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ABSTRACT

Background: Human visceral leishmaniasis (HVL) is a potentially fatal disease with a worldwide distribution, being
endemic in 12 countries in the Americas. The main reservoir in the urban environment is the dog, whose cases precede
the disease in humans. For the control of HVL, the Ministry of Health of Brazil recommends efficiency in the notifica-
tion of human cases, control of sandflies, elimination of reservoirs and health education, in addition to the interruption in
the transmission of the disease by the intensification of surveillance and control of priority areas based on identification
by spatial analysis. The objective of the study was to investigate the spatial distribution of canine visceral leishmaniasis
(CVL) in the state of Rio Grande do Norte, Brazil, determining areas of risk by identifying spatial clusters, with a view to
monitoring and implementing preventive actions.

Materials, Methods & Results: Secondary data from sample and/or routine serological surveys for serological diagnosis of
LVC in the period from 2011 to 2018 were used. The inclusion of animals in the routine diagnosis per municipality resulted
from demands of veterinarians, veterinary clinics, dog tutors, zoonoses control centers and environmental surveillance.
The spatial statistical analysis was performed with SatScan software version 9.6 for the detection of spatial clusters, based
on using the statistical scan method. Of the total of 231,123 dogs tested in the period, 24,642 (10.6%) were seroreactive
for CVL. During the study, the municipalities with the highest number of cases were Natal and Mossord, with 9,671 and
4,514 cases, respectively. During the years 2011 to 2018, 38 significant clusters (P < 0.05) were identified that included
one or more municipalities.

Discussion: The state of Rio Grande do Norte has an urban environment susceptible to the occurrence of CVL, with climate
and topography that favor the proliferation of the vector and housing in precarious socio-sanitary conditions. The high
number of CVL cases in Natal can be explained by the fact that the city is considered endemic for CVL, characterized
as an area of intense transmission of the disease, according to the Ministry of Health. In addition, public infrastructure in
some locations is deficient and living conditions are unfavorable, so that there is a need to invest in effective protection
measures for vector control, as well as a focus on health education, whose HVL control measures in the municipality need
to be readjusted. The high rate of cases and the constant presence of clusters in the municipality of Agu can be explained
by the increasing degradation of the Caatinga biome, evidenced by the removal of firewood for use in the ceramist pole,
whose activity is concentrated on a large scale in the use of raw material and energy, through the production of charcoal,
for agricultural and livestock fronts, putting species of fauna and flora at risk. It is also noteworthy that this fact contributes
to the destruction of wild ecotopes, resulting in the search for the vector for other sources of human and animal food, al-
lowing an increase in the number of cases of the disease. It’s concluded that canine visceral leishmaniasis is distributed in
a large part of the state of Rio Grande do Norte. The underreporting and/or deficiency in the disclosure of data by some
municipalities represents a challenge in complying with the actions of the Visceral Leishmaniasis Surveillance and Control
Program, and attention should be paid to the monitoring and inspection of the execution actions of municipal managers,
as well as how to train professionals who are part of the service.
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INTRODUCTION

The Pan American and World Health Organi-
zations consider human visceral leishmaniasis (HVL)
a cosmopolitan and potentially fatal disease. It is
endemic in 12 countries in the Americas, and almost
96% of cases occur in Brazil [21]. The circulation of
the disease is facilitated by deforestation, urbanization,
intense migratory flow [18,20], lack of basic sanitation
and destruction of wild ecotopes [24].

Canine leishmaniasis is risk factor for HVL
[23], which is more prevalent and precedes the disease
in humans, with the dog as the main reservoir in urban
areas, and other reservoirs are foxes, marsupials [19]
and rodents [14]. The most important vector in Brazil-
ian territory is the sand fly Lutzomyia longipalpis [18].
HVL was essentially rural, but expanded into urban
areas [18]. In Northeastern Brazil, the concentration of
cases is urban with 91%, 76.1% and 71.3% in the states
of Rio Grande do Norte [30], Sergipe [25] and Piaui
[31], respectively. Considered endemic for HVL, Rio
Grande do Norte had, between 1990-2014, an annual
incidence of 4.6 cases/100,000 inhabitants and a case
fatality rate of 6.4% [1].

