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Abstract

The objective of this study was to design and evaluate new primers for species-specific detection of L. infantum chagasi
using PCR. Two combinations of primer pairs were established with the aim of obtaining specific amplification products
from the L. infantum chagasi 18S rRNA gene. The combinations of the primer pairs and the respective sizes of the PCR
products, based on the U422465 GenBank reference sequence of L. infantum chagasi, were: LCS1/LCS3 (259 bp) and
LCS2/LCS3 (820 bp). It was concluded that the new PCR assays optimized using the primer pairs LCS1/LCS3 and
LCS2/LCS3 were effective for specific detection of L. infantum chagasi, with analytical sensitivity to detect 1 pg/pL of
DNA.
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Resumo

Objetivou-se com este trabalho construir e avaliar novos primers para a deteccio espécie-especificos de
L. infantum chagasi por PCR. Foram estabelecidas duas combinag¢des de pares de primers com a finalidade de obter
produtos de amplificagio especificos para o gene 18S rRNA de L. infantum chagasi. As combinacoes dos pares de
primers e os respectivos tamanhos dos produtos de PCR, previstos conforme a sequéncia de referéncia utilizada
(GenBank U422465) foram: LCS1/LCS3 (259 pb); LCS2/LCS3 (820 pb). Pode-se concluir que os novos ensaios
de PCR otimizados neste estudo, empregando os pares de primers LCS1/LCS3 e LCS2/LCS3, foram efetivos para a
detecgao especifica de L. infantum chagasi, com sensibilidade analitica para detectar 1 pg/pL de DNA.

Palavras-chave: Calazar, leishmaniose visceral, diagndstico molecular, gene 18S rRNA, L. infantum chagasi.

Introduction

Visceral leishmaniasis (VL) is a widespread zoonosis in
tropical and subtropical regions of the planet, which causes
high numbers of deaths, especially among untreated patients
(BANETH, 2006; WHO, 2011). The species involved in VL
infection are Leishmania donovani and Leishmania infantum chagasi
(TAYLOR et al., 2010).

The conventional laboratory methods for diagnosing VL consist
of serological techniques and direct parasitological examination.
Among the serological tests, the indirect immunofluorescence
assay (IFA) and the enzyme immunoassay (ELISA) are the ones
most frequently used. Both show high sensitivity, although
cross-reactions with other forms of leishmaniasis, Chagas disease
and trypanosomiasis have been reported (GOMES et al., 2007;
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TRONCARELLI et al., 2008). Parasitological examination of
either skin smears or aspirates from lymph nodes, spleen or bone
marrow is useful for confirming the diagnosis, because of its high
specificity.

Since 1998, the polymerase chain reaction (PCR) has been
increasingly applied as an alternative method for diagnosing visceral
leishmaniasis (TELLERIA et al., 1999; BRANDAO-FILHO et al.,
2003; CORTES et al. 2004; ANDRADE et al., 2006; GOMES
et al., 2007; SALAM et al., 2010). Additional use of restriction
enzymes on the KDNA-PCR product has been adapted by some
researchers in order to demonstrate different fragment length
polymorphisms (RFLPs) in the genus Leishmania (VOLPINI et al.
2004; ANDRADE et al., 2006). Because of the high sensitivity
of the PCR technique, it is suitable for diagnostic purposes. The
sensitivity and specificity of the PCR are directly related to the set
of primers used for amplification of the target DNA, the number
of copies of the target DNA to be amplified, the DNA extraction
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method used, the type of material to be analyzed and the PCR
protocol (CORTES et al., 2004; SALAM et al., 2010).

Different amplification targets in the Leishmania genome have
been reported. They most frequently correspond to repetitive and/or
polymorphic sequence regions of the encoding genes for ribosomal
RNAs, including internal transcribed spacers, B-tubulin, locus
gp63, hsp70 and cysteine proteinase genes, as well as kinetoplast
minicircle DNA (kDNA) (REITHINGER et al., 2000; SINGH,
2006). The latter has been considered to be one of the best targets
for PCR (GONTIJO; MELO, 2004).

PCR has been successfully used to detect Leishmania DNA
in several biological materials such as blood, bone marrow, skin,
conjunctival samples and cerebrospinal fluid (LACHAUD et al.,
2002; AOUN et al., 2009). Other advantages of PCR include the
possibility of using small amounts of different clinical samples
and detection of low concentrations of parasites (MELO, 2004).

