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Abstract

Background: The Leishmaniases are on the top of the global list of tropical neglected diseases. The number of
infected dogs in South America is estimated in millions and correlated to disease cases in humans, especially in Brazil.
Equines may get infected too and can play a role in the epidemiological chain. Thus, the aim of the present study was
to evaluate risk and protective factors of leishmaniasis in rural areas of the western border region of Rio Grande do Sul
state, Brazil by Leishmania spp. protozoa molecular detection and serological evaluation (ELISA) in equine and canine
blood samples. This work included nine farms around the city of Uruguaiana. Epidemiologic information regard-

ing farm characteristics and biologic material collection of canine (22) and equine (91), totalizing 113 samples was
collected. The polymerase chain reaction (PCR) technique was used to detect Leishmania spp. in biological samples.
Variables related to the farm were collected and evaluated through descriptive analysis followed by chi-square test
and a logistic regression analysis.

Results: Nineteen positive samples (19/113 - 16,81%) were detected, being 18 equines and 1 canine, in six of the
nine farms included in the study. No animal showed clinical signs of the disease. According to the variables analyzed,
when compared each characteristic separately, the presence of abundant vegetation and poor hygiene demon-
strated to be risk factors to Leishmania infection in rural areas. The logistic regression showed that excellent general
hygiene, proximity to the weir and trimmed grass were protective factors (p=0.038, p=0.001 and p=0.014, respec-
tively). Having excellent hygiene represents a 70% lower chance of getting infected, keeping the grass cut protects
the animal by more than 90% and the proximity of the weir represents a protective factor of 96%.

Conclusions: The presence of Leishmania infection in the western border region of Rio Grande do Sul was 16,81%
and it was influenced by farm characteristics. The role of the excellent general hygiene as a protective factor is
extremely relevant in the leishmaniases prevention.
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Background
Visceral leishmaniasis (VL) is caused by intracellular pro-
tozoa of the genus Leishmania [1]. In Brazil, the Leish-
mania infantum (synonymous with L. chagasi) causes
: : : the diseases and, the main species of sand flies involved
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activity [3]. Recently, it was reported the Leishmania
infection in canines and humans in regions without the
identification of L. longipalpis. In these cases, transmis-
sion occurred close to forest fragments and, after an
entomological survey, 437 sandflies of two species, Pinto-
myia fischeri and Migonemya migonei, were infected by L.
infantum, possibly new leishmaniases vectors [4].

Leishmaniases are found in focal areas of more than
90 countries in the tropics, subtropics, and southern
Europe, on all continents except Antarctica [1, 5-7]. In
Brazil, until the end of the 1980s, it was restricted to rural
areas in the northeast of the country and the transmis-
sion cycle occurred between vectors and wild animals.
From 1990 onwards, there was a geographic expansion to
the southern states of the country and the urbanization
process of the vector in different regions [8].

Rio Grande do Sul, a Brazilian state, was VL-free area
until 2008. However, that year, a dog from the city of
Séo Borja was diagnosed with canine VL (CVL). In the
same period, the first autochthonous cases of human VL
(HVL) occurred in Brazilian municipalities bordering
Argentina (Additional file 7) [9]. Since then, this region
has been considered a transmission area, with canine and
human cases and the presence of the main vector, L. lon-
gipalpis [10]. In the following years, the disease spread to
other state regions and, in 2016, the first case in humans
was recorded in the capital, Porto Alegre [4]. In Uruguai-
ana, since 2011, when the first human case occurred in
urban areas, the parasite was also detected in canines and
horses [11-13] and, recently, the disease has spread to
rural areas [14].

Animal species are important for disease epidemiologi-
cal cycle and maintenance of the infection. The domes-
tic dog is considered a reservoir of VL in urban centers,
however, other mammals, including rodents, primates,
felines, and horses can get infected [7, 12, 15-17] and act
both as possible reservoirs and as a source of blood for
sand flies [18].

Among the risk factors for infection and disease, expo-
sure to the vector can be highlighted. They can adapt eas-
ily to different biotopes [19], and the presence of other
animal species, organic matter and green areas can also
assist in the sand fly maintenance and perpetuation [20,
21]. In 2018, the analysis of risk factors associated with
CVL in Uruguaiana identified that, in residences that
contained more than 10m? of green area in the home had
a greater chance of exposure to leishmaniases. Although,
other socioeconomic and environmental variables (pres-
ence of basic sanitation, garbage collection, green area
around the home, presence of leafy trees, proximity to
the Uruguay River, presence of other animal species, etc.)
were analyzed, there was no correlation of these charac-
teristics to the greater risk of acquiring the infection. It
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happened because the city is considered a transmission
area for CVL with distribution in practically all neighbor-
hoods, regardless of environmental and socioeconomic
conditions [21].

Uruguaiana city is part of a triple border with Uruguay
and Argentina, becoming important in the epidemio-
logical view. Uruguay is considered a potential risk of VL
transmission due to the following factors: presence of L.
longipalpis in Salto and Bella Union, border with Barra
do Quarai city/Brazil; presence of VL from Argentina and
Brazil bordering regions; and movement of people and
dogs across the border [22]. In Argentina, seven locations
are classified as vulnerable, six in the province of Corri-
entes, amongst them Paso de los Libres city that is bor-
dered with Uruguaiana city [23].

