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ABSTRACT
Background: Canine visceral leishmaniasis (CVL) is a worldwide parasitic zoonosis caused by
Leishmania (Leishmania) infantum around the world. Canids are the definitive hosts and sand
flies the intermediate hosts.
Objective: To test the hypothesis that a new species-specific primers (Lch14:Lch15, targeting a
multiple alignment for L. infantum kDNA minicircle) is an efficient diagnostic tool for L. infantum.
Methods: The presence of L. infantum DNA was assessed in blood samples of 69 stray dogs
using the conventional PCR (cPCR) and quantitative PCR (qPCR). Additional 50 lymph nodes
and 50 bone marrow samples (positive and negative samples for parasitological tests) from
dogs from endemic and nonendemic areas for CVL were also used.
Results: L. infantum strains, and all positive lymph node and bone marrow samples for
parasitological test gave positive results for cPCR and qPCR, presenting analytical sensitivity
of »100 parasite mL¡1. For the blood samples, 40/69 (58%; CI 95%; 46%–69%) resulted positive
for L. infantum in both tests. All positive samples were confirmed by sequencing.
Conclusion: This study showed the importance of the specific detection of L. infantum based on
species-specific primers by molecular techniques, highlighting the application as a confirmation
method in epidemiological studies and to adopt the best control measures.

KEYWORDS
Canine; Leishmania infantum;
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1. Introduction

Leishmaniasis is an anthropozoonotic disease caused
by parasite protozoa of the genus Leishmania. It is
endemic in tropical and subtropical areas of the world.
It has an estimated incidence of 0.2–0.4 million of vis-
ceral leishmaniasis (VL) cases with a total of 12 million
people worldwide affected (Alvar et al. 2012). VL is
caused by the species Leishmania (Leishmania) infan-
tum (syn. chagasi) (New World) (Mauricio et al. 2000),
and L. (L.) infantum and L. (L.) donovani (Old World)
(Acha & Szyfres 2003; Shaw 2006; Marcili et al. 2014). L.
infantum is widely distributed in the Americas, and is
endemic for both humans and dogs in many regions
of Brazil (Acha & Szyfres 2003). The parasite is transmit-
ted to vertebrate hosts by infected blood-sucking Phle-
botominae sand flies of the Lutzomyia longipalpis (Lu.
longipalpis) species, which is the main vector of VL in
Brazil (Missawa et al. 2010; Michalsky et al. 2011). VL is
also endemic in dogs from Mediterranean countries,
i.e. Cyprus, Greece, Albania, Croatia, Italy, Malta, France,
Spain, and Portugal. It is estimated that about 700
autochthonous VL human cases due to L. infantum are
reported yearly and the average seroprevalence in
domestic dogs is up to 25%, which has exhibited an
expansion toward new locations in Europe by the

increased mobility of dogs in association with other
determinants of global change, such as climatic altera-
tions and international tourism (Maia & Cardoso 2015).
Also, the major focal areas of human VL exhibit a high
prevalence of seropositive dogs (Athanasiou et al.
2012; Agallou et al. 2016). In urban areas, the dog is
considered the main reservoir, whereas wild carnivores
are the most important reservoirs in rural areas (Acha &
Szyfres 2003). Since owned dogs can be infected by Lu.
longipalpis or other potential vectors in endemic areas,
and can move among cities and countries with the
owner, infected stray dogs may be also a risk for the
nonendemic surrounding areas.

The accurate and fast detection of the parasite is
extremely important for the VL control, but depends
on the available diagnostic methods. The low sensitiv-
ity and/or specificity of conventional diagnostic techni-
ques are significant problems when used to
differentiate infected from noninfected animals. Sero-
logical tests, the most used diagnostic method for VL,
present some limitations and can provide false-positive
or false-negative results, which can suggest a mistake
induction of euthanasia in those false-positive animals,
and keep dogs as reservoirs in areas of transmission
(false-negative results). So, the serological status of
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dogs does not distinguish dogs infected with L. infan-
tum from uninfected animals.

