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Diagnosis of human visceral leishmaniasis
by PCR using blood samples spotted on
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ABSTRACT. The polymerase chain reaction (PCR) is a simple, rapid
procedure that has been adapted for the diagnosis of leishmaniasis. In
the present study, 85 blood samples and seven bone marrow aspirates
from 85 patients with clinical symptoms suggestive of visceral leishman-
iasis from the metropolitan region of Belo Horizonte in the Brazilian
State of Minas Gerais were screened using molecular and serological
techniques. Samples that were negative (N = 12) and positive (N = 19)
in parasitological and serological tests were used as controls. Of the 85
samples analyzed by PCR, 61 (71.7%) showed the expected amplifica-
tion products in agarose gels. However, when the technique was com-
bined with molecular hybridization, 72 samples (83.5%) gave a positive
signal on film. Nineteen patients with Leishmania parasites in bone
marrow cultures (positive controls) showed PCR hybridization in whole-
blood samples, as did the seven bone marrow aspirates positive for Leish-
mania. None of the negative controls reacted in PCR or in an indirect
immunofluorescent assay. These results indicate that PCR could replace
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the conventional parasitological examination in the diagnosis of leish-
maniasis since it provides very satisfactory results with blood samples
spotted on filter paper.

Key words: Diagnosis, Filter paper, Leishmania chagasi,
Serological analysis, Visceral leishmaniasis

INTRODUCTION

The etiological agents of visceral leishmaniasis (VL) are Leishmania chagasi (New
World), L. infantum (Mediterranean region) and L. donovani (Indian subcontinent and Africa)
(World Health Organization, 1990). Leishmaniasis is generally fatal if untreated (Meinecke et
al., 1999) and its clinical symptoms include mainly intermittent fever, enlargement of the spleen,
and pancytopenia. The diagnosis of leishmaniasis is based on clinical and epidemiological char-
acteristics, on identification of the parasite during microscopic examination, or on indirect detec-
tion through serological tests.

The serodiagnosis of leishmaniasis can be done using several methods. Indirect immu-
nofluorescent assays (IFA) were the preferred method up to 1974 (Zuckerman, 1975). Since
then, counter-current immunoelectrophoresis and enzyme-linked immunosorbent assays have
proven to be useful in the diagnosis of this disease (Mukerji et al., 1984). However, these three
methods have several limitations, including a low sensitivity and specificity. The development of
the polymerase chain reaction (PCR) (Saiki et al., 1988) has led to the introduction of proce-
dures for the detection and genetic characterization of Leishmania (Degrave et al., 1994).
Since its introduction, PCR has been widely used to diagnose human and canine VL because of
its high sensitivity and specificity (Ashford et al., 1990; Mathis and Deplazes, 1995; Berrahal et
al., 1996; Osman et al., 1997; Roura et al., 1999; Campino et al., 2000; Silva et al., 2000, 2001a,
2002). PCR has also been used to diagnose VL in epidemiological studies and to detect the
parasite in potential vectors and reservoirs. In addition, PCR can be used to investigate the
phylogenetic relationships among Leishmania strains and species (Cupolillo et al., 2003).

The increasing importance of VL in man and its high rate of lethality in the metropolitan
region of Belo Horizonte in the Brazilian State of Minas Gerais (Silva et al., 2001b), mean that
a rapid, relatively simple method is required for the routine diagnosis of VL. The aim of the
present study was to standardized a PCR assay for the diagnosis of VL using blood and bone
marrow samples spotted on filter paper.

MATERIALAND METHODS
Patients

Eighty-five patients with clinical symptoms of VL from areas around Belo Horizonte,
Minas Gerais, were studied. Eighty-five blood samples and seven positive bone marrow aspi-
rates from these patients were used in molecular and serological analyses. Blood from 12 volun-
teers from the State of Santa Catarina in southern Brazil (an area non-endemic for VL) served
as negative controls, while blood samples from 19 patients with positive parasitological and
serological tests, were used as positive controls.
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Serological test

The IFA was done using a commercial kit for the diagnosis of human leishmaniasis
(Fiocruz - Bio-Manguinhos) to detect antileishmanial antibodies in serum diluted from 1:40 to
1:640, according to the manufacturer’s instructions.

