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a b s t r a c t
Polymerase chain reaction (PCR) and its variations represent highly sensitive and speciﬁc
methods for Leishmania DNA detection and subsequent canine visceral leishmaniasis (CVL)
diagnosis. The aim of this work was to compare three different molecular diagnosis techniques (conventional PCR [cPCR], seminested PCR [snPCR], and quantitative PCR [qPCR])
in samples of skin and spleen from 60 seropositive dogs by immunoﬂuorescence antibody
test and enzyme-linked immunosorbent assay. Parasitological analysis was conducted by
culture of bone marrow aspirate and optical microscopic assessment of ear skin and spleen
samples stained with Giemsa, the standard tests for CVL diagnosis. The primers L150/L152
and LINR4/LIN17/LIN19 were used to amplify the conserved region of the Leishmania kDNA
minicircle in the cPCR, and snPCR and qPCR were performed using the DNA polymerase
gene (DNA pol ␣) primers from Leishmania infantum. The parasitological analysis revealed
parasites in 61.7% of the samples. Sensitivities were 89.2%, 86.5%, and 97.3% in the skin and
81.1%, 94.6%, and 100.0% in spleen samples used for cPCR, snPCR, and qPCR, respectively.
We demonstrated that the qPCR method was the best technique to detect L. infantum in
both skin and spleen samples. However, we recommend the use of skin due to the high
sensitivity and sampling being less invasive.
© 2013 Elsevier B.V. All rights reserved.

∗ Corresponding author at: Laboratório de Pesquisas Clínicas, Programa de Pós-graduação em Ciências Farmacêuticas/CiPharma, Escola de Farmácia,
Universidade Federal de Ouro Preto, Ouro Preto, Minas Gerais, Brazil. Tel.: +55 31 35591694.
E-mail addresses: alexreis@nupeb.ufop.br, alexreisufop@gmail.com (A.B. Reis).
0304-4017/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.vetpar.2013.07.006