In the meantime, to study factors that may contribute
to the characterization of environments that favor the
occurrence of VL, as well as the identification of infec-
tion in different animal species can enable the knowledge
of the dynamics of infection in each region, facilitating
the adoption and improvement of more effective control
and prevention measures. In this sense, the objective of
the present study was to evaluate risk and protective fac-
tors of leishmaniasis in farms on the western border of
Rio Grande do Sul, a triple border region between Brazil/
Argentina/Uruguay.

Results
From the 113 samples collected (91 horses and 22
canines) 19 (16,81%, 18 horses and 1 dog) were positive
in PCR and/or ELISA tests. With the list of equine sam-
ples 7 out of 91 (7.69%) were positive in the PCR using
RV1/RV2 primers. Sequencing analysis, performed on
a horse positive sample, enabled the identification of
major similarity with the species L. infantum (GenBank
accession 103741.1; query cover 96%; ident 93%), as pre-
viously published by the group [14]. Out of 91 horses,
13 (14,28%) were positive in an in-house ELISA test, as
described in the methodology. Only two horse samples
were positive in both diagnostic tests (PCR and ELISA).
The canine sample totaled 22 animals, of these 1 (4,54%)
was positive in PCR technique. Due to the limitations of
the collection, only 5 dogs out of 22 had a sufficient sam-
ple to perform ELISA and they were all negative. All posi-
tive animals (18 horses and 1 canine) to Leishmania spp.
in the PCR and/or ELISA were healthy, with no clinical
signs at the time of material collection. The positive sam-
ples belonged to six properties in the rural area, identi-
fied on the map as: 1, 2, 5, 7, 8 and 9 (Additional file 5:
Fig. 1).

Table 1 demonstrates a relationship with the factors:
presence of abundant vegetation (OR: 2.757; p=0.043)
and the lack of hygiene in the property (OR: 5.416;
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Table 1 List of variables evaluated in each of the properties included in the study

Exposure PCR and / or ELISA negative PCRand / or ELISA positive Odds ratio Confidence interval (Cl) p Value
to animals animals (OR) (95%)
characteristic (n=94) (n=19)

Proximity to the weir

Yes 41 1M 1.777 0.327 0.254
No 53 8

Proximity to River
Yes 26 3 0490 0.090 0.279
No 68 16

Proximity to dam
Yes 79 9 0.170 0.031 0.000
No 15 10

Proximity to lakes / streams
Yes 26 0 0 - 0.008
No 68 19

Presence of organic matter
Yes 59 8 0431 0.079 0.094
No 35 M

Presence of abundant vegetation
Yes 27 10 2.757 0.508 0.043*
No 67 9

Grass
Yes 85 15 0.397 0.073 0.152
No 9 4

Shading in the field
Yes 10 1 0.466 0.086 0470
No 84 18

Eucalyptus forest
Yes 36 4 0429 0.079 0.151
No 58 15

Open containers with water
Yes 49 8 0.667 0.123 0425
No 45 1

Poor hygiene on the property
Yes 16 10 5416 0.998 0.000*
No 78 9

Trees in the yard
Yes 51 14 2.360 0435 0.118
No 43 5

Proximity to forests
Yes 55 14 1.985 0.366 0216
No 39 5

Inappropriate waste destination
Yes 73 18 5.178 0.954 0.086
No 21 1

Vaccination for leishmaniasis
Yes 16 0 0 - 0.052
No 78 19

Insecticide collar
Yes 0 0 - - -

No 94 19
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Table 1 (continued)
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Exposure PCR and / or ELISA negative PCRand / or ELISA positive Odds ratio Confidence interval (Cl) p Value
to animals animals (OR) (95%)
characteristic (n=94) (n=19)
Use of antiparasitic
Yes 94 19 - - -
No 0 0
Use of insecticides
Yes 69 18 6.521 1.202 0.043*
No 25 1

*Variables with significant statistical difference when compared positive and negative samples, OD > 1 and p< 0.05

(-) calculation did not work because it divides the value by zero, it would need a larger sample to be able to include these variables

p<0.0001) as potential risk factors for the occurrence of
infections. It can also be observed that at the properties,
which did not present any positive animal, they did not
own dogs in the place, or these animals were vaccinated
for leishmaniasis.

Due to the large number of variables collected, regres-
sion models were created and those that presented sta-
tistically significant values in more than one model were
used in the final regression model. Some variables, not
conditioned to the Leishmania infection, were excluded
from the analysis. Thus, excellent general hygiene, prox-
imity to the weir and trimmed grass were protective
factors (p=0.038, p=0.001 and p=0.014, respectively).
Having excellent hygiene represents a 70% lower chance
of the animal getting sick, keeping the grass cut protects
the animal by more than 90% and the proximity of the
weir represents a protective factor of 96% (Table 2).

Discussion

The observed frequency of infected animals in the rural
area was 19,78% for horses and 4,54% for dogs. In Uru-
guaiana, it was observed a 39,06% (75 of 192 samples)
of infected horses in urban area from 10 neighborhoods
using molecular biology technique [13]. In relation to
dogs from urban areas, 57.48% (261 of 454) were con-
firmed positive by the team of the LACEN — RS (Rio
Grande do Sul — RS, Central Laboratory) through sero-
logical tests [21]. It was possible to note that, in rural
areas of the city the frequency of positive animals is still
lower than urban areas. This study started the rural area
investigation and made it possible to define the impor-
tance of this studied area.

