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High-resolution melt analysis PCR (HRM PCR) for diagnosis of Old World Leishmania was developed using
the 7SL RNA gene. Cutaneous leishmaniasis samples were analyzed. Sensitivity and specificity of HRM PCR
were significantly better (P < 0.001) than those of internal transcribed spacer 1 PCR and similar to those of
kinetoplast DNA PCR.

Leishmania causes cutaneous (CL), mucocutaneous, and vis-
ceral leishmaniasis (VL), and the diagnosis, treatment, and
prognosis are dependent on accurate identification of the in-
fecting parasite species. Microscopic and culture-based diag-
nostic methods are being replaced by rapid, highly sensitive
and specific molecular techniques based on PCR that target
coding and noncoding regions of the Leishmania genome (8).
At minimum, these assays require post-PCR examination by
agarose gel electrophoresis (1), and species identification re-
quires additional processing by restriction fragment length
polymorphism (RFLP) (8), hybridization (5), DNA sequencing
(12), etc.

High-resolution melt (HRM) analysis is a relatively new
technique that allows direct characterization of PCR ampli-
cons in a closed system. It measures changes in the fluores-
cence intensity of a DNA intercalating dye during dissocia-
tion from double-stranded DNA to single-stranded DNA
and can differentiate between single nucleotide polymor-
phisms (SNP). HRM has been used for analysis of genomic
mutations (7), SNP genotyping (4), Mycobacterium tubercu-
losis rifampin susceptibility (3), Staphylococcus aureus typing
(10), etc. HRM is simpler, less expensive, and faster than
conventional PCR assays that require post-PCR processing.

A previous study comparing Leishmania 7SL RNA gene
DNA sequences suggested that the gene might be a good
diagnostic target (12). An HRM PCR assay for Old World
Leishmania based on this gene (7SL-HRM) is described
here that can be used to differentiate between L. tropica, L.
major, and the L. donovani complex. The sensitivity and
specificity of this assay, as well as species identification using
clinical samples, were compared with those of assays fre-
quently used for parasite diagnosis, internal transcribed
spacer 1 (ITS1) and kinetoplast DNA (kDNA) PCR.

Cultured Leishmania strains (n � 77) were grown in M199

medium containing 10% fetal calf serum (FCS) and antibi-
otics. L. infantum (MHOM/PS/1999/LRC-L773), L. major
(MHOM/IL/1980/Freidlin), L. tropica genotype I (MHOM/
IL/2006/LRC-L1286), and L. tropica genotype IV (IARA/
IL/2000/LRC-L810) were used as reference strains. Clinical
samples on filter paper for routine diagnosis by ITS1 PCR
were prepared as described previously (1), and DNA was
extracted using the High Pure PCR template preparation kit
(Roche, Germany). All samples were analyzed by ITS1
PCR, and if positive, species were determined by RFLP (8).
Some samples were analyzed by kDNA PCR (1). The Hel-
sinki Committee for Human Research of the Hadassah Hos-
pital, Ein Kerem, Jerusalem, Israel, approved this study.

7SL RNA gene sequences of L. donovani complex
(GenBank accession numbers AY722733, AY722734, AY722735,
AY781795, and AY781792), L. tropica (AY722722, AY722723,
and AY781789), and L. major (AY722713, AY722714, and
AY722715) were compared by multialignment (http://bioinfo
.genotoul.fr/multalin/multalin.html) (2). The PCR primers
CJ7SLF (5�-ACG TGG ACC AGC GAG GGT-3�) and
QRT7SLR (5�-CGG TTC CCT CGC TTC AAC-3�), in con-
served regions flanking a 119-bp polymorphic internal region,
were designed using the primer3 software program (http:
//frodo.wi.mit.edu/primer3/) (6).

7SL RNA PCR was carried out as follows: DNA samples
or controls (2 �l) were added to 2� Thermo-Start PCR
master mix (10 �l; Thermo Scientific), Syto 9 (1.5 �M;
Invitrogen), primers (0.5 �M [each] final concentration),
and ultra-pure PCR-grade water (Fisher); final volume, 20
�l/PCR. Amplification conditions were as follows: 15 min of
denaturation at 95°C, followed by 40 cycles of denaturation
for 5 s at 95°C; annealing for 10 s at 55°C; and a final
extension for 2 min at 72°C. A 119-bp amplicon was ob-
served with the Leishmania reference strains. HRM ramping
was carried out at 0.1°C/s from 75 to 95°C. HRM PCR and
analysis were performed using a Rotor-Gene 6000 real-time
thermal analyzer (Corbett Life Science). Positive-control
(reference strain DNA, 20 ng/reaction) and negative-control
reactions were included in each experiment. PCR efficiency
was evaluated using the threshold cycle (CT), and a normal-
ized melt window, 88 to 92°C, was used in analyzing HRM
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curves. Statistical analysis was performed using the SPSS
computer software program, v.15.0.