For the control of HVL, the Ministry of Health
of Brazil recommends efficiency in the notification
of human cases, control of sandflies, elimination of
reservoirs and health education [18], in addition to the
interruption in the transmission of the disease by the
intensification of surveillance and control of priority
areas based on identification by spatial analysis [8].
The objective of this study was to investigate the spatial
distribution of CVL in that state, identifying highly
prevalent spatial clusters, with focus to monitoring and
implementing preventive actions.

MATERIALS AND METHODS

Study area and data collection

The state of Rio Grande do Norte is located
in the Northeast region of Brazil, and covers an area
of 52,809,602 km?2, with 167 municipalities and an
estimated population of 3,534,165 inhabitants and
a Human Development Index of 0.684 [12], rank-
ing 16th position in the country. It is geographi-
cally divided into 4 mesoregions: Central Potiguar,
West Potiguar, Agreste Potiguar and East Potiguar
(Figure 1).

Secondary data were obtained from the Sub-
coordination of Epidemiological Surveillance, Arbo-
viruses and Leishmaniasis Sector, State Department of
Public Health (SESAP), Natal, Rio Grande do Norte.
These data come from routine serological diagnosis of
CVL in the period from 2011 to 2018. The inclusion
of animals in the routine diagnosis per municipality
resulted from demands of veterinarians, veterinary
clinics, dog tutors, zoonoses control centers and envi-
ronmental surveillance.
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Figure 1. Map of Brazil highlighting the geographic divisions of the Rio
Grande do Norte state, Northeastern of Brazil.

Serological diagnosis of CVL

Serum samples from the animals were screened
using the DPP test® (Canine Visceral Leishmaniasis
rapid test)! performed at the Secretary of Health of each
municipality, and the positive sera were sent to the Cen-
tral Public Health Laboratory (LACEN) in Rio Grande
do Norte for the confirmatory diagnostic test (ELISA),
as recommended by the Ministry of Health [18].

Spatial analysis

For spatial mapping, data from the period 2011
to 2018 of positive dogs for CVL were used, and the
maps were made with the software QGis 2.18.0%, adopt-
ing the Datum SIRGAS 2000, a geodetic reference
system for the Americas, and the cartographic meshes
of the state of Rio Grande do Norte extracted from
the website of the Instituto Brasileiro de Geografia e
Estatistica (IBGE). Thematic maps of the sum of CVL
cases between 2011 to 2018 of all municipalities in the
state were prepared; the distribution of cases (positive/
negative/no notification); and significant clusters.
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To identify the clusters, the geographic coordi-
nates of the municipalities in the state were used, ob-
tained from QGIS, georeferenced through the centroid,
the most central location of each municipality. Spatial
statistical analysis was performed using the SatScan
software version 9.6 [13], to detect spatial clusters in
the state, based on the scan statistical technique, defined
by an irregular geographic window that moves through
the area of interest, that is, it is a sweep statistic whose
circle is capable of including different sets of neighbor-
ing areas. If the centroid (most central part) of an area is
contained in the window, this area is deemed included
in the circle, being treated as a potential cluster [17].
The comparison of the proportions of positive dogs
among years was made using the chi-square test, and
the significance level adopted in the analysis was 5%.

RESULTS

Of the total of 231,123 dogs tested, 24,642
(10.6%) were seroreactive for CVL. The municipalities
that presented the highest numbers of cases were Natal
and Mossord, with 9,671 and 4,514 cases, respectively.
The municipalities with the highest number of CVL
cases per year are shown in Table 1. A significant dif-
ference was observed in the frequencies of cases among
the years (P < 0.001).

It was verified that, during the study period
(2011-2018), the disease in dogs was found to be
widespread in a large part of the Potiguar territory:
38.32% (64/167) of the municipalities had more than
21 cases; 20.4% (34/167) resulted in 7 to 21 cases;
13.8% (23/167) had up to 6 cases, however, 5.4%
(9/167) had no positive animals (Figure 2)
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Figure 2. Map highlighting the number of canine visceral leishmaniasis
(CVL) cases in Rio Grande do Norte state, Northeastern of Brazil, during
the period of 2011 to 2018.

