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ABSTRACT

Visceral leishmaniasis (VL) has shown endemic pattern and epidemic episodes in urban and rural areas, however, there are still gaps in
knowledge with regards to disease transmission. This study aimed to analyze the spatiotemporal dispersion of VL cases in the municipality
of Aracuai, Minas Gerais. A study of confirmed VL cases was conducted considering the endemic and epidemic periods between 2012 and
2017. The incidence rate was calculated, and for spatial analysis, the kernel map, directional distribution ellipse, and space-time scanning
techniques were used. The correlations between VL cases and exposure variables (precipitation, humidity, and temperature) were calculated.
The mean incidence of VL in the endemic period was 18.5 (95% confidence interval (Cl) 5.9-32.5) and 44.4 in the epidemic period (95%Cl,
12.0-28.6) by 100,000 inhabitants. The relative risk for the epidemic period was 2.4 (95% Cl 1.4-4.1) when compared to the endemic period.
A higher incidence of the disease was observed in rural areas of the municipality. Kernel mapping analysis revealed hotspots in the urban
area of the municipality. The directional distribution ellipse encompasses the urban perimeter and part of the rural area of the municipality,
expanding eastward during the epidemic period. Spatial analysis revealed a high-risk cluster for VL in rural areas. A positive correlation was
observed between VL cases and temperature during the endemic period. Spatial analysis allowed us to outline the epidemiological scenario
of human VL cases. These findings may be useful in case surveillance and in the work of health professionals and managers in Brazil.
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INTRODUCTION The urbanization of VL in Brazil intensified in the 1980s,

coinciding with the first urban epidemic recorded in Teresina, the

Visceral leishmaniasis (VL) is a neglected tropical disease with capital of Piaui State”. The factors associated with the urbanization
worldwide prevalence of which it is endemic in 70 countries on process, its characterization, and implications for the control of
five continents'. In the Americas, VL is caused by Leishmania VL still represent challenges®. The processes of urbanization,
infantum, which belongs to the Leishmania donovani complex propagation, and dissemination of the disease may be related to
and is transmitted mainly by Lutzomyia longipalpis. Domestic multiple and complex conditions, among which are the migration
dogs are considered to be the main parasitic reservoirs in urban process, with disorderly occupation, precarious living and housing
environments and play an important role in the transmission cycle>. conditionss, the adaptation of the vector to peridomiciliary
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conditions’, as well as the control of vectors and reservoirs, and
also the availability of susceptible or infected canine reservoirs®.
These processes reflect the annual incidence rates in Brazil, ranged
from 1.7 to 2.6 per 100,000 inhabitants between 1990 and 2016°.

In Brazil, control strategies are based on the Visceral Leishmaniasis
Surveillance and Control Program guidelines, with measures
aimed at reducing morbidity and case-fatality rates through early
diagnosis and treatment of human cases, decreasing the risk of
transmission, controlling the population of domestic reservoirs
and vectors, and promoting health education™. However, even
with the implementation of the program, an expansion of VL
cases in some endemic areas'' and the emergence of epidemic
processes have been identified in Brazil'®'®. The Visceral
Leishmaniasis Surveillance and Control Program presents difficulties
in the execution and development of its actions®""7, which is
reflected in the expansion of the disease throughout the country.

Despite the maintenance of endemic patterns and frequent
epidemic episodes in different contexts, there are still gaps in
knowledge regarding the characteristics of disease transmission
in the urban environment that impact disease control. In addition,
VL studies in epidemic situations have mostly been conducted in
large municipalities. Therefore, studies are needed to investigate
the expansion of the disease during endemic and epidemic periods
in small cities so that disease control actions can be planned in
these municipalities. This study aimed to perform a spatial and
spatiotemporal analysis of endemic and epidemic patterns in
the occurrence of human visceral leishmaniasis in Araguai, Minas
Gerais, a small municipality in southeastern Brazil.

METHODS

Design and study area

This spatial and spatiotemporal study focuses on the disease
patterns of VL cases notified to the Notifiable Diseases Information
System (SINAN) from the municipality of Araguai, Minas Gerais,
between 2012 and 2017.

