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Applications of polymerase chain reaction for the detection of
equine Leishmania sp. infection

Aplicacao da reacao em cadeia da polimerase na deteccao da
infeccao por Leishmania sp. em equinos
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Abstract

Leishmaniasis is a neglected zoonotic disease caused by a variety of pathogenic Leishmania species. In
the New World, especially in Brazil, visceral leishmaniasis (VL) is caused by Leishmania infantum. The
pathogen can infect several animal species including dogs, foxes, rodents, primates, felines, equines and
humans. Dogs act as the primary domestic reservoirs. This study aimed to use polymerase chain reaction
(PCR) for detecting Leishmania infection in horses living in a canine visceral leishmaniasis (CVL)
endemic region. DNA samples from horse peripheral blood were used to perform PCR. Templates
were amplified using primers for the kinetoplast DNA (kDNA) minicircles, which were able to detect
different species of Leishmania. In addition, primers for internal transcribed spacer (ITS) of ribosomal
DNA were used for detection of Trypanosomatidae sp. Amongst the 75 (39%) positive PCR samples
from total 192 samples, 21 samples were positive for kDNA and 63 samples were positive for either
ITS, ITS1, or ITS2 gene markers. The kDNA PCR and sequencing allowed the detection of L. infantum
in horse blood samples. To our knowledge, this is the first report of equine infection with L. infantum
in Southern Brazil. These results proved that L. infantum could also infect horses in addition to humans
and dogs, as well as in European countries. This conclusion emphasizes the urgent need to follow up
investigation of the infection in these animals.
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Resumo

A leishmaniose ¢ uma doenga zoonotica negligenciada, causada por uma diversidade de espécies
patogénicas de Leishmania. No Novo Mundo, especialmente no Brasil, a leishmaniose visceral ¢é
causada pelo protozoario Leishmania infantum. A infec¢do acomete varias espécies animais (caes,
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raposas, roedores, primatas, felinos, equinos) e humanos e o cdo ¢ o principal reservatorio doméstico.
Este estudo teve como objetivo utilizar a reagcdo em cadeia da polimerase (PCR) para detectar a infec¢ao
por Leishmania sp. em cavalos que vivem em uma regido endémica para leishmaniose visceral canina
(LVC). Amostras de DNA do sangue periférico de equinos foram utilizadas para extracdo de DNA e
PCR. As amplifica¢des foram realizadas utilizando-se marcadores para a regido do DNA do cinetoplasto
(kDNA), que sao capazes de detectar diferentes espécies de Leishmania sp. e a regido dos espacadores
internos transcritos (ITS) do DNA ribossomal para detec¢ao da familia 7Trypanosomatidae. Dentre os
192 animais testados, 75 (39%) amostras foram positivas no PCR, 21 amostras foram positivas para
PCR kDNA e 63 para os genes ITS, ITS1 e ITS2. O sequenciamento dos amplicons permitiu detectar
L. infantum em amostras de sangue periférico de equinos. Este foi o primeiro relato de infecg¢@o por L.
infantum no sul do Brasil na espécie equina. Os resultados demonstram que, assim como nos paises
europeus, a infec¢do foi detectada em equinos apos ter sido identificada em seres humanos e caes, o que

indica a urgéncia em acompanhar a investigagdo da infec¢ao nessa espécie animal.
Palavras-chave: Leishmania infantum. Métodos diagnodsticos. Infec¢ao. Cavalos.

Introduction

Leishmaniasis is caused by different Leishmania
spp. and is transmitted by phlebotomine sand
flies during blood meal. The main reservoirs of
Leishmania infantum in many areas of the world
in the peridomestic or sylvatic environments are
domestic dogs and wild foxes, respectively (Lainson
& Rangel, 2005). Apart from humans, several
mammalian species, including rodents, primates,
felines and equines are infected by the pathogen and
participate in the epidemiological chain to ensure
proliferation of the etiological agent (Benassi et
al.,, 2017; Echchakery et al., 2017; Lombardi et
al., 2014; Miiller, Hentrich, Frey, & Welle 2015).
With numerous leishmaniasis outbreaks described
in mammals, they are incriminated as possible
reservoirs or accidental hosts (Figueiredo &
Madeira, 2014).

