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Abstract

Background: Leishmaniasis is a serious neglected tropical disease that may lead to life-threatening outcome, which
species are closely related to clinical diagnosis and patient management. The current Leishmania species determina-
tion method is not appropriate for clinical application. New Leishmania species identification tool is needed using
clinical samples directly without isolation and cultivation of parasites.

Methods: A probe-based allele-specific real-time PCR assay was established for Leishmania species identification
between Leishmania donovani and L. infantum for visceral leishmaniasis (VL) and among L. major, L. tropica and L.
donovani/L. infantum for cutaneous leishmaniasis (CL), targeting hypoxanthine-guanine phosphoribosyl transferase
(HGPRT) and spermidine synthase (SPDSYN) gene with their species-specific single nucleotide polymorphisms (SNPs).
The limit of detection of this assay was evaluated based on 8 repeated tests with intra-assay standard deviation <0.5
and inter-assay coefficients of variability < 5%. The specificity of this assay was tested with DNA samples obtained from
Plasmodium falciparum, Toxoplasma gondii, Brucella melitensis and Orientia tsutsugamushi. Total 42 clinical specimens
were used to evaluate the ability of this assay for Leishmania species identification. The phylogenetic tree was con-
structed using HGPRT and SPDSYN gene fragments to validate the performance of this assay.

Results: This new method was able to detect 3 and 12 parasites/reaction for VL and CL respectively, and exhibited no
cross-reaction with P, falciparum, T. gondii, B. melitensis, O. tsutsugamushi and non-target species of Leishmania. Twenty-
two samples from VL patients were identified as L. donovani (n=3) and L. infantum (n=19), and 20 specimens from
CL patients were identified as L. major (n = 20), providing an agreement of 100% compared with sequencing results.
For further validation, 29 sequences of HGPRT fragment from nine Leishmania species and 22 sequences from VL
patients were used for phylogenetic analysis, which agreed with the results of this new method. Similar results were
obtained with 43 sequences of SPDSYN fragment from 18 Leishmania species and 20 sequences from CL patients.

Conclusions: Our assay provides a rapid and accurate tool for Leishmania species identification which is applicable
for species-adapted therapeutic schedule and patient management.
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Background

Leishmaniasis is a zoonotic disease caused by as many
as 21 species of Leishmania, which can lead to lethal or
traumatic outcome and associated social stigmatization
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[1]. The vectors and animal hosts of Leishmania present
diversity and intersectionality, making the diseases more
complicated to control. Due to the infection with differ-
ent species of Leishmania, many subclinical infections
have no symptoms and many patients exhibit various
clinical manifestations [2, 3]. Typically, visceral leishma-
niasis (VL) is caused by L. donovani and L. infantum,
which is a serious infection with internal organs and
bone marrow and will have fatal consequence without
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treatment in time [4]. Cutaneous leishmaniasis (CL) and
mucosal leishmaniasis (ML) are limited to the skin and
mucous membranes, and caused by different Leishma-
nia species. CL is caused by L. major, L. tropica and L.
infantum which are prevalent around the Mediterranean
basin, the Middle East, the horn of Africa, and the Indian
subcontinent, and L. amazonensis, L. chagasi (some-
times still referred to as L. infantum in South America),
L. mexicana, L. naiffi, L. braziliensis and L. guyanensis
which are prevalent around Middle and South America
[5]. L. braziliensis and L. aethiopica can cause overt ML
[6]. Cured VL, infected with L. infantum and L. donovani,
sometimes occurs post kala-azar dermal leishmaniasis
(PKDL) [7, 8].