The municipality of Aracuai is located northeast of the state of
Minas Gerais in the Jequitinhonha mesoregion. According to the
last census conducted in 2010, its population is 36,013 inhabitants,
distributed over a territorial unit of 2,236.28 km? '8, According to data
from the Brazilian Institute of Geography and Statistics (IBGE) census
(2010), 65.07% of the population in the municipality of Aracuai live in
urban areas, 38.3% of households have adequate sanitation, 53.6%
of urban households are on tree-lined public streets, and only 5.3%
of households are on adequately urbanized streets (presence of
gutters, storm drains, sidewalks, pavements, and curbs).

Source of data

This study considered confirmed VL cases reported to involving
residents in the municipality of Araguai from 2012 to 2017. The
cases were separated into two periods: 2012 to 2014, characterized
as an endemic period, and 2015 to 2017, characterized as an
epidemic period. Municipality and population data were obtained
from the IBGE'™.

For the purpose of this study, an epidemic was defined as
the occurrence of a health-related event exceeding normal
expectations’ with the number of cases beyond what is expected in
a specific area and time, in the presence of an epidemiological link?.

VL cases that occurred during the above-mentioned periods
were georeferenced to obtain the exact locations, which were the
residential addresses of the people with the disease, as recorded
in the investigation form. A Garmin eTrex 30x Global Positioning
System (GPS) device was used. The units of analysis were urban
areas and 27 rural census sectors. The rural area consisted of
localities and two districts: Engenheiro Schnoor and ltira.

Incidence rates and spatial analyses

The analyses contemplated that 1¢t three-year period
2012-2014, and 2" three-year period 2015-2017. Incidence rates were
calculated as follows: average incidence for each period, considering
the population for each year. The estimates were based on the 2010
National Population Census conducted by the IBGE™. The calculation
of incidence rates was used to promote greater stability in these rates,
as this is a small-population municipality. The OpenEpi platform (Open
Source Epidemiologic Statistics for Public Health), version 3.01, was
used to calculate incidence rates and relative risks.

Kernel mapping has been used to identify areas with higher
VL cases?'. Each observation was adjusted based on the distance
from the central value of the kernel. The basic parameter of this
estimator is the radius of influence, which defines the neighborhood
of the point to be interpolated and controls the “smoothing” of
the generated surface, an estimation function with phenomenon-
smoothing properties. This tool performs exploratory interpolation
that generates a dense surface presenting hot spots where a high
concentration of the disease occurs. For the density assessment,
a radius of influence of 500 m was stipulated.

A directional distribution ellipse was used to identify the
expansion and orientation of clusters in the epidemic and endemic
periods, marking the regions where the highest concentration
of VL cases occurred. The major axis of the ellipse defines the
direction of the maximum dispersion of the distribution, whereas
the minor axis is perpendicular to the anterior axis and defines
the minimum dispersion®.

Space-time scanning techniques were used to detect risk
clusters for VL. The significance test of the identified clusters was
based on the comparison of a null distribution, which was obtained
using Monte Carlo simulation. The relative risk of each cluster was
calculated, which represents the ratio of the risk of the disease
occurring within the cluster to those outside it*.

For the identification of space-time clusters, the following
criteria were used: no geographical overlap of clusters, maximum
cluster size equal to 50.0% of the exposed population, considering
a maximum temporal size of 50.0% of the study period and time
precision expressed in years, and circular clusters, significance
level of 0.05, and 999 replications®. The significance test of the
identified clusters was based on a comparison of a null distribution
obtained using Monte Carlo simulation. Thus, different areas could
be compared, and the software presented a relative risk®.

For the construction of the kernel maps and for the application
of the directional distribution, QGIS® software version 2.18
was used, and SaTScan software, version 9.4.4, was used for the
identification of spatial and spatiotemporal clusters.

In addition, to elucidate possible explanatory variables in
the incidence of VL in humans, the correlations between the
environmental variables, precipitation, humidity, temperature, and
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the number of VL cases in the period were calculated. Environmental
variables were selected based on the Meteorological Database for
Teaching and Research of the National Institute of Meteorology
(BDMEP/INMET). GraphPad Prism software (San Diego, USA,
version 6.00) was used for the statistical analysis of the data. For the
environmental variables, the Shapiro-Wilk normality test was used.
Correlation analyses were performed using Spearman'’s correlation
test when the data did not show a normal distribution, whereas
Pearson'’s correlation test was used for normal distribution. The
significance level was set at p < 0.05.

Ethical considerations

This study was approved by the Research Ethics Committee
of the Federal University of Minas Gerais (CAAE number
94476318.8.0000.5149). All data were analyzed with respect to
patient anonymity.