Leishmania infection was detected in equines
from endemic regions in Europe and South-
East Brazil (Feitosa et al., 2012; Gama et al.,
2014; Koehler et al., 2002; Soares et al., 2013;
Solano&Gallego et al., 2003). The equines are
a potential food source for phlebotomines in the
peridomiciliary environment and could be involved
in the cutaneous leishmaniasis cycle. Horse-blood
was sufficient to support sand fly oviposition, as seen
by experimentally feeding L. longipalpis with blood
meals from different animal sources (Macedo-Silva
et al., 2014; Truppel et al., 2014).

In the New World, visceral leishmaniasis (VL)
is caused by Leishmania infantum (syn. L. chagasi)
(Belo etal., 2013). Leishmaniasis has spread rapidly
in Brazilian territory. Southern region was free of
VL and canine visceral leishmaniasis (CVL) until
the last decade when the first cases were identified.
Rio Grande do Sul’s western border witnessed
the identification of seropositive dogs in several
neighborhoods, including riverside and continental
locations (Escobar et al., 2018) and was therefore,
classified as a VL transmission area since 2008
(Deboni, Barbosa, & Ramos, 2011).

In Brazil, serological techniques are the gold
standard for diagnosis of VL and CVL. The
protocols and standardized kits produced and
distributed by Brazilian Ministry of Health have
limited reach, and are effective only in human and
canine species (Ministério da Saude, 2014). These
methods have lower sensitivity of detection of
Leishmania infection than that of molecular tests
(Lopes et al.,, 2017). In addition to serological
methods, conventional diagnosis of VL relies on
histological examination of skin biopsy or lymph
node puncture samples. Although histology can be
facilitated by immunohistochemistry, identifying
the intracellular amastigote is difficult, particularly
in sections containing few parasites (Ministério da
Saude, 2014; Lombardo, Pennisi, Lupo, Chicharro,
& Solano-Gallego 2014).
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Recently, molecular techniques are being applied
to detect Leishmania infection and classify parasites
to genus, complex or species levels (Pita-Pereira
et al., 2012). Leishmania genetic markers can be
identified by PCR to achieve detection at the genus
level, or depending on the targets and the respective
primers, the assay can be designed to be genus-
specific or species-specific (Akhoundi et al., 2017).

Trypanosomatids, including Leishmania spp.,
have unique genomic organization traits compared
to other eukaryotes, such as genes without
introns, polycistrons, and small chromosomes
with high-density genes. A single Trypanosomatid
large kinetoplast DNA
(kDNA) that cannot be found in any other species
(Akhoundi et al., 2017; Lukes et al., 2002). The
parasite can be detected by using gene markers
encoding non-chromosomal DNA, kDNA regions
for the genus Leishmania (A-B; LINR4-LIN17-
LIN19) or specific primers for L. infantum (RV1-
RV2; MCI1-MC2) (Cortes, Rolao, Ramada, &
Campino, 2004; Le Fichoux et al., 1999; Pandey et
al., 2008).

mitochondrion carries

The ribosomal DNA (rDNA), mostly located on
chromosome 27, has the most variable ITS (internal
transcribed spacer) regions, which are ideal for
species-typing (Kuhls, Mauricio, Pratlong, Presber,
& Schonian, 2005; Schoénian et al., 2001). They
can also be used as molecular targets using LITSR/
L5.8S, LITSV/LITSR, and LITSV/L5.8SR primers
(El Tai et al., 2000; El Tai et al., 2001). However,
using the primer-BLAST tool, it has been observed
that these primers can amplify regions of other
trypanosomatids, including Trypanosoma cruzi
with products ranging from 300-760 bp.

Owing to the diversity of the Leishmania spp.
that is potentially present in hosts, we performed
PCR to focus on the amplification of non-
chromosomal kDNA minicircles and chromosomal
DNA of ITS rDNA to detect Leishmania infection

in the peripheral blood of horses living in a CVL-
endemic region.

Materials and Methods
Ethical approval

This study protocol was approved by the
Ethics Committee on Animal Experimentation
of the Federal University of Pampa (CEUA -
UNIPAMPA number 029-2013). All animals were
treated according to Brazilian National Guidelines
on Animal Experimentation Law 11794-DOU’ (8
October 2008). All efforts were made to minimize
animal suffering. Before animal participation,
owners’ authorizations were obtained through the
informed consent form for data and biological
material collection.