This problem can be improved with molecular tech-
niques such as polymerase chain reaction (PCR). In
canine VL (CVL), PCR assays constitute useful tools in
cases of clinically healthy dogs, which may harbor the
infection but may never develop clinical disease, pre-
venting the importation of infected clinically healthy
dogs to nonendemic areas (Tsokana et al. 2014). Seem-
ingly healthy dogs, with antibody negative and PCR
positive results can contribute to the infection by
infecting sand flies, and spreading infection (Pennisi
2015).

Recently, PCR has significantly advanced with the
use of quantitative real-time PCR (qPCR) that pro-
motes a real-time and accurate quantification
(Ramos et al. 2012; Solc�a et al. 2012), and helps in
confirmation of inconclusive cases of CVL, i.e. dogs
not yet seroconverted, accurate detection of poten-
tial reservoirs, and determination of a decrease of
the parasite load in these animals as a result of suc-
cessful therapy.

Several target sequences and different PCR proto-
cols have been described for the detection of leish-
mania DNA (Tsokana et al. 2014). Most target the
kDNA minicircle, which has been shown to be a
good target for the detection and identification of
leishmania parasites (Mary et al. 2004). LINR4 and
LIN19 primers detect Leishmania spp. by the con-
ventional PCR (cPCR) (Aransay et al. 2000), but do
not distinguish species. On the other hand, Lachaud
et al. (2002) tested several sets of primers, targeting
Leishmania spp., L. donovani sensu lato, L. donovani
sensu lato, Leishmania spp., Leishmania spp., and L.
donovani sensu lato, for the detection of just one
specimen of L. infantum (MHOM/FR/78/LEM75), but
just RV1-RV2 and K13A-K13B primers detected the
parasite in all sampled symptomatic and seroposi-
tive dogs.

In order to test the proposed hypothesis that a new
set of primers (Lch14:Lch15, targeting a multiple align-
ment for L. infantum kDNA minicircle) is an efficient
diagnostic tool for the routine and confirmation detec-
tion for epidemiological studies, this study aimed to
design specific primers for L. infantum and validate
them, using the selected primers to test lymph node
and bone marrow samples in order to assess sensitivity
and specificity, and analyze the blood samples from 69
stray dogs to determine the prevalence of parasite
DNA by cPCR and qPCR.

2. Materials and methods

2.1. Primer design

The species-specific primers (Figure 1 ) were designed
using Primer3 (http://biotools.umassmed.edu/bioapps/

primer3_www.cgi), PrimerBLAST (http://www.ncbi.nlm.
nih.gov/tools/primer-blast/), and BioEdit (Hall 1999)
programs, directed to multiple alignments of L. infan-
tum kDNA minicircle sequences (GenBank accession n.
AF308682.1, AF103738.1, AF169138.1, AF169132.1,
AF103739.1, AF169139.1, AF169137.1). Priming sites
were selected based on the melting temperature, GC
content, internal stability, self- and heterodimers, and
hairpins (Table 1). All primers and amplicons for all
combinations were blasted to identify the maximum
identity and query coverage with other microorgan-
isms. The amplicons of all combinations presented
100% homology with at least one of the previously
listed GenBank accession numbers for L. infantum, pre-
senting query coverage of 100%.

For qPCR, the sense and antisense primers selected
were those with a final amplicon ranging from 60 to
200 bp or, preferentially, 70–170 bp, for better sensitiv-
ity and specificity of the reaction. Shorter amplicons
acted as a buffer against variations in template integ-
rity. Primers designed to amplify larger regions are less
likely to anneal with the same fragment in a slightly
degraded nucleic acid sample. Sets of species-specific
oligonucleotide primers have been paired and aligned
to the target using in silica (computational) tests (BioE-
dit, Carlsbad, CA, USA). The best five sets (Lch7:Lch17,
Lch9:Lch19, Lch11:Lch19, Lch14:Lch15, and Lch14:
Lch17), considering the percentage matched and prod-
uct size, were preselected, but just the best one (Lch14
(50-CGCACGTTATATCTACAGGTTGAG-30) and Lch15 (50-
TGTTTGGGATTGAGGTAATAGTGA-30)) was selected for
the in gel (molecular) tests. This set targets 167 bp of
the L. infantum kDNA.

