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Article history: Because infected dogs are widely considered to be the main domestic reservoir for Leish-
Received 21 June 2011 mania infantum (syn Leishmania chagasi) parasites in Brazil, the diagnosis of canine visceral
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leishmaniasis (CVL) must be made both accurately and promptly. The present study
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attempted to standardize a conventional polymerase chain reaction (cPCR) protocol for
the detection of L. infantum DNA in canine spleen samples. Quantitative PCR (qPCR) tech-

f;{xﬁﬁf{a nique was used to confirm the presence of Leishmania DNA in the canine spleen fragments. A
Canine comparison was made between the efficacies of these molecular diagnostic techniques and
PCR conventional parasitological and serological methods. cPCR protocols for spleen samples
Spleen were standardized using primers that amplify a 145bp fragment, located at the para-
Diagnostic method site kinetoplast minicircle. The genus specificity of the cPCR protocol was assessed by

its inability to amplify the DNA of other common canine pathogens, such as Ehrlichia
canis, Babesia canis, Toxoplasma gondii and Trypanosoma cruzi. cPCR protocol sensitivity
was tested by assessing the reaction detection limit, determined to be 10 fg of L. infantum
reference strain DNA, which corresponds to a range of 0.03-0.1 parasites per fragment.
Standardized cPCR protocol was used to detect the presence of Leishmania in 45 dog spleen
samples. Our results showed that 40% of the spleen fragment cultures were positive for
Leishmania parasites, 58% of the dog serum samples tested positive using ELISA, and para-
site DNA was detected in 44% using qPCR, while 47% of the spleen samples using cPCR.
Diagnostic methods performance was assessed and revealed a better degree of ascer-
tainment for cPCR when compared to other diagnostic methods. The sensitivity of ELISA
was 83.3%, qPCR was 83.3%, and cPCR was 88.9%; PPV for ELISA was 57.7%, qPCR was
75% and cPCR was 76.2%; the Kappa coefficients were found to be 0.40 (fair) for ELISA,
0.64 (substantial) for qPCR and 0.68 (substantial) for cPCR. In both oligosymptomatic and
polysymptomatic dogs, cPCR revealed the better performance analysis when compared
to other diagnostic methods. The findings presented herein establish cPCR as the most
indicated test to detect Leishmania when compared to the other two diagnostic methods
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evaluated. Despite the fact that the qPCR protocol provides a highly accurate quantifica-
tion of parasites when targeting the SSU rRNA gene, this technique does not significantly
improve the diagnosis of CVL when compared with the performance of the cPCR protocol,
which focused on the kinetoplast minicircle.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Zoonotic visceral leishmaniasis is a disease caused by
Leishmania infantum (syn Leishmania chagasi) (Kuhls et al.,
2011) a protozoan parasite that affects both dogs and
humans (Lainson and Shaw, 1978). Leishmania is transmit-
ted to human and animal hosts via Phlebotominae sand
flies (Killick-Kendrick, 1999) and, due to a high degree
of skin parasitism, domestic dogs are considered to be
the main reservoir of this parasite (Deane and Deane,
1955; Dye, 1996; Gramiccia and Gradoni, 2005). Canine vis-
ceral leishmaniasis (CVL) can present as an asymptomatic
infection or one with non-specific clinical signs, such as
weight loss, alopecia, cutaneous lesions, conjunctivitis,
onychogryphosis and lymphadenopathy (Ciaramella et al.,
1997; Koutinas et al., 1999; Baneth et al., 2008).