Despite the urbanization of leishmaniases, the pres-
ervation of rural characteristics still exists [8]. Studies
show that animal husbandry can influence local health
conditions due to the production of organic waste,
which favors the attraction and maintenance of the vec-
tor in the environment [20]. Some results observed such

as tall grass, presence of green area, creation of other
animals and presence of organic matter can influence
its perpetuation [21, 24]. Until 2008, the south region
of Brazil was free from leishmaniasis. After that, VL in
human and dog occurred and the presence of the phle-
botomine vector was identified [25]. In 2017, 32 CVL in
Barra do Quarai city and 25 CVL in Itaqui city were reg-
istered at LACEN/RS, both neighboring of Uruguaiana,
with 99 CVL cases [26].

The role of dogs in leishmaniases biological cycle is well
elucidated. In Uruguaiana, leishmaniasis in dogs can be
considered endemic because it is present in all neighbor-
hoods of the city [21]. On the other hand, infection in
horses has been shown to be relevant in several regions
of Brazil and the understanding regarding participation
in the cycle and the possibility of maintaining the disease
in the environment is still an obstacle. A study demon-
strated a seroprevalence of 48.0% (73/152) of Leishmania
spp. in horses from south Brazil sent to two slaughter-
houses registered with the Federal Inspection Service
[27]. The investigation of seroprevalence in Aracatuba
(14,59% [68/466]) and Uberlandia (24.1% [62/257]), two
Brazilian cities located in the center of the country, also
demonstrated positive results and the need of further
investigation to determine the real importance of horses
in the infection cycle [28, 29].

In Uruguaiana urban perimeter, the presence of green
areas was associated with higher CVL occurrence [21],
like the findings of the present study. This data could
be supported by the vector characteristic analyzed by
entomologist study where the immature phlebotomine
sand flies are present in soil of tropical forests [21]. The
definition of poor hygiene as a risk factor and adequate
hygiene as a protective factor was grateful when con-
trol alternatives were studied. Similarly, elucidation
of trimmed grass and proximity with weir as protec-
tive factor can help in control strategies. The one health
leishmaniases control was evaluated in a study and, the
multiple approach, without culled dogs, was showed as
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Table 2 Regression models for the variables that presented
statistically significant values in more than one model used in the
final regression

Variable Odds Ratio 95% Confidence p Value
Interval
Lower Upper
Garbage destination  0.607 0.061 6.014 0.670
General hygiene 0.293 0.092 0.935 0.038
Proximity to Weir 0.040 0.006 0.284 0.001
Trimmed grass 0.099 0.016 0.623 0.014

an important prevention method [30, 31]. Epidemiologi-
cal studies became necessary to define, in each local, the
relevant factors that influence in the maintenance of the
vector.

The study limitations were related to the agreement of
owners to participate and to allow the sample collection.
Although the number of animals collected was not so
great, it allowed the observation of animals from farms
with main access through the three main access roads to
the municipality and the border with Argentina and Uru-
guay. Another limitation of the study is related to eco-
nomic and personnel difficulties for a broader approach
due to the distance and difficulty accessing places. How-
ever, it allows to visualize the presence of asymptomatic
Leishmania infection in rural areas of Brazil western bor-
der and to start the epidemiological analysis related to
the disease in this location of the country.

Conclusions

It was possible to conclude the importance of evaluating
epidemiological variables to determine the risk and pro-
tective factors related to the maintenance of the asymp-
tomatic Leishmania infection in rural areas, as well as the
importance of equine species in leishmaniasis epidemiol-
ogy. The general hygiene and trimmed grass, showed as
protective factors, enable the intervention in leishmania-
sis disease with a multi varied prevention.

Methods

The protocol was performed in accordance with the rel-
evant guidelines and regulations. The work was carried
out from July to December 2017 at rural areas of Uru-
guaiana city. Located in the extreme west of Rio Grande
do Sul, Brazil, at 643 km from Porto Alegre, the capital of
the State. The city is bathed by the Uruguay River, which
forms a border with Argentina (Paso de los Libres city/
province of Corrientes) and Uruguay far away 80Km
(Bella Union/department of Artigas). The municipality
has 125.435 inhabitants, 117.415 living in urban areas
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and 8.020 in rural areas. It has 5.702.098 km? total area
and has as main aptitude the extensive breeding of cattle,
horses and sheep and as agricultural production, the rice
monoculture [32].

Randomly, nine properties located in Uruguaiana, in
the southwest (Brazil/Uruguay/Argentina border), north-
east (Brazil/Argentina) and east (Brazil, main road to the
center of the state), were selected and identified by num-
bers (Additional file 5: Fig. 1). The properties included
in the study were contacted through owners registered
at the University Hospital of Unipampa and after the
acceptance of the animal guardians. The coordinates
were not exposed to maintain the identity of the proper-
ties and the confidentiality of the information obtained.
Access to the study sites was basically composed of a
main paved road (BR 290 and BR 472) and secondary
land accesses.