L.E.S. Reis et al. / Veterinary Parasitology 197 (2013) 498–503

1. Introduction
Zoonotic visceral leishmaniasis caused by Leishmania
infantum is the most severe and fatal form of leishmaniasis if untreated. The anthroponotic form is caused by L.
donovani and causes a major disease burden globally. ZVL
in Brazil is transmitted via sandﬂy (Lutzomyia longipalpis)
bites during blood feeding (Lainson and Shaw, 1978) and
the dogs are the main urban reservoirs of disease (Molina
et al., 1994; Teixeira Neto et al., 2010). Canine visceral leishmaniasis (CVL) is a complex disease in which infection may
be subclinical or manifested as a self-limiting disease, or
a severe, and sometimes, fatal illness (Reis et al., 2009;
Solano-Gallego et al., 2009). In endemic areas, a susceptible
fraction of infected dogs detected by serology and/or PCR
– usually less than 50% – tends to progress toward clinical disease (Alvar et al., 2004; Coura-Vital et al., 2011).
Recently several epidemiological studies demonstrated
that serological tests detect fewer CVL cases compared with
molecular methods, leading to an underestimate of the
prevalence of infection (Oliva et al., 2006; Coura-Vital et al.,
2011).
Some studies show that several types of biological samples can be used for the molecular diagnosis of CVL (Ferreira
et al., 2008; Maia et al., 2009; de Almeida Ferreira et al.,
2012). Studies comparing the DNA extraction methods
(Demeke and Jenkins, 2010), types of primer pairs (Lachaud
et al., 2002), target kinetoplasts (mitochondrial DNA) and
target DNA speciﬁcity (Solcà et al., 2011) show a range in
the performance of the molecular methods. However, few
authors have compared different molecular techniques in
various host tissues. In this context, there is no consensus about the best method and sample type for use in
large-scale molecular diagnosis of CVL in an endemic area.
The main goal of this work was to compare the performance of three different molecular diagnostic techniques
(conventional PCR [cPCR], quantitative PCR [qPCR], and
seminested PCR [snPCR]) using skin and spleen tissue from
dogs naturally infected by L. infantum in an endemic area
and exhibiting different clinical forms of CVL.
2. Materials and methods
2.1. Clinical samples
The study involved 60 seropositive dogs (Canis familiaris) naturally infected by L. infantum. The samples were
collected at the Zoonotic Disease Control Center of the Belo
Horizonte, Minas Gerais, Brazil. In Brazil, all seropositive
dogs must be euthanized, and skin and spleen samples
were collected after euthanasia. The biopsy of the ear
skin and spleen were collected using a sterile scalpel.
The Laboratory of Zoonosis of the Prefeitura Municipal
de Belo Horizonte conducted serological examination of
these animals, using enzyme-linked immunosorbent assay
and immunoﬂuorescence antibody test (Biomanguinhos,
Rio de Janeiro, RJ, Brazil). To conﬁrm the CVL infection
by the L. infantum, the Dual-Path Platform (DPP® CVL,
Biomanguinhos, Rio de Janeiro, RJ, Brazil) composed of speciﬁc recombinant proteins (rK26 and rK39) were employed
(Grimaldi et al., 2012) along with the PCR-RFLP to identify L.
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infantum (data not shown) as described previously (Volpini
et al., 2004; de Andrade et al., 2006; Coura-Vital et al., 2011).
All dogs with positive ELISA, IFAT, DPP® and PCR-RFLP/L.
infantum were included in this study. Based on the presence of clinical signs of CVL, the dogs were divided into
three groups: asymptomatic dogs (n = 20), with no signs
suggestive of disease; oligosymptomatic dogs (n = 22), presenting one to three signs; and symptomatic dogs (n = 18),
with more than three signs.
2.2. DNA extraction
Skin and spleen samples were stored frozen at −80 ◦ C
for subsequent analyses. Good laboratory practice was
used to avoid DNA cross-contamination, and negative controls were included during all DNA extraction procedures
and in the performance of molecular techniques. Total
genomic DNA was extracted from approximately 20 mg of
tissue (skin or spleen). DNA was extracted using WizardTM
Genomic DNA puriﬁcation kits (Promega, Madison, WI,
USA) according to the manufacturer’s instructions. The
concentration and quality of DNA obtained from tissues
was determined with a spectrophotometer (NanoVue Plus,
GE Healthcare Products, Piscataway, NJ, USA).
2.3. Molecular methods
2.3.1. Conventional PCR
The primers L150/L152 were used to amplify the conserved region of the Leishmania kDNA minicircle, a 120-bp
fragment, and are shown in Table 1 (Degrave et al.,
1994). The reaction mixture consisted of 1× buffer (10 mM
Tris–HCl, 50 mM KCl [pH 8.8]), 1.5 mM MgCl2 , 0.2 mM
dNTP, 1.0 pmol of each primer, 0.76 U of Taq polymerase
(Fermentas, USA), 1.0 L DNA, and MilliQ water to a ﬁnal
volume of 12.5 L/well (MicroAmp® Fast Optical 96-well,
Applied Biosystems, Foster City, CA, USA). PCR ampliﬁcations were performed in a 96-well Verit Thermal Cycler
(Applied Biosystems) using the following program: initial
denaturation at 96 ◦ C for 6 min, followed by 40 cycles of
30 s at 93 ◦ C, 30 s at 64 ◦ C, and 30 s at 72 ◦ C, with a ﬁnal
extension at 72 ◦ C for 7 min.
2.3.2. Seminested PCR
Primers LINR4, LIN17, and LIN19 were used to amplify
the conserved region of the Leishmania kDNA minicircle, a
700-bp fragment, and are shown in Table 1 (Aransay et al.,
2000). The combination of primers LINR4, LIN17, and LIN19
was used in a snPCR technique. The ﬁrst ampliﬁcation reaction was carried out in a 5 L volume containing 0.95 L of
DreamTaq Green Mix 2× (Fermentas, USA), 1 mM LINR4,
0.2 mM LIN17, 2.5 L of DNA extract, and 0.95 L of MilliQ
water overlaid with mineral oil. The mixture was incubated in a Thermal Cycler (Applied Biosystems) using the
following program: initial denaturation at 94 ◦ C for 5 min,
followed by 17 cycles of 30 s at 94 ◦ C, 30 s at 52 ◦ C, and
30 s at 72 ◦ C, with a ﬁnal extension at 72 ◦ C for 10 min. The
second seminested reaction was carried out with the addition of 45 L of a solution containing 20.25 L of DreamTaq
Green Mix 2× (Fermentas, USA), 1 mM LIN19, and 20.25 L
of MilliQ to a total volume of the ﬁrst solution ampliﬁed.
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Table 1
Sequences of primers used for molecular methods.
Methoda