For the parasite strains, all Leishmania strains were
kindly provided by Leishmania Collection of the
Oswaldo Cruz Institute (CLIOC) and Service of Donation
of Leishmania Samples type culture collection – LTCC-
WDCM 731, and the Trypanosoma strain by Trypano-
soma Collection of Wild and Domestic Mammals, and
Vectors (ColTryp), all of them from Oswaldo Cruz Foun-
dation. All strains were kept in culture media (Novy-
MacNeal-Nicolle, NNN; and Liver Infusion Tryptose, LIT)
in a chamber with controlled temperature of 27 �C.

A panel of 10 DNA samples of Leishmania strains and
one Trypanosoma strain was used. The identification
numbers of the strains are as follows: Leishmania major
(MHOM/SU/1973/5-ASKH), L. amazonensis (IFLA/BR/
1967/PH8), L. guyanensis (MHOM/BR/1975/M4147), L.
infantum (MHOM/TN/1993/LV10), L. donovani (MHOM/
ET/1967/HU3), L. braziliensis (MHOM/BR/1975/M2903), L.
tropica (MHOM/SU/1958/STRAINOD), and Trypanosoma
cruzi (ColTryp 0032/MCAN/BR/2008/CAO) were used in
the present study. L. infantum was used as positive con-
trol, whereas the other Leishmania strains, T. cruzi, and
other protozoa, bacteria, and fungi, i.e. Toxoplasma gon-
dii, Sarcocystis hominis, Neospora caninum, Klebsiella
pneumoniae, Staphylococcus aureus, Streptococcus
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pneumoniae, Paracoccidioides brasiliensis, and Aspergillus
spp. were used as negative internal control.

2.2. Sampling

Parasite strains and 50 lymph node (25 positive and 25
negative for L. (L.) infantum each) and 50 bone marrow
aspirate (25 positive and 25 negative for L. (L.) infantum
each) samples were used to test the primers. Positive
and negative (lymph node and bone marrow) samples
for L. (L.) infantum were obtained from dogs from
endemic (Bauru, 22�1805300S, 49�03038 00W) and nonen-
demic (Botucatu, 22�5300900S; 48�2604200W) areas,
respectively, in S~ao Paulo State, Brazil. The infection
was confirmed by the indirect fluorescent antibody

test (IFAT � 40) in serum samples from the animals,
and parasitological test (GIEMSA stain and culturing) of
the lymph node and bone marrow samples which is
considered the gold standard to identify the parasite
(Srivastava et al. 2011). Both lymph nodes and bone
marrow were obtained from the same animal.

In addition, blood samples of 69 randomly selected
stray dogs from an endemic area for VL, Bauru, were
tested to determine the frequency of L. (L.) infantum
DNA. The samples were collected from animals cap-
tured by the Zoonosis Control Center.

The study was approved by the Committee of Ethics
of Use of Animals (CEUA), S~ao Paulo State University
(UNESP), and registered by the protocol #191/2010-
CEUA.

Figure 1. The original full-length sequence of the Leishmania infantum (GenBank accession n.AF308682.1). The locations of our pro-
posed primer sequences are indicated by underlines. Antisense primers are designated by italic format, while nonitalic form indi-
cates sense primers.
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2.3. Conventional polymerase chain reaction
(cPCR) and restriction length fragment
polymorphism PCR (RFLP-PCR)

The DNA extraction of the blood samples was per-
formed by using IllustraTM blood genomicPrep Mini
Spin Kit (GE Healthcare, Pittsburgh, PA, USA), while
IllustraTM tissue and cells genomicPrep Mini Spin Kit
(GE Healthcare) was used for tissue samples. The DNA
concentration was measured using NanoVueTM (GE
Healthcare). Each 0.2 mL microtube received the cPCR
mixture composed of 1X PCR buffer (10 mM Tris HCl
pH 8.0, 50 mM KCl), 1.5 mM MgCl2, 0.2 mM dNTP (Life
Technologies, Carlsbad, CA, USA), 10 mM of each
primer (IDTDNA, Coralville, IA, USA), 0.5 U Platinum Taq
DNA polymerase (Life Technologies, 10 ng.mL DNA
template, and ultrapure distilled water qs (Gibco, Wal-
tham, MA, USA), to a total volume of 25 mL.