As different Leishmania species exhibit various viru-
lence level, genetic heterogeneity and responses to chem-
ical drugs, the outcome tended to be better when therapy
was species-directed performed [9-11]. For instance, L.
major, L. donovani, L. braziliensis (in Guatemala) and L.
tropica are more sensitive to antimony compared to L.
aethiopica, L. panamensis and L. braziliensis (in Brazil).
Miltefosine is an effective drug for treating CL caused by
L. guyanensis, L. panamensis and L. donovani, whereas
CL caused by L. infantum and L. braziliensis exhibit
more resistant to it. Unlike L. tropica, L. major, L. mexi-
cana and L. braziliensis are more susceptible for paromo-
mycin (PM). Amphotericin B is recommended to treat
CL caused by L. tropica, L. braziliensis, L. major and L.
aethiopica but not for L. infantum [12-16]. Further, as
there are co-infections with different Leishmania species,
it will lead to different pathogenicity and drug sensitiv-
ity which make the treatment more complicated [17, 18].
Thus, Leishmania species identification is important in
treatment and patient management, including pharma-
ceutical selection, appropriate treatment determination
(intralesional, intramuscular, oral systemic, or parenteral)
and monitoring potential infection sequelae [19-22].

Traditional Leishmania diagnostic techniques, such
as microscopic examination, protozoan culture in vitro
and serological immunoassay, cannot identify Leishma-
nia species. In present clinical practice, it is still based
on empirical judgment according to the information of
local epidemiology. However, it could make inappropri-
ate determination for traveler and co-infections with
different species [1]. There are some techniques were
developed to discriminate Leishmania species, such
as sequencing of individual gene, restriction fragment
length polymorphism (RFLP), high resolution melting,
multilocus sequencing typing and mass spectrometry
[21, 23-30]. As the World Health Organization recom-
mended, the “gold standard” method used to identify
Leishmania species is multi-site enzyme electrophoresis
(MLEE), which requires culture of parasites [2]. However,
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some Leishmania species are difficult to culture in vitro
with cumbersome experiment procedure which also
makes the results among different laboratories incompa-
rable. Although some probe based real-time PCR assays
were developed for Leishmania species identification,
they are mainly focused on L. mexicana, L. braziliensis,
L. peruviania and L. major for CL and not suitable for
other common clinical infection related species [31, 32].
Thus, for clinical applications, a tool for Leishmania spe-
cies identification among common clinical pathogens,
such as L. donovani, L. infantum, L. major and L. tropica,
is needed to be developed using clinical samples directly
without isolation and cultivation of parasites.

In this study, to identify Leishmania species, hypoxan-
thine-guanine phosphoribosyl transferase (HGPRT) and
spermidine synthase (SPDSYN) genes were selected from
34 housekeeping genes. Our results showed that, HGPRT
gene with species-specific single nucleotide polymor-
phisms (SNPs) can identify parasite species between L.
donovani and L. infantum for VL, and SPDSYN gene with
species-specific SNPs can distinguish parasite species
among L. major, L. tropica and L. donovani/L. infantum
for CL. Thus, an allele-specific real-time PCR technique
was established for Leishmania species identification
with clinical specimens from VL and CL patients.

Material and methods

Patients and samples

A total of 42 clinical samples from patients at Beijing
Friendship Hospital, Capital Medical University from July
2015 to Sep 2021 (Table 1). The bone marrow (n=22) and
skin lesion tissue (n=20) were collected from patients
with VL and CL individually for allele-specific real-time
PCR testing. VL patients presented with symptoms such
as fever, splenomegaly and/or hepatomegaly, Leishmania
amastigotes found in their bone marrow samples under
microscope or PCR positive or Leishmania parasite cul-
ture positive. CL patients appeared as ulcer and nodule/
plaques features in which Leishmania amastigotes were
identified under microscopy. All bone marrow and skin
lesion tissue were stored at liquid nitrogen till use. DNA
samples of Plasmodium falciparum, Toxoplasma gondii,
Brucella melitensis and Orientia tsutsugamushi were
used as non-leishmaniasis controls.

Potential target fragment selection

Out of 34 genes of Leishmania with sequence polymor-
phism previously published, 21 were further analyzed
according to the inclusion criteria as follows: first, these
gene fragments were shown as markers for the molecular
characterization of Leishmania strains and species; sec-
ond, they are common genetic polymorphism sites for
the four species (L. donovani, L. infantum, L. major and
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L. tropica); third, gene fragments can obtain from NCBI
database among different species and strains (Additional
file 1: Table S1).