Parasitological test

Cells in bone marrow aspirates were cultured in NNN/LIT medium supplemented with
10% fetal calf serum and incubated at 24-25°C for 30 days. Parasites were detected in bone
marrow cells by microscopic examination of Giemsa-stained slides.

DNA isolation

Samples (30 pl) of blood or bone marrow aspirates obtained from VL patients were
spotted onto filter paper (FTA cards; Gibco BRL) and air-dried. The filter paper was then
processed to remove enzymatic and cytotoxic contaminants prior to analysis (DNA remained
bound to the paper during this solid phase clean-up).

Following the initial clean-up, a small portion of the sample on FTA paper was
removed using a 2-mm hole puncher and was placed in a microcentrifuge tube containing
200 pl lysis buffer (FTA processing reagent; Gibco BRL). The sample was then centri-
fuged three times (13,000 g, 5 min each) at room temperature and, after each centrifuga-
tion, the supernatant was removed prior to the addition of fresh buffer. After the third
wash, 200 ul TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 7.5) was added to the micro-
centrifuge tube followed by incubation for 5 min at room temperature and centrifugation;
the resulting supernatant was discarded. This procedure was repeated twice. The final
paper pellet containing purified bound DNA was resuspended in 50 pl TE solution and used
for PCR (Silva et al., 2002).

Polymerase chain reaction

The reactions were done in a total volume of 50 ul containing 200 uM of the dNTP
mixture, 200 ng of each primer, 2.5 U of Tag polymerase (Perkin-Elmer, Branchburg, NJ, USA),
and a small portion of the DNA paper sample in buffer. The PCR amplifications were done in a
DNA thermocycler (Perkin-Elmer) using 35 cycles of 94°C for 30 s, 50°C for 30 s, and 72°C
for 30 s, with a final extension at 72°C for 10 min. A hot-start PCR was done using the primers
5°(G/C)(G/C)(C/G)CC(A/C)CTAT(A/T) TTACACAACCCC3’ and 5’GGGGAGGGGCGTTCT
GCGAA3Z’, derived from the conserved region of the minicircle DNA of the parasite kinetoplast
(Degrave et al., 1994).

Agarose gel electrophoresis
Each experiment included a positive control (DNA from rabbit blood seeded with 10°

promastigotes of L. chagasi strain MHOM/BR/74/PP75 per ml) and a negative control (DNA
from rabbit blood without parasites). The 120-bp amplification products were analyzed by elec-
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trophoresis in polyacrylamide and agarose gels followed by silver staining and ethidium bromide
staining, respectively.

Southern blotting

Following electrophoresis, the electrophoretic bands were transferred to a nylon mem-
brane by capillary transfer and hybridized with cloned L. chagasi minicircles labeled with [o-
32P]-deoxyadenosine triphosphate by random hexamer priming. The filters were hybridized at
65°C, washed in 0.1X sodium saline citrate at the same temperature, and exposed to X-ray film
(Sambrook et al., 1989).

RESULTS

DNA purified from the positive controls (rabbit blood with L. chagasi promastigotes)
yielded an amplification product of the expected size (120 bp) whereas DNA purified from non-
contaminated rabbit blood was negative (Figure 1). No contamination or inhibition was detected
in any of these samples.

MW 1 2 3 4 5 6 7 PC NC

200-
100-

Figure 1. A, PCR reaction for diagnosis of leishmaniasis of samples of blood and bone marrow aspirate on filter paper of
patients with visceral leishmaniasis, 2% agarose gel electrophoresis stained with ethidium bromide. MW, 50-bp DNA
ladder; DNA extracted from blood (lanes 1, 3, 5, 7) bone marrow aspirate (lanes 2, 4, 6), positive control (PC; DNA
extracted from cultured L. chagasi promastigotes added of blood), and negative control (NC). B, Hybridization with a
cloned minicircle from Leishmania chagasi.

Of the 85 blood samples (42 seropositive and 43 seronegative) analyzed by PCR, 61 (71.7%)
showed the expected product in agarose gels (Figure 1). However, when PCR was followed by
Southern blotting, 11 samples that were negative by visual inspection of the agarose gels gave
positive signals. All seropositive samples were also positive in the PCR hybridization test (Table 1).

