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Abstract

The present study aimed to evaluate a methodology for active surveillance of visceral leishmaniasis by detecting
Leishmania DNA in organs of wild road-killed animals from November 2016 to October 2018 in the North of Parana,
Brazil. The collection points of road-killed wild animals were georeferenced. The animals were autopsied and
samples of bone marrow, lymph node, liver, spleen, and ear skin were collected. Genomic DNA was extracted
and subjected to PCR for amplification of Leishmania spp. 18S, kinetoplastic DNA (kDNA), HSP70, and ITS1 genes,
and DNA sequencing was performed. The primers used for the amplification of kDNA, ITS1, and HSP70 genes
presented non-specific results. Of the 66 mammals collected from 24 different municipalities, one Southern
Tamandua (Tamandua tetradactyla) presented DNA of Leishmania spp. in lymph nodes by 18S PCR. DNA sequencing
confirmed the results of the subgenus, Viannia, identification. We suggest using the methodology showed in the
present study in the active and early surveillance of visceral leishmaniasis in a non-endemic area.

Keywords: One Health, prevention, molecular detection.

Resumo

O objetivo do presente estudo foi avaliar uma metodologia de vigilancia ativa da leishmaniose visceral por meio da
deteccao de DNA de Leishmania em érgaos de animais silvestres atropelados, de novembro de 2016 a outubro de
2018, no Norte do Parand, Brasil. Os pontos de coleta dos animais silvestres atropelados foram georreferenciados.
Os animais foram autopsiados e amostras de medula 6ssea, linfonodo, figado, baco, e pele de orelha foram
coletados. DNA gendmico foi extraido e submetido a PCR para amplificacdo de quatro diferentes regides de
Leishmania spp.: 18S, kDNA, HSP70 e ITS1, sequenciamento de DNA foi realizado. Os iniciadores utilizados para a
amplificacdo dos genes kDNA, ITS1 e HSP70 apresentaram resultados inespecificos. Dos 66 mamiferos coletados
em 24 diferentes municipios, um tamandua-mirim (Tamandua tetradactyla) apresentou DNA de Leishmania spp.
em linfonodo na PCR, que amplificou o gene 18S. O sequenciamento de DNA confirmou o resultado e demonstrou
a presenca do subgénero Viannia. Sugere-se o uso da metodologia apresentada no presente estudo na vigilancia
ativa e precoce da leishmaniose visceral em area ndo endémica.
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Visceral leishmaniasis surveillance

Introduction

Parasites of the genus, Leishmania (Kinetoplastida: Trypanosomatidae), are protozoans that infect numerous
species of mammals (Gramiccia, 2011). Infections by the aforementioned parasite might lead to vector diseases
with a broad spectrum of clinical signs; these are collectively known as leishmaniasis, which are neglected infectious
diseases (Dujardin et al., 2008) which cause 20,000 to 40,000 deaths per year (Alvar et al., 2012), The circumstances
surrounding transmission of leishmaniasis are continually changing in relation to environmental, demographic,
and human behavioral factors, which lead to changes in the reach and density of hosts, vectors and reservoirs,
increasing human and animal exposure to infected sandflies (Roque & Jansen, 2014).

A notable geographical expansion of visceral leishmaniasis has occurred in the Southern region of Brazil in
recent years. In the state of Parana, the vector, Lutzomyia longipalpis, was first identified in 2012 in the Foz do
Iguacu (Santos et al., 2012), Western region of the state. The autochthonous canine cases in 2012 demonstrated
the rapid expansion of the agent (Dias et al., 2019), and the first reported human case occurred in 2014 (SINAN,
2020; Trench et al., 2016). Despite the efforts of the municipal and state health agencies, it was not possible to
contain vector propagation and agent dispersion between dogs and humans, causing five deaths from 2014 to
2018 (SINAN, 2020). Despite this, the Northern region of the state of Parana is considered indene for visceral
leishmaniasis; however, findings in synanthropic rodents and dogs have indicated that the agent is circulating
in the region (Caldart et al., 2017, 2018). The most intriguing is the absence of the vector in this region of the
state (Neitzke-Abreu et al., 2012; Silva et al., 2013; Silva et al., 2008; Reinhold-Castro et al., 2013). Canine visceral
leishmaniasis spread quickly in cities West of Sao Paulo state, being the most feasible route to be covered by the
disease towards the Northern border of the state of Parana (D’Andrea et al., 2015).