Each gene sequence among different species of Leish-
mania parasites were analyzed using MLSTest software
(v1.0.1.23, institute de Patologia experimental Univer-
sidad Nacional de Salta Argentina, Boston, MA, USA),
individually, and genes with sequence polymorphisms
and species-specific SNPs were screened out (Additional
file 2: Table S2). Furthermore, these sites with species-
specific SNPs that can be completely distinguished
Leishmania species which were selected, specifically, the
optimal site that can identify species between L. dono-
vani and L. infantum for VL and distinguishing species
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among L. major, L. tropica and L. donovani/L. infantum
for CL were selected as targets (Figs. 1 and 2).

Primers and probes design and plasmids construction

Twenty-nine HGPRT sequences from nine differ-
ent species of Leishmania parasites and 43 SPDSYN
sequences from 18 different Leishmania parasites
were collected from NCBI database and aligned using
BIOEDIT software (v7.0.1, Ibis Biosciences, Carls-
bad, CA, USA). Primers were designed based on
the conserved region of sequence and probes were
designed based on regions with species-specific SNPs
of HGPRT genes between L. donovani and L. infantum
and species-specific SNPs of SPDSYN genes among L.

P-HGPRT-LD (TG)
FRW VL-HGPRT-F  PROBE p LiGpRT-UI (CA) REV VL-HGPRT-R
> <
Consensus + AGAAGATTGCAGAGGACTACAGAAGTTTTAAGTTGACGACC / /TGTCCCGGTGAAGGTGGAGTT
CP022636-L. donovani T- G / 7/ A
AB709805-L. donovani T- G / /
LR812641- L. donovani T- G / /
AF170105- L. donovani T- G / /
L15412- L. donovani T- G / /
XM_003860567- L. donovani T- G /7
CP029520-L. donovani T- G / /
CP019529-L. donovani T G /7
CP018588-L. donovani T- G / /
FR799608-L. donovani T G /7
LR812954-L. infantum C A / /
FR796453-L. infantum C A / /
CP027820-L. infantum C A / /
XM_003392399-L. infantum C A / /
DQ452731-L. infantum C A /7
FR796417-L. major G----T- G / / A
XM_001682973-L. major G----T. G / / A
DQ452730-L. major G----T- G / / A
CP040149-L. amazonensis ----CG AG TC--A T/ /
FR799574-L. mexicana ----CG AG TC--A G----/ /
XM_003875282-L. mexicana -—--CG AG TC--A---G-—-/ /
AF139722-L. tarentolae C AGGAC--—-CC--CrrArrmmmeGmn/ [ ==GrmmeGrmmmTommmmmmmmm e e
XM_010700581-L. panamensis - C GC--A GA----AG----Cmmmmmmmmm AA--CC--A/ / T CcG
CP009390-L. panamensis - C GC--A GA—--AG-—--Crmmmmmmmm AA--CC--A/ / T- cG
LS997620-L. braziliensis - C GC--A GA----AG----C AG--CC-A/ / T CcG
FR798996-L. braziliensis - C GC--A GA——AG——~Comrme AG--CC-A/ / T CcG
XM_001564754-L. braziliensis =~ ------ C GC--A GA AG----C AG--CC--A / / T- CG
LN609257-L. peruviana - C GC--A TCT- NV C N, B—— AG--CC-A/ / T CcG
LN609220-L. peruviana - C GC--A GA----AG----C AG--CC-A/ / T CcG
Fig. 1 Alignment of HGPRT gene fragment sequences from nine Leishmania species with illustrations of primers and probes using for VL species
identification between L. donovani and L. infantum. HGPRT Hypoxanthine-guanine phosphoribosyl transferase, VL Visceral leishmaniasis
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P-SPD-LM (C)
PROBE P-SPD-LT (G)
FRW CL-SPD-F P-SPD-LDI (T) REV CL-SPD-R
> <
Consensus AGATCATTGCGTACTTGAC / /TCAGGAACCCCATCATCT / /GGTCCGTTGTGTCGATGA
JF732922--L. major / 7/ / 7/ T
KC159695-L. major / / -C--T- / 7/ T
KC159476- L. major / / / / T
FR796400- L. major / / C / / T-
XM_883450- L. major / / / / T
KC159478- L.major / / C / / T-
EU529238-L. major / / C / / T-
DQ452727-L. major / / C / / T-
KC159531-L. tropica / / / /
KMO86076-L. tropica / / G / /
KMOS86065-L. tropica / / / /
KC159507-L. tropica / 7/ G /7
KC159571-L. tropica / / / /
EUS529242-L. tropica / 7/ G /7
EUS529285-L. tropica / / / /
EUS529266-L. tropica / 7/ G /7
CP0O27837-L. infantum / 7/ T- AL/
LR812937-L. infantum / / T- A/ / C
FR796436-L. infantum / 7/ T- AL/
XM_001462858-L. infantum / / T- A/ / C.
KC159672-L. donovani / / T- A/ / C
LR812624-L. donovani / 7/ T- AL/ C
CP022619-L. donovani / / T- A/ / C
KC159477-L. donovani / 7/ T- AL/ C
KC159654-L. donovani / / T- A/ / C
AF298195-L. donovani / 7/ T- AL/ C
CP029503-L. donovani / / T- A/ / C
XM_003858071-L. donovani / / T- A/ / C
FR799591-L. donovani / / T- A/ / C
CP0O48203-L. chagasi / / T- A/ / A
XM_010705399-L. panamensis C / 7/ A--T- /7
KT959016-L. naiffi / / A--T- / /
LN609234-L.peruviana C / / A--T- / /
KC849532-L. garnhami / / G--T- A/ / C
KC849530-L. lainsoni / 7/ A--T- / 7/
KC849541-L. mexicana / / G--T- /
CP040132-L. amazonensis / / G--T- A/ / C
KC849544-L. braziliensis / / G--T- A/ / C A
KC159497-L. turanica / 7/ G /7 T A
KC159536-L. arabica / / G / /
KMO86083-L. killicki / 7/ G /7
EUS529239-L. aethiopica / / G c/ / T-
EUS529241-L. gerbilli / 7/ G / /7 T-
Fig. 2 Alignment of SPDSYN sequences from 18 Leishmania species with illustrations of primers and probes using for CL species identification
among L. major, L. tropica and L. donovani/infantum. SPDSYN Spermidine synthase, CL Cutaneous leishmaniasis