Genus-specific primers LINR4 (50-GGGGTTGGTGTAAAA-
TAGGG-30) and LIN19 (50-CAGAACGCCCCTACCCG-30)
were used according to Aransay et al. (2000), with a final
product of 720 bp. The amplification protocol for these pri-
mers consisted of preheating at 95 �C for 3 min, followed
by 30 cycles at 95 �C for 30 s, 63 �C for 30 s, and 72 �C for
1 min, and a final extension at 72 �C for 7 min. If the sam-
ple tested positive for LINR4-LIN19 (Leishmania spp.-spe-
cific primers), but negative for Lch14–Lch15 (L. infantum-

specific primers), the characterization of the Leishmania
spp. was determined using the restriction fragment length
polymorphism PCR (RFLP-PCR) (Sch€onian et al. 2001,
2003), targeting the ITS1 gene using the primers LITSR (50-
CTGGATCATTTTCCGATG-30) and L5.8S (50-ACACT-
CAGGTCTGTAAAC-30) (El Tai et al. 2000, 2001), with a final
product of 300–350 bp. The restriction enzyme HaeIII (New
England Biolabs, Ipswich, MA, USA) was used to digest the
amplicon.

The new set of primers (Lch14–Lch15) was com-
pared to RV1 (50-CTTTTCTGGTCCCGCGGGTAGG-30)
and RV2 (50-CCACCTGGCCTATTTTACACCA-30) (Ravel
et al. 1995; Le Fichoux et al. 1999), which targets a
sequence in the LT1 fragment, located in the kineto-
plast DNA minicircle of the L. donovani complex, and
amplifies 145 bp. The cycling profile consisted in an
initial denaturation at 94 �C for 4 min, 40 cycles at
94 �C for 30 s, 59 �C for 30 s, and 72 �C for 30 s, and
a final extension at 70 �C for 10 min (Lachaud et al.
2002). The cPCR protocol for the designed primers
was optimized with the same cycling profile of RV1
and RV2.

All amplifications were performed in a MasterCycler
EP gradient thermal cycler (Eppendorf, Hauppauge,
NY, USA). DNA-extracted ultrapure water and DNA of
other protozoa and bacteria listed above were used as
negative controls. The cPCR products were analyzed

Table 1. Characterization of oligonucleotide primers used for species-specific amplification of Leishmania infantum (GenBank acces-
sion n.AF308682.1). The position is based on the numbering in the original sequence where the first base of the inset at the 5’ end
is the number 1.

BLASTn (%) – L. infantumx BLASTn – othersx Self-dimerz

Primer Sequence (5’–3’) Size� Strand Positiony Tm (�C) GC (%) MI (%) QC (%) E-value MI (%) QC (%) E-value Hairpinz 5’–3’ 3’–5’