Animals

Blood samples were collected from urban
perimeter of Uruguaiana, Rio Grande do Sul
State, Brazil (29° 44’ 58” S and 57° 5’ 18" W) in
partnership with ‘Projeto Carroceiro’ developed by
the Equipampa Group of the UNIPAMPA Veterinary
Medicine. All animals were subjected to clinical
evaluation to verify physical and physiological
conditions prior to blood collection. The presence
of possible skin changes was observed carefully.
The neighborhoods involved in this study were
classified according to the local postal code. The
study included animals of unknown origin, which
were seized during inspection by the Federal
Highway Police. According to the enrolment
criteria, animals were selected only if (1) they were
draught animals (2) and they originated from the
municipality’s urban area. Samples were grouped
by the known origin (KO) of the animals or seized
animals (SA). Horses were excluded if they were
not domiciled in the urban perimeter or not used as
a draught animal.

" See: http://www.planalto.gov.br/ccivil 03/ ato2007-2010/2008/1ei/111794.htm
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We used 192 peripheral blood samples (10 mL)
collected from horses (Equus ferus caballus) by
venipuncture of the external jugular vein. Samples
were maintained in tubes with EDTA to extract the
genetic material from the whole blood and were
stored at —20°C until further processing.

Molecular diagnosis

DNA was purified from blood samples by
salting out method (Sambrook & Russel, 2001).
Briefly, 500 pL of whole blood was added to 1.5 mL
polypropylene microcentrifuge tubes containing
500 pL lysis buffer, 1% Triton X-100, centrifuged
at 17949.49 ¢ for 1 min, and the supernatant was
discarded. This step was repeated until a clear
pellet was obtained. RCLB buffer was then added
to the pellet. The dried pellet was resuspended in
proteinase K solution (25 mg/mL) containing 1X

Table 1

TEM and sodium dodecyl sulfate (SDS), at 56°C
for 1 h to proceed with DNA extraction. Next, 5
M NaCl was added and the solution was mixed for
15 s followed by centrifugation at 17949.49 g for
5 min. The supernatant was transferred into a new
1.5 mL tube containing ice-cold isopropyl alcohol
and stored at —20°C for 30 min. Then, 1 mL of 70%
ethanol was added and the DNA was pelleted by
centrifugation at 10621 g for 2 min at 4°C. The DNA
pellet was dried for 15 min at room temperature
(30°C). The dried DNA pellet was resuspended in
100 pL TE buffer and stored at —20°C. The isolated
DNA was quantified using a spectrophotometer.

The DNA was subjected to PCR using primers
for four different gene regions to detect Leishmania
infection. Primers were used to amplify fragments
of kDNA sequence LT1 as well as ITS, ITS1 and
ITS2 subunit ribosome genes of the Leishmania
spp. (Table 1)

The details of PCR for four primer sequences and the main conditions for detection of Leishmania infection in

equine peripheral blood

Gene Primer Product Primer sequence Analysis by Amplification
region size (5'-3") BLAST Conditions
95°C/2 min, 95°C/20 s,
ITS LITSV 1020 ACACTCAGGTCTGTAAAC Trypanosoma-  53°C/30 s, 72°C/60 s
rDNA LITSR CTGGATCATTT-TCCGATG tidae sp. (34 cycles), 72°C/6 min
(El Tai et al., 2000)
95°C/2 min, 95°C/20 s,
ITS1 LITSR 120 CTGGATCATTT-TCCGATG Trypanosoma-  53°C/30 s, 72°C/60 s
rDNA L5.8S TGATACCACTTATCGCACTT tidae sp. (34 cycles), 72°C/6 min
(El Tai et al., 2001)
Leishmania 95°C/2 min, 95°C/20 s,
ITS2 LITSV 700 ACACTCAGGTCTGTAAAC spp- 53°C/30 s, 72°C/60 s
rDNA L5.8SR AAGTGCG-ATAAGTGGTA Trypanosoma (34 cycles), 72°C/6 min
spp- (El Tai et al., 2001)
Leishmania 94°C/4 min, 94°C/30 s,
infantum, 60°C/30 s, 72°C/30 s
Leishmania (30 cycles), 72°C/10 min
LT1 RV1 145 CTTTTCTGGTCCCGCGGGTAGG donovani, (Almeida et al., 2013;
kDNA RV2 CCACCTGGCCTATTTTACACCA Leishmania Le Fichoux et al., 1999;
major, R. C. Silva, Richini-Pe-
Leishmania reira, Kikuti, Marson &
amazonensis Langoni 2017)
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The reactions mixture was composed of 2.5 U Taq
DNA polymerase, 1X PCR buffer, 1.5 mM MgCl,
(Invitrogen), 10 mM of each dANTP (Promega), 10
pmol of each primer (Integrated DNA Technologies),
8 uL ultrapure water, and 8 uL sample with a final
volume of 25 pL. The amplification reactions were
performed in a thermocycler (Amplitherm Thermal
Cyclers TX96 plus) with denaturation, annealing,
and extension in accordance with an established
protocol (Table 1). The DNA samples of L. infantum
(MOHM/BR/1974/PP75 and MOHM/BR/2002/
LPC-RPV) and L. donovani (MOHM/ET/1976/
HU3) provided by the CLIOC - Oswaldo Cruz
Institute (FIOCRUZ)® were used as the positive
controls. Whereas, milli-Q water was used as a
negative control for all molecular techniques.