Epidemiological variables, information about the loca-
tion, such as the size area of the property, the number of
employees and its suitability (main purpose) and environ-
mental variables (Additional file 6: Fig. 2), as proximity
or presence of river, weir or dam, presence of vegetation
around the headquarters, presence of water tank and/
or containers without a lid, presence of organic matter,
destination of garbage, presence of other animal species,
vaccination and use of insecticidal collar on dogs, among
others, were observed and registered in each property
visited.

The properties included in the study had an average of
1200 hectares (ha) (minimum 54 and maximum 3656) of
which: three smaller than 100ha, two between 100 and
1000ha and four properties larger than 1000ha. The main
activity of the locals was, in their majority, beef cattle, fol-
lowed by horse breeding and dairy cattle (Table 3).

113 animals were analyzed, including 91 horses and
22 dogs. The equine sample size was calculated based
on expected prevalence, confidence level and error.
The expected prevalence for rural areas was previously
reported and, for equine species, it was 6.19% [14]. The
applied formula included sample size, Z statistic (1.96 for
95% confidence level), expected proportion (6.19%) and
precision/error (5%) [33]. The calculated sample size was
89 equines and 91 were included in this study. The dog
sample number was determined by the availability of ani-
mals in the properties, as an addition to the work, because
of the lack of data referring to the number of animals in
rural areas. Each animal received a number, and a clini-
cal examination and identification was carried out by fill-
ing in data on clinical files for horses and canines. The
clinical examination included: heart rate, respiratory rate,
mucous membranes, rectal temperature, and lymph node
palpation, in addition to abdominal palpation in dogs.
The presence of alopecia, injuries and weight loss were
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Table 3 Information about farm characteristics and collected animal numbers from each farm

Farm number Size (acre) Main road reference Main activity n horse n canine
1 3656 BR 472 to Barra Beef cattle 10 2

2 363 BR 472 to Barra Beef cattle and sheep 10 3

3 1900 BR 472 to Barra Beef cattle 10 0

4 2001 BR 290 to Alegrete Beef cattle 10 0

5 54 BR 290 to Alegrete Dairy cattle and swine 10 3

6 1312 BR 290 to Alegrete Beef cattle 11 5

7 609 BR 472 to Itaqui Beef cattle 7 4

8 87 BR 472 to Itaqui Horse breeding 12 3

9 3045 BR 472 to Itaqui Beef cattle and Rice 11 2

Total 91 22

also observed. Blood was collected by external jugular
venipuncture in horses and external jugular or cephalic in
canines. The blood samples were collected in two different
tubes, EDTA (containing anticoagulant) and serum sepa-
rator tube (SSP) and placed in thermal boxes with ice to
transport to the Laboratory of Veterinary Microbiology at
UNIPAMPA- Uruguaiana/RS, where they were processed.

DNA extraction was carried out according to the
Salting-Out technique [34] and amplification of genetic
material to determine positive samples for Leishmania
spp- The PCR amplification was carried out with the
primers RV1 (5-CTTTTCTGGTCCCGCGGGTAGG-
3’) and RV2 (3'-CCACCTGGGCTATTTTACACCA-5),
target sequence of the LT1 fragment, with 145 bp to iden-
tify Leishmania spp. belonging to the donovani complex
[35]. PCR conditions were described elsewhere [36, 37].
The reaction mixtures adjusted in a final volume of 25 pl
(25-50 ng of DNA), 2.5 U of Taq DNA polymerase, 1X
PCR buffer, 1.5 mM of MgCl2, (Invitrogen, USA), 10 mM
of each ANTP (dATP, dCTP, dGTP, and dTTP) (Promega,
EUA),10 pmol of each primer (IDT, EUA) and ultrapure
water, were performed in thermocycler (Amplitherm
Thermal Cyclers). All assays included negative PCR con-
trols (PCR mix without DNA), and positive PCR controls
(DNA extracted from L. (L.) infantum promastigotes
(MHOM/BR/1974/PP75). The results were visualized by
electrophoresis in 1.5% agarose gels in 1 x TAE-buffer
staining with ethidium bromide [2].

RV1/RV2 PCR product from one horse positive sam-
ple was confirmed by direct sequencing, performed by
an automated sequencer ABI-Prism 3500 Genetic Ana-
lyser (Applied Biosystems, USA), after purification with
Purelink™ Quick Gel Extraction and PCR Purification kit
(Invitrogen, USA) [11].

The ELISA protocol was performed, according to pro-
tocols already described, with modifications [33, 38],
using L. infantum grown in the laboratory to the fixa-
tion. First, the plates were pre-coated with 10ug/mL

L. infantum antigen. Initially, the 1st antibody dilution
(serum of the animal to be tested) was diluted in phos-
phate-saline dilution buffer (PBS) supplemented with
0.05% polysorbate 20 (PBS Tween) and 0.25% casein,
at a concentration 1/200 and a volume of 100 ul /well.
The plate was gently shaken and incubated for 45 min-
utes at 37°C (Thermo-Shaker Agimaxx®). After that, a
wash in a microplate washer (Wellwash- Thermo Fisher
Scientific®) with PBS tween was performed using four
cycles. The next step was the addition of 100 ul /well of
the 2nd antibody, specie specific (Goat Anti-Dog IgG
H&L [HRP] ab112852 and Rabbit Anti-Horse IgG H&L
[HRP] ab102405- Abcam®) in PBS Tween. The concen-
tration used was 1/10000. The plate was gently stirred
and incubated for 45 minutes at 37°C, again. The last
wash was performed in a microplate washer with PBS
tween using four cycles, and 100 pl/well of the substrate
solution (Tetramethylbenzidine- TMB) was added and
incubated for 15 minutes in the dark. The reaction was
finalized with the addition of 25 pl /well of the stop solu-
tion (Sulfuric Acid 2M). Finally, the reading was per-
formed according to the manufacturer’s instructions of
the development solution (TMB) with an ELISA reader
(Multiskan FC- Thermo Fisher Scientific®) at 450nm.