major, L. tropica and L. donovani/L. infantum using
PRIMER EXPRESS 3.0 (Applied Biosystems-Roche,
Branchburg, America) (Table 2). The sequences of the
designed primers and probes were tested against the
NCBI nucleotide database using the BLASTn (Basic
Local Alignment Search Tool) to confirm the species
specificity.

DNA extraction

DNA was extracted from 200 pl bone marrow or 20 mg
skin lesion tissue using a DNeasy Blood & Tissue Kit
(Qiagen, 69506, Hilden, Germany) according to manu-
facturer’s instructions and DNA was stored at — 20 C.
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Table 2 Sequence of primers and probes for the real-time PCR for CL and VL identification

Diseases Targetgene Species Primer and probe Sequences Amplicon GeneBank accession no.
size (bp)
CL SPDSYN CL-SPD-F 5-AGATCATTGCGTACTTGAC-3” 202
CL-SPD-R 5-TCATCGACACAACAGACC-3"
L. major P-SPD-LM 5-VIC-TCAGGAACCCCATCATCT-MGB- KC159695
NFQ-3”
L. tropica P-SPD-LT 5-FAM-TCAGGAAGCCCATCATCT- MGB- KM086079
NFQ-3”
L. donovani/infantum  P-SPD-LDI 5’Texas Red -TCAGGAATCCCATCATCA- AF298195
MGB-NFQ-3’
VL HGPRT VL-HGPRT-F2 5-AGAAGATTGCAGAGGACT-3" 145
VI-HGPRT-R1 5-AACTCCACCTTCACCGGGACA-3’
L. donovani P-HGPRT-LD 5-FAM- ACAGAAGTTTTAAGTTGACG AB709805
ACC-MGB-NFQ-3’
L. infantum P-HGPRT-LI 5-VIC- ACAGAAGCTTTAAATTGACGACC- XM_003392399