Considering the growing prevalence of CVL, the devel-
opment and implementation of more sensitive and specific
diagnostic techniques is crucial to controlling this disease
(Alvar et al., 2004). CVL diagnosis may prove challeng-
ing due to a variety of factors, such as a long course
of infection (significant pre-patent period), a low para-
site load in certain tissues and varied immune responses
among resistant and susceptible dogs (Pinelli et al.,
1999; Quinnell et al., 2001). The current gold standard
diagnosis for visceral leishmaniasis (VL) is parasite iden-
tification in the tissue of host species (Barrouin-Melo
et al., 2004). However, the low degree of sensibility of this
method, serological diagnostic tests, such as the indirect
immunofluorescence assay (IFA) and the enzyme-linked
immunosorbent assay (ELISA), are the methods gener-
ally used to detect VL (Alvar et al., 2004). However,
the literature contains several reports of cross-reactivity
when using these serological tests, specifically in sera
from dogs infected with other common pathogens, such
as Toxoplasma gondii, Ehrlichia canis and Trypanosoma
cruzi, as well as other Leishmania species (Ferreira et al.,
2007; Troncarelli et al., 2009). Furthermore, the fail-
ure of conventional methods to accurately diagnose
asymptomatic dogs, when compared with biomolecular
diagnostic techniques, has been reported (Solano-Gallego
et al,, 2001).

Conventional polymerase chain reaction (cPCR) analy-
sis is a simple molecular technique for disease diagnosis,
which has shown improved specificity and sensitivity over
serological CVL diagnostic methods (Ashford et al., 1995;
Moreira et al.,2007; Maia et al.,2009), since it allows for the
detection of asymptomatic carriers (Berrahal et al., 1996;
Lachaud et al., 2002).

A positive correlation exists between parasite load and
disease manifestation in dogs with severe clinical signs
(Manna et al., 2009), emphasizing the need for highly sen-
sitive diagnostic techniques to detect infection in animals
with less parasitization.

Reis et al. (2006) demonstrated that the spleen is one
of the main sites where high parasite density is found
during the course of CVL in both asymptomatic and symp-
tomatic dogs. In addition, the spleen has been proposed
as a key site for the accumulation and multiplication of
Leishmania (Maia et al., 2009). These parasites are known
to survive for extended periods in the spleen, as has been
previously described in an experimental murine model
employing infection with viscerotropic Leishmania (Lima
et al., 2007). Previous studies have demonstrated that,
as early as 96 h after experimental intradermal infection
with L. donovani promastigotes, parasites were detected in
canine draining lymph nodes and spleen (Saldarriaga et al.,
2006). Moreover, another study found variable degrees of
splenomegaly in the majority of CVL-infected dogs studied
(Barrouin-Melo et al., 2006).

A previous study showed that splenic fine needle aspira-
tion had a higher rate of parasite detection, in comparison
with lymph node aspiration, using conventional parasito-
logical techniques (Barrouin-Melo et al., 2004). Another
study revealed that splenic aspiration appeared to be a
more sensitive procedure than bone marrow aspiration,
as well as being less painful and more tolerable in human
patients (Sarker et al., 2004).

The present study aimed to standardize a cPCR proto-
col previously described by Lachaud et al. (2002) in order
to detect parasite DNA in spleen fragments. The efficacy
of conventional parasitological and serological diagnostic
methods was compared to alternative molecular diagnostic
techniques by testing the degree of specificity and sensitiv-
ity for CVL.

2. Materials and methods
2.1. Sampling

Forty-five canine spleen fragments from an endemic
area for CVL were collected in 2006 during a compulsory
euthanasia program involving stray dogs in the City of
Jequié, located in the State of Bahia, Brazil. Each fragment
was collected during necropsy using a sterile blade, and
then was stored in liquid nitrogen until use. Prior to spleen
fragment collection, the stray dogs were submitted to clin-
ical, serological (ELISA) and parasitological (spleen culture)
evaluation for CVL. The ELISA technique and canine spleen
fragment culture test, the gold standard, were performed
as described in previous studies (Paranhos-Silva et al.,
1996; Baleeiro et al., 2006). The spleen fragments were cul-
tured for a period of 4 weeks in Novy-MacNeal-Nicolle
(NNN) biphasic medium at 23°C, supplemented with
20% FBS (Fetal Bovine Serum - Gibco BRL, New York,
USA) and 100 p.g/mL gentamicin to avoid contamination
(Sigma Chemical Co., St. Louis, MO) (Barrouin-Melo et al.,
2004). For parasite identification, microscopic observations
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were performed at weekly intervals for no less than 4
weeks. Dogs were clinically classified according to the
presence or absence of common clinical signs of CVL,
including weight loss, alopecia, cutaneous lesions, conjunc-
tivitis, onychogryphosis and lymphadenopathy. According
to Mancianti et al. (1988) in the absence of any observable
signs, dogs were considered to be asymptomatic; in the
presence of one to three clinical signs, dogs were classi-
fied as oligosymptomatic, in the presence of three or more
signs, dogs were determined to be polysymptomatic.