Target

Primer sequence (5 –3 )

Product (bp)

cPCR

L150/L152

120

snPCR

qPCR

LINR4
LIN17
LIN19
DNA Pol ␣

qPCR

G3PDH

Forward: GGG (G/T)AG GGG CGT TCT (G/C)CG AA
Reverse: (G/C)(G/C)(G/C)(A/T)CT AT(A/T) TTA CAC CAA CCC C
Forward: GGG GTT GGT GTA AAA TAG GG
Reverse: TTT GAA CGG GAT TTC TG
Reverse: CAG AAC GCC CCT ACC CG
Forward: TGT CGC TTG CAG ACC AGA TG
Reverse: GCA TCG CAG GTG TGA GCA C
Forward: TCA ACG GAT TTG GCC GTA TTG G
Reverse: TGA AGG GGT CAT TGA TGG CG

a

700

90
90

cPCR, conventional PCR; snPCR, seminested PCR; qPCR, quantitative PCR.

The mixture was incubated using the following program:
initial denaturation at 94 ◦ C for 5 min, followed by 33 cycles
of 30 s at 94 ◦ C, 30 s at 58 ◦ C and 30 s at 72 ◦ C, with a ﬁnal
extension at 72 ◦ C for 10 min. Five microliters of the ampliﬁcation reaction product was resolved on a 1.5% agarose
gel and visualized under UV transillumination.
2.3.3. Quantitative PCR
In order to quantify parasite burdens, we used primers
that ampliﬁed a 90-bp fragment of a single-copy of DNA
polymerase gene (DNA pol ␣) from L. infantum (Bretagne
et al., 2001). PCR was carried out in a ﬁnal volume of 10 L
containing 5 pmol forward and reverse primers, SybrGreen
reaction master mix (Applied Biosystems, USA), and 2 L
of template DNA. PCR conditions were as follows: an initial
denaturation step at 95 ◦ C for 10 min followed by 40 cycles
of denaturation at 95 ◦ C for 15 s and annealing/extension at
60 ◦ C for 1 min. Standard curves were prepared for each run
using known quantities of pGEM® T plasmids (Promega,
USA) containing the insert of interest. In order to verify the
integrity of the samples, the same procedure was carried
out for the G3PDH gene (90-bp fragment). Reactions were
processed and analyzed in an ABI Prism 7500-Sequence
Detection System (Applied Biosystems, USA).
2.4. Standard tests
Two methods were used as the standard tests for
diagnosis, parasitological examination and bone marrow
culture. Parasitological examinations involved the analysis of Giemsa-stained slides containing skin and spleen
sections for the detection of amastigote forms and bone
marrow culture in Novy-MacNeal-Nicolle-liver infusion
tryptose (NNN-LIT) medium supplemented with 20% fetal
bovine serum.

2.5. Statistical analyses
The sensitivity and speciﬁcity of the molecular methods
were assessed by comparison with results from the parasitological examinations and culture for L. infantum parasite
detection. The calculations of sensitivity was performed
using Stata software (version 11.0, Stata Corporation, College Station, TX, USA).
2.6. Ethical approval
The study was approved by the Committees of Ethics
in Animal Experimentation of the Universidade Federal
de Ouro Preto (protocol number 083/2007), the Universidade Federal de Minas Gerais (protocol number 020/2007),
and the City Council of Belo Horizonte (protocol number
001/2008). All procedures in this study were according to
the guidelines set by the Brazilian Animal Experimental
College (COBEA), Federal Law number 11794.
3. Results
3.1. Comparison of diagnostic methods in different
tissues according to clinical manifestations
In order to compare molecular diagnostic methods in
different tissues, we performed cPCR, snPCR, and qPCR in
skin and spleen samples from naturally infected dogs with
different clinical forms of CVL. Parasite DNA was detected
in 73.3% (44/60) of the samples from both tissues (skin
and spleen) using cPCR, while snPCR showed a positivity
of 71.7% (43/60) and 85.0% (51/60) for the skin and spleen,
respectively. With qPCR, parasite DNA was detected in
93.3% (56/60) and 100% (60/60) of the skin and spleen
samples, respectively. Based on parasitological tests, the