Only 8.9% (15/167) of the municipalities
presented data throughout the study period (2011-
2018). Of these, 40% were located in the East
Potiguar mesoregion: municipalities of Extremoz,
Macaiba, Natal, Parnamirim, Sdo Gong¢alo do
Amarante and Sao José de Mipibu; 26.7% in Oeste
Potiguar: Caratbas, Ipanguagu, Portalegre and
Upanema; 20% in Agreste Potiguar: Jodo Camara,
Santo Antonio and Santa Cruz; and 13.3% were
located in Central Potiguar, with emphasis on the
municipalities of Caicé and Jardim de Piranhas.
Thirty-seven municipalities (22.1%) did not present
data for LVC (Figure 3), such as Apodi and Felipe
Guerra, located in the West Potiguar, bordering
the municipalities of Alto Santo, Potiretama and
Tabuleiro do Norte, located in the state of Ceara, as
well as the municipality of Serra Negra do Norte,
Central Potiguar, which borders the municipalities
of Sdo Bento, Paulista and Sao José de Espinharas,
located in the state of Paraiba.

In2011 and 2012, in several municipalities in
the West Potiguar mesoregion there were no records
of cases, however, in subsequent years there were
cases of the disease in dogs in the municipalities of
Pau dos Ferros and Patu, with more than 200 cases
(2017-2018). Other municipalities in this region
that presented high and constant numbers of cases
were Mossord and Agu. In the Central Potiguar, the
municipality of Caic6 stood out, whose number of
cases in the 8 years of the study remained constant,
in addition to the growing increase in the number of
cases in the municipalities close to the border with
Paraiba state (Figure 3).

The use of the statistical scanning tool al-
lowed the detection of 38 significant (P < 0.05)
spatial clusters of CVL cases in several municipali-
ties in the state (Table 2 and Figure 4). In 2011,
3 clusters were identified, all including a single
municipality in each cluster and the primary cluster
comprised the municipality of Natal, with a relative
risk (RR) of 2.26 and P < 0.001; in 2012 there were
5 clusters and the primary cluster, with a radius of
67.23 km and RR of 2.65 (P < 0.001) included the
municipalities of Governador Dix-Sept Rosado,
Mossord, Upanema, Caraubas, A¢u and Janduis;
in 2013, 5 clusters were also detected, whose
primary cluster was located in Parelhas, with RR
3.56 (P < 0.001); In 2014, 2 clusters were found,
and the primary cluster was Extremoz, with RR
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2.57 (P < 0.001); in 2015 there were 5 clusters,
with the primary cluster located in A¢u (RR 2.44;
P < 0.001); in 2016, 3 clusters, and the primary
cluster had a radius of 160.94 km and included
34 municipalities (RR 1.70; P < 0.001); in 2017,

5 clusters were identified, and the primary cluster
was the municipality of Assu (RR 3.60; P <0.001);
and in 2018, 10 clusters were registered, with the
municipality of Extremoz being the primary cluster
(RR 3.93; P <0.001).
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Figure 3. Distribution of canine visceral leishmaniasis (CVL) cases in Rio
Grande do Norte state, Northeastern of Brazil, according the year of the
survey during the period of 2011 to 2018.

Figure 4. Significant clusters of canine visceral leishmaniasis (CVL) cases
in Rio Grande do Norte state, Northeastern of Brazil, according the year
of the survey during the period of 2011 to 2018..

Table 1. Number of dogs tested and reactive to canine visceral leishmaniasis in Rio Grande do Norte state, Northeastern of Brazil, during the period of

2011 to 2018.

Year  Number of tested dogs ~ Number of reactive dogs ~ Frequency of reactive dogs (%) Counties with higher number of cases)
2011 29,881 3,199 10.7 Natal (1,178), Mossor6 (887)
2012 22,095 2,472 11.1 Mossor6 (1,041), Natal (668)
2013 27,754 2,256 8.1 Natal (1,258), Mossor6 (340)
2014 30,219 4,982 16.4 Natal (1,981), Mossor6 (1,125)
2015 32,060 3,218 10.03 Natal (1,629), Mossor6 (451)
2016 28,841 2,192 7.6 Natal (870), Caic6 (353)

2017 35,291 3,884 11 Natal (1,684), Mossor6 (403)
2018 24,982 2,439 9.7 Natal (403), Pau dos Ferros (233)
Total 231,123 24,642 10.6
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Table 2. Statistically significant clusters of canine visceral leishmaniasis cases in Rio Grande do Norte state, Northeastern of Brazil, during the period
of 2011 to 2018.