MGB-NFQ-3’

CL: cutaneous leishmaniasis; VL: visceral leishmaniasis; SPDSYN: spermidine synthase; HGPRT: hypoxanthine-guanine phosphoribosyl transferase

Positive control plasmid construction

The HGPRT fragment of L. donovani and L. infantum,
and SPDSYN fragment of L. major and L. donovani/
infantum were amplified from identified clinical speci-
mens and the fragment purified with DNA purification
kit (TIANGEN, DP214, Beijing, China). The amplified
HGPRT and SPDSYN fragments were ligated into plas-
mid pUC19 (TAKARA, 3219, Tokyo, Japan) using EcoRI
and Hind I1I sites, individually. The correct cloning of the
desired target DNA in the recombinant plasmid was con-
firmed by PCR amplification and DNA sequencing. Due
to lack of L. tropica parasite and clinical samples from
patients with L. tropica infection, SPDSYN fragment of
L. tropica was synthesized based on sequence (Accession
no. KM086079) and ligated into plasmid pUC19 by San-
gon Biotech Co., Ltd, and then confirmed by PCR ampli-
fication and DNA sequencing.

An allele-specific real-time PCR assay for identification

of Leishmania parasites

The allele-specific real-time PCR was conducted in a
20 ul reaction volume. For VL species identification, a
reaction containing 10 pl of Promega GoTaq Probe qPCR
Master Mix (Promega, A6101, Madison, WI, USA),
800 nmol/l forward primer VL-HGP-F2, 800 nmol/L
reverse primer VL-HGP-R1, 450 nmol/L hydrolysis
Probe P-HGP-LD (5'FAM/3’MGB-NFQ) and P-HGP-
LI (5'VIC/3'MGB-NFQ), individually, plus 1 pl template
DNA (5-50 ng). While for CL species identification,
a reaction containing 10 pl of Promega GoTaq Probe
qPCR Master Mix, 300 nmol/L forward primer CL-SPD-
F, 300 nmol/L reverse primer CL-SPD-R, 450 nmol/L

hydrolysis probes P-SPD-LM (5'VIC/3’MGB-NFQ),
P-SPD-LT  (5'FAM/3'MGB-NFQ) and P-SPD-LDI
(5'Texas Red/3’MGB-NFQ), respectively, plus 1 pl tem-
plate DNA (5-50 ng). The reaction was performed in
the Applied Biosystems 7500 Fast real-time PCR System
(ABI) with 95 “C for 2 min followed by 40 cycles of 95 C
for 15 s, 62 'C (VL) and 58 “C (CL) for 50 s. Each sample
was tested with replicates, the plasmid constructed above
were used as positive control and reaction without tem-
plate DNA (distilled water) was used as negative control
in all experiments.

Analytical sensitivity and specificity of the allele specific
real-time PCR for identification of Leishmania species

The limit of detection (LOD) of the allele-specific real-
time PCR assay was defined as the minimum number
of parasites that could be detected based on 8 repeated
tests. We used cultured L. infantum promastigotes enu-
merated under a microscope and diluted with blood
obtained from healthy volunteer as 1,000, 100, 50, 25,
12, 6, 3 or 1 parasites/pl. Total DNA was extracted from
each dilution. The LOD was defined based on the experi-
mentally derived assay precision (intra-assay SD <0.5 and
inter-assay CV <5%). The specificity of the allele-specific
real-time PCR assay was tested with other DNA samples
obtained from P, falciparum, T. gondii, B. melitensis and
O. tsutsugamushi.

Two plasmids HGPRT/pUC19 of L. donovani and
L. infantum and three plasmids SPDSYN/pUC19 of L.
major, L. tropica and L. donovani/infantum were serial
dilution as 107, 10%, 10% 10° 105 107, 105, 10° copies/
ul, individually. For testing the ability of identification
among different species, and the PCR reaction efficiency
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was evaluated using single template and multiple tem-
plates, respectively.

