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Abstract: Leishmaniasis is a neglected disease endemic in five continents. It is a severe disease that
may lead to death, and its early detection is important to avoid severe damage to affected individuals.
Molecular methods to detect Leishmania are considered alternatives to overcome the limitations presented
by conventional methods. The aim of this study was to develop multiplex PCR systems able to detect
small amounts of target DNA of Leishmania infantum and Leishmania braziliensis, and the gene coding
for glyceraldehyde-3-phosphate dehydrogenase (G3PD) in mammals, enabling quality evaluation of the
sample simultaneously with detection of the specific target. The systems created for G3PD recognition
were combined with detection systems for L. infantum and L. braziliensis to compose multiplex PCR systems
for visceral (mVL) and cutaneous (mACL) leishmaniasis diagnosis. The multiplex PCR systems developed
were assessed in blood samples from five different species of mammal reservoirs involved in the disease
cycle in Brazil, and 96 and 52 human samples from patients with suspected visceral leishmaniasis (VL) and
cutaneous leishmaniasis (ACL), respectively. Three G3PD detection systems were created (G3PD1, G3PD2
and G3PD3) with different product sizes, G3PD2 was chosen for the formation of multiplex PCR systems.
The two multiplex PCR systems (mVL and mACL) were reproducible in all species evaluated. Results of
test samples (sensitivity, specificity and efficiency) suggest its use in routine diagnosis, research activities
in medicine and veterinary medicine. Additionally, the systems designed to detect the G3PD gene are
capable of combining with other targets used for molecular diagnosis of infectious diseases. Concerning
leishmaniasis, the multiplex PCR systems can be used in epidemiological studies for the detection of new
and classic reservoirs, which may contribute to the reliability of results and development of actions to
control the disease.
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INTRODUCTION

Leishmaniasis is a vector-borne disease that
is caused by obligate intramacrophage protozoa
(family Trypanosomatidae, order Kinetoplastida).
It is a neglected disease, endemic in rural areas of
five continents and is the third most important
vector-borne disease in the world (1). The annual
incidenceisabout 1.5 to 2 million cases worldwide,
with up to 350 million people at risk of infection

(2). There are an estimated 500,000 new cases of
visceral leishmaniasis (VL) and more than 50,000
deaths from the disease each year (3). Such death
rate is surpassed, among parasitic diseases, only
by malaria (4).

There are at least 20 species of Leishmania,
which may cause different clinical diseases. The
prevalence of Leishmania spp. infection varies
according to geographical distribution (5). VL
is caused by L. donovani complex that consists
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of Leishmania (Leishmania) infantum syn.
Leishmania (Leishmania) chagasi and Leishmania
(Leishmania) donovani (6). American cutaneous
leishmaniasis (ACL) is caused by species of
Leishmania braziliensis and Leishmania mexicana
complexes (7, 8). In Brazil, L. infantum and
Leishmania (Viannia) braziliensis are the most
common species isolated from VL and ACL
carriers, respectively (7).

Early diagnosis and treatment are important
as individual and community control measures.
Untreated patients can act as reservoirs and
contribute to the anthroponotic transmission
(8). The clinical signs and symptoms are not
pathognomonic for VL or ACL, and may be
confused with other similar conditions such as
malaria, tropical splenomegaly, schistosomiasis
or cirrhosis with portal hypertension, African
trypanosomiasis, milliary tuberculosis,
brucellosis, typhoid fever, bacterial endocarditis,
histoplasmosis, =~ malnutrition, = lymphoma,
leukemia and numerous primary and secondary
skin diseases (9).

The conventional routine diagnosis of
leishmaniasisrequiresmicroscopicdemonstration
of Leishmania amastigotes in aspirates from
spleen tissue, scraped skin smears, or in bone
marrow. Blood culture is also commonly used
(10). However, these conventional methods
of diagnosis do have some limitations (11).
Microscopic examination has low sensitivity
and requires invasive samples (bone marrow,
spleen, liver), whereas culture is susceptible
to contamination and is time-consuming.
Serological methods may be useful, but have
problems with cross-reactions and differentiation
between current and past infections, furthermore
they are not accurate in immunosuppressed
patients (12-16).

In the past ten years, the molecular biology
has become increasingly relevant to the diagnosis
and control of infectious diseases. Information on
DNA sequences has been extensively exploited
for the development of polymerase chain reaction
(PCR)-based assays for various applications,
including understanding of parasites and
diagnosis of the diseases (10).