Animal species that harbor a given etiological agent, from an epidemiological point of view, can be classified as
hosts, reservoirs or sentinels. The hosts host these organisms, without having great epidemiological importance.
Reservoirs are defined as responsible for maintaining the etiological agent in nature, in the case of leishmaniasis in
the wild, a complex of species is observed acting as reservoirs and these species vary greatly according to space-time
conditions. Therefore, reservoirs need to present some characteristics such as: competence for transmissibility,
maintenance of infection, with or without symptoms (Roque & Jansen, 2014). Sentinel animals are useful as early
warning signs of imminent danger to humans because they must be able to develop an adequate and detectable
response to a pathogen (McCluskey et al., 2006). Various scientific studies have demonstrated that wild animals
might serve as important sentinels of the wild cycle of leishmaniasis, especially in places where it has not yet been
effectively established in the urban cycle (Roque & Jansen, 2014). PCR might be a useful tool for the detection of
these sentinels because it allows for a massive specific amplification of Leishmania DNA and is applicable directly
to clinical samples without the need for parasite isolation (Van der Auwera & Dujardin, 2015). The present study
aimed to evaluate the methodology of active and early surveillance of visceral leishmaniasis by detecting Leishmania
spp. DNA in organs of road-killed wild animals from November 2016 to October 2018 in municipalities in the North
of Parana.

Material and Methods

Ethics approval

The project was approved by the Ethics Committee on Animal Use of the State University of Londrina in October
2017 under number 30/2017 and was approved by the System of Authorization and Information on Biodiversity
(SISBIO) on October 2016 under number 55384-1.

Study area

The state of Parana is divided into 22 health regions (HR), and the municipalities participating in the study were
those attended by the 15™, 16, 17!, and 18% HR (Figure 1).

Collecting road-killed animals

The project team traveled to four specific transects (Figure 1), one each week, and the road-killed wild animals
found from November 2016 to October 2018 were collected. The point of departure and arrival of the transects

Braz ] Vet Parasitol 2021; 30(2): 027920 2/11



Visceral leishmaniasis surveillance

0 75 150 km

[ Parana state
[ States divisions

Transect 1 [ 15th regional
[ Municipality divisions —Transect2  [] 16th regional

3 study area —Transect3 [ | 17th regional
i —Transect4 [ | 18th regional

Figure 1. Map of the North of Parand with emphasis on the municipalities and health regionals participating in the research,
and on the transects traveled weekly in the active search of wild animals road-killed from November 2016 to October 2018.

was always Londrina (-23.2927°, -51.1732 23°). The average speed was 40 to 60 km/h, three people were always
in the car, the driver and two researchers, one watching the right side and the other the left side of the highway.
Opportunistic collections were also made through communication of the trampling by the 2" Company of
Environmental Police or 2" Road Police Company. The animals were collected dead and was used only carcasses with
fresh condition of conservation (less than 24h after death) (Pugliares et al., 2007), without evisceration, absence of
fly larvae. Carcasses were placed in bags for biological material, transported to the Laboratory of Animal Pathology,
Universidade Estadual de Londrina, and kept in a cold room (- 4° C) until the autopsy (varying three to 12 hours).
At autopsy, the species were identified and organs fragments were collected to molecular analysis.

Georeferencing

All the trampling points of the study were mapped using the global positioning system (GPS) with the mobile app
My GPS Coodinators with with an accuracy of 3 meters. The coordinate reference system used was EPSG:31981,
spatial analysis of the occurrence was performed with QGIS, version 2.14.1, using the kernel intensity estimator.