The amplicons were examined by electrophoresis
through 1.5% agarose gel stained with ethidium
bromide and visualized on an Alphalmager gel
documentation system with ultraviolet light. The
amplicons were purified by employing a Purelink™
Quick Gel Extraction and PCR Purification kit
(Invitrogen). The sequencing reactions were
conducted for both strands in an ABI-Prism 3500
Genetic Analyzer (Applied Biosystems by Life
Technologies). The obtained sense and antisense
sequences were analyzed using Chromas 2.3
software (Technelysium Pyt Ltd.) and compared
using the GenBank database — BLAST to confirm
the presence and identity of each parasite. The
primers and amplicons were subjected to Basic
Local Alignment Search Tool (BLAST)® analysis to
identify the maximum identity and query coverage
with other microorganisms.

Results

We selected 192 horses from 10 neighborhood
areas of Uruguaiana, RS, Brazil. All animals were
evaluated for clinical conditions. Both infected and

non-infected animals (as detected by PCR assays)
failed to show clinical signs suggestive of skin
changes, such as lesions, nodules, and ulcers on
the body. Thus, there was no relationship between
clinical signs in infected horses and Leishmania
infection.

The PCR assays to detect Leishmania infection
were performed with four sets of primers in order to
increase the efficiency of detection and to compare
the different markers in two molecular regions.
With this assay, we managed to point out DNA
fragments in 75 horse samples. When analyzing
the results individually, we verified that the kDNA
region, amplified with RV1/RV2 primer pair showed
positive results in 21 samples. For the TDNA region
ITS (internal transcribed spacer), three primer pairs
were used: ITS (LITSV/LITSR), ITS1 (LITSR/
L5.8S) and ITS2 (LITSV/L5.8SR), which amplified
DNA fragments in 63 samples of at least one of the
ITS regions used (Table 2).

The comparison of four sets of PCR assays
revealed differences between the molecular markers
used (Table 2), however, there was agreement
between ITS/ITS2 of 15 positive samples and
between ITS1/ITS2 of two samples. Nine of kDNA
positive samples were positive for ITS2 and three
were positive for ITS too. Direct sequencing and
amplicons analysis of kKDNA gene markers were
performed to confirm the identity of protozoan
species in these three samples. On comparison using
the BLAST database, the sequence showed 93%
identity to the L. donovani kinetoplast minicircles
DNA, isolate MOHM/SD/85/FORSTER/clone7
(GenBank Accession No. AJO10080) and 100%
identity to the L. infantum minicircles DNA, partial
sequence (GenBank Accession No. AF027577.1).

8 See: CLIOC —Leishmania Collection direction insert: http://clioc.fiocruz.br/index?services (accessed 14 March 2014).

? See: https://blast.ncbi.nlm.nih.gov (accessed 10 November 2017)
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Table 2
Detection of Leishmania spp. in equine peripheral blood samples

N Animal RV1/ LISTSV/ LITSR/ LISTSV/
Registration RV2 =21 LITSR =33 L5.8S=3 LS5.8SR =44

1 1A X - - X
2 2A - - - X
3 3A X - - X
4 4A - X - -
5 SA - X - X
6 6A X X - X
7 8A - X - -
8 9A - - - X
9 10 A - X - -
10 I1A X - - X
11 12 A - X - -
12 1B X X - X
13 2B - - - X
14 3B - X - X
15 9B - X - X
16 14B - X - X
17 1C X - - -
18 4C - X - -
19 6C - X - -
20 8C - X - -
21 9C - X - -
22 4P X - -