The ideal conditions for the immunodiagnostic assay’s
performance were obtained from the mean absorbance of
positive and negative controls (signal-to-noise). The cut-
off was determined with the mean absorbance of negative
controls plus three times the standard deviation of nega-
tive controls [38]. It was established negative and posi-
tive samples if the absorbance value was 10% below or
above the cut-off. Samples with values inside the cut-off
determination were considered undetermined. The signal
to noise was 3.496; cut off 0.360; negative control means
0.246 and positive control means 0.860.

The group of animals, dogs and horses, was con-
sidered positive by the detection, via molecular biol-
ogy, of genetic material from Leishmania sp. and by
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enzyme-linked immunosorbent assay (ELISA) serological
method (protocol in house). Positive animals were those
that presented a positive test regardless of the technique
used.

A statistical analysis was performed using SPSS for MAC
software, version 24 (SPSS Inc, Chicago, IL, USA). Initially,
a descriptive analysis of the animals was performed, fol-
lowed by the chi-square test. The strength of association
between the occurrence of infection and the presence of
variables was calculated by odds ratio, using a 95% confi-
dence interval. In addition, a logistic regression analysis
was applied, considering a significance level of 5%. The
final model was used after several models were created,
where only the variables statistically significant remained.

Abbreviations

CVL: Canine visceral leishmaniasis; EDTA: Ethylenediaminetetraacetic acid;
ELISA: Enzyme-linked immunosorbent assay; HVL: Human visceral leishma-
niasis; LACEN: State public health laboratory; PBS: Phosphate-saline dilution
buffer; PCR: Polymerase chain reaction; SPSS: Statistical package software; SSP:
Serum separator tube; TMB: Tetramethylbenzidine; VL: Visceral leishmaniasis.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512917-021-03021-6.

Additional file 1.
Additional file 2.
Additional file 3.
Additional file 4.

Additional file 5. Fig. 1. Demonstrative map of the distribution of rural
properties on the Western Frontier of Rio Grande do Sul (numbered from
1to 9) where data and biological material collections were carried out.
Maps data: Google Earth, © 2020 CNES/Airbus, Maxar Technologies.

Additional file 6. Fig. 2. Epidemiological form used to register the envi-
ronmental variables.

Additional file 7.

Acknowledgment

The authors are grateful to the Research Program for SUS: Shared Health
Management - PPSUS 2017 that financed the project. We thank FIOCRUZ / RJ
for kindly providing the Leishmania strains.

Authors’ contributions

G. D. Pradella- Participation in all stages of the work; C. A. Duarte- Participation
in all stages of the work; T. A. Escobar- Participation in all stages of the work;

L. Zuravski- Participation on ELISA technique; G. C. Goss- Participation on data
collection; J. A. Skupien- Participation on data analyses; I. Libeck- Participation
in all stages of the work. All authors read and approved the final manuscript.

Funding

This study was funded by Research Program for SUS: Shared Health Manage-
ment - PPSUS 2017.

This study was financed in part by the Coordination for the Improvement of
Higher Education Personnel - Brasil (CAPES) - Finance Code 001.

Availability of data and materials
The data supporting the conclusions of this article are included within the
article. The PCR and ELISA data are registered at laboratory book and could

Page 7 of 8

be solicited to the authors. The epidemiological forms and individual clinical
forms from canine and equine are scanned and stored online.

Declarations

Ethics approval and consent to participate

This declaration confirm that our protocol was performed in accordance with
the relevant guidelines and regulations and was approved by an appropriate
ethics committee. The research was approval by the Animal Use Ethics Com-
mission (CEUA) of the Federal University of Pampa (UNIPAMPA) under protocol
number 031/2017. The farms included were in accordance with the signed/
written informed consent of owners.

Consent for publication
Not applicable. The manuscript does not contain data on any individual
person in any form.

Competing interests
The authors declare that they have no competing interests.

Author details

'Federal University of Pampa- UNIPAMPA, 118, BR 472 - Km 585, Uruguaiana,
RS 97501-970, Brazil. ?Graduate Program in Health and Life Sciences-Francis-
can University — UFN, Andradas Street, 1614, Santa Maria, RS 97010-032, Brazil.

Received: 8 January 2021 Accepted: 13 September 2021
Published online: 14 October 2021

References

1. CDC C for DC and P. Parasites - Leishmaniasis. CDC. 2020; 1. Available:
https://www.cdc.gov/parasites/leishmaniasis/. Pradella GD, Escobar
TA, Duarte CA, Lubeck I, Géss GC, Felipe L, et al. Identification of
Leishmania spp . in horses and a dog from rural areas of Uruguaiana ,
Rio Grande do Sul , Brazil. Semin Agrérias. 2020;41:2687-94. https://doi.
0rg/10.5433/1679-0359.2020v41n6p2687

2. Dos Santos SO, Arias J, Ribeiro AA, De Paiva HM, De Freitas RA, Malacco
MAF. Incrimination of Lutzomyia cruzi as a vector of American Visceral
Leishmaniasis. Med Vet Entomol. 1998;12:315-7. https://doi.org/10.
1046/j.1365-2915.1998.00104.x.