With application of PCR and its variations
(nested, multiplex, real-time), molecular biology
has contributed to the detection of parasite DNA
with high sensitivity and specificity (17-19).
However, for accurate diagnosis, with a minimum

margin of error, it is necessary the use of internal
controls, such as the housekeeping genes. The
positivity for these genes demonstrates the
quality of the sample under test and guarantees
the issuance of a negative result.

Variations of PCR have been developed and
used to identify Leishmania spp. such as the
quantitative polymerase chain reaction (qPCR),
nested PCR, and multiplex PCR (20-28). The
possibility of combining multiple targets in the
same assay led to expansion of applications of
the multiplex PCR technique on leishmaniasis
diagnosis, since the identification of complexes
and species of the parasite to evaluation of sample
integrity and PCR performance on sandfly pools
(23-28).

Several targets have been used to detect
Leishmania including kinetoplast DNA (kDNA)
with high conserved multiple copies (29-31).
Recently the gene for glucose-6-phosphate
dehydrogenase (G6PD), single copy, has been
used to identify the subgenus Viannia being able
to distinguish L. braziliensis from other species
(32).

Glyceraldehyde-3-phosphate dehydrogenase
(G3PD) is an enzyme with a crucial role in
glucose metabolism, with nuclear, cytoplasmic
and membrane functions in cells of organisms
which use glycolysis to produce energy. The
presence of this gene in all mammalian cells
ensures its detection in samples whose conditions
are suitable for diagnostic tests, making it a
potential tool for sample quality control in real-
time PCR, as well as the genes of albumin, p-actin
and B-globin (20, 33-35). However, in these trials,
sample quality assessment is done in separate
reactions, generating more costs and increasing
the time for determining the diagnosis.

The limitations in diagnosis methods and the
lack of access of the population to diagnostic
tools indicate the need to develop technologies
with quality assurance of results, readily
accessible to affected population, and that have a
favorable cost-benefit. In this context, this paper
aims at developing multiplex PCR systems to
limit the possibility of errors in the definition
of the final diagnosis, in human or animal
patients, to promote the simultaneous detection
of specific target (L. infantum or L. braziliensis)
and quality control of the samples (G3PD gene
from mammals) in the same reaction, which
will reduce costs with reagents and time for
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the release of diagnosis. This tool will be useful
for the diagnosis of leishmaniasis as well as for
epidemiological studies.

MATERIALS AND METHODS

Blood Samples

Blood was collected from Homo sapiens,
Canis  familiaris,  Oryctolagus  cuniculus,
Necromys lasiurus and Rattus rattus to assess the
reproducibility of the multiplex PCR systems
in samples from different mammals. Informed
consent was obtained from all studied subjects,
from the database of Leishmaniasis Reference
Service (LRS), Fiocruz, PE, Brazil. In addition,
the present study was approved by the Research
Ethics Committee (CEP-FIOCRUZ/PE, 42/2010)
and by the Ethics Committee in Animal Use
(CEUA- FIOCRUZ/R]J, LW-41/10).

DNA Extraction

The extraction of DNA from blood samples
was performed with Illustra® blood genomic Prep
Mini Spin kit (GE Healthcare, USA) according to
the manufacturer’s recommendations.

Primers Design

Based on the results of Castilho et al. (33),
MEGA software (4.0) (available online at www.
megasoftware.net) was employed for alignment
of G3PD sequences from different mammals
involvedin the transmission cycle ofleishmaniasis,
using a NCBI BLAST database (http://www.ncbi.
nlm.nih.gov). From this alignment, two primers
were designed capable of binding to DNA to the
following mammalian species: Homo sapiens, Sus
scrofa, Mus musculus, Rattus norvegicus, Sigmodon
hispidus, Equus caballus, Felis catus, Bos taurus,
Macaca fascicularis, Macaca auratus, Oryctolagus
aries, Canis lupus and Canis familiaris.

G3PD Detection Systems

To develop G3PD detection systems, the
primers presented by Castilho et al. (33),
GAPD-F and GAPD-R, were combined with
primers designed in this study, looking for a
better differentiation among bands for detection
of Leishmania spp. and composition of multiplex
PCR systems. For a preliminary assessment
of G3PD gene systems, an experiment was
conducted in which the reaction was composed
of sample without DNA (negative control), dog

blood samples that tested positive and negative
for VL, and genomic DNA of L. chagasi (MHOM/
BR/1974/PP75) as a positive control under the
conditions and system described by Lachaud et
al. (36).