Table 2
Comparison of diagnostic methods and clinical manifestations.
Clinical forms

Diagnostic test positivity rate na (%)
Skin

Asymptomatic
Oligosymptomatic
Symptomatic
Total
a
b

Parasitological testsb

Spleen

cPCR

snPCR

qPCR

cPCR

snPCR

qPCR

12/20 (60.0)
15/22 (68.2)
17/18 (94.4)
44/60 (73.3)

9/20 (45.0)
18/22 (81.8)
16/18 (88.9)
43/60 (71.7)

18/20 (90.0)
20/22 (90.9)
18/18 (100.0)
56/60 (93.3)

11/20 (55.0)
17/22 (77.3)
16/18 (88.9)
44/60 (73.3)

13/20 (65.0)
20/22 (90.9)
18/18 (100.0)
51/60 (85.0)

20/20 (100.0)
22/22 (100.0)
18/18 (100.0)
60/60 (100.0)

Number of positive dogs.
Bone marrow aspirate in culture medium NNN/LIT and direct visualization of amastigotes of the parasite.

9/20 (45.0)
14/22 (63.6)
14/18 (77.8)
37/60 (61.7)
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Table 3
Molecular diagnostic methods performance analysis.a
Tissue

Molecular methods

TP

FN

Sensitivity (%) (95% CI)

Skin

cPCR
snPCR
qPCR

33
32
36

4
5
1

89.2 (75.3–95.7)
86.5 (72.0–94.1)
97.3 (86.2–99.5)

Spleen

cPCR
snPCR
qPCR

30
35
37

7
2
0

81.1 (65.8–90.5)
94.6 (82.3–98.5)
100 (90.6–100.0)

a

CI, conﬁdence interval; TP, true positive; FN, false negative.