3. BRASIL, Ministério da saude S de vigilancia em saude/ D de VE. Manual
de vigilancia e controle da leishmaniose visceral. 1? edi¢do. Nucom/
SVS/MS, editor. 2014.

4. Mahmud IC. Piassini L de AS, Motta F, Behar PRP, Souza GD. Epidemiological
aspects of the first human autochthonous visceral leishmaniases cases in
Porto Alegre, Brazil. Brazilian J Infect Dis. 2019;23:124-9. https://doi.org/10.
1016/].bjid.2019.04.004.

5. Bravo AG, Quintana MG, Abril M, Salomén OD. The first record of Lutzo-
myia longipalpis in the Argentine northwest. Mem Inst Oswaldo Cruz.
2013;108:1071-3. https://doi.org/10.1590/0074-0276130358.

6.  Grill F, Zurmendi M. Leishmaniasis visceral en Uruguay Visceral leishmaniasis
in Uruguay. Arch Pediatr Urug. 2017;88:32-8. https.//doi.org/10.1016/j.
semerg.2016.04.001.

7. Benassi JC, Benvenga GU, Ferreira HL, Soares RM, Silva DT, Pereira VF,
et al. Molecular and serological detection of Leishmania spp. in horses
from an endemic area for canine visceral leishmaniasis in southeast-
ern Brazil. Pesqui Vet Bras. 2018;38:1058-63. https://doi.org/10.1590/
1678-5150-PVB-5214.

8. Amora SSA, Santos MJP. Alves ND. Costa SCG da, Calabrese K da S, Monteiro
AJ, et al. Fatores relacionados com a positividade de cées para leishmaniose
visceral em drea endémica do Estado do Rio Grande do Norte, Brasil. Ciéncia
Rural. 2006;36:1854-9. https://doi.org/10.1590/50103-84782006000600029.

9. Governo do Estado do Rio Grande do Sul. Leishmaniose visceral no Estado
do Rio Grande do Sul. 2014:4.

10. Deboni SC, Barbosa M, Ramos RR. Boletim Epidemiolégico- Vigilancia epide-
miolégica de casos humanos. Cent Estadual Vigildncia em Satde [CEVS-RS].
2011; 1-8. Available: https://www.cevs.rs.gov.br/upload/arquivos/201812/
27124724-n-1-marco.pdf.


https://www.cdc.gov/parasites/leishmaniasis/
https://doi.org/10.5433/1679-0359.2020v41n6p2687
https://doi.org/10.5433/1679-0359.2020v41n6p2687
https://doi.org/10.1046/j.1365-2915.1998.00104.x
https://doi.org/10.1046/j.1365-2915.1998.00104.x
https://doi.org/10.1016/j.bjid.2019.04.004
https://doi.org/10.1016/j.bjid.2019.04.004
https://doi.org/10.1590/0074-0276130358
https://doi.org/10.1016/j.semerg.2016.04.001
https://doi.org/10.1016/j.semerg.2016.04.001
https://doi.org/10.1590/1678-5150-PVB-5214
https://doi.org/10.1590/1678-5150-PVB-5214
https://doi.org/10.1590/S0103-84782006000600029
https://www.cevs.rs.gov.br/upload/arquivos/201812/27124724-n-1-marco.pdf
https://www.cevs.rs.gov.br/upload/arquivos/201812/27124724-n-1-marco.pdf
https://doi.org/10.1186/s12917-021-03021-6
https://doi.org/10.1186/s12917-021-03021-6

Pradella et al. BMC Vet Res (2021) 17:330

20.

21

22.

23.

24,

. EscobarTA, Déwich G, Cantele LC, Zuravski L, Ferrareze PAG, Duarte CA,

et al. Molecular detection of Leishmania spp. in Brazilian cross-border south
region mammalian hosts. Transbound Emerg Dis. 2020,67:476-80. https://
doiorg/10.1111/tbed.13361.

Escobar TA, Déwich G, Dos Santos TP, Zuravski L, Duarte CA, Libeck |, et al.
Assessment of Leishmania infantum infection in equine populations in a
canine visceral leishmaniases transmission area. BMC Vet Res. 2019;15:381.
https://doi.org/10.1186/512917-019-2108-1.

Escobar TA, Déwich G, Cantele LC, Goss GC, Porcitincula ML, Leite CT, et al.
Applications of polymerase chain reaction for the detection of equine
Leishmania sp. Infection. Semin Agrar. 2020;41:199-211. https://doi.org/10.
5433/1679-0359.2020v41n1p199.

Pradella GD, Escobar TA, Duarte CA, Liibeck |, Géss GC, Felipe L, et al.
Identification of Leishmania spp . in horses and a dog from rural areas of
Uruguaiana , Rio Grande do Sul, Brazil. Semin Agrérias. 2020;41: 2687-2694.
doi:https://doi.org/10.5433/1679-0359.2020v41n6p2687

Echchakery M, Chicharro C, Boussaa S, Nieto J, Carrillo E, Sheila O,

et al. Molecular detection of Leishmania infantum and Leishmania

tropica in rodent species from endemic cutaneous leishmaniasis areas

in Morocco. Parasites and Vectors. 2017;10:1-8. https://doi.org/10.1186/
$13071-017-2398-8.