Multiplex PCR System Development

Two multiplex PCR systems were developed
and tested under the conditions of the Linf 1B and
B1/B2 for simultaneous detection of L. infantum
or L. braziliensis and G3PD gene, respectively
(20, 29).
Optimization of Multiplex PCR Systems
Reproducibility evaluation in different
mammalian species

Blood samples from Homo sapiens, Canis
familiaris, Oryctolagus cuniculus, Rattus rattus
and Necromys lasiurus were used.

The analysis of positive results was performed
by adding genomic DNA of L. infantum or L.
braziliensis in samples of each animal species
used in the study, based on the optimal range of
detection of Linf 1B and B1/B2 (20, 29). When it
was necessary, modifications in cycling conditions
(annealing temperatures and extension) were
made, as well as alterations in quantity and
concentration of reagents.

Detection range determination

A dilution curve of factor 10 (10 ng to 0.1 fg)
of parasite DNA, tested in both multiplex PCR
reactions, to check possible loss of sensitivity of
multiplex PCR reaction compared to conventional
systems was performed.

Documentation of Results

The analysis, interpretation and registry of test
results were performed using 1.5% agarose gel
electrophoresis, stained with ethidium bromide
(10 mg/mL), and a molecular weight marker 100
bp ladder DNA (GibcoBRL Life Technologies,
USA).

Testing of Patient Samples

After optimization, the multiplex PCR for
visceral leishmaniasis (mVL) and the multiplex
PCR for American cutaneous leishmaniasis
(mACL) systems were evaluated in 96 blood
and bone marrow samples from human and dog
patients, and 52 biopsy samples from human
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patients. These samples had been previously
tested positive for leishmaniasis by conventional
PCR, at LRS, Fiocruz/PE, Brazil.

Sensitivity, specificity and efficiency of mVL
and mACL were calculated according to Ferreira
and Avila (37).

RESULTS

G3PD Detection Systems

The designed primers (Figure 1) were
combined with GAPD-F and GAPD-R and
three detection systems were generated: G3PD1,
G3PD2 and G3PD3 (Table 1) (33). The result
of preliminary experiment showed an excellent
performance of the three systems designed for
G3PD gene detection (Figure 2).

Based on the products generated for
simultaneous detection of L. infantum, L.
braziliensis and G3PD gene, the G3PD2 system
was chosen for optimization of the multiplex
PCR for L. infantum detection, and the multiplex

PCR for L. braziliensis detection (Table 2).

mVL Optimization

The analysis of experiments under conditions
of Linf 1B showed no reproducible results (20).
In order to generate reproducibility, the reactions
were modified using the conditions described by
Lachaud et al. (36) with primers of Linf 1B. After
the modification, excellent reproducibility was
obtained among different mammalian species
(Figure 3).

Detection range

To avoid loss of sensitivity for the detection of
a specific target (L. infantum), the concentration
of primers to detect the G3PD gene was reduced,
from 5 pmol/uL to 1 pmol/pL, in order to
equilibrate the competition among reagents and
encourage the Linf 1B system.

The optimal conditions of functioning of mVL,
in a final volume of 25 uL, were: Tag polymerase
buffer 0.5 uM Tris, 1.25 uM KCl, pH 8.4; 0.3 uM

