysed (n = 1,241).

The incidence rate of HIV infection during the decade studied
was 17.5 cases per 100,000 inhabitants (minimum 0 and maximum
36.6). Seven municipalities located in the eastern region (Matriz de
Camaragibe, Maceid, Monteiropolis, Murici, Junqueiro, Marechal
Deodoro and Pilar) were identified with critical detection coeffi-
cients higher than the state average, which ranged from 17.5 to
38.3 cases per 100,000 inhabitants. The municipality of Matriz de
Camaragibe had the highest detection rate, despite having a popu-
lation 32 times smaller than the capital Maceio.

Figure 2B illustrates the spatial distribution of the average inci-
dence rate for the two periods, in which a growing spread of the
epidemic over time is notable, with the appearance of clusters in
the municipalities of Arapiraca, Junqueiro, Pilar, Marechal
Deodoro, Maceid, Paripueira, Murici, Matriz de Camaragibe,
Porto Calvo and Maragogi. The correction of the incidence rate by
the local empirical Bayesian estimate analysis (Figure 2C and D)
smoothed the rates and showed that there was variability in the
transmission of the infection, with a migration pattern from the

eastern to the interior (Porto Calvo, Japaratinga, Porto de Pedras,
Matriz de Camaragibe, Barra de Santo Antonio, Paripueira,
Flexeiras, Messias, Macei6, Rio Largo, Coqueiro Seco, Santa
Luzia do Norte, Satuba, Marechal Deodoro, Junqueiro and
Arapiraca). In comparison, it is noted that, with the raw estimates
(not smoothed), some municipalities have different incidences
from their neighbours. In the first maps, (Figure 2A and 2B) is dif-
ficult to visualize a gradient trend large-scale incidence due to ran-
dom fluctuations caused by reduced population effects. Moran’s
spatial analysis showed a global index value of 0.45 (P = 0.01) in
the first period of 2007-2011 and 0.36 (P = 0.01) in the second

HIVIAids cases
§

Figure 1. Temporal trend of HIV cases, Alagoas, Brazil 2007-
2016.
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A) mean incidence rates 2007-2011; B) mean incidence rates 2012-2016); C) rates corrected

by the empirical Bayesian model 2007-2011; D) rates corrected by the empirical Bayesian

model 2012-2016.

Figure 2. Mean incidence rates of HIV and rates corrected by the empirical Bayesian model in Alagoas, Brazil.
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period of 2012-2016, indicating the evidence of positive spatial
autocorrelation between municipalities. Thus, neighbouring
municipalities tend to be equal to each other in terms of the inci-
dence rate of HIV. When decomposing this global spatial associa-
tion index, predominant clusters were observed in the eastern
region, which expanded in the second period. The information in
the Moran map (Figure 2) identified clusters with a statistical sig-
nificance classified according to their position in the scatter dia-
gram. Nineteen municipalities had a higher risk (Q1 Moran map -
high/high) for virus transmission in the first period and 16 in the
second period (Japaratinga, Porto Calvo, Porto de Pedras, Passo de
Camaragibe, Novo Lino, Macei6, Paripueira, Barra de Santo
Anténio, Sdo Luiz do Quitunde, Satuba, Santa Luzia do Norte,
Marechal Deodoro, Rio Largo, Messias, Pilar and Atalaia).

It is also possible to view areas in epidemiological transition
(Piranhas, Pao de Agucar, Porto Real do Colégio and Palmeira dos
fndios), but not grouped, as they present municipalities with rates
opposite to the surrounding ones, represented by high and low
HIV/AIDS detection values in the Q3 Moran map (Figure 3). The
statistical Moran’s / showed a positive and significant spatial cor-
relation (/ = 0.21, P = 0.000) for the incidence of HIV in munici-
palities. Once the existence of spatial autocorrelation was
observed, the complete SAR model (Table 1) explained 46% of the
incidence of HIV in the state of Alagoas during the period (R? =
0.46, P =0.00). The HIV incidence rate was estimated by the Gini

index (P = 0.00), proportion of heads of household without or with
low education (P = 0.02) and rate of primary health care units (P =
0.00). The Moran’s / for residues was 0.008.