Evaluation the performances of allele-specific real-time
PCR assay for Leishmania species identification with clinical
samples

Total 42 clinical specimens were tested (Table 1), includ-
ing 22 bone marrow from VL patients and 20 skin lesions
from CL patients. These samples were tested according to
the standard procedure described above. The amplifica-
tion products of 42 clinical samples were sequenced with
pair ends by Sangon Biotech Co., Ltd. The results of the
new method were compared with sequencing method
and the consistence was evaluated.

Construction the phylogenetic tree using HGPRT

and SPDSYN gene fragments to validate the performance
of the new assay

Total 51 HGPRT gene sequences were used for phylo-
genetic tree constructed, including 29 sequences with 9
species obtained from NCBI database and 22 sequences
of clinical samples from patients with VL. For construc-
tion of CL phylogenetic tree, total 63 SPDSYN gene
sequences were used, containing 43 SPDSYN gene
sequences with 18 species obtained from NCBI database
and 20 sequences of clinical samples from patients with
CL. Using MEGA 7.0 software (Mega Limited, Auckland,
New Zealand) to build N-J (Neighbor Joining) evolution-
ary tree based on Kimura 2 algorithm, Statistical support
was evaluated by 1,000 bootstrap replications.

Results

Targets selection for identification of Leishmania species
According to the inclusion criteria described in “Material
and methods’, 21 genes were screened out from 34 genes,
which were previously reported to exhibit sequence poly-
morphism among Leishmania species (Additional file 1:
Table S1). Further analysis indicated that the identity of
these 21 genes were 88.3-99.8% among different species
and total 1,970 polymorphism sites were observed within
them (Additional file 2: Table S2). Our further bioinfor-
matics analysis were performed to select appropriate
SNPs from these 1,970 polymorphism sites for Leishma-
nia species identification. The alignment of 29 sequences
of HGPRT from nine Leishmania species indicated that
two SNPs can distinguish between L. donovani and L.
infantum (Fig. 1). Moreover, 1-2 SNPs were found by
comparison of 43 sequences of SPDSYN from 18 Leish-
mania species, which can distinguish Leishmania species
among L. major, L. tropica and L. donovani/L. infantum
well (Fig. 2). Thus, two potential targets for Leishma-
nia species identification, HGPRT and SPDSYN, were
screened out for further investigations.
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Development of allele specific real-time PCR assay

for Leishmania species identification

To verify the potential application of HGPRT and
SPDSYN in Leishmania species identification, the prim-
ers and probes were designed according to the conserved
sequence of HGPRT and SPDSYN and the SNPs screened
out above (Table 2).

Firstly, PCRs were performed with template from clini-
cal samples or constructed plasmids. As expected, the
primers, VL-HGPRT-F2 and VL-HGPRT-R1 for HGPRT
and CL-SPD-F and CL-SPD-R for SPDSYN, can amplify
a 145 bp fragment from L. donovani, L. infantum and
L. major samples, and 202 bp fragment from L. major,
L. tropica, L. donovani and L. infantum samples respec-
tively. In addition, these two pair of primers didn’t recog-
nize any DNA from samples of P. falciparum, T. gondii,
B. melitensis and O. tsutsugamushi (Fig. 3). These results
indicated that the targets we selected here were specific
for Leishmania species detection, which were poten-
tially appropriate for further allele-specific real-time PCR
assay construction.

Then an allele specific real-time PCR assay for Leish-
mania species identification were established using the
primers and probes described above. Our results showed
that this assay can detect 3 parasites/reaction for VL by
targeting at HGPRT and 12 parasites/reaction for CL
with SPDSYN (Additional file 3: Table S3).

The standard curves of this assay were also obtained
using serially diluted plasmid DNA. It showed the PCR
efficiency with both single-species and multi-species
samples reactions were similar and the amplification
curve were coincident as well (Fig. 4). The linear were
over a 7-log range with a correlation coefficient (R%) of
0.995-0.999 for VL (Fig. 4A and B) and 6/7-log range
with a R? of 0.994-0.999 for CL (Fig. 4C, D and G).