2.2. DNA extraction

Frozen canine spleen fragments from euthanized dogs
were thawed and DNA was extracted from a 20 mg sec-
tion using a DNeasy® Blood & Tissue Kit (Qiagen, Hilden,
Germany) in accordance with manufacturer protocols.
Once extracted, the quality and concentration of each DNA
sample was determined using a digital spectrophotome-
ter (NanoDrop® ND-1000, Thermo Scientific, Wilmington,
USA). The integrity of each DNA sample was evaluated
using a 0.8% agarose gel. The DNA samples were then
adjusted to concentration of 150ng/ul, aliquoted and
stored at —20°C until cPCR and quantitative PCR (qPCR)
assays were performed.

2.3. ¢cPCR

To detect parasite DNA in canine spleen samples, cPCR
assays were performed using the technique for para-
site DNA detection in canine blood samples described
by Lachaud et al. (2002). Under standardized condi-
tions, amplification was performed in a 20l final
volume containing: 150ng of DNA; dATP, dCTP, dGTP
and dTTP at 10 uM each (dNTP Mix® Promega, Madison,
USA); 1.5mM MgCl,; 2 ul PCR buffer at a concentration
of 10x; 1.25U of Taq DNA Polymerase (GoTaq® DNA
Polymerase®, Promega); 1M of each of the following
primers: 5'-CTTTTCTGGTCCCGCGGGTAGG-3’ (RV1) and 5'-
CCACCTGGCCTATTTTACACCA-3’ (RV2). All amplifications
were performed using a thermal cycler (Mastercycler®
Family, Eppendorf, Hamburg, Germany) as follows: 35
cycles at 94°C for 30s; annealing at 62°C for 30s; and
an extension step at 72°C for 90s. For negative controls,
deionized water was used, as well as canine spleen frag-
ment DNA (150 ng/pl) from each of the uninfected dogs.
L. infantum (MHOM/BR/2000/MER2) DNA (10 ng/l) was
used as a positive control in each reaction.

The reaction products were separated by electrophore-
sis in a 2% agarose gel for 1h 40 min at 140V, 240 mA in
a 0.5x TBE buffer [0.04 M Tris-borate-HCI (JTBaker, MEX,
MEX) with 10 mM EDTA (Invitrogen, Carlsbad, CA, USA)].
Gels were stained in a solution containing 0.5 p.g/mL ethid-
ium bromide (Sigma, St. Louis, MO, USA) and distilled
water. Gel images were captured under UV light (Gel Doc,
Bio-Rad, CA, USA) (Schriefer et al., 2004).

2.4. cPCR standardization

Assay standardization was performed in order to
adapt the previously described PCR technique (Lachaud

et al., 2002) used to analyze DNA taken from human
blood samples to our technique, which obtained DNA
from canine spleen fragments. cPCR specificity was
assessed by performing amplification reactions using DNA
samples from pathogens other than L. infantum; Leish-
mania major (MHOM/IR/-/173), Leishmania amazonensis
(MHOM/BR/88/BA125), E. canis, B. canis, T. gondii, and T.
cruzi.