DNA extraction and PCR

DNA extraction from bone marrow, lymph nodes (pool of popliteal and/or submandibular and/or prescapular
and/or inguinal nodes), spleen, liver, and ear tip skin was performed with the commercial PureLink Genomic DNA
Mini Kit (Thermo Fisher Scientific, Waltham, USA) according to the manufacturer's recommendations. A negative
control (ultrapure water) was added to each extraction set. The extracted material was aliquoted into 1.5-ml sterile
polypropylene tubes, identified, and stored at -20 °C for use in the PCR. The quantification of extrated DNA was
performed using L-QUANT (Loccus Biotechnology, Cotia, Sao Paulo, Brazil). The samples with extracts had less than
a minimum concentration of 30 ng/pL were subjected to extraction again. Those that did not present the minimum
quantity in the second extraction were excluded from the study and considered degraded.

Braz ] Vet Parasitol 2021; 30(2): e027920 3/11



Visceral leishmaniasis surveillance

For the amplification of DNA of parasites of the Leishmania genus, four different PCR protocols were tested
seeking to determine the best. The first protocol was a nested PCR (nPCR) with a target fragment of the smaller
ribosomal subunit (18S), a highly conserved region among Leishmania species. In this nPCR, the outer primers were
R221- and R332-amplifying parasites of the order, Kinetoplastida. The resulting amplification of the first reaction
was used as a sample for the second reaction, and the primers used in the second reaction were R222 and R333
resulting in fragment of 353 bp (Van Eys et al., 1992). The annealing temperature used were 55° C in the first
reaction and 60° C in the second.. The second protocol tested was a heminested-PCR (hnPCR), which amplifies the
minicircle of kinetoplastic DNA (kDNA), which, according to Aransay et al. (2000), is an ideal target as it is present
in 10,000 copies per Leishmania cell. The first reaction was performed with the primers, LinR4 and LinR17, and the
second with LinR4 and LinR19, generating a fragment of 720 bp. The annealing temperature used were 50° Cin
the first reaction and 55° C in the second.. To avoid inhibition in the second reaction of nPCR or hnPCR due to a
possible large amount of DNA, the second reaction was performed twice, once without diluting the result of the
first reaction and once diluting the result of the first reaction in a 1:4 ratio.

The third protocol used applied as a simple PCR that amplifies the gene ITS1 of the genus Leishmania, which is
more polymorphic, allowing for better discrimination of the different species through DNA sequencing. In particular,
the LIT.SR and L5.8S primers were used (Schonian et al., 2003) amplifying a fragment of 300-350 bp depending on
the species; with an annealing temperature of 57° C. The fourth protocol is a simple PCR, but now targets heat shock
protein 70 (HSP70) gene, which is extensively used for Leishmania species typing (Silva et al., 2010). The primers,
IRD and IRM, described by (Requena et al., 2012) were employed, resulting in an amplification of a fragment of
516-733bp depending on the subgenus. The annealing temperature adopted were 60° C.

The conditions of the reactions were denaturation at 94°C for 5 min, followed by cycles of 30 s to 94°C, 30 s for
the annealing temperature, 30 s to 72°C for extension, and a final extension at 72°C for 5 min. For the amplifications,
Platinum®Taqg DNA Polymerase (Life Technologies, Carlsbad, USA) was used. The four PCR protocols employed
had analytical sensitivity for one parasite. All the reaction sets included a negative control (ultrapure water) and a
positive control with a Leishmania species that does not occur in Brazil [Leishmania (Leishmania) tropica I0CL0571
or L. (L.) major IOCLO581] to avoid any suspicion of contamination. The amplified products generated in the PCR
reactions were visualized with 1.5% agarose gel electrophoresis (Invitrogen®, Carlsbad, California, USA) stained
with syBr safe DNA stain (Invitrogen®) in a horizontal vat with TEB 1X solution pH 8.4 (89 mM Tris, 89 mM boric
acid, 6 mM EDTA) as the running conducting fluid. The gel was visualized under ultraviolet (UV) light using Loccus
biotechnology software (Loccus Biotechnology, Cotia, SP, BRA) to yield the images. To avoid errors due to non-specific
amplification, only samples with DNA sequencing confirmation were considered positive in the present study.