The objective of the present study was to develop and
evaluate new species- specific primers in order to discriminate
L. infantum chagasi DNA using PCR.

Materials and Methods

Novel primers were designed from alignments of reference
sequences for the 18S rRNA gene, from different species of
Leishmania obtained from GenBank database (http://www.ncbi.
nlm.nih.gov). For this procedure, the following sequences with the
corresponding GenBank access numbers were used: L. infantum
(U42465), L. infantum chagasi (GQ332359), L. donovani
(GQ332350), L. guyanensis (GQ332358), L. amazonensis
(GQ332354) and L. braziliensis (GQ332355).

The sequences were aligned by means of the Clustal W
multiple progression method (THOMPSON et al., 2004),
using the Megalign software (LaserGene, DNAStar, Inc.). The
L. infantum chagasi-specific primers (sense and antisense) were
then selected from non-conserved or semi-conserved regions of the
gene. They were then subjected to similarity analysis against the
GenBank database, using the BLAST-N" algorithm (Basic Local
Alignment Search Tool - Nucleotides) (ALTSCHUL et al., 1990).

Preparation of the PCR reaction mix and amplification
conditions was done by adapting the protocols described by
Linhares et al. (2002) and optimizing them in accordance with
Bartlett and  Stirling (2003). The PCR was then carried out
by using 2.5 pL of DNA template sample in a final volume of
50 pL of reaction mix composed of 20 mM Tris-HCl + 50 mM
KCI (PCR buffer, Invitrogen), 20 mM MgCl,, 0.2 mM dNTP
(Amersham Biosciences), 200 mM each primer, 1.5 U of Tag DNA
polymerase (Invitrogen) and ultra-pure water (Dnase/Rnase-Free
Distilled Water, Invitrogen).

The amplification reactions were conducted in a thermocycler
(Mastercycler Personal), programmed for the following cycles and
temperatures: initial denaturation step at 94 °C for two minutes,
followed by 40 repeated cycles with temperatures of 94 °C for
30 seconds, 30 seconds at the annealing temperature calculated
for each pair of primers, and one minute at 72 °C, finishing the
reaction with an additional extension phase at 72 °C for two minutes.
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The positive and negative controls were included in all
reaction. The DNA controls used to assess the analytical sensitivity
and specificity of the new primers were: genomic DNA of
Canis familiaris, L. infantum chagasi, Leishmania braziliensis,
Leishmania amazonensis, Leishmania guyanensis, Trypanosoma
cruzi, Toxoplasma gondii, Babesia canis and Ebrlichia canis. Sterile
ultrapure water, free of DNase and RNase (Dnase/Rnase-Free
Distilled Water - Invitrogen), was used as the negative control.

The genomic DNA samples from Canis familiares, B. canis
and E. canis used in this study were obtained from the Veterinary
School, Federal University of Goids (UFG). The samples of the
genomic DNA of L. infantum chagasi were obtained from the
Institute for Tropical Pathology and Public Health (IPTSP) of
UFG and from Sao Paulo State University, Jaboticabal Campus.
Samples of the genomic DNA of L. braziliensis(MHOM/BR/75/
M2903), L. amazonensis (PH8 strain), L. guyanensis (PLRG),
Trypanosoma cruzi (Y strain), and 7. gondii (RH strain type
I) were kindly provided by the Leishmaniasis Immunobiology
Laboratory, IPTSP, UFG.

To investigate the analytical sensitivity, the genomic DNA of
L. infantum chagasi was used with the initial concentration adjusted
to 10 ng/pL. To establish the sensitivity threshold of the PCR assay,
serial dilutions were prepared with the respective concentrations:
10 ng/pL, 1 ng/pL, 0.1 ng/pL, 0.01 ng/pL, 1 pg/pL, 0.1 pg/pL,
10 fg/uL, 1 fg/pL and 0.1 fg/pL.

A volume of 10 pL of the amplicons was applied to 1.2% agarose
gel in 1X TBE buffer and was electrophoresed for 60 minutes
at 90 V. The 100 bp DNA ladder (Invitrogen) was used as a
molecular weight marker. The electrophoresis gels were stained
with ethidium bromide solution (0.4 mg/mL) and the results
were analyzed using a gel photodocumentation device (DocPrint,
Vilber Lourmat) under UV illumination.

Results and Discussion

Two combinations of primer pairs were established to obtain
specific amplification products from L. infantum chagasi. The
names and combinations of primer pairs and the respective sizes
of the expected PCR products, according to the reference sequence
used (U422465), were as follows: LCS1/LCS3 (259 bp) and
LCS2/LCS3 (820 bp).