H. sapiens 148 GCGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCC... CTGTGGGCAAGGTCATCCCT... ACATCAAGAAGGTGGTGAAGCAGG
M. fascicularis 38 GCGCCTGGTCACCAGGGCTGCT. .. CCATCTTCCAGGAGCGAGATCCC . CTGTGGGCAAGGTCATCCCT . ACATCAAGAAGGTGGTGAAGCAGG
S. scrofa 380 GCGCCTGGTCACCAGGGCTGCC .. CCATCTTCCAGGAGCGAGATCCC . CTGTGGGCAAGGTCATCCCT . ACATCAAGAAGGTGGTGAAGCAGG
M. musculus 89 GCGCCTGGTTACCAGGGCTGCC. .. CCATCTTCCAGGAGCGAGACCCC. .. CTGTGGGCAAGGTCATCCCA . ACATCAAGAAGGTGGTGAAGCAGG
R norvegicus 110 ACGCCTGGTTACCAGGGCTGCC... CCATCTTCCAGGAGCGAGATCCC... CTGTGGGCAAGGTCATCCCA .. ACATCAAGAAGGTGGTGAAGCAGG
S. hispidus 108 GCGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCC . CTGTGGGCAAGGTCATCCCA - ACATCAAGAAGGTGGTGAAGCAGG
F. catus 38 GCGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCC . CTGTGGGCAAGGTCATCCCA - ACATCAAGAAGGTGGTGAAGCAGG
C. lupus 39 GCGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCC .. CTGTGGGCAAGGTCATCCCT... ACATCAAGAAGGTAGTGAAGCAGG
C. familiaris 20 GCGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCC..

E. caballus 93 GCGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCC... CTGTGGGCAAGGTCATCCCT... AGATCAAGAAGGTGGTGAAGCAGG
B. taurus 09 GCGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCT. .. CCGTGGGCAAGGTCATCCCT... AGATCAAGAAGGTGGTGAAGCAGG
Q. aries 78 GCGCCTGGTTACCAGGGCTGCC. .. CCATCTTCCAGGAGCGAGATCCT. .. CCGTGGGCAAGGTCATCCCT... AGATCAAGAAGGTGGTGAAGCAGG
M. auratus 09 ACGCCTGGTCACCAGGGCTGCT... CCATCTTCCAGGAGCGAGATCCC ... CTGTGGGCAAGGTCATCCCA .. ACATCAAGAAGGTGGTGAAGCAGG
G3F CGCCTGGTCACCAGGGCT

GI1F ATCTITCCAGGAGCGAGATCCC

GIR™ GTGGGCAAGGTCATCCCT

GIR " ATCAAGAAGGTGGTGAAGCAG
L. infantum 43CCGCATGGTGTTCCAGGCCATC... CGGCGGATGTGCTTGTGGTGAAC. . GCGCGGCGGCCATGAACATC. .. CCGTCGTGGACCTGACGTTCCGCG

L. braziliensis
T. cruzi

44 GTCGCATGGTGTTCCAGGCCAT..

45 TGGGCCAATTGGACAGGCCGTT

ACGCCGGACGTGCTTGTGGTGAA .. CGCGCGGCGGCTGTAAACAT. . TCTGTCGTGGACCTGACATTTCGC

. AGGGTTCTCAGAAAATTCGTGTT... ATATCGACAACGGGAAAAAG. . GCCAGCCTGTCTCGAAGGAAATGT

Figure 1.

Multiple sequence alignment (generated by MEGA 4.0) of glyceraldehyde-3-phosphate

dehydrogenase (G3PD) mammalian that indicates G3F, G1F, G1R and G2R oligonucleotide positions.
Leishmania infantum, Leishmania braziliensis and Trypanosoma cruzi are not similar to the sequences of
designed primers. G3F and G1R*: primers designed in this study and their aligned sequences; G1F" and
G2R*™: primers GAPD-F/R previously presented (4) and their aligned sequences.™- G3PD 2 system — primers

G1F and G2R.

Table 1. Detection systems formed by the combination of primers designed for detection of the G3PD gene

System identification Primers Product size
G3PD 1 G1FxGI1R 441 bp
G3PD 2 G1F x G2R 567 bp
G3PD 3 G3FxG1R 621 bp
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Figure 2. Systems G3PD1 (1), G3PD2 (2) and G3PD3
(3). The templates in each column are identified in
the picture: NTC — non template control; C. familiaris
positive for VL; C. familiaris negative for VL; genomic
DNA from L. chagasi as positive control (132 bp
band). Product size was determined by Marker A
DNA / Hind Ill (New England Biolabs, USA).

MgCl; 5nM dNTP; 5 uM of each primer Linf 1B;
1 uM G1F; 1 uM G2R; 0,25U Tagq polymerase and
2 uL DNA template. In these conditions, the mVL
showed a detection limit of 0.1 fg.
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R. rattus\V/L-
N. lasiurus VL-

Positive control

Table 2. Systems chosen for composition of the
reaction of multiplex PCRfor simultaneous detection
of L. infantum and L. braziliensis and quality control
samples, the gene G3PD of mammals

Systems mVL mACL
B1/B2 - 750 bp
G3PD2 567 bp 567 bp
Linf1B 132 bp -

Testing of Patient Samples

A total of 32 (33%) samples did not pass
quality control and were rejected for validation
tests. The evaluation of mVL in patient samples
showed: 25% sensitivity, 97% specificity and 79%
efficiency.