DNA sequencing by sanger

PCR products were purified with PureLink Gel Extraction Kit (Invitrogen, Molecular Probes, Eugene, USA) and
quantitated using L-QUANT. Direct sequencing was performed using BigDye Terminator v.3.1 Cycle Sequencing
kit (Applied Biosystems, Carlsbad, USA) on a 3500 Genetic Analyzer (Applied Biosystems, Carlsbad, USA) according
to the manufacturer’s instructions. The sequences obtained were examined for quality using PHRED software.
Consensus sequences were determined by CAP3 software and sequence identity was determined by comparison
with all sequences deposited on GenBank using BLAST software. Other analyses were carried out using BioEdit
and Chromas software.

Phylogenetic reconstruction

The phylogenetic relationships between Leishmania sequence detected in the present study (Leishmania Viannia
PR-TT15) and GenBank standard sequences were characterized by the alignment of 257 nucleotides of the minor
subunit (18S) of ribosomal RNA using the maximum likelihood method with 1000 bootstraps, using Tamura-Nei
evolution model in the MEGA 10.2.4 software. The tree was rooted with Trypanosoma cruzi and the GenBank
sequences used in this tree from Viannia subgenus were: OKGQ332355, OKGQ332358, and OKJN003595 and from
the Leishmania subgenus were: OKEU825208, OKFJ263545, OKFJ263546, and OKGQ332354.

Results

In the study period, 66 mammals were collected from 24 different municipalities, and there was a greater
concentration of animals collected in Londrina, Maua da Serra, Tamarana, and Faxinal (Figure 2). Regarding the
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Figure 2. Kernel map demonstrating the concentration and the conservation status of road-killed wild animals collected in 24

municipalities belonging to the 15th, 16th, 17th and 18th regional health centers of the state of Parana from November 2016

to October 2018.
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transects, 15 animals were collected in T1 in ten travels, nine in T2 in 12 travels, four in T3 in nine travels, and
none in T4 in ten travels, and 57.6% (38/66) were collected outside transects. The most collected animal species
was Didelphis albiventris, representing 37.9% of the total (25/66). On the other hand, we highlight the large number
of carnivores (30.3%, 20/66) represented by eight species (Table 1). Among them, Leopardus wiedii was observed,
which is considered almost threatened by the International Union for the Conservation of Nature and Natural
Resources (IUCN, 2019), as well as Leopardus guttulus, already among the endangered and classified species as
vulnerable by IUCN (Figure 2). Of the total number of animals, 59.1% were male, 61.3% were adults, 35.5% were
young, and 3.3% were puppies.

With regard to DNA extraction, we yielded a success rate of 98.5% (65/66) for the liver, 96.8% (61/63) for ear tip
skin, 78.3% (47/60) for bone marrow, 76.8% (43/56) for the lymph node, and 70.8% (46/65) for the spleen. Differences
in the number of samples subjected to DNA extraction were based on the availability of the organ in the animal, as
some organs were not found due to the degree of destruction (for example, complete organ rupture). In addition,
degree of autolysis in some cases was observed due to the color, consistency, and odor alterations of organs,
mainly in the carcasses with intestinal rupture or trampling that occurring on hot and humid days.

The PCR results from the ITS1 and kDNA genera presented non-specific bands in the electrophoresis gel, primarily
those that did not correspond to the target size; however, some at similar sizes did not correspond, either, which
were sent for DNA sequencing without success, presenting non-specific amplification (data not shown). The PCR
of the HSP70 gene was positive in several organs of Hydrochoerus hydrochaeris and Cavia aperea, both from the
Rodentia order - but we again did not have success in sequencing. One lymph node sample from a T. tetradactyla
(Southern Tamandua) was positive with 18S PCR, and sequencing (Supplementary File 1) confirmed the presence
of Leishmania DNA from the Viannia subgenus (Figure 3).
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Table 1. Scientific and popular name, frequency and transect of collection of the road-killed wild animals collected in municipalities

in the North of Parana from November 2016 to October 2018.