Moreover, both intra-CV% and inter-CV% of Ct values
for 20 replicates were <2% (Additional file 4: Table S4).
All these results implied that this allele-specific real-time
PCR assay exhibited high precision for VL and CL spe-
cies identification.

Validation the established Leishmania species
identification assay

As the allele-specific real-time PCR assay we developed
above exhibited high PCR efficiency and precision, total
42 clinical samples were used to validate the performance
of this assay (Table 3). For 22 clinical VL samples, the
new method detected 3 as L. donovani infections and 19
as L. infantum, which was consistence with the sequenc-
ing results. Similarly, 20 skin lesion CL samples were all
identified as L. major using by this new method and con-
firmed by sequencing as well.
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A phylogenetic tree was constructed using 29 Leish-
mania HGPRT sequences (145 bp) from nine Leishma-
nia species and 22 VL clinical samples. The clustering
results shows that 3/22 clinical samples (patient ID 10,
11, 19) were clustered with L. donovani and 19/22 clini-
cal samples were clustered with L. infantum (Fig. 5 and
Table 3). Also, phylogenetic analysis with 43 SPDSYN
gene sequences (202 bp) from18 Leishmania species and
20 CL clinical samples indicated that 20 clinical samples
were all clustered with L. major (Fig. 6 and Table 3). Both
of these two clustering outcomes were consistence with
the new methods we developed here, which further con-
firmed the reliability of this new assay for Leishmania
species identification.

Discussion
In this study, HGPRT and SPDSYN genes, which exhibit
species-specific SNPs, were selected based on the screen-
ing of 21 housekeeping gene sequences from 9 species
of VL and 18 species of CL. According to the conserved
regions and species-specific SNPs, primers and probes
were designed to perform two allele specific real-time
PCR assays respectively. Our results showed that this
new developed assay could identify the Leishmania spe-
cies for VL between L. donovani and L. infantum with
HGPRT and for CL among L. major, L. tropica and L.
donovani/L. infantum with SPDSYN.

Previous studies identified Leishmania species using
a SYBR-green based qPCR followed by melting analysis.
Several different target were in these assays, including
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ITS1 for Leishmania (Viannia) spp., L. donovani com-
plex, L. tropica, L. mexicana, L. amazonensis, L. major,
and L. aethiopica [33]; canine beta-2-microglobulin
and human glyceraldehyde-3 phosphate dehydrogenase
for Leishmania (Viannia) spp., L. infantum and L. ama-
zonensis [34]; amino acid permease 3 and cytochrome
oxidase II (COII) genes for L. major, L. tropica and mix
infections [35]; minicircle kDNA for the subgenera
Leishmania and Viannia [36]; Cyt b gene for L. brazil-
iensis, L. guyanensis, L. infantum, L. major, L. tropica
and L. panamensis [27], and glucose-6-phosphate dehy-
drogenase for L. braziliensis or L. peruviania from the
other Leishmania (Viannia) spp [32]. Although this
type of assay was simple and cost-consuming, it is less
specific and the results analysis was more complicated
compared to the probe-based real-time PCR [25, 37].
There are also some real-time PCR identification
methods were developed with different detecting tar-
gets, such as cathepsin L-like cysteine protease B gene
for L. major, L. tropica and L. aethiopica [38]; amino
acid permease 3 (AAP3) and COII for L. major and L.
tropica [39], and glucose phosphate isomerase (GPI)
for Leishmania (Viannia) spp., L. mexicana complex,
L. infantum/donovani complex and L. major complex
[31]. The two allele-specific qPCR assays we developed
here were focused on the Leishmania species that are
common in clinical practice, such as L. donovani, L.
infantum, L. major and L. tropica. Using two firstly
reported targets, HGPRT and SPDSYN genes with
species-specific SNPs, the LOD of these assays was 3
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Fig. 3 Specificity of the primers designed for HGPRT (lane 2-9) and SPDSYN (lane 10-18) amplification. The allele specific real time PCR assays
exhibit no cross-reactions with Plasmodium falciparum, Toxoplasma gondii, Brucella melitensis and Orientia tsutsugamushi
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Fig. 4 Quantitative correlation between gene copy number and threshold cycle of the allele specific real-time PCR assay. A, B HGPRT plasmid was
serially diluted from 102 to 10® copies/reaction and subjected to allele specific qPCR. Linear regression of Ct vs Ig copy number of HGPRT plasmid
were generated using single and multi-species templates for L. donovani (A) and L. infantum (B) detection, individually. C SPDSYN plasmid was
serially diluted from 102 to 108 copies/reaction and subjected to allele specific gPCR. Linear regression of Ct vs Ig copy number of SPDSYN plasmid
were generated using single and multi-species templates for L. major detection. D, E SPDSYN plasmid was serially diluted from 10° to 10° copies/