parasite was detected in 61.7% of samples used (Table 2).
The positivity was 33.3% (20/60) in bone marrow culture
samples, 8.3% (5/60) in skin samples, and 55% (33/60)
in spleen samples based on optical microscopy (data not
shown). Positivity was higher with molecular methods
compared with parasitological tests. Furthermore, it was
observed with all diagnostic methods that the positivity
increased according to disease progression.
3.2. Evaluation of molecular diagnostic methods’
performance
Sensitivity for each test was estimated using positive
samples according to at least one parasitological test, as
the basis for comparison (n = 37). The number of samples
which were true positive (TP) and false negative (FN), as
well as the sensitivity values in each tissue are shown in
Table 3.
4. Discussion
In the present study, we compared the positivity of parasitological and molecular methods using skin and spleen
samples from dogs naturally infected by L. infantum that
exhibited different clinical forms of CVL (asymptomatic,
oligosymptomatic, and symptomatic). The primers used
for cPCR and snPCR target the kDNA of Leishmania and
have a high sensitivity due to high copy number (around
10,000 copies per parasite) (Nicolas et al., 2002). In qPCR,
the target was the genomic sequences for DNA polymerase
a (Pol a) of L. infantum, which is a single-copy-number gene
that showed good results for CVL diagnosis (de Almeida
Ferreira et al., 2012). In the present study we demonstrated
that the qPCR method performed the best in skin and spleen
samples, showing the highest sensitivity in comparison
with cPCR and snPCR.
The use of qPCR provides the ability to perform very
sensitive, accurate, and reproducible measurements of
speciﬁc DNA present in a sample (Mortarino et al., 2004;
Francino et al., 2006). Its high sensitivity and speciﬁcity have been reported using many different tissue
types, including blood, lymph node, and bone marrow
(Rodríguez-Cortés et al., 2007; Belinchón-Lorenzo et al.,
2013). Regardless of the clinical form, we found that qPCR
yielded the highest positivity for detecting CVL infection.
Spleen positivity was higher than that of the skin, but in
both tissues positivity increased with disease progression.
It has previously been reported that asymptomatic dogs
present low tissue parasitism, while symptomatic dogs
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have high parasite loads in various tissues such as skin,
bone marrow, liver, lymph nodes, and spleen (Reis et al.,
2009). These ﬁndings may be associated with a distinct
CVL clinical spectrum and tissue parasitic load as demonstrated by Alves et al. (2009), who also found a positive
correlation between symptoms and high parasite density
in tissues. The difference in the positivity between the skin
and spleen is probably related to the individual immune
response, basically the relationship with disease progression, and the fact that the parasites do not distribute
themselves evenly in all tissues (Maia and Campino, 2008).
In the present study, we compared the molecular diagnostic methods with parasitological tests; we noted that
the latter showed lower positivity among the seropositive
dogs. These data reinforce previous demonstrations that
molecular tests are better for detecting CVL infection compared with parasitological tests (Maia et al., 2009; Manna
et al., 2009).
Considering the results obtained when the skin samples
were used, the best performance by a molecular diagnostic method was qPCR followed by cPCR and snPCR; qPCR
showed the highest sensitivity. The skin of infected dogs is
a reservoir for the parasite and may represent an important
role in the infection of sand ﬂies and the transmission of
the parasite to other dogs and to humans (Giunchetti et al.,
2006; Michalsky et al., 2007). From the localized cutaneous
infection, the parasite can be disseminated via lymphatic or
blood vessels, infecting macrophages of the bone marrow,
lymph node, liver, and spleen, as well as kidneys and gastrointestinal tract (Tryphomas et al., 1977; Keenan et al.,
1984).
The spleen samples showed the best performance with
qPCR, while snPCR had the second best performance in this
tissue. The spleen is considered to be one of the main organs
affected in ongoing CVL because it is a site of cell activation during infection (Keenan et al., 1984). However, the
difference in sensitivity of qPCR for spleen and skin samples was very small, thus justifying the use of the skin as
a main biological material for CVL diagnosis. It is important to note that obtaining skin samples is less invasive
than spleen samples. One of the major concerns about
using spleen aspiration is the risk of severe bleeding and
even death (Léveillé et al., 1993). This risk can be controlled by using abdominal ultrasonography (Watson et al.,
2010). Without an abdominal ultrasound, however, a professional veterinarian with expertise and deep knowledge
of canine anatomy is needed for needle aspiration of the
spleen (Barrouin-Melo et al., 2004); this prevents its use
on a large scale. The interpretation of PCR results should
be made cautiously in clinically healthy dogs, since the
PCR only permits to identify the presence of parasite DNA
(Solano-Gallego et al., 2009). In a prospective study it was
observed that subpatent infections (detected by PCR) may
or may not progress to a stage of active CVL infection and in
some cases they may convert to negative (Foglia Manzillo
et al., 2013).
The use of molecular techniques on non-invasive samples, as skin biopsies, skin swabs, hair, nasal and oral swabs
and conjunctival swab has shown potential results for
use in the diagnosis of CVL in endemic areas (BelinchónLorenzo et al., 2013; Ferreira et al., 2013). The high
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positivity found in our work by qPCR on the ear skin
samples, suggesting that the combination of molecular diagnosis with other biological noninvasive samples,
would be useful in massive screening of dogs infected.
Quantitative PCR has advantages over cPCR and snPCR
because the reaction is done in fewer steps, with simple protocols. Ampliﬁcation and detection of ampliﬁed
material need not be displayed on a gel (agarose or polyacrylamide), thus reducing the risk of contamination by
the handler under the conditions in which the reaction
occurs.
Currently, molecular techniques are not considered to
be labor intensive, and their costs have been declining due
to high use in clinical laboratory diagnostics. There are
already several reagent brands on the market, and several
procedures for DNA extraction have been standardized;
there is also a range of ampliﬁcation protocols available
(Quaresma et al., 2009). These factors have contributed
to simplifying the methods, reducing costs, and obtaining
results rapidly, making molecular techniques more accessible in research laboratories.
5. Conclusion
Among the three molecular techniques assessed for
skin and spleen samples, we conclude that the best technique for the molecular diagnosis of CVL in dogs naturally
infected with L. infantum is qPCR using skin samples. We
recommend skin biopsies due to the high sensitivity as
well as the skin being easier and less invasive to access
compared with the spleen.
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