Lombardi MC, Turchetti AP, Tinoco HP, Pessanha AT, Soave SA, Malta MCC,
et al. Diagnosis of Leishmania infantum infection by polymerase chain reac-
tion in wild mammals. Pesqui Vet Bras. 2014;34:1243-6. https://doi.org/10.
1590/50100-736X2014001200017.

Mdiller N, Hentrich B, Frey CF, Welle M. Quantitative PCR for the diagnosis of
cutaneous leishmaniasis from formalin-fixed and paraffin-embedded skin
sections. Mol Cell Probes. 2015;29:507-10. https://doi.org/10.1016/j.mcp.
2015.09.008.

Dantas-Torres F. The role of dogs as reservoirs of Leishmania parasites, with
emphasis on Leishmania (Leishmania) infantum and Leishmania (Viannia)
braziliensis. Vet Parasitol. 2007;149:139-46. https.//doi.org/10.1016/j.vetpar.
2007.07.007.

Brandao-Filho SP, Campbell-Lendrum D, Brito MEF, Shaw JJ, Davies CR.
Epidemiological surveys confirm an increasing burden of cutaneous leish-
maniasis in north-east Brazil. Trans R Soc Trop Med Hyg. 1999;93:488-94.
https://doi.org/10.1016/50035-9203(99)90346-2.

Feliciangeli MD. Natural breeding places of phlebotomine sandflies. Med
Vet Entomol. 2004;18:71-80. https://doi.org/10.1111/j.0269-283X.2004.
0487 x.

Escobar TA, Dowich G, Zuravski L, Cantele LC, Duarte CA, Libeck I. Risk
factors associated to canine visceral leishmaniasis in uruguaiana city, Brazil.
Semin Agrarias. 2018;39:211-20. https://doi.org/10.5433/1679-0359.2018v
39n1p211.

Salomon OD, Basmajdian Y, Fernandez MS, Santini MS. Lutzomyia longipal-
pis in uruguay: The first report and the potential of visceral leishmaniasis
transmission. Mem Inst Oswaldo Cruz. 2011;106:381-2. https.//doi.org/10.
1590/50074-02762011000300023.

Governo do Estado do Rio Grande do Sul; Ministério da saude [MS]. Nota
técnica conjunta da Secretaria de Vigilancia em Satide do Ministério da
Saude e da Secretaria de Estado da Saude do Rio Grande do Sul sobre a
situacao da Leishmaniose Visceral na fronteira do Estado do Rio Grande do
Sul com a Argentina. COVEV/CGDT/DEVEP/SVS/MS. 2010; 1-3.

Andrade Barata R, Carlos Franca-Silva J, Mayrink W, Costa da Silva J, Prata

A, Seixas Lorosa E, et al. Aspectos da ecologia e do comportamento de
flebotomineos em drea endémica de leishmaniose visceral, Minas Gerais
Aspects of the ecology and behaviour of phlebotomines in endemic area
for visceral leishmaniasis in State of Minas Gerais. Rev Soc Bras Med Trop.

Page 8 of 8

2005;38: 421-425. Available: http://www.scielo.br/pdf/rsbmt/v38n5/a12v3
8n5.pdf

25. Centro Estadual de Vigilancia em Saude [CEVS]. Situac&o Epidemioldgica da
Leishmaniose Visceral no Rio Grande do Sul. Gov do estado do Rio Gd do
Sul/ Secr saude. 2017; 1-4.

26. Barros CDC, Souza GD, Gallas M, Fraga E. Levantamento de casos registrados
de leishmaniose visceral canina (LVC) em 2017 no Rio Grande do Sul .
2018;8165117.

27. EversF, Ferreira FP, Navarro IT, Mitsuka-Bregand R, Pagliari S, Monica TC, et al.
Presence of anti-Leishmania spp. antibodies in slaughter horses in Brazil.
Semin Agrar. 2017,38:3921-6. https.//doi.org/10.5433/1679-0359.2017v
38n6p3921.

28. Feitosa FLF, Leal J, Mendes LCN, Peird JR, Perri SHV, de Lima VMF, et al.
Estudo soroepidemiolégico de leishmaniose em equinos na regido de
Aracatuba-SP, Brasil, area endémica para leishmaniose visceral. Brazilian J
Vet Res Anim Sci. 2012;49: 500-502. Available: https.//www.scopus.com/
inward/record.uri?eid=2-s2.0-84876472179&partnerlD=40&md5=d2e6f
306febd3ad6dab48ff55b179f7d

29. de Oliveira PM, Garcia F, Evers F. Barbosa V de M, Obando DCM, Nasciutti NR,
et al. Seroepidemiology ofLeishmaniaspp. in equids from Uberlandia, Minas
Gerais, Brazil. Ciéncia Rural. 2017,47:3-6. https://doi.org/10.1590/0103-8478c
r20160697.

30. Dantas-Torres F, Mir6 G, Baneth G, Bourdeau P, Breitschwerdt E, Capelli G,
et al. Canine leishmaniasis control in the context of one health. Emerg Infect
Dis. 2019;25:E1-4. https://doi.org/10.3201/eid2512.190164.