23 6P X - - -
24 10P X - -
25 13P - - - X
26 I5P - - - X
27 17P - - - X
28 23 P - - - X
29 1469 - - - X
30 1T X - - -
31 2T X - - X
32 3T X - - -
33 5T X - - -
34 7T X - - -
35 1D - X - X
36 3D - X - X
37 7D X - - -
38 8D X X - X

continue
204
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continuation
39 9D - X - X
40 10D - X - -
41 11D - - - X
42 12D - - - X
43 13D X - - X
44 17D - X - -
45 19D X - X
46 20D - X - -
47 22D - X - -
48 1E X - - X
49 2E X - - -
50 3E - - - X
51 6 E X - - -
52 9E X - - -
53 10E - - - X
54 11E - X - -
55 13E - - - X
56 4 F - - - X
57 6F - X - -
58 1G - X - -
59 2G - X - -
60 3G - X - -
61 5G - X - -
62 6G - X - X
63 7G - X - X
64 8G - - - X
65 9G - - - X
66 10G - X - X
67 11G - - - X
68 12G - X - X
69 810 - - - X
70 847 - - - X
71 922 - - - X
72 938 - - X X
73 945 - - X -
74 946 - - X X
75 960 - - - X

The equine samples from 10 neighborhood positive results belonged to three regions, with the
areas were analyzed and Leishmania infection was  highest number of samples corresponding to the
detected in seven neighborhoods of Uruguaiana municipality. In addition, eight (4.16%) animals
as well as in the SA (Figure 1). Majority of the were positive among the SA (Table 3).
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Argentina

Figure. 1.

Uruguay River

Rio Branco

Local map showing the study area from Uruguaiana municipality, Southern Brazil. Numbers 1-7 indicate
the sampling neighborhoods and direction regions in which horses infected with Leishmania infantum were
diagnosed. Numbers 8-10 indicate neighborhoods with non-infected horses.

Table 3

Results of Leishmania infantum infection of equine blood samples collected from different neighborhoods in

Uruguaiana, Southern Brazil as confirmed by PCR diagnostic assay

E:;ic;on Neighborhoods gsflﬁhf;ﬁgzgz:: th Sample Size % Infected equines
North Mascarenhas de Moraes Yes 2/3 1.04
North Santo Antonio Yes 0/1 0
East Distrito Rodoviario Yes 1/3 0.52
East Salso de Baixo Yes 16/24 8.33
East Unido das Vilas Yes 21/51 10.94
West Cabo Luiz Quevedo Yes 25/54 13.02
West Francisca Tarrago Yes 1/3 0.52
West Tabajara Brites Yes 1/4 0.52
West Nova Esperanca Yes 0/21 0
West Rio Branco Yes 0/4 0
Unknown Seized Animals ® - 8/24 4.17
Total 75/192

* Cases of canine visceral leishmaniasis notified by the Sanitary Surveillance of the municipality of Uruguaiana, RS in 2012.
® Federal Highway Police.
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Discussion

Several target sequences and PCR protocols
have been described for detection of Leishmania
in mammalian hosts, which allow detection of the
parasite in diverse types of samples (Dantas-Torres,
2009; Lombardi et al., 2014; Souza et al., 2010).
In this study, we aimed to enhance the efficiency
of Leishmania detection in equine blood samples
using four sets of primers specific for different
gene encoding regions. We chose peripheral blood
for analysis in order to avoid invasive sampling
methods. The advantage of this procedure was the
simplicity of collection. This was especially useful
when numerous draught animals were analyzed
in the field, which would be subjected to physical
exertion after sample collection. Although biological
samples such as skin, lymph node aspirates, bone
marrow aspirates, and buffy coat can exhibit higher
PCR sensitivity in dogs and humans (Almeida et
al., 2013), they are typically obtained by invasive
methodologies and carry possible complications.

Here, we have noticed protozoan DNA in 75
blood samples using at least one primer pair in PCR
assay. The results showed that ITS gene markers
could detect Leishmania parasites in infected blood
samples without the need of prior cultivation.
However, these primers showed homology not only
for the sequences of Leishmania genus but also for
multiple regions of other trypanosomatids, including
T cruzi(M.A. L. de.Silva, Medeiros, Brandao-Filho,
Melo, & Medeiros, 2010). ITS1 and ITS2 regions
have a sufficiently high sequence conservation to
be Leishmania-specific PCR targets. Therefore,
they are valuable regions for species-typing.
However, molecular tools such as sequencing and
restriction fragment length polymorphism (RFLP)
are required for differentiation between species
and further characterization of the parasite (Brito
& Pita-Pereira, 2014; El Tai et al., 2000; Schonian
et al.,, 2003). These gene markers have already
been used to diagnose cutaneous leishmaniasis in
horses in European countries such as Germany and
Switzerland (Koehler et al., 2002; Miiller et al.,

2009). Similar to our study, DNA fragments were
amplified by ITS, ITSI1, and ITS2 gene markers
in the equine blood samples. Nevertheless, it was
not possible to confirm the etiological agent of
infection in those blood samples without RFLP. ITS
gene amplification may indicate infection by other
species of Leishmania or Trypanosoma or even a
co-infection in these equine samples.