Lch1 GTCGGAAACTAATCCGCAAA 20 Sense 448–467 60.07 45.00 100 100 0.071 100 90a 1.1 0 1 2
Lch2 TGAAACTGGCCTCCTAGTGC 20 Antisense 621–640 60.40 55.00 100 100 0.071 100 85b 4.4 0 1 1
Lch3 TGCACTGTTTTGGTGGTTTC 20 Antisense 604–623 59.59 45.00 100 100 0.071 100 100c 17 0 0 1
Lch4 GAAATTGGCCTCCCTGAGTT 20 Antisense 650–669 60.44 50.00 100 100 0.071 100 90d 1.1 0 0 2
Lch5 GAGTTGGATTGGGCTGAAAC 20 Antisense 635–654 59.53 50.00 100 100 0.071 100 95e 0.28 0 0 0
Lch6 GTTGGATTGGGCTGAAACTG 20 Antisense 633–652 60.50 50.00 100 100 0.071 100 100f 1.1 0 0 0
Lch7 TTGCGCACGTTATATCTACAGG 22 Sense 247–268 60.17 45.45 100 100 0.007 100 90g 20 0 1 3
Lch8 AGTTTCCGACACTGACTTGGTT 22 Antisense 436–457 60.07 45.45 100 100 0.007 100 95h 26 0 0 1
Lch9 TCACTCATATTCCAACCACCAG 22 Sense 85–106 59.85 45.45 100 100 0.007 100 90i; 100j 0.11; 26 0 0 1
Lch10 GGATACGATAGCGTAGGCAGAC 22 Antisense 308–329 60.14 54.55 100 100 0,007 95 100k 1.7 0 1 2
Lch11 TTCACTCATATTCCAACCACCA 22 Sense 84–105 60.23 40.91 100 100 0.007 100 100l 26 0 0 1
Lch12 ACGCTATCGTATCCCCTATTGA 22 Sense 316–337 59.85 45.45 100 100 0.007 100 100m 0.007 0 0 3
Lch13 TTGATGGTATGGGTGTTCTTTG 22 Antisense 464–485 59.72 40.91 100 100 0.007 100 95n 6.5 0 0 0
Lch14 CGCACGTTATATCTACAGGTTGAG 24 Sense 250–273 60.10 45.83 100 100 <0.001 100 75o 11 0 0 4
Lch15 TGTTTGGGATTGAGGTAATAGTGA 24 Antisense 393–416 59.77 37.50 100 100 <0.001 100 75p 2.8 0 0 0
Lch16 ATTAGTTTCCGACACTGACTTGGT 24 Antisense 437–460 60.32 41.67 100 100 <0.001 100 91q 2.8 0 0 1
Lch17 GGTGTTTGGGATTGAGGTAATAGT 24 Antisense 395–418 59.57 41.67 100 100 <0.001 100 95r 0.7 0 0 0
Lch18 GGATTTTTCGGATTTTCACTCATA 24 Sense 70–93 60.51 33.33 100 100 <0.001 100 100s 11 0 0 1
Lch19 CGTGCGCAATATTTCTACTCTCTA 24 Antisense 232–255 59.96 41.67 100 100 <0.001 100 100t; 95u 11; 43 0 0 4
Lch20 CAGCCAACATATAAACGTAGCAAG 24 Sense 114–137 60.10 41.67 100 100 <0.001 100 95v 43 0 1 1
Lch21 GGGTATTTCAATAGGGGATACGAT 24 Antisense 321–344 60.49 41.67 100 100 <0.001 100 100w 0.7 0 1 2
�Primer size (nucleotides).
yPosition relative to the sequence shown in the Figure 1.
z�Quantity of events when DG � ¡3.50 kcal mol¡1.
xMI, maximum percent identity; QC, query coverage; E-value, expect value
aEnterococus faecium (CP003583.1); bLeishmania infantum (AB678348.1), L. donovani (FJ416603.1), L. tropica (AF308690.1), Canis familiaris (AC186205.3);
cMyceliophthora thermophila (CP003004.1), Podospora anserina (CU633897.1); dCanis lupus familiaris (NM_001010944.1), Desulfohalobium retbaense
(CP001734.1); eProchlorococcus marinus (CP000825.1, CP000576.1, CP000551.1); fPectobacterium carotovorum (CP001657.1), Gallus gallus
(NM_001256123.1), Arabidopsis thaliana (CP002685.1); gMesoplasma florum (AE017263.1); hSpirochaeta sp. (CP003155.1); Homo sapiens (AC103749.2,
AC117832.6, AC009432.7); IMus musculus (JN952224.1), Vitis vinifera (AM423279.2); jArcobacter sp. (AP012048.1); kL. infantum (EU437407.1), L. donovani
(L19877.1, FJ416603.1); lListeria monocytogenes (FR733642.2, FR733643.2, FR733644.2, FR733646.2), Schistosoma mansoni (HE601631.1); mL. infantum
(EU437407.1), L. donovani (FJ416603.1, L19877.1); nSchistosoma mansoni (HE601631.1); oArabidopsis thaliana (CP002685.1), Mus musculus (AC102324.9),
Clostridium acidurici (CP003326.1); pStaphylococcus aureus (AP003367.1), S. epidemidis (AE015933.1); qCyprinus carpio (JN725618.1); rPaenibacillus sp.
(CP001656.1); sDyadobacter fermentans (CP001619.1), Arabidopsis thaliana (CP002687.1); tDrosophila melanogaster (AE014297.2); uSchistosoma mansoni
(HE601627.1); vSchistosoma mansoni (HE601631.1), Arabidopsis thaliana (CP002687.1); w Candidatus Liberibacter solanacearum (CP002371.1), Bacillus
cereus (AP007209.1).
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using electrophoresis in 1.5% agarose, stained with
SYBR� safe DNA gel stain (Invitrogen, Waltham, MA,
USA), and visualized in an image analyzer (GelDoc-ITTM