Scientific name

Popular name

Frequency of collection

Transect

Didelphis albiventris

White-eared Possum

37.9% (25/66)

2-T1, 3-T2, 20-oot"

Cerdocyon thous Crab-eating Fox 7.6% (5/66) 3-T1, 1-T2, 1-oot
Nasua nasua South American Coati 7.6% (5/66) 2-T1, 1-T3, 2-o0t
Leopardus guttulus Southern Tiger Cat 6.1% (4/66) 3-T1,1-T2
Sapajus apella Margarita Island Capuchin 6.1% (4/66) 4-o0t

Tamandua tetradactyla

Dasypus novemcinctus

Southern Tamandua

Nine-banded armadillo

6.1% (4/66)

6.1% (4/66)

1-T1, 1-T2, 2-o0t

1-T1, 1-T2, 2-o0t

Cavia aperea Brazilian Guinea Pig 4.5% (3/66) 1-T3, 2-oot
Hydrochoerus hydrochaeris Capybara 3.0% (2/66) 1-T2, 1-o0t
Puma concolor Puma 3.0% (2/66) 1-T1, 1-o0t
Coendou spinosus Hairy Dwarf Porcupine 3.0% (2/66) 1-o0t
Galictis cuja Lesser Grison 1.5% (1/66) 1-T1
Leopardus wiedii Margay 1.5% (1/66) 1-T2
Leopardus pardalis Ocelot 1.5% (1/66) 1-T3
Lepus europeus Hare 1.5% (1/66) 1-o0t
Procyon cancrivorus Crab-eating Raccoon 1.5% (1/66) 1-T1
Mazama gouazoubira Gray Brocket 1.5% (1/66) 1-T2

oot - out of transect or opportunistic collection.

Leishmania Viannia PR-TT15
Leishmania Viannia braziliensis (OKGQ332355)
Leishmania Viannia guyanensis (OKGQ332358)

Leishmania Viannia panamensis (OKJN003595)
Leishmania Leishmania infantum (OKEU825208)

Leishmania Leishmania amazonensis (OKGQ332354)
Leishmania Leishmania tropica (OKFJ263546)
Leishmania Leishmania major (OKFJ263545)

Trypanosoma cruzi

—_—
0020

Figure 3. Phylogenetic reconstruction by the maximum-likelihood method with 1000 bootstraps, Tamura-Nei evolution model.
Partial sequences of the minor subunit (18S) of ribosomal RNA from the Viannia subgenus (OKGQ332355, OKGQ332358, and
OKJN003595) and from the Leishmania subgenus (OKEU825208, OKFJ263545, OKFJ263546, and OKGQ332354) were used in the
alignment, and a Trypanosoma cruzi sequence was used as an outgroup.

Discussion

According to the Brazilian Center for Road Ecology Studies (CBEE), the Brazilian regions with the highest rates
of trampling are the Southeast and South, and among states, Parana occupies the second position and Sdo Paulo
the first (CBEE, 2019). Due to the threatened status of conservation and the current and consistent restrictions
on the capture and euthanasia, and also to the difficulties in capturing some species (felids, anteater, primates),
it might not be possible to obtain, more intensively way, samples of internal organs of these animals. Thus, it
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highlights that for the endangered species, such as the felids, sampling of trampling animals is essential to healthy
and conservation studies. According to Richini-Pereira et al. (2014), carcasses of road-killed wild animals are a rich
source of information and should be used for epidemiological studies on zoonoses and, in the specific case of
leishmaniasis, help in the identification of hosts in different environments.

The assay to detect and determine the type of Leishmania must be sensitive enough to be used in clinical and
epidemiological studies because it must be able to analyze a minimal number of parasites, even more when
asymptomatic infections are being studied (Van der Auwera & Dujardin, 2015). The present study is the first to
evaluate a DNA detection technique for Leishmania spp. in various organs of different species of animals killed by
trampling. Therefore, the PCR protocols were selected based on analytical sensitivity, but protocol specificity in
these kinds of samples was not known.

The quality and quantity of the material used for DNA extraction is essential to rely on the results of molecular
methods. The nature of the samples from the present study inspires care in this aspect based on postmortem
autolysis. Although we used animals to run over less than 24 hours and that had a fresh condition, some organs are
more susceptible to autolysis, such as the liver and bone marrow. In addition, intense bacterial multiplication, due
to intestinal rupture or environmental temperature until the collected, leads to the sequestration and degradation
of nucleic acids, which might result in false-negative results with PCR (Schrader et al., 2012). The best way to control
this problem is to amplify mammalian constitutive gene and only use positive samples in the diagnosis of the
pathogen in question, however, in this work, this step was not performed.