Moreover, RVI/RV2 primer pairs could also
efficiently detect the genetic material of donovani
complex in Brazilian dog samples and exhibited
high sensitivity primarily due to high kDNA
minicircle copy number of the target employed
(Almeida et al., 2013; Bigeli, Oliveira Junior, &
Teles, 2012; A. F. Silva et al., 2017). The PCR assay
with primer pairs amplified kDNA sequences in
21 samples. Although the amplification was lower
than that observed with other ITS and ITS2 primer
pairs, in the BLAST platform they were able to
amplify Leishmania genus sequences (L. infantum,
L. donovani, L. amazonensis, and L. major). The
PCR primers targeting kDNA genes proved to be
more suitable for detection of asymptomatic horses
than those targeting ITS markers. We were able to
confirm the presence of L. infantum in our samples
through sequencing. In this way, we concluded that
it was not feasible to perform screening with non-
specific primers for the diagnosis of Leishmania
infection in equines, since not all positive animals
were infected by the genus Leishmania. The
specificity of these PCR primers was tested by their
inability to amplify DNA from pathogens such as 7.
cruzi, E. canis, B. canis, and T. gondii (Almeida et
al., 2013; Le Fichoux et al., 1999; R. C. Silva et al.,
2017; Solca et al., 2012).

Skin lesions as the main clinical manifestation
was observed in L. infantum-infected horses
(Koehler et al., 2002; Miiller et al., 2015; Miiller
et al., 2009). However, anti-L. infantum antibodies
were detected in healthy horses as well. Thus,
we cannot consider lesions as a sign of infection,
particularly in endemic areas (Fernandez-Bellon
et al., 2006). In this study, animals did not show

Semina: Ciéncias Agrdrias, Londrina, v. 41, n. 1, p. 199-212, jan./fev. 2020
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clinical or cutaneous alterations, such as skin
Occult
in asymptomatic

lesions or lymph node enlargement.

leishmaniasis documentation
animals is important for researchers in order to
obtain more knowledge about the parasite reservoir
and transmission as well as for better understanding
of parasitic dissemination pathways and its capacity

to survive in the host (Le Fichoux et al., 1999).

After vector identification and characterization
of L. infantum-infected dog samples, the disease
was observed to spread rapidly in Uruguaiana. All
neighborhoods have CVL confirmed cases, and it
has consequently been concluded that the vector
has been maintained since then (Deboni et al., 2011;
Escobar et al., 2018). Our study detected L. infantum
DNA in equines from seven neighborhoods of
Uruguaiana that were known to be the endemic foci
of CVL, as notified by the Sanitary Surveillance of
the Uruguaiana municipality. Two regions (Eastern
and Western) had a higher number of infected
horses. However, a limitation of the study included
the inability to conduct an epidemiological survey of
all neighborhoods as the traction horses were mostly
domiciled in the peripheral regions of the city. These
animals undergo intense movement during the day
and are easily sold by their owners. This indicates
a relation between these species and their contact
with infected dogs, corroborating reports which
suggest that equines can be infected when living in
an endemic area and represent a source of feeding
for the vectors present in endemic regions (Macedo-
Silva et al., 2014; Truppel et al., 2014). Therefore,
the identification of new hosts and reservoirs
that may participate in disease dissemination is
imperative to understand the transmission cycle and
to evaluate the need of control measures to prevent
infection.

10 See: http://fapergs.rs.gov.br/inicial (accessed 4 May 2017).

Conclusions

To our knowledge, this is the first report of
equine infection with L. infantum in Southern
Brazil. The kDNA PCR and sequencing allowed
L. infantum detection in equine peripheral blood
samples. These results proved that, as well as in
European countries, L. infantum could also infect
horses in addition to humans and dogs. They also
emphasize the importance of following up the
investigation in these animals as well as studying
the chain of transmission, life cycle, and molecular
characterization of the parasite.
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