Fifteen healthy dogs were raised at the CPqGM-FIOCRUZ
experimental kennel in Salvador, Brazil, a location known
to be negative for parasite transmission. Sera from all 15
dogs tested negative using ELISA (Paranhos-Silva et al.,
1996) and their spleen cultures were also found to be neg-
ative for parasite growth. Splenic aspirate DNA samples
from 15 healthy dogs were used to test whether cPCR reac-
tions amplified targets other than parasite DNA. Protocol
sensitivity was assessed by performing: (a) serial dilu-
tions of DNA samples from positive controls, ranging from
10 to 200 ng; (b) contamination of splenic aspirate DNA
(150ng) from 1 of the 15 healthy dogs with a serial dilu-
tion of parasite DNA, ranging from 10 ng to 1fg. Each PCR
reaction was run using several controls: (a) for positive con-
trols, (1) DNA samples (150 ng/j.1) from three dogs whose
spleen fragment cultures tested positive for Leishmania sp.,
and (2) purified DNA from L. infantum (10 ng/.1) reference
strain; (b) for negative controls, (1) splenic aspirate DNA
(100 ng/.1) from 1 of the 15 healthy dogs, and (2) deionized
water instead of DNA samples.

2.5. Quantitative PCR (qPCR)

To quantify parasite DNA in canine spleen fragments,
PCR assays were performed using a technique for parasite
DNA quantification in human blood samples as described
by Bossolasco et al. (2003) targeting a SSU rRNA gene
sequence. The amplifications were performed at a final vol-
ume of 25 pl, containing: 5 pl of 150 ng/j.l of DNA spleen
fragment diluted in deionized water and 20 ul of PCR
mixture, which consisted of 12.5 ul of Universal Master-
mix (Perkin-Elmer Applied Biosystems, Carlsbad, CA, USA)
and forward primer 5'-AAGGTCAAAGAACAAGGCCAAG-3’
(LEIF-forward) at a final concentration of 900 nM, reverse
primer 5-GCATCGGAGTCGG-3’ (LEIR-reverse) at 300 nM,
and a fluorogenic probe (5'-AGGAGCGTGTCCCCGTGGAGG-
3’), which was synthesized using a FAM reporter molecule
attached to the 5 end, as well as a TAMRA quencher
linked to the 3’ end (LEIP-probe) (Perkin-Elmer Applied
Biosystems), at a final concentration of 200nM. A stan-
dard curve was generated using tenfold serial dilutions of
L. infantum DNA, ranging from 106 to 10~! parasites/mL,
with each dilution performed in triplicate. Amplification
was performed in quintuplicate for each sample, as well
as a negative control, using an ABI Prism 5900 sequence
detection system (Perkin-Elmer Applied Biosystems). The
cycling parameters were 50°C for 2 min, 95 °C for 10 min,
and 50 cycles at 95 °C for 15 s and 60 °C for 1 min. A thresh-
old cycle value (Ct) was calculated for each sample by
determining the point at which the fluorescence generated
within a given reaction exceeded the threshold limit. The
standard curve was drawn by plotting Ct values against
the standardized parasite concentrations. The number of
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Fig. 1. Evaluation of cPCR protocol specificity and sensitivity. PCR products were size-separated by agarose gel electrophoresis and visualized using ethidium
bromide staining. Each PCR reaction was run under standardized conditions as described in material and methods. Amplified PCR products using RV1 and
RV2 primers correspond to the 145 base-pair band. (A) Agarose gel showing cPCR specificity. PCR products can be seen in lanes 1-3, corresponding to L.
infantum, L. amazonensis and L. major reference strain DNA, respectively; lanes 4-7 correspond to DNA isolate from T. cruzi, E. canis, B. canis and T. gondii.
Lane 8 corresponds to negative control (water); M =100 bp DNA ladder marker. (B) Agarose gel showing cPCR sensitivity. PCR amplification was performed
using healthy canine spleen DNA and varying concentrations of L. infantum reference strain DNA. Lanes 1-8 correspond to 1fg, 10fg, 100 fg, 1 pg, 10 pg,
100 pg, 1 ng, and 10 ng, respectively. Lane 9 corresponds to healthy dog DNA; lane 10 corresponds to negative control (water); M=100bp DNA ladder

marker.

parasites per sample was calculated as the mean of the
values obtained in at least three out of the five sample
aliquots. The method detection limit of the qPCR technique
was estimated to be 0.5 parasites/mL.