31. Ribeiro VM, Da Silva SM, Menz |, Tabanez P, Nogueira FDS, WerkhaUser M,
et al. Control of visceral leishmaniasis in Brazil: Recommendations from
Brasileish. Parasites and Vectors. 2013;6:1-2. https://doi.org/10.1186/
1756-3305-6-8.

32. Instituto Brasileiro de Geografia e Estatistica [IBGE]. Censo Agropecudrio- Rio
Grande do Sul. IBGE Cid. 2017;1-49. Available: https://cidades.ibge.gov.br/
brasil/rs/pesquisa/24/0.

33. Daniel WW. Biostatistics: A Foundation for Analysis in the Health Sciences.
6th ed. Phoenix, Colorado; 1995.

34. Sambrook JF, Russel DW. Molecular cloning: a laboratory manual. 3rd ed.
New Yook: Cold Spring Harbor; 2001.

35. Lachaud L, Marchergui-Hammami S, Chabbert E, Dereure J, Dedet JP, Bast-
ien P. Comparison of six PCR methods using peripheral blood for detection
of canine visceral leishmaniasis. J Clin Microbiol. 2002;40:210-5. https://doi.
org/10.1128/JCM.40.1.210-215.2002.

36. EITaiNO, El Fari M, Mauricio |, Miles MA, Oskam L, El Safi SH, et al. Leishmania
donovani: Intraspecific polymorphisms of Sudanese isolates revealed by
PCR-based analyses and DNA sequencing. Exp Parasitol. 2001;97:35-44.
https://doi.org/10.1006/expr.2001.4592.

37. LeFichoux Y, Quaranta JF, Aufeuvre JP, Lelievre A, Marty P, Suffia |, et al.
Occurrence of Leishmania infantum parasitemia in asymptomatic blood
donors living in an area of endemicity in southern France. J Clin Microbiol.
1999;37:1953-7. https://doi.org/10.1128/jcm.37.6.1953-1957.1999.

38. Rajasekariah GHR, Ryan JR, Hillier SR, Yi LP, Stiteler JM, Cui L, et al. Optimisa-
tion of an ELISA for the serodiagnosis of visceral leishmaniasis using in vitro
derived promastigote antigens. J Immunol Methods. 2001;252:105-19.
https://doi.org/10.1016/50022-1759(01)00341-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/tbed.13361
https://doi.org/10.1111/tbed.13361
https://doi.org/10.1186/s12917-019-2108-1
https://doi.org/10.5433/1679-0359.2020v41n1p199
https://doi.org/10.5433/1679-0359.2020v41n1p199
https://doi.org/10.5433/1679-0359.2020v41n6p2687
https://doi.org/10.1186/s13071-017-2398-8
https://doi.org/10.1186/s13071-017-2398-8
https://doi.org/10.1590/S0100-736X2014001200017
https://doi.org/10.1590/S0100-736X2014001200017
https://doi.org/10.1016/j.mcp.2015.09.008
https://doi.org/10.1016/j.mcp.2015.09.008
https://doi.org/10.1016/j.vetpar.2007.07.007
https://doi.org/10.1016/j.vetpar.2007.07.007
https://doi.org/10.1016/S0035-9203(99)90346-2
https://doi.org/10.1111/j.0269-283X.2004.0487.x
https://doi.org/10.1111/j.0269-283X.2004.0487.x
https://doi.org/10.5433/1679-0359.2018v39n1p211
https://doi.org/10.5433/1679-0359.2018v39n1p211
https://doi.org/10.1590/S0074-02762011000300023
https://doi.org/10.1590/S0074-02762011000300023
http://www.scielo.br/pdf/rsbmt/v38n5/a12v38n5.pdf
http://www.scielo.br/pdf/rsbmt/v38n5/a12v38n5.pdf
https://doi.org/10.5433/1679-0359.2017v38n6p3921
https://doi.org/10.5433/1679-0359.2017v38n6p3921
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84876472179&partnerID=40&md5=d2e6f306febd3ad6dab48ff55b179f7d
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84876472179&partnerID=40&md5=d2e6f306febd3ad6dab48ff55b179f7d
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84876472179&partnerID=40&md5=d2e6f306febd3ad6dab48ff55b179f7d
https://doi.org/10.1590/0103-8478cr20160697
https://doi.org/10.1590/0103-8478cr20160697
https://doi.org/10.3201/eid2512.190164
https://doi.org/10.1186/1756-3305-6-8
https://doi.org/10.1186/1756-3305-6-8
https://cidades.ibge.gov.br/brasil/rs/pesquisa/24/0
https://cidades.ibge.gov.br/brasil/rs/pesquisa/24/0
https://doi.org/10.1128/JCM.40.1.210-215.2002
https://doi.org/10.1128/JCM.40.1.210-215.2002
https://doi.org/10.1006/expr.2001.4592
https://doi.org/10.1128/jcm.37.6.1953-1957.1999
https://doi.org/10.1016/S0022-1759(01)00341-6

	Risk and protective factors of Leishmaniasis in the rural area of the western border region of Rio Grande do Sul, Brazil
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results
	Discussion
	Conclusions
	Methods
	Acknowledgment
	References