RESULTS

Between January 2012 and December 2017, 68 new cases
of VL were reported in residents of the Aracuai/Minas Gerais
municipality. Of these, 20 cases occurred during the endemic
period (2012-2014) and 48 cases occurred during the epidemic
period (2015-2017). The number of confirmed VL cases and the
annual incidence rates in the municipality of Araguai/Minas Gerais
from 2012 to 2017 are shown in Table 1.

The mean incidence of visceral leishmaniasis in the endemic
period was 18.5 (95% confidence interval (Cl) 5.9-32.5) and 44.4
in the epidemic period (95%Cl 12.0-28.6) by 100,000 inhabitants.
The relative risk for the epidemic period was 2.4 (95%Cl 1.4-4.1)
when compared to the endemic period.

The kernel map identified the regions where the highest
concentration of cases occurred in the municipality. Hot spots
(red) indicate a higher concentration of cases, whereas cold spots
(green) indicate a lower concentration. The main hotspots in the
two three-year periods were located in the urban area of the
municipality (Figure 1). During the endemic period (2012-2014)
there was a concentration of cases in the northern region of the
municipality’s urban area. During the epidemic period (2015-2017),
VL continued within the urban area, with a tendency to expand
into the central region, as indicated by the hotspots (Figure 1).

The directional distribution ellipse identified the expansion of
VL cases in the Aracuai municipality (Figure 2). During the endemic
period (2011-2014), the ellipse encompassed the urban perimeter
and a part of the rural area, returning to the southern part of the

municipality. During the epidemic period (2015-2017), the ellipse
increased, trending towards the east. A change can be observed
in the mean center point of the ellipse from the endemic to the
epidemic period. An increase in ellipse size during the epidemic
period reinforced the dispersion of VL cases in the municipality.

The space-time scan in the endemic period did not identify
high-risk clusters (Figure 3A). Two clusters were identified during
the epidemic period (2015-2017). The figure shows a high-risk
cluster between January 2015 and June 2016; therefore, people
living in it are at a higher risk of acquiring VL than people living
outside this area. This cluster was located in the southern part
of the rural area of the municipality. A low-risk cluster in the
urban area was detected during the endemic period (July/2016
- December 2017) (Figure 3B). The analysis detected a high-risk
spatiotemporal cluster for VL in the southern (rural) part of the
Araguai municipality. The cluster had a higher relative risk of
acquiring VL than those living outside this area between January
2015 and December 2017 (Figure 3C).

Through the analysis of the endemic and epidemic periods,
it was possible to observe that during the endemic period, the
temperature correlated positively with the VL cases and the
variables analyzed (Table 2).

DISCUSSION

This study demonstrated a difference in the geographic
distribution of VL in the municipality of Aracuai during the endemic
and epidemic periods. New foci of the disease occurred during
the epidemic period, while the disease persisted in areas where it
had occurred during the endemic period. This demonstrates that
the current control measures may not be sufficient to control VL
in municipalities.

The ineffectiveness of the VL control strategy may be related
to the lack of sustainability of a permanent surveillance system
with extensive use of human and financial resources®. Studies have
shown that most VL cases occur in urban areas?®. However, in the
results for the municipality of Aracuai, VL was distributed in urban
and rural areas during both the endemic and epidemic periods,
with the disease spreading and shifting during the epidemic period.

Both the prevalence and incidence of VL depend on
understanding the different forms of the disease associated
with geographically isolated transmission cycles and regional
differences in surveillance?’. With regards to the expansion,
some studies also indicate that the disease may be associated
with the low impact of the control measures employed, possible

TABLE 1: Distribution of confirmed cases and incidence rates of visceral leishmaniasis from 2012 to 2017 in the municipality of Aracuai, Minas Gerais, Brazil.

Endemic period

Epidemic period

Year 2012 2013 2014 2015 2016 2017
Number of confirmed cases 05 07 08 14 18 16
Incidence rates* 13.9 194 22.2 38.9 50.0 444
(95%Cl) (5.9-32.5) (9.4-40.1) (11.3-43.8) (23.2-65.3) (31.6-79.0) (27.4-72.2)

*Incidence Rates per 100,00 inhabitants. Source: Notifiable Diseases Information System (SINAN - Municipal/ 2018).
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FIGURE 2: Directional distribution ellipse of visceral leishmaniasis cases for the endemic (2012-2014) and epidemic (2015-2017)
periods in the municipality of Aracuai, Minas Gerais, Brazil. Data source: National Disease Notification System — SINAN.
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TABLE 2: Correlation between visceral leishmaniasis cases and humidity, precipitation and temperature according to endemic period (2012-2014) and epidemic period

(2015-2017), in the municipality of Aracuai, Minas Gerais, Brazil.