2.6. Decontamination procedures

Due to the extremely high degree of sensitivity inher-
ent in cPCR and qPCR techniques, special care was taken to
avoid any contamination of the DNA samples during all pro-
cedures. To prevent carryover contamination by previously
amplified DNA, filter tips were routinely used in all DNA
extraction steps, as well as during cPCR and qPCR. In addi-
tion, the laminar flow hood and all utilized materials were
decontaminated by UV radiation before and after each pro-
cedure. For each cPCR and qPCR amplification procedure,
the PCR mixture was first placed in each well, followed by
a dilution containing either spleen sample DNA, or L. infan-
tum DNA. The cPCR protocol utilized a randomization of
DNA samples and negative controls in order to confirm the
absence of contamination.

2.7. Statistical analysis

Databases were built using Excel (Microsoft Office), and
Epi-info™ 3.5.1 (Centers for Disease Control and Preven-
tion - CDC, USA) was used to analyze and correlate clinical,
serological, parasitological and bio-molecular parameters.
The sensitivity and specificity of the cPCR protocol were
assessed using canine spleen cultures as the “gold stan-
dard” for L. infantum parasite detection (Barrouin-Melo
et al., 2004). Sensitivity and specificity percentages were
calculated using a 2 x 2 contingency table which repre-
sents the distribution of positive and negative test results.

Differences between the sensitivity and specificity of each
diagnostic test were assessed using the x2-test (p-value
<0.05). The Kappa coefficient was calculated for each of
the diagnostic methods with a 95% confidence interval
(CI). This coefficient was used to test agreement between
the diagnostic methods and was interpreted according
to Landis and Koch (1977): 1.00-0.81 almost perfect,
0.80-0.61 substantial, 0.60-0.41 moderate, 0.40-0.21 fair
and <0.20 slight. Additionally, positive predictive values
(PPV) and negative predictive values (NPV) were measured
for each of the diagnostic methods (p-value < 0.05).

3. Results
3.1. cPCR protocol standardization

The specificity of the established cPCR protocol was
assessed using RV1 and RV2 primers to amplify DNA from
T. cruzi, E. canis, B. canis and T. gondii, which did not amplify
any fragments (Lanes 4-7 in Fig. 1A), while these same
primers successfully amplified a 145 bp fragment of Leish-
mania spp. DNA (Lanes 1-3, Fig. 1A). No amplification was
observed in lane 8, which refers to the negative control.

The cPCR detection limit was 10 fg of L. infantum DNA
on agarose gel in lanes 1-8 correspond to 1 fg, 10 fg, 100 fg,
1pg, 10pg, 100 pg, 1 ng, and 10 ng, respectively (Fig. 1B).
No amplification occurred in lane 1, which corresponds
to 1fg of L. infantum reference strain DNA, nor in lane 9,
which refers to a healthy dog DNA sample. No amplifica-
tion was observed in lane 10, which corresponds to water
as a negative control (Fig. 1B). As DNA spleen samples at
a concentration of 150 ng yielded the clearest band pat-
terns, this DNA concentration was used for the cPCR assay
(data not shown). When 150 ng of healthy canine spleen
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Table 1
Comparison of diagnostic methods and clinical evaluation.