No. of cases into the cluster

Year Radius (km) No. of counties into the cluster RR® P-value
Observed Expected

0? 1 1,178 655.62 2.26 <0.001
2011 0 1 150 71.41 2.15 <0.001

0 1 26 11.78 222 0.015
67.23¢ 6 1,150 611.65 2.65 <0.001
54.45 6 210 98.45 2.24 <0.001
2012 19.87 2 21 4.92 4.29 <0.001
0 1 668 570.59 1.23 <0.001

0 1 3 0.34 8.95 0.015

0 1 54 15.44 3.56 <0.001
0 1 31 6.26 5.01 <0.001

2013 0 1 87 37.39 2.38 <0.001
41.99 4 38 14.06 2.73 <0.001

0 1 48 28.86 1.68 0.037
0* 1 372 151.67 2.57 <0.001

2014

70.48 9 1,425 1,106.89 1.40 <0.001
0* 1 123 51.59 2.44 <0.001

19.84 2 31 10.24 3.05 <0.001
2015 0 1 108 64.54 1.70 <0.001
0 1 4 0.80 9.97 <0.001
21.66 3 282 223.23 1.29 <0.001

160.94* 34 710 482.54 1.70 <0.001
2016 0 1 72 18.32 4.03 <0.001
17.89 2 114 65.51 1.78 <0.001

0* 1 324 95.86 3.60 <0.001
0 1 96 23.44 4.17 <0.001

2017 12.89 2 173 90.36 1.96 <0.001
0 1 16 2.97 5.40 <0.001

0 1 217 156.83 1.41 <0.001
0* 1 163 43.64 3.93 <0.001
17 2 290 179.74 1.70 <0.001
36.11 3 140 67.85 2.13 <0.001

35.42 6 89 40.81 2.23 <0.001
16.70 4 59 24.41 2.45 <0.001

2018

0 1 19 5.37 3.56 <0.001

0 1 4 0.39 10.26 <0.001

17.78 2 21 7.91 2.67 0.012

0 1 3 0.29 10.25 0.024

0 1 22 9.76 2.26 0.042

“Primary cluster; "Relative risk.
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DISCUSSION

The state of Rio Grande do Norte has an urban
environment susceptible to the occurrence of CVL,
with climate and topography that favor the proliferation
of the vector and housing in precarious socio-sanitary
conditions [1]. The high number of CVL cases in Natal
can be explained by the fact that the city is considered
endemic for CVL, characterized as an area of intense
transmission of the disease, according to the Ministry
of Health. In addition, public infrastructure in some
locations is deficient and living conditions are unfavor-
able, so that there is a need to invest in effective protec-
tion measures for vector control, as well as a focus on
health education, whose HVL control measures in the
municipality need to be readjusted [32].

The municipality of Mossord, the second larg-
est economic center in the state, had a high number of
cases in the period, which may be related to the precari-
ous socioeconomic conditions of some neighborhoods,
poor living conditions and low level of information
about CVL [6]. In 2018, no LVC data were recorded in
the municipality, and such information may be related
to complete closure of the Zoonosis Control Center
(CCZ), making combat actions difficult and conse-
quently favoring the increase in the number of cases
of leishmaniasis and other zoonoses [4] Historically,
the occurrence of HVL in the state of Rio Grande do
Norte was centered in the Metropolitan (Eastern Po-
tiguar) and Agreste regions. However, in recent years
there has been a clear expansion of the human and
canine disease to several regions of the state, mainly
in the East and West Potiguar mesoregions, with the
municipalities of Mossor6 as the second municipality
with concentrations of the number of cases [27], rein-
forcing the growing expansion of the disease in several
regions of the state.

The absence of data on the occurrence of
CVL in some municipalities may be associated with
the failure to carry out serological surveys or even
with the non-disclosure by the municipalities to
official service. That is, it is likely that there were
underreporting during the analyzed period. The lack
of data in several locations in the state indicates
the existence of difficulties in implementing the
guidelines of the Visceral Leishmaniasis Surveil-
lance and Control Program by the municipalities,
and among the factors that contribute to this deficit
in operationalization are the very high cost, lack

of financial and human resources, in addition to
the little involvement of other sectors, directly
influencing the lack of commitment on the part of
municipal managers [33]. It is worth noting, in this
context, that Brazil is currently facing difficulties
in the human visceral leishmaniasis control, and the
dialogue between Health and Law is important as a
strategy to avoid the expansion and/or maintenance
of the disease, highlighting the need to discuss the
euthanasia of symptomatic and seropositive dogs,
due to the resistance of the tutors in handing them
over, showing a high affective value [29].