Nineteen patients with parasites in their bone marrow cultures, considered as positive
controls, were also positive when their blood samples were screened by PCR followed by
hybridization. Similarly, the seven bone marrow aspirates were also positive. All negative con-
trols (individuals from non-endemic areas with no clinical symptoms of VL and negative serol-
ogy) were also negative by PCR.

All of the PCR products were confirmed as L. chagasi after hybridization with a minicircle
probe cloned from the same species (Figure 1). Table 1 compares the PCR results with the
parasitological and serological tests.
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Table 1. Results for the diagnosis of leishmaniasis using different techniques in samples from patients with clinical
symptoms of visceral leishmaniasis (VL) and their corresponding controls.

Technique Healthy patients Patients with VL (N = 19) Patients with clinical symptoms
(N=12) (positive controls)* (N = 85) **

Blood samples ~ Bone marrow

(N= 85) N=7)
Direct observation
of bone marrow - 19 - 7
Serology 0 19 42 7
PCR 0 18 61 7
Hybridization 0 19 72 7

PCR - polymerase chain reaction. *Patients with VL confirmed by parasitological and serological tests.
**Patients with symptoms suggestive of VL without parasitological confirmation of the diagnosis.

DISCUSSION

Brazil accounts for more than 90% of the cases of VL registered in the Americas
(World Health Organization, 1990). In recent years, VL has become a growing public health
problem in various regions of this country, with the highest prevalence of the disease occurring
in the northeastern region.

Currently, the diagnosis of VL is based on clinical and epidemiological characteristics,
parasitological analysis and the detection of anti-Leishmania antibodies. Confirmatory labora-
tory tests, which are rarely used, are restricted to a few reference centers and are not available
to most patients. Direct microscopic identification of Leishmania is simple and cheap, but its
sensitivity is very low, even when done by trained personnel (Mathis and Deplazes, 1995).
Axenic culture is highly sensitive but requires special facilities, trained personnel, and is subject
to contamination. Since some Leishmania strains are difficult to grow in the laboratory, parasite
culture has been restricted to reference centers and used only for research purposes (Aviles et
al., 1999). Serological tests are frequently used in epidemiological surveys of leishmaniasis and
other parasitic diseases.

One of the difficulties in defining the sensitivity and specificity of any test is the need for
a gold standard that can correlate with the direct detection of the parasite (Dye et al., 1993).
Immunological tests, such as IFA and ELISA show cross-reactivity with other diseases and do
not distinguish between past and present infections. On the other hand, PCR, although con-
sidered highly sensitive, fails to distinguish viable parasites from degenerated ones. In addition,
PCR products may be obtained from other kinetoplastids not normally expected to be found in
humans (Smyth et al., 1992).

In the present study, we used PCR with primers from the conserved region of Leish-
mania minicircles (Degrave et al., 1994) followed by hybridization with an L. chagasi probe to
screen seropositive and seronegative individuals. This approch is very useful for diagnosing VL.
and can provide a better understanding of the epidemiology of visceral and cutaneous leishman-
iasis in endemic areas (Passos et al., 1999; Silva et al., 2001b). Campino et al. (2000) used PCR
to detect Leishmania DNA in peripheral blood obtained from HIV-positive patients with co-
infection, but the species of Leishmania involved was not identified.
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Spotting samples onto filter paper allowed the material to be recovered from peripheral
blood and simplified the extraction of DNA. In addition, once adsorbed to the filters, the material
did not require storage at low temperature. The extraction protocol used was simple, rapid and
did not require the use of organic solvents, thus making this procedure suitable for diagnosis
purposes, even in areas lacking an adequate health service infrastructure.

The ability of PCR to detect Leishmania in blood samples indicates that bone marrow
aspirates are unnecessary for the diagnosis of VL and suggests that PCR could replace the
conventional parasitological examination used clinically. The specificity and sensitivity of the
PCR-based assay achieved using only a small quantity of blood spotted on filter paper makes
the PCR assay the method of choice for patients suspected of having VL.
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