threshold

reaction and subjected to allele specific gPCR. Linear regression of Ct vs Ig copy number of SPDSYN plasmid were generated using single and
multi-species templates for L. tropica (D) and L. donovani/infantum (E) detection, respectively. ARn=Rn (normalized reporter)-baseline. Ct Cycle

and 12 parasites/reaction for VL and CL, individually
and no cross-reaction with P. falciparum, T. gondii, B.
melitensis, O. tsutsugamushi and non-target species of
Leishmania was detected (Additional file 3: Table S3;
Figs. 4 and 5). Considering it takes only 2.5 h to identify
Leishmania species directly from clinical samples with-
out parasites isolation or culture, these assays are suit-
able in clinical practice.

A total of 42 clinical samples (22 VL and 20 CL) were
used to evaluate the performance of the allele-specific
real-time PCR assay, which identified 22 VL clinical
samples as L. donovani (n=3) and L. infantum (n=19),
20 CL clinical samples as L. major (n=20). These
results were consistent with the following sequencing
analysis, which indicated that these new tools can dis-
tinguish SNPs among different Leishmania species well
(Table 3). Further phylogenetic analysis was performed
to validate the results of these allele-specific qPCR
assays, which confirmed their reliability for potential
clinical applications (Figs. 5 and 6).

HGPRT gene encoded hypoxanthine phosphoribo-
syl transferase, which is a central enzyme in the purine
recycling pathway of all protozoan parasites [40]. Sper-
midine synthase encoded by SPDSYN gene is a key
enzyme in the polyamine biosynthetic pathway of pro-
tozoan parasites [41]. These two housekeeping gene
sequences exhibit observed interspecies polymor-
phism, which imply that our assays in this study could
be applied to distinguish not only Leishmania species

we described here, but also other species not included
in this study. Indeed, our phylogenetic analysis implied
that the sequence of HGPRT gene could differentiate
more Leishmania species than we tested here, includ-
ing L. major, L. mexicana complex and Leishmania
(Viannia) subgenus (Fig. 5). Meanwhile, SPDSYN gene
fragment appears to be able to distinguish Leishma-
nia (Viannia) braziliensis, L. mexicana complex and
Leishmania (Viannia) subgenus as well (Fig. 6). Fur-
ther investigations are worthwhile to be performed to
extend the potential scope of these identification assays.

Broad variations are noted in efficacies of leishma-
niasis treatment depending on the Leishmania species,
which identification would be helpful in clinical prac-
tice. For example, antimonial and miltefosine are more
effective to L. major and L. donovani than L. infantum
[16, 42, 43]. Unlike L. major, L. tropica appears unre-
sponsive to PM-based ointments [44, 45]. Ampho-
tericin B is used to treat L. tropica or L. major related
CL, but not L. infantum [46-48]. The efficacy rates
of azoles for L. infantum, L. donovani, L. major and
L. tropica were 88%, 80%, 53% and 15%, respectively
[49]. Further, Leishmania species-specific administra-
tions were applied for better clinical efficiency. For L.
tropica infection, intralesional treatment was more effi-
cient than intramuscular administration with sodium
stibogluconate [50]. Intravenous antimonial treat-
ment could produce better cure rates against L. pana-
mensis or L. braziliensis related CL compared with L.
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Fig. 5 Neighbor-Joining was used to generate phylogenetic tree with 1000 replications for bootstrap based on HGPRT gene fragment, including
sequences from patients’ samples
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Fig. 