The results of DNA extraction yielded a satisfactory percentage of success when considering the liver (98.5%)
and skin (96.8%), probably because of the size of the organ, allowing for the choice of a fragment of higher quality at
the time of collection. In the specific case of bone marrow, it is known that autolysis occurs faster when compared
to the other organs evaluated because of the low cellularity (Pineda Daboin et al., 2008). In the case of the spleen,
the lesser success in the extraction (70.8%) is probably based on the fact that the organ is very fibrous.

With respect to wild animals, the classification of visceral and cutaneous clinical forms caused by parasites
of the genus, Leishmania, might not be applied (Roque & Jansen, 2014) that is, all species of Leishmania might
be found in any organ in these animals. For in vivo parasitological diagnosis of visceral leishmaniasis, the bone
marrow together with the lymph node, spleen, and liver are the organs of choice (BRASIL, 2014) because of the
higher number of parasites, such as lymphoid organs and tissues in which the Leishmania parasites multiply. The
importance of looking for Leishmania DNA in the skin of these animals lies in looking for evidence of its role as a
possible reservoir (Marcelino et al., 2011; Marquez et al., 2017).

The results obtained by PCR showed that the use of the LIT.SR and L5.8S, LinR4 and LinR17, and LinR19 primers,
which amplify the ITST and kDNA genes, respectively, must be especially careful when DNA sequencing is not
performed to confirm the result. After the unsatisfactory result of DNA sequencing, we submitted positive samples
with a band size compatible with Leishmania spp. to PCR, raising the annealing temperature by 2 and 4°C, and
all samples had negative results. According to Van der Auwera & Dujardin (2015), kDNA minicircles present high
genetic variability within one unique strain, making it difficult to perform DNA sequencing. In addition, it is not a
widely validated technique in clinical samples. Besides that, Aransay et al. (2000), also described unspecific weak
bands around 600 bp and 1000 bp. Primers LIT.SR and L5.8S, which amplify ITS1, were validated and tested in
human and animal (domestic and wild) clinical samples presenting satisfactory results; however, only one strain
of each investigated species was used, thereby overlooking possible intraspecies variation that could lead to
erroneous results. It is important to emphasize that, in our study, we used a higher annealing temperature than
that previously described (53° C).

A complete review published in 2015 Van der Auwera & Dujardin (2015) affirmed that HSP70 markers were
the best for use in Leishmania species-typing globally. When comparing primers IRD and IRM in Primer BLAST, we
found similarity between certain DNA sequences of Mus musculus (for example, NC_000068.7) and Rattus norvegicus
(for example, NC_005108.4), with, until, two nucleotides of mismatch. When considering that all positive samples
from the present study are from the Rodentia order, we suggest a non-specific amplification using the IRD and IRM
primers in those animals. This finding emphasizes the necessity of validation in clinical samples from the species
that are being studied. The primers designed by Van Eys et al. (1992), with a target that is the 18S gene, have been
shown to be the best option, specifically among the tested in the present study. For screening, when the goal is
to detect DNA from parasites of the genus, Leishmania, one animal was confirmed to be infected with Leishmania.
It is important to observe that the positivity occurred after a second DNA extraction as the first attempt was
unsuccessful, and when the result of the first PCR reaction amplifying the 18S gene was diluted in the proportion
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1:4 for the second reaction, proving the need for care, this gene, 18S, is not the most indicated for discrimination
of the Leishmania species because it is a well-conserved region (Van der Auwera & Dujardin, 2015).