Endemic period

Epidemic period

Variables r p-value r p-value
Precipitation+ -0.1475 0.1954 0.1516 0.1887
Temperature* 0.3250 0.0266 0.2533 0.0775
Relative humidity of the air* -0.1415 0.2051 -0.0430 0.4017

*Pearson’s and Spearman’s correlations.

improvement of the diagnosis and notification system, and
people’s mobility328.

When demonstrating the evolution of the spatial distribution
of VL in the urban area of the municipality of Aracuai®® between
2007 and 2013, the spatial distribution of human and canine VL
cases exhibited a significant aggregate pattern with the occurrence
of human and canine infection in the central region of the city
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(urban area). In the present study, scanning analysis resulted in a
low-risk cluster in the urban areas.

If endemic and epidemic processes are not contained, there will likely
be a tendency for VL to concentrate in both urban and rural areas of
the municipality. The present study results corroborate the occurrence
of outbreaks in urban areas in other municipalities, such as Teresina,
Piaui®, and Araguaina, in Tocantins®, with a higher risk in rural areas.
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The directional distribution with the formation of an ellipse
in the urban area shows that a higher population density may
favor disease transmission in these areas. The ellipse does not
cover the districts of the municipality of Araguai, but it includes
rural communities that can be considered priority regions for
surveillance and control of VL in the municipality.

The higher relative risk of people from rural areas of Araguai
acquiring VL compared with people living outside this area during
the epidemic period is in opposition to the idea defended by some
authors?3™. In these studies in medium and large municipalities,
the paradigm of the typically rural disease was overcome, since in
these cities, the zoonotic cycle of VL is established in urban and
peri-urban areas.

In Fortaleza, Ceard' Fortaleza and Araguaina, Tocantins®?, the
average temperature had a negative influence on the incidence rate
of VL. However, our study showed a positive correlation between
temperature and VL.

VL transmission and vector proliferation are affected by
multiple factors that determine the risk of contracting the disease,
including temperature®. Temperature influences the sandfly
population, which is an important factor in VL transmission. A
study conducted in Tocantins showed that there seems to be an
ideal temperature that can favor the occurrence of VL cases®. The
temperatures related to VL were neither too high nor too low.

One limitation of this study was the use of secondary data from
SINAN. Although VL is a compulsory notification disease in Brazil,
the possibility of under-reporting of cases cannot be ruled out.
However, the extent of this underreporting is likely to be minimal
since it covers all areas of the healthcare system (public and
private) at various levels of complexity. Furthermore, it is important
to emphasize that medication for therapeutic use is dispensed
exclusively by the Brazilian Unified Health System (SUS) through
a notification form, which should minimize the underreporting of
cases. Another limitation of this study was the use of data from
canine leishmaniasis. It is also noteworthy that the lack of access
to databases of information regarding the results of examinations
of canine surveys made it impossible to study the dog population
and its influence on VL cases. Despite the high VL incidence rates
in epidemic periods, the restricted number of cases limited the
use of more statistically robust clustering techniques for spatial
analysis in smaller areas.

Despite these limitations, with the use of spatial analysis
techniques, this study was able to map areas of higher risk for VL
in Aracuai, the geographical expansion of the disease, and the
occurrence and incidence of cases. In this way, spatial analysis
techniques allow the identification of priority areas for control and
surveillance, thus reducing the costs of the Visceral Leishmaniasis
Surveillance and Control Program. Cost reduction may justify the
application of spatial analysis to the control of VL34,

Spatial analysis allowed us to outline the epidemiological
scenario of human cases of VL in the municipality of Aracuai
during the endemic and epidemic periods. The number of VL cases
in Aracuai remains high, considering its incidence in Brazil. It is
distributed in the urban and rural areas of the municipality, with
expansion during the epidemic period. These results suggest that
ideal conditions for establishing and maintaining transmission are
found in these locations. In addition, the pattern of occurrence
of VL is not static, and the disease may expand to other areas of

the municipality. These findings may be useful in case surveillance
and in the work of health professionals and managers as well as
in guiding further research.
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