The low sensitivity obtained in contrast
with the excellent detection limit created the
hypothesis of sample degradation due to long
storage time (samples stored since 2005). To
check the sensitivity of mVL in blood samples
and rule out possible flaws in this diagnostic
system developed, a dilution curve similar to that
aforementioned was performed, by diluting DNA
from L. infantum in freshly collected human
blood. The analysis of this experiment showed
that the mVL system does not have failures in
the detection limit (detection of 0.1 fg) and tested
positive all blood samples recently collected.

NTC
Positive control (++)

H. sapiens VIL+
C. familiaris VL+
R. rattus VL+

N. fasiurus VL+

Q. cuniculusVL+
Positive control (+)

Figure 3. Reproducibility test of mVL system in negative (A) and positive (B) samples of different mammals
involved in leishmaniasis cycle. (A) Arrow: 132 bp band of L. chagasi positive control. (B) G3PD gene with
a band of 567 bp and the specific target L. chagasi with a band of 132 bp. Positive control (+) = 100 fg/
UL; positive control (++) = 10 pg/uL. Product size was determined by a 100 bp ladder DNA (GibcoBRL-Life

Technologies, USA).
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O. cuniculus CL-
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H. sapiens CL+

C. familiaris CL+

R. rattus CL+
N.asiurus CL+

O. cuniculus CL+
Positive control (+)
Positive control (++)
Positive control (+)
Positive control (++)

NTC

B1/B2

Figure 4. (A) Reproducibility of mACL in negative samples of different mammals. Positive control (+) = L.
braziliensis 1 pg/uL. Positive control (++) = L. braziliensis 1 ng/uL. (B) Reproducibility of mACL in positive
samples. For positive evaluation 100 ng of L. braziliensis DNA was added to samples of different mammals.
The bands observed are from G3PD gene (band of 567 bp) and the specific target L. braziliensis (band of 750
bp). Positive control (+) = L. braziliensis, 1 pg/uL. Positive control (++) = L. braziliensis, 1 ng/uL. Product size
was determined by a 100 bp ladder DNA (GibcoBRL-Life Technologies, USA).

mACL Optimization
Reproducibility in different mammals

The mACL worked well under the following
reaction conditions: Taq polymerase buffer 0.5
uM Tris, 1.25 uM KCI, pH 8.4; 0.3 uM MgCl; 5
nM dNTP; 25 uM of B1/B2 primers mixture; 5
uM G1F; 5 uM G2R; 0.25 U Taq polymerase and
2 uL DNA template. It showed reproducibility
among different mammalian species, and both
negative and positive samples (Figure 4).

Detection range

A temperature gradient was applied to verify
the conditions under which mACL has a better
detection limit. The optimal cycling conditions in
a final volume of 25 pL were: initial denaturation:
94°C for five minutes; denaturation: 94°C for
30 seconds; annealing: 63°C for one minute;
extension: 72°C for one minute; final extension:
72°C for five minutes. In these conditions, the
mACL showed a detection limit of 10 pg.

Testing of Patients Samples

The evaluation of the mACL system in biopsy
samples showed sensitivity and specificity of
100% and 87.5% respectively, and 92% efficiency.

DISCUSSION

The main deficiencies in applying PCR assays
include false-positive results (from background

DNA contamination) and potential false-
negative results, besides the detection limits
of the assay. Clinical samples often contain
substances that may partially or completely
inhibit the amplification reaction by the DNA
polymerase (38, 39). Appropriate care and correct
conditioning of the sample may prevent such
problems, but the integrity of target DNA must be
monitored. Methods that ensure the best sample
processing include incorporation of internal
amplification controls into the PCR assay to
monitor the presence of purified sample DNA
and potential PCR inhibitors (40).