Brazilian studies that aimed to investigate the presence of Leishmania DNA in the organs of wild animals that
were killed were found in the literature. Soares (2013) worked with 49 animals from the state of Mato Grosso
and 132 animals from Par4, Brazil. The authors used primers that amplify DNA from the 18S gene from the
Trypanosomatidae family of parasites (Maia da Silva et al., 2004) and did not identify any positive animals in the
spleen or lung, even if the states that they worked in are known to be endemic for leishmaniasis (706 and 609
primers and AT of 60°C). Alves-Palmeira (2018) evaluated 297 animals collected on highways in the state of Santa
Catarina and did not find any positive animals for Leishmania spp. using spleen, liver, heart, lung, and skin. The
amplified gene was ITS1 (LTSR and L5.8S primers and AT of 53°C). Richini-Pereira et al. (2014) conducted a study
using 70 animals from the state of Sao Paulo, and DNA from parasites of the genus, Leishmania, was detected in
22.85% (16/70) of the animals tested (C. aperea, Cerdocyon thous, Dasypus septemcinctus, D. albiventris, H. hydrochaeris,
Myrmecophaga tridactyla, Procyon cancrivorus, Scutiger spinosus, and T. tetradactyla). The positive organs were lung,
heart, liver, spleen, kidney, and lymph node. All positives were confirmed by DNA sequencing as Leishmania spp.,
and L. (L.) infantum DNA was confirmed in the mesenteric lymph node of a C. thous. KDNA was the target of the
amplification (LinR4 and Lin19 primers, as well as AT at 63°C).

In free living T. tetradactyla species, DNA from Leishmania (Viannia) guyanensis (Lainson et al., 1981) and
L. (L.) infantum (de Araujo et al., 2013) were detected in the state of Para, Brazil, and L. (L.) amazonensis in Ecuador
(Mimorietal., 1989). The role of anteaters in the epidemiology of leishmaniasis is not well-known, and presently, they
are considered only hosts (Roque &Jansen, 2014). This animal species has behavioral and biological specificities that
make it especially susceptible to leishmaniasis. Anteaters are relatively large and slow, and they spend much time
climbing trees in close intimate contact with phlebotomines that inhabit tree trunks, such as Lutzomyia umbratilis
and Lutzomyia whitmani (Lainson et al., 1981); in addition, they present a deficient cellular immune response (Bagagli
& Bosco, 2008), which is the most important in case of infection by intracellular parasites. These characteristics
make them suitable models for studying pathogen-host interactions (Richini-Pereira et al., 2014).

The parasite identified in the present study is of the subgenus Viannia, which occurs in the New World and
contemplates species that cause American cutaneous leishmaniasis (ACL) in Brazil (Brasil, 2017). Small wild mammals
are probably the primary reservoirs of ACL in Brazil (Dantas-Torres et al., 2010); according to Roque & Jansen
(2014), several species of wild animals have been reported as hosts of ACL parasites in Brazil, such as marsupials,
armadillos, anteaters, wild felines, primates, and bats.

Regarding the evaluation of an active and early surveillance methodology of leishmaniasis by molecular
detection in road-killed wild fauna, based in our results, we feel free to make several suggestions: (i) The means
of obtaining samples-the union of several strategies, like traversing pre-established transects, co-participation
with environmental and road police, and co-participation with concessionaires on toll roads; (ii) procedures with
tissue samples-the shortest possible time between animal death and tissue freezing, careful collection of areas
with less autolysis when possible, concentration control after DNA extraction, re-extraction in cases of failure; (iii)
organs of choice-even if more studies must be carried out to be able to state with certainty, what is known so far
is that lymph nodes must be on the list. In addition, the use of a larger number of different tissues may increase
the sensitivity of the diagnosis; and (iv) the PCR protocol-nPCR using primers 221 and 332 in the first step and 222
and 333 in the second step that amplify 18S gene.

Conclusion

The present study is the first to evaluate a DNA detection methodology for Leishmania spp. in various organs
of different species of road-killed animals from Parana state. We suggest using the methodology evaluated in the
present study in the active and early surveillance of visceral leishmaniasis in a non-endemic area as it was able to
detect the presence of Leishmania spp. in organs of road-killed wild animals. No DNA of L. (L.) infantum was detected
in any of the organs of the evaluated animals. The active surveillance in the North of Parand must be constant as
the risk remains real because it is close to endemic municipalities of the West of Sdo Paulo.
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