Clinical evaluation Diagnostic test positivity rate n® (%)

Culture ELISA cPCR qPCR NegativeP
Asymptomatic 1/8 (12.5) 2/8 (25.0) 2/8 (25.0) 1/8 (12.5) 4/8 (50.0)
Oligosymptomatic 9/26 (34.6) 14/26 (46.2) 10/26 (38.5) 11/26 (42.3) 7/26 (27.0)
Polysymptomatic 8/11(72.7) 10/11 (90.9) 9/11(81.8) 8/11(72.7) 1/11(9.0)
3 Number of positive dogs.
b Dogs tested negative for all diagnostic tests.
DNA was added to the PCR mixture, the detection limit of Table 2

L. infantum reference strain DNA was similar to that of par-
asite DNA alone (10 fg, data not shown). No amplification
was observed in any of the cPCR reactions using the 15 DNA
spleen samples from the uninfected dogs (data not shown).

3.2. Comparison of diagnostic methods and clinical
evaluation

Leishmania parasites were found in 40% (18/45) of the
canine spleen cultures. Anti-Leishmania antibodies were
found in 58% (26/45) of canine serum samples using ELISA.
Parasite DNA was detected in 44% (20/45) of the spleen
fragments using qPCR, and in 47% (21/45) using cPCR.
Thirty-two out of a total of 45 dogs tested positive for CVL
(71%) using at least one of these four diagnostic methods.
Twelve dogs had positive test results from only one of the
diagnostic tests: parasites were identified in the spleen cul-
tures of two dogs (4%), eight dogs (18%) tested positive
using ELISA, a spleen fragment from one dog tested pos-
itive using qPCR (2%), and another was positive using cPCR
(2%).

Clinical evaluation for signs of CVL found 18% (8/45) of
the dogs to be classified as asymptomatic, 58% (26/45) as
oligosymptomatic, and 24% (11/45) as polysymptomatic.
Considering the eight asymptomatic dogs, four tested pos-
itive for CVL (50%), only one dog (12.5%) was positive using
all four diagnostic methods, the others three were detected
each one by a different diagnostic method (Table 1). Among
the 26 oligosymptomatic dogs, nineteen (73%) tested pos-
itive for CVL, five dogs (26%) were positive using all four
diagnostic tests, the others tested positive at least in one
test (Table 1). Among the 11 polysymptomatic dogs, ten
dogs (91%) tested positive, seven of them (70%) were posi-
tive using all four diagnostic tests, the others tested positive
at least in one test (Table 1).

3.3. Evaluation of diagnostic methods’ performance

Sensitivity, PPV and NPV for each test were estimated
using parasite culture as the gold standard. ELISA sensitiv-
ity was 83.3% (CI1 57.7-95.6), qPCR was 83.3% (C1 57.7-95.6)
and cPCR was 88.9% (CI 63.9-98.1). PPV for ELISA was
57.7% (Cl 37.2-76.0), qPCR was 75% (CI 50.6-90.4) and
cPCR was 76.2% (CI 52.4-90.9). NPV for ELISA was 84.2%
(C159.5-95.8), qPCR was 88% (CI 66.7-96.8) and cPCR was
91.7% (CI 71.5-98.5). The Kappa coefficient was calculated
to measure the agreement index between the gold stan-
dard and each of the three diagnostic tests used. The Kappa

Diagnostic method performance analysis.

Diagnostic method Sensitivity (%) PPV (%) NPV (%) Kappa

ELISA 83.3 57.7 84.2 0.40
qPCR 833 75.0 88.0 0.64
cPCR 88.9 76.2 91.7 0.68

Canine spleen cultures were used as the “gold standard”. y2-test (p-
value <0.05).

coefficients were found to be 0.40 (fair) for ELISA, 0.64 (sub-
stantial) for qPCR and 0.68 (substantial) for cPCR (Table 2).