The L. infantum chagasi-specific primers LCS1, LCS2 and LCS3
were selected from the alignment of 185 rRNA gene sequences
of L. infantum chagasi, L. donovani, L. guyanensis, L. amazonensis
and L. braziliensis, from a region with 100% similarity only to
L. infantum chagasi (Table 1).

When used in PCR reactions with DNA samples from
different species of the genus Leishmania, other microorganisms
and C. familiaris, the primer pairs LCS1/LCS3 and LCS2/LCS3
generated amplification of the target fragments of 259 bp and
820 bp, respectively, only for L. infantum chagasi DNA. Nonspecific
amplifications did not occur in any of the L. infantum chagasi
specific assays.

In assessing the analytical sensitivity, PCR assays with both
primer pairs, i.e. LCS1/LCS3 (Figure 1) and LCS2/LCS3 (Figure 2),
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Table 1. Sequences of primers selected for specific amplification of target fragments of the 18S rRNA gene of Leishmania infantum by means

of PCR, with reference to the GenBank sequence number U42465.

Primer names Primer sequences Position in the gene AT (°C)
LCS-1 5-GCAATGCCAGCTACATATATG-3 1316-1336 55
(sense)
LCS-2 5-GTAGGGGTGAAGGGCGGTG-3’ 755-773 59
(sense)
LCS-3 5-CAGCTTTTTGGGTGGGTAACA-3’ 1575-1555 57

(anti-sense)

Figure 1. Electrophoresis on DNA amplified fragments obtained
from the analytical sensitivity test with primer pair LCS1/LCS3.
1 - 100 bp marker; 2 - DNA from L. infantum chagasi at dilution
of 10 ng/uL; 3 - DNA from L. infantum chagasi: 1 ng/uL; 4 - DNA
from L. infantum chagasi: 0.1 ng/pL; 5 - DNA from L. infantum
chagasi: 0.01 ng/pL: 6 - DNA from L. infantum chagasi: 1 pg/uL;
7 - DNA from L. infantum chagasi: 0.1 pg/uL; 8 - DNA from L. in-
Jantum chagasi: 10 fg/pL; 9 - DNA from L. infantum chagasi: 1 fg/uL;
10 - DNA from L. infantum chagasi: 0.1 fg/pL; 11 - Negative control.

presented the detection threshold of 1 pg/pL of L. infantum chagasi
genomic DNA.

The detection threshold of 1 pg/pL of genomic DNA of
L. infantum chagasi found in this study was less sensitive than seen
in the results of Brujin and Barker (1992) and Roelfsema et al.
(2011), who reported the threshold of 10 fg/pL, targeting DNA
fragments of kinetoplast minicircles (kDNA) and the ITS region,
respectively.

The greater sensitivity in amplification reactions using primers
targeting KDNA of the Leishmania can be explained by the large
number of copies of DNA present in the kinetoplast minicircle
(REALE etal., 1999; LACHAUD et al., 2002). However, despite
using primers for kDNA targets, Smyth et al. (1992) found the
same sensitivity (1 pg/uL) reported in the present study. Although
most authors have used the kinetoplast minicircle region for primer
construction, the present study showed that primers selected from
18S rRNA are a reliable option for specific molecular detection
of L. infantum chagasi.

Greater precision in analyzing the test sensitivity in comparison
with the results presented by other authors is a difficult task to
achieve, in two respects: (a) experiments conducted in different
laboratories may be influenced by diverse factors, (b) information
on the sensitivity threshold is neglected in most published papers.

Figure 2. Electrophoresis on DNA amplified fragments obtained
from the analytical sensitivity test with primer pair LCS2/LCS3.
1 - 100 bp marker; 2 - DNA from L. infantum chagasi at dilution
of 10 ng/pL; 3 - DNA from L. infantum chagasi: 1 ng/uL; 4 - DNA
from L. infantum chagasi: 0.1 ng/pL; 5 - DNA from L. infantum
chagasi: 0.01 ng/pL; 6 - DNA from L. infantum chagasi: 1 pg/uLs;
7 - DNA from L. infantum chagasi: 0.1 pg/pL; 8 - DNA from L. in-
Jantum chagasi: 10 fg/pL; 9 - DNA from L. infantum chagasi: 1 fg/pL;
10 - DNA from L. infantum chagasi: 0.1 fg/pL; 11 - Negative control.
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