The high number of cases of CVL in the Cen-
tral and West Potiguar mesoregions can be explained
by the location that the municipalities of Caic6 and Pau
dos Ferros occupy, as they are located in border regions,
whose urban network is fragmented and consists of
small towns, with about 90% of the municipalities
(with a population of less than 10,000 inhabitants), in
addition to acting as integrated cities and/or with pos-
sibilities of integration to the dynamics of urbanization,
offering various specialized services (areas of educa-
tion and health), as well as act as a ‘job basin’ for the
region [9], whose disordered urbanization constitutes
a risk factor for the emergence of new cases of CVL
[7,34]. The high rate of cases and the constant presence
of clusters in the municipality of Agu can be explained
by the increasing degradation of the Caatinga biome,
evidenced by the removal of firewood for use in the
ceramist pole, whose activity is concentrated on a large
scale in the use of raw material. and energy, through the
production of charcoal, for agricultural and livestock
fronts, putting species of fauna and flora at risk [22].
It is also noteworthy that this fact contributes to the
destruction of wild ecotopes, resulting in the search
for the vector for other sources of human and animal
food, allowing an increase in the number of cases of
the disease [24].

In view of the identification of clusters in the
municipalities Baratinas and Governador Dix-Sept
Rosado, located close to the border of the state of
Ceard, more precisely to the municipalities that make
up the Jaguaribe mesoregion, monitoring in this loca-
tion is essential, given that the state of Ceara has one
of the highest rates of HVL cases in the Northeastern
region of Brazil [15]. Although the municipalities of
this mesoregion (21 municipalities) during the years
2011-2014 had low frequency of cases (1.7%) of HVL
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[34] it is worth noting the frequency of canine cases in
the municipality of Jaguaribe, being 86.6% (168/194)
in the rural area and 13.4% (26/194) in the urban area
[28]. In the years 2015 to 2018, the state of Rio Grande
do Norte presented CVL frequency of 9.68% (11,733
positives out of 121,174 dogs tested), a percentage
higher than that found in the state of Ceard in the same
period, in which of the 491,857 dogs tested 33,102
(6.73%) were positive [26].

The use of spatial distribution tools for disease
monitoring in the state of Rio Grande do Norte has
been scarce, despite the importance of the georefer-
encing instrument to help monitor endemic diseases.
The detection of clusters in this study made it possible
to identify areas at risk for CVL, emphasizing the
importance of monitoring, highlighting locations that
had high rates of the disease.

A limitation of the present study was the im-
possibility of carrying out a space-time analysis for
the period 2011-2018, given that there was no infor-
mation on case notification in several municipalities
in the entire period of the historical series. However,
the results obtained are important, as they allowed
the epidemiological characterization of the infection
in the state and point to the need to carry out studies
on reservoirs and vectors to identify factors related
to the occurrence of cases and to know the dispersive
behavior of the vector in the territory [10,15], as the
control of CVL is still deficient among surveillance
services and public health programs [11]. The impor-
tance of government support is highlighted regarding
the insufficient or poorly managed amount of human
and financial resources, to carry out the actions recom-
mended by the Ministry of Health, so that it is through
these actions that the emergence of new cases of CVL
can be reduced and prevent new cases of HVL [5].

It is essential to carry out permanent actions
in health education with the population and health
professionals, in view of the need for information
about the disease, as many studies report the lack of
knowledge, in addition to studies that can estimate the
level of knowledge of the population in the state of Rio
Grande do Norte about CVL, given that there are no
reports in the literature that attest to such information,
emphasizing that knowledge about CVL enhances the
active and permanent contribution of the population
in controlling the disease [2], as the population that
has a low level of knowledge about leishmaniasis is
subject to some risk factor, which may contribute to
the maintenance of the disease cycle [16].

CONCLUSIONS

Canine visceral leishmaniasis is distributed in
a large part of the state of Rio Grande do Norte. The
underreporting and/or deficiency in the dissemination
of data by some municipalities represents a challenge in
complying with the actions of the Visceral Leishmani-
asis Surveillance and Control Program, and attention
should be paid to the monitoring and inspection of ex-
ecution actions by municipal managers, as well as how
to train the professionals who are part of the service.
It is expected that the present study can contribute by
promoting strategies for the control of CVL in the state
of Rio Grande do Norte, through the identification of
risk areas and monitoring of these locations so that
there is a reduction of new canine cases.
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