To evaluate diagnostic test performance with respect
to clinical CVL evaluation, Kappa coefficients and PPVs
were used to compare each diagnostic method to the gold
standard (Table 3). The number of asymptomatic dogs was
insufficient to perform statistical analyses (n=4). In the
oligosymptomatic group (dogs presenting at least three
signs of CVL), PPV for ELISA was 43% and Kappa was 0.17
(slight), PPV for qPCR was 64% and Kappa was 0.52 (mod-
erate), and PPV for cPCR was 70% and Kappa was 0.59
(moderate). In the polysymptomatic group (dogs present-
ing with more than three clinical signs of CVL) PPV for ELISA
was 80% and Kappa was 0.42 (moderate), PPV for qPCR was
87.5% and Kappa was 0.54 (moderate), PPV for cPCR was
89% and Kappa was 0.74 (substantial).

4. Discussion

The present study endeavored to standardize a cPCR
protocol for the detection of L. infantum DNA in canine
spleen samples, based on the protocol described by
Lachaud et al. (2002), previously used to detect L. infan-
tum kDNA in human blood samples. The specificity of this
cPCR protocol was tested by its inability to amplify DNA
from pathogens other than trypanosomatids, such as B.
canis, E. canis and T. gondii (Fig. 1A). These microorgan-
isms are known to frequently infect dogs in Brazil and

Table 3
Diagnostic method performance analysis with respect to clinical CVL
evaluation.

Diagnostic method Oligosymptomatic Polysymptomatic

(n=26) (n=11)

PPV Kappa PPV Kappa
ELISA 43.0% 0.17 80.0% 0.42
qPCR 64.0% 0.52 87.5% 0.54
cPCR 70.0% 0.59 89.0% 0.74

Canine spleen cultures were used as the “gold standard”. y2-test (p-
value <0.05).
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may be responsible for serological cross-reactions in com-
monly used Leishmania tests, leading to false positives
(Alves and Bevilacqua, 2004; Marcondes et al., 2011). Most
commercially available immunological tests are not able to
distinguish between different trypanosomatids, for exam-
ple T. cruzi, from Leishmania (Troncarelli et al., 2009). In
order to further test the cPCR protocol’s specificity, T.
cruzi DNA was subjected to the amplification protocol. The
RV1 and RV2 primers were unsuccessful in amplifying T.
cruzi DNA, demonstrating that these primers do not anneal
with DNA from trypanosomatids other than Leishma-
nia. By contrast, our cPCR protocol successfully amplified
DNA from L. amazonensis and L. major reference strains
(Fig. 1A).

In apparent contradiction to the results presented
herein, Lima-Junior et al. (2009) detected no amplification
of L. amazonensis and L. braziliensis DNA using RV1 and
RV2 primers. These divergent results might be explained
by differences in the assay protocols or strains used. Fur-
thermore, the primers employed in the present study were
designed to interact with a target region in the para-
site kinetoplast minicircle, a highly conserved DNA region
throughout the genus Leishmania (Sheline and Ray, 1989).
The findings herein support the notion that RV1 and RV2
are not species-specific. New protocols capable of distin-
guishing between Leishmania species need to be developed,
since some areas are endemic for both cutaneous and vis-
ceral forms of the disease (Coutinho et al., 1985; Madeira
et al., 2006).

cPCR protocol sensitivity was tested by assessing the
reaction detection limit, determined to be 10 fg of L. infan-
tum reference strain DNA. Similar results were obtained
when reference strain DNA was mixed with spleen frag-
ment DNA from a healthy dog (Fig. 1B). This limit of DNA
concentration corresponds to a range of 0.03-0.1 para-
sites per fragment (Vitale et al.,, 2004; Quaresma et al.,
2009), ensuring successful DNA detection in samples with
low parasite burden, such as those found in asymptomatic
or in the recently classified category of exposed animals
(Leontides et al., 2002; Manna et al., 2009; Paltrinieri et al.,
2010). To further assess protocol sensitivity, cPCR reactions
were performed using varying amounts of splenic DNA
from infected dogs. Again, no amplification was observed
in reactions with less than 10fg of DNA. The amplifica-
tion products obtained using 150 and 200 ng of splenic
DNA from infected dogs yielded the clearest band pat-
terns, while those from a 100 ng concentration were less
clear (data not shown). DNA concentrations greater than
150ng were discarded in order to avoid cPCR reaction
inhibitors.