Imaging System – UVP, Upland, CA, USA) by using
VisonWorks�LS Software (UVP).

The analytical sensitivity of cPCR was determined
using a suspension of 106 promastigotes mL¡1 of L.
infantum (MHOM/TN/1993/LV10). Clinical samples
(canine blood, lymph node, and bone marrow) were
diluted in ultrapure water and the parasites were
counted in a hemocytometer. Each clinical sample was
collected from dogs proved to be healthy by serology,
parasitological tests, and cPCR. The sample volumes
were adjusted to the same volume used in the experi-
ment. Serial dilutions for each type of sample and para-
site were obtained, as follows: 105, 104, 103, 102, 101,
and 100 parasites mL¡1. cPCR reactions were per-
formed with Lch14 and Lch15 primers to determine
the minimum amount of DNA that could be detected.
The canine housekeeping gene b-globin (Quaresma
et al. 2009) was also used to assure the quality of the
DNA, check for PCR inhibitors, contamination, and nor-
malize the reaction. The positive amplification of the
housekeeping gene was considered successful.

2.4. Quantitative PCR (qPCR)

qPCR was carried out using a StepOneTM Plus Real-
Time PCR System (Life Technologies). The master mix
was composed of 12.5 mL Power SYBR�Green PCR
Master Mix (Life Technologies), 10 mM of each primer
(Lch14 and Lch15, 5 mM), 100 ng.mL¡1 DNA template,
and sterile ultrapure distilled water q.s. (Gibco), to a
final volume of 25 mL. A standard curve was generated
using serial dilutions of DNA of L. infantum (MHOM/TN/
1993/LV10), with dilutions from 105 to 100 parasites
mL¡1. Cycling parameters were 95 �C for 10 min, 50
cycles at 95 �C for 15 s, 60 �C for 1 min, and followed
by a dissociation curve. All the samples and negative
controls were analyzed in triplicate. The same canine
housekeeping gene b-globin was used to normalize
the reactions. The efficiency of amplification of the
gene was determined in the exponential phase of the
amplification curve provided by the software. The fluo-
rescence intensity of each sample, which is propor-
tional to the amount of DNA present, was expressed in
terms of the PCR threshold cycle (CT) defined as the
number of PCR cycles required for the fluorescence sig-
nal to exceed a preset threshold (background noise)
(Quaresma et al. 2009). Data were collected and ana-
lyzed with the Step OneTM Software v.2.1 (Life
Technologies).

2.5. Sequencing

All amplicons were purified by employing ExoSAP
(USB-Affymetrix, Cleveland, OH, USA), and the

sequencing reactions were carried out on both strands
in a 3500 Genetic Analyzer (Applied Biosystems by Life
Technologies), according to DYEnamicTM ET Dye Ter-
minator Cycle Sequencing kit (GE Healthcare). The
obtained sense and antisense sequences were visual-
ized (Chromas 2.3 software, Technelysium Pty Ltd.,
South Brisbane, Australia), aligned by BioEdit Sequence
Alignment Editor 7.0.9.0 software (Hall 1999), and com-
pared with the National Center for Biotechnology Infor-
mation (NCBI) GenBank database using the Basic Local
Alignment Search Tool (BLASTn) (http://www.ncbi.nlm.
nih.gov/BLAST) to confirm each parasite.