Discussion

Among developing countries, Brazil was a pioneer in guaran-
teeing access to free and universal antiretroviral treatment through
the Unified Health System. This fact resulted in a substantial
improvement in the prognosis of people living with HIV, a reflec-
tion of viral suppression in the blood. In addition, the rapid and
continuous suppression of the virus also makes it possible to pre-
vent new cases, as it has already been proven with a 99% drop in
HIV transmissibility in these cases, even in the face of the practice
of sexual relations in which the female condom or male condom
would not be used (Rodger er al., 2016). When considering this
advance, it would be expected to observe a decrease in new HIV
infections in the country. This would result in a minimization of
economic costs due to the reduction of disabilities and deaths relat-
ed to opportunistic infections, hospitalizations and the perfor-
mance of clinical and laboratory procedures of high complexity.

However, in the State of Alagoas, there was an increasing trend
in the epidemic over the 10 years analysed in this study. This can
be attributed not only to gaps in the implementation of prevention

Moran Map

Cluster analysis

(1 Not significant ,
B Hight - Hight

B Low - Low

I Hight - Low

= Low - Hight

A) results for the period 2007-2011; B) results for the period 2012-2016.

Figure 3. Moran’s map analysis using the average incidence rate of HIV in Alagoas, Brazil.

Table 1. Spatial regression model with HIV incidence rate and socioeconomics variables in Alagoas, Brazil, 2007-2016.

Constant 54806 1.6435 0.0009
Average household income per capita -0.0009 0.0007 0.1503
Gini index -2.2874 0.6115 0.00018
[lliteracy rate 0.0080 0.0102 0.4347
Proportion of heads of household without or with low education -0.0275 0.0119 0.0204
Unemployment rate 0.0112 0.0080 0.1587
MHDI -2.8789 1.7647 0.1028
Rate of primary health care units 0.0212 0.0066 0.0014
OPEN aAcc ESS [Geospatial Health 2020; 15:863] [page 213]



strategies and prophylaxis in sexual risk exposure (Crabtree-
Ramirez et al., 2020), but also to the improvement in the quality of
the notifications of the disease and to the increase in the coverage
of the offer of rapid tests for diagnosis of the infection encouraged
in primary care services since 2013 (MoH, 2013; 2014). Before
that, rapid HIV tests in Brazil were traditionally carried out in spe-
cialized clinics (Melo et al., 2018; Pinho et al., 2020; Rocha et al.,
2016). In this context, the results of our spatial regression showed
that the HIV incidence rate can be explained positively by the vari-
able rate of basic health units in the municipalities. Even so, it is
important to note that the increase in the number of new HIV infec-
tions has also been seen in all other countries in Latin America
(Crabtree-Ramirez et al., 2020).

The analyses of the present study also identified critical areas
of risk in relation to the HIV incidence rate. This characterizes
infection as a multifaceted and spatially dependent phenomenon
among municipalities. The existence of clusters that leave coastal
regions and migrate to the areas of the interior was found. The cor-
rection of the HIV incidence rate by the local Bayesian method
allowed us to minimize possible distortions of the variability pro-
vided by the calculation of the crude rates due to the size of the
population at risk. This rate adjustment was more consistent from
an epidemiological point of view, since it showed a more uniform
pattern of risk that also expands into the interior region. It has pre-
sented municipalities with worrying values, because they extrapo-
late the global index and the current national situation.

The results presented by the Moran map point to the risk that
also exists in areas considered to be in epidemiological transition,
albeit in isolation in certain parts of the interior and hinterlands.
This is considered important, since the dynamics of virus transmis-
sion are not limited to political boundaries and can be influenced
by the intensity of the flow of people, population density, migra-
tion, tourism, market, work and cultural diversity (Holanda et al.,
2015). It is important to highlight that many of these areas that pre-
sented high risk or transition clusters in the mappings are consid-
ered host communities, whose socioeconomic organization is pre-
dominantly focused on tourism, such as the municipalities of
Japaratinga, Porto de Pedras, Maceid, Marechal Deodoro and
Piranhas, and having natural attractions, mainly composed of
beaches and canyons. Some authors have highlighted an intensifi-
cation of sociosexual interactions in coastal regions due to the sea-
sonal flow of people with varied cultural profiles and behaviours,
which can contribute to greater vulnerability for sexually transmit-
ted infections in Brazilian and international communities
(Figueiredo et al., 2007; Santos et al., 2007; Bellenzani et al.,
2008; Padilla et al., 2010; Simkhada ez al., 2016).