The ELISA diagnostic test method had the highest pos-
itivity rate of the four tests, with 58% of all dogs testing
positive, while the spleen culture test had the lowest rate
of positivity, 40%. It is possible that the elevated positivity
rate associated with ELISA is due to the fact that stray dogs
were employed in the present study, which may have been
infected with pathogens other than Leishmania, leading to
cross-reaction results (Lira et al., 2006). Our laboratory is
currently conducting experiments using cPCR protocols to
detect hemoparasitosis infection in dogs suspected for CVL.
The notion that serum cross-reactivity is occurring in our

analysis is supported by the finding of a low PPV (57.7%)
for ELISA (Table 2).

Performance analysis of ¢cPCR found that this proto-
col had the highest Kappa coefficient (0.68), highest PPV
(76.2%) and highest rate of sensitivity (88.9%) in compar-
ison to the other diagnostic tests (Table 2). The literature
contains several reports of higher qPCR sensitivity in rela-
tion to cPCR or ELISA (Francino et al., 2006; Quaresma et al.,
2009). However, depending on the selected DNA target
region, as well as the pair of primers used (Bastien et al.,
2008), qPCR is not always more sensitive than cPCR. Several
protocols targeting genomic or kinetoplast DNA (kDNA)
have been developed for CVL (Solano-Gallego et al., 2009).
Due to a high number of target copies, conventional assays
based on kDNA are considered to be the most sensitive
for CVL detection (Cortes et al., 2004; Gomes et al., 2008).
When qPCR protocols target a less repetitive sequence,
such as SSU rRNA, they exhibit a lower degree of sensi-
tivity than cPCR protocols which employ the kinetoplast
minicircle as a target.

As expected, the positivity rate of all four diagnostic
tests used in this study increased in accordance with the
severity of clinical manifestation (Table 1). Data in the
present study show a low rate of diagnostic test sensi-
tivity among the asymptomatic dogs, which underscores
the need to use more than one test to confirm Leish-
mania detection. However, a single diagnostic test was
shown to adequately confirm parasite infection among the
oligosymptomatic and polysymptomatic dogs. In both of
these groups, the performance analysis of cPCR revealed
a better degree of ascertainment when compared to other
diagnostic methods (Table 3).

One of the major concerns surrounding the use of
spleen aspiration is the risk of severe bleeding and even
death (Léveillé et al., 1993), which can be controlled
using abdominal ultrasonography (Watson et al., 2010),
thereby minimizing risk to the animal. In fact, Barrouin-
Melo et al. (2006), in an attempt to verify the safety of
fine-needle spleen aspiration, reported no adverse inci-
dents when conducting this procedure in over 200 dogs.
Spleen aspirate appeared to be better tolerated than lymph
node aspiration, even in the most severely affected dogs,
which exhibited severe anemia and cachexia (Barrouin-
Melo et al., 2004).

One of the limitations regarding the use of molecular
analysis to diagnose Leishmania is the fact that, compared
to conventional serological tests, these techniques are con-
siderably more expensive (Maia et al., 2009). However, the
authors chose to employ molecular diagnosis for Leishma-
nia as a confirmative test due to the greater sensitivity
and specificity of cPCR and qPCR compared to serological
testing.

The findings presented herein establish cPCR as the
most indicated test to detect Leishmania when compared
to the other two diagnostic methods evaluated. Despite the
fact that the qPCR protocol provides a highly accurate quan-
tification of parasites when targeting the SSU rRNA gene,
this technique does not significantly improve the diagnosis
of CVL when compared with the performance of the cPCR
protocol that targets the kinetoplast minicircle and has the
additional advantage to be cheaper than qPCR.
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5. Conclusion

The standardized cPCR protocol using canine spleen
fragment samples was shown to be a sensitive and efficient
tool for the diagnosis of Leishmania infection.
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