2.6. Statistics

The concordance between cPCR and qPCR results for L.
infantum, and detection was measured using the
Cohen’s kappa coefficient (k) (Mackinnon 2000; Ayres
et al. 2007). Mann–Whitney (U) test was used to ana-
lyze the distribution of the parasite load of L. infantum
detected by qPCR, according to the sex of the dogs. All
analyses considered a significance level (a) of 5%. To
do so, GraphPad Prism v.5.01 (GraphPad Software Inc.,
La Jolla, CA, USA) was used.

3. Results

The analytical sensitivity for Lch14 and Lch15 in all
tested clinical samples was »100 parasite mL¡1 (10¡5

copies of the target). qPCR presented an excellent
amplification plot (Eff% D 100.71%; R2 D 0.991;
slope D ¡3.305), without dimmers or hairpins. kDNA
and b-globin PCR amplicons showed a single peak of
fluorescence for the melting temperatures (Tm) to the
dissociation curve (74.3 �C for kDNA; 53.3 �C for b-glo-
bin). In this way, a single PCR product was generated in
each assay.

The concordance of cPCR and qPCR was perfect for
all lymph node and bone marrow aspirate samples
from positive and negative animals for CVL. All 50 posi-
tive samples (lymph node and bone marrow) by the
parasitological test gave positive results for genus-spe-
cific (Leishmania spp.) and species-specific (L. infantum)
cPCR and qPCR, while the 50 negative lymph node and
bone marrow samples were negative for both tests.
The highest quantities of L. infatum detected by qPCR
were 10,108.04 parasites mL¡1 (lymph node) and
80,051.25 (bone marrow). On the other hand, RV1–RV2
amplified DNA from L. infantum and other Leishmania
species, with 96%–100% homology to L. major,
L. infantum, and L. donovani (GenBank accession n.
J04654.1, Z35276.1, AB678348.1, FR799614.1,
EU437403.1, EU437405.1, EU437406.1, EU437407.1,
FJ416603.1, AF027578.1, Z35270.1, Z35271.1, Z35272.1,
Z35273.1, Z35274.1, Z35275.1, Z35500.1, Z35501.1,
AJ223724.1).
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For the detection in blood samples, cPCR resulted in
50/69 positive (73%; CI 95%: 61%–82%) samples for
Leishmania spp., and in 40 out of that 69 (58%; CI 95%:
46%–69%) for L. infantum. No amplification was
observed to the new set of primers concerning the
negative blood samples for LINR4 and LIN19 primers.
As the sequencing of LINR4–LIN19 amplicons did not
characterize the species, ITS1 gene was chosen to char-
acterize the species of the other 10/50 positive samples
for Leishmania spp. but negative for L. infantum by
Lch14–Lch15 primers. All 10 samples were identified as
L. braziliensis by RFLP-PCR and sequencing (GenBank
accession n. EU370877.1).

The concordance of cPCR and qPCR for the blood
samples to L. infantum was also perfect. Figure 2 shows
that 18/40 (45%; CI 95%: 31%–60%) positive blood
samples for L. infantum were from male dogs
(median D 6 parasites mL¡1; P25 D 3.28 parasites
mL¡1, and P75 D 16.1 parasites mL¡1; highest value D
228,712 parasites mL¡1) and 22/40 (55%; CI 95%; 40%–
69%) from females (median D 13 parasites mL¡1;
P25 D 4.50 parasites mL¡1, and P75 D 166,527 para-
sites mL¡1; highest value D 378,843 parasites mL¡1)
(U D 136.00; p-value D 0.09).

4. Discussion

The frequency of positive stray dogs observed in this
study (73% Leishmania spp. and 58% L. infantum) is
almost similar to other studies also using peripheral
blood, i.e. Bigeli et al. (2012) (59%, 121/204), higher
than Lazari et al. (2016) (45%, 45/101), but lower than
Lachaud et al. (2002) (93%, 27/29).

The new set of primers presented specificity and
positive predictive values of 100% for both molecular
techniques, considering the stray dog population
studied. Ceccarelli et al. (2014) observed a similar sen-
sitivity in qPCR, and detected a range of 0.1–26.91 par-
asites mL¡1 (symptomatic group), 4.263–22.273

parasites mL¡1 (asymptomatic group), and 0.21–26.21
parasites mL¡1 (monitored after therapy group) in
canine blood samples, compared to the present
results with a range of 0.21–378,843 parasites mL¡1 of
blood. Leishmania parasites have a high number of
kDNA minicircles copies (10,000 copies) per parasite,
which increases the sensitivity of the assay (Quaresma
et al. 2009; Solc�a et al. 2012), as observed in this study
with »100 parasite mL¡1.