The sensitivity, specificity, and discrimination between spe-
cies endemic to the Middle East (L. infantum, L. major, and L.
tropica) were examined using reference strains (Fig. 1 and data
not shown). Sensitivity was determined using 10-fold dilutions
of each DNA. Plots of CT versus log DNA concentration were
linear over 7 orders of magnitude (2 � 104 to 2 � 10�2 pg; r2 �
0.995), and detection limits were identical, 0.02 pg DNA/spe-
cies. The average melting point (Tm) � standard deviation
(SD) for 30 7SL-HRM runs was as follows: L. major, 89.27 �
0.06°C; L. tropica genotype IV, 89.49 � 0.09°C; L. tropica
genotype I, 89.78 � 0.04°C; and L. infantum, 90.58 � 0.02°C
(indicating that each Tm is highly reproducible). Melting curves
and Tm were unaffected by the quantity of DNA used and
varied by �0.06°C over the concentration range examined.

Seventy-seven leishmanial strains (for L. tropica, n � 43; for
L. major, n � 19; for L. infantum, n � 13; and for L. donovani,
n � 2) from the Mediterranean Region (n � 45), Middle East
(n � 10), Central Asia (n � 5), Africa (n � 13), and India (n �
4) were examined (see the supplemental material). HRM anal-
ysis correctly typed all the strains, regardless of parasite geo-
graphic or host origin. In addition, 7SL-HRM distinguished
between L. tropica microsatellite genotypes I (n � 34) and IV
(n � 9) found in Israel and the Palestinian Authority (9). DNA
sequencing showed this was due to an SNP, C/T, at position 98
in the targeted gene sequence (data not shown). Nonleishma-
nial kinetoplastids, Sauroleishmania tarentolae (P10 strain),
Trypanosoma brucei (BF427 strain), Crithidia fasiculata (ATCC
11745), Leptomonas seymouri (ATCC 30220), Phytomonas da-
vidi (ATCC 50166), and Trypanosoma cruzi, were all negative
(data not shown).

ITS1 PCR and 7SL-HRM were used to screen clinical sam-
ples (n � 192) (Fig. 1 and data not shown), and the results are
summarized in Table 1. By ITS1 PCR, 49% (94/192) were

positive, while the remaining 51% gave no PCR product, i.e.,
they were negative. Of the positive samples, 81/94 (86%) pro-
duced sufficient product for species determination by RFLP
analysis: L. tropica (n � 37), L. major (n � 41), or L. donovani
complex (n � 3). An additional 20 samples were positive when
examined by 7SL-HRM (total number positive � 114/192
[59%]), all of which could be typed: L. tropica (n � 48), L.
major (n � 61), or L. donovani complex (n � 4). Species
identification of samples examined by both assays correlated
100%. The remaining samples (n � 78; 41%) were negative.
Significant correlation (Fisher’s exact test, two-tailed P value �
0.0001) and good agreement (� � 0.78) were found between
the assays. In addition, using HRM it was possible to distin-
guish between L. tropica genotypes I (n � 28) and IV (n � 20).

Samples (n � 20) positive by 7SL-HRM but missed by ITS1
PCR were examined by kDNA PCR. All were confirmed as
positive by the latter method. Similarly, the HRM-negative
samples (77/78) were confirmed as negative by kDNA PCR
(data not shown).

7SL-HRM diagnosis of leishmaniasis is a rapid, simple
technique that takes place without opening the tube, reduc-
ing the potential for operator error. It is more sensitive than
ITS1 PCR, used in many laboratories, and doesn’t require
post-PCR processing in order to identify the parasite spe-
cies. Turnaround time from sample receipt until species
identification is only 4 h, 3 h less than needed for analysis by
ITS1 PCR (1).

The choice of the gene used for HRM analysis is impor-
tant in developing a successful assay, since it can take ad-
vantage of small differences in melting curves to distinguish
between organisms with highly homologous sequences.
However, it is generally better to choose a short DNA re-
gion with limited polymorphisms, since this gives better sep-
aration and simpler HRM curves (11). The 7SL-HRM can
be used for diagnosis of human leishmaniasis, as well as
epidemiological studies on potential reservoir hosts, sand fly
vectors, and parasite genotypes. This assay may be further
developed for diagnosis of New World Leishmania species,
since the DNA sequences of the 7SL RNA gene from L.
amazonensis, L. mexicana, and the L. viannia complex also
show polymorphism (12). In conclusion, we have developed
a new molecular assay for identifying Old World Leishmania
species. It is rapid, sensitive, specific, and simple and can be
used to directly diagnose parasites in the tissues of patients
with leishmaniasis with a minimum of operator post-PCR
manipulation and interpretation.

TABLE 1. Comparison of human leishmaniasis diagnosis by ITS1
and 7SL-HRM PCR

ITS1 result

No. of samples with
7SL-HRM result Total

Positive Negative

Positive 93 1 94
Negative 20 78 98

Total 113 79 192

FIG. 1. Comparison of normalized high-resolution melting (HRM)
curves of the 7SL PCR amplicon obtained for Leishmania references
species (Leishmania tropica genotype I [LtropI], MHOM/IL/2006/
LRC-L1286; L. tropica genotype IV [LtropIV], IARA/IL/2000/LRC-
L810; L. major [LmajC], MHOM/IL/1980/Freidlin; and L. infantum
[LinfC], MHOM/PS/1999/LRC-L773) and five random patient sam-
ples (no. 845, 846, 847, 848, and 853).
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