The most homogeneous areas of the western regions of
Alagoas, considered low risk by Moran’s analyses, show a need to
reinforce the investigation of managers in relation to the popula-
tion’s access to rapid test technology in small municipalities, since
it may mean the presence of inequality of programmatic and struc-
tural strategies in relation to large urban centres. Despite the exis-
tence of an interiorization process observed over time in the anal-
yses of this study, the predominance of diagnoses reported in indi-
viduals living in the state capital or in geographically close loca-
tions seems to reflect this disparity in the distribution of health pro-
fessionals and accessibility to services between geographic loca-
tions, as has been observed in other studies (Silveira et al., 2014;
Garnelo et al., 2018).

The persistence of regional inequalities in living conditions is
also reflected in the results of a positive and statistically significant
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relationship between the HIV incidence rate and the indicator of
low education of those responsible for the households and the neg-
ative relationship income inequality of the Gini index. These
results may indicate that people with greater social vulnerability
may still be facing greater difficulties in accessing diagnosis. A
similar result has also been found in other studies (Bingenheimer,
2010; Paiva et al., 2019), although an impoverishment process has
been observed since the beginning of the epidemic (Parker et al.,
2000; Bastos et al., 2000; Pascoe et al., 2015; Steinert et al., 2017).
Within the scope of these findings, the proximity of the health ser-
vice to the community from the decentralization of monitoring
people living with HIV to services closer to their home could con-
tribute to lower levels of bureaucracy and equity in patient acces-
sibility at local levels, provide ease of drug withdrawal and facili-
tate the use of cost-effective approaches for better access to care,
especially for key populations in areas that are difficult to reach
(Hofer et al., 2019). However, reducing the distance to assistance
should only be considered as an initial step, because the transition
from this decentralized policy has barriers that have already been
described. Potential weaknesses in basic community care can com-
promise this process, especially with regard to the reticence of
health providers who do not commonly deal with HIV/AIDS in
discussing sexual identity and issues related to homoaffective rela-
tionships in their routine care, a fact that it gets even worse due to
the higher turnover of professionals and incomplete teams in pri-
mary care (Zambenedetti et al., 2016). This shows the importance
of joint management actions in order to qualify the most diverse
levels of complexity of the health units for the care and subsequent
monitoring of HIV cases.

In view of the variables presented, this research provides evi-
dence of how the social determination and spatial dependence of
the municipalities can be related to the increased incidence of HIV.
It is reiterated that the infection epidemic is marked by inequali-
ties. Although living conditions are not the direct causes of virus
transmission, each socioeconomic condition of the studied geo-
graphical spaces contributes to the inequities that increase or
decrease the risk of its acquisition by understanding that social
contexts shape spatial relationships. Therefore, prevention and
control strategies can be established according to each reality.

Some limitations of this study must be noted. The data used are
based on information systems records, and therefore, there is a
chance of underreporting of cases and imprecision of quality.
Despite this, the research method was conducted on a large data set
and showed evident significant results. Such information can serve
as a basis for comparison with other studies and for planning
strategies linked to health policies.

CPress

Conclusions

This study analysed multiple socioeconomic indicators in the
occurrence of HIV infection. Despite the heterogeneity in rates,
there was a growing trend in cases between 2007 and 2016 in gen-
eral in the region studied, being more expressive among munici-
palities in the interior of the state. The relationship found between
indicators of better social conditions and HIV infection suggests
unequal access to the diagnosis of infection.

The analysis instrumented by geoprocessing indicated the for-
mation and establishment of areas of continuous transmission,
transition and social vulnerability in the State over the period,
demonstrating a useful technique for monitoring HIV and for the
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efficient use of public health resources by defining strategies
directed at priority locations with a view to preventing infection,
early diagnosis and promoting effective adherence to treatment.

CPress
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