In the study described here, RV1 and RV2 were not
specific for L. infantum. Solc�a et al. (2012) demon-
strated that these primers are capable to amplify the
DNA from other leishmanias, not just L. infantum, but
with a very different sensitivity and with the specificity
dependent on the concentration of the parasite. As
observed in the present study, RV1 and RV2 were not
capable to discriminate L. infantum, L. amazonensis,
and L. major by cPCR. On the other hand, Lima-Junior
et al. (2009) detected no amplification of L. amazonen-
sis and L. braziliensis DNA strains using the same pri-
mers by cPCR.

In this way, Lch14 and Lch15 primers were designed
and validated focusing on a fast, sensitive, and specific
detection of L. infantum in culture and in clinical sam-
ples of dogs and, probably, other hosts by cPCR and
qPCR; therefore, being a useful tool for clinical diagnos-
tics and epidemiological studies. Lch14 and Lch15 pri-
mers confirmed our hypothesis based on the observed
specificity to detect L. infantum, confirmed by sequenc-
ing with 100% homology for L. infantum (MHOM/TN/
1993/LV10). No false-positive amplification was
observed in cPCR or qPCR for the other species of
leishmanias.

Species-specific PCR for L. infantum targeting the
kDNA minicircle (Le Fichoux et al. 1999) or 18S rRNA
(Vides et al. 2011) has been widely used. In Brazil,
many studies focusing on L. infantum increased the
importance of epidemiological studies, e.g. the identifi-
cation of L. infantum in dermatological and visceral

Figure 2. Median (25% and 75% percentiles) parasite load distributed by the sex in the 69 studied animals (statistics: Mann–Whit-
ney testD136.00; p-valueD0.09).
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lesions of cats (Vides et al. 2011) or dogs (Savani et al.
2005; Queiroz et al. 2011) from endemic areas, or non-
endemic areas (Braga et al. 2014), and research in phle-
botomines (Missawa et al. 2010; Michalsky et al. 2011).

The new set of primers, Lch14 and Lch15, presented
useful results for the detection of the infection in the
studied stray dog population, and may be helpful for
screening in epidemiological studies and help in the
clinical diagnosis of VL in the dog population as well as
other hosts.

High concentrations of L. infantum DNA were
observed in some female dogs by qPCR, but the
median of both male and female groups was not
significant (p-value D 0.09). This high parasite load
in some female dogs may be a totally random find-
ing, due to the place where the animal lives and
frequent exposure to the source of infection or the
vector. Athanasiou et al. (2012) also observed a non-
significant higher prevalence in female than male
dogs, but Ciaramella et al. (1997) and Miranda et al.
(2008) observed that males are more predisposed
to the infection.

In this way, and to have a more precise and accurate
diagnostic test to help control VL, molecular techni-
ques can be applied in different types of samples, and
combined with other strategies, i.e. serological tests. In
this study, a set of species-specific primers is demon-
strated to detect at least one parasite mL¡1. The
authors suggest the application of this tool in both
diagnostic routine and epidemiological studies, com-
bined to serological tests, to analyze the host immune
response, which will be helpful to control programs in
endemic areas.

5. Conclusions

This study presented high frequency of stray dogs
infected with L. infantum, with considerable parasite
load, which is expected for both stray and household
dogs from endemic areas for CVL. Also, the present
results suggest that this new set of primers could be
used as diagnostic method to detect L. infantum
DNA in infected clinical samples in dogs, as well as
for epidemiological studies, which can help in sur-
veillances and control measures for VL. Further stud-
ies should be conducted to evaluate their use as a
confirmation assay for epidemiological studies in
other hosts and vectors, as well as to analyze the risk
factors related to the infection in stray and owned
dogs from different endemic and nonendemic areas
for CVL.
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