The need to include internal controls has been
observed in various types of clinical samples,
especially in materials in which purification
of nucleic acids is difficult due to abundance
of organic matter such as feces and food (41-
46). The inclusion in PCR assays of genes that
constitute cells such as -actin, B-globin, albumin
and G3PD has been useful to evaluate the quality
of samples in qPCR and PCR experiments (20, 34,
47,48). Due to the recognized need for evaluating
the integrity of DNA, controls are usually used
in separate reactions, generating more costs and
consuming more time to establish the diagnosis
(49).

In the present study, three detection systems
were created to allow distinction among the
various targets used in the molecular diagnosis
of leishmaniasis. In addition, the developed
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control systems have a wide applicability in
molecular diagnostics, and can be optimized
in a similar way with PCR-based diagnosis of
bacteria, virus, and other protozoa, which did not
evaluate the possibility of false-negative results in
their tests (50-53). The goal of the current study
was to evaluate the quality of samples associated
with detection of a target in the same reaction,
in order to provide a safe outcome for patient
diagnosis and also to apply it in epidemiological
studies. The evaluation of the reproducibility of
mVL and mACL systems showed that they can be
used in research of new reservoirs, contributing to
the expansion of leishmaniasis eco-epidemiology
knowledge and adequacy of control measures for
each source of the disease.

The detection limit presented by mVL was
higher than that recorded by Paiva-Cavalcanti
et al. (20), with no reduction of efficiency in
multiplex PCR compared to real-time PCR.
Disch et al. (54) suggested a duplex PCR for L.
donovani complex with 4.7 fg of detection limit,
lower than the limit reached by mVL. Harris et
al. (26) proposed a multiplex PCR with 1 fg of
detection limit for characterization of new world
Leishmania complexes. The proposal presented in
the present study has better detection ability and
is species-specific.

The evaluation of patient samples revealed a
significant loss of reliability due to poor quality
samples or their degradation (33% of the samples
tested negative in internal control). Despite of
low sensitivity obtained in mVL, the experiment
conducted on recently collected blood,
maintained an excellent detection limit and
showed that losses due to degradation occur in
samples stored for long periods (such as samples
from LRS, stored since 2005), and the DNA of
etiological agent is the most affected, probably
because there is less of its DNA material than of
the host. Despite the low sensitivity obtained in
mVL, the system showed specificity and detection
limits in accordance with the objective.

The mACL showed better sensitivity than
that reported by Bruijn and Barker (29), for the
system B1/B2 alone. Marcussi et al. (55) presented
the LBF1/LBR1 primers for identification of L.
braziliensis with a limit of 50 ng of DNA in the
reaction, a detection limit lower than mACL.

The tested samples for mACL showed excellent
results that suggest its use in routine diagnoses.
Gomes et al. (56), evaluating PCR for detection

of L. braziliensis in biopsy samples, obtained 96%
sensitivity. Despite the fact that the SL RNA gene
was the target, the results of Gomes et al. (56) are
similar to mACL.

The detection limits provided by the two
multiplex showed that this molecular diagnostic
tool can be used without loss of efficiency, besides
promoting reduction of reagent costs and time
for the institution of therapy. These data are
extremely important to regions where the disease
is endemic, since the developed techniques
may promote improvements in quality of life of
affected persons by reducing the risk of serious
injuries due to ACL.

During the validation of this method, the
importance of having sample quality control
was proved by the percentage of degraded
samples detected by mVL. Some methodologies
employed in recent studies do not perform the
evaluation of sample quality, and in this case, there
is no guarantee of the accuracy of negative
results. The use of sample control in the same
reaction without sacrificing sensitivity (mACL)
or detection limits (mVL) of the original system
is an advantage for the economy of reagents and
time compared to reactions conducted separately.

Given to the limitations presented by
conventional methods, the development of a tool
that is able to promote an accurate diagnosis is
essential. In this context, this study presents
two multiplex PCR that allows assessment of
the quality of the sample simultaneously with
the detection of L. infantum or L. braziliensis,
therefore reducing the number of false negatives
and assuring the quality of results. The methods
can be applied both for diagnosis in humans and
animals, and their use is particularly indicated in
routine diagnosis and research.

CONCLUSION

The development of mVL and mACL systems
may be implemented in the diagnosis in LRS,
Brazil. Additionally, the systems designed to
detect the G3PD gene are able to combine
with other agents for molecular diagnosis. For
leishmaniasis, the multiplex systems might be
used in epidemiological studies for detection of
new and classic reservoirs, contributing to the
reliability of results and development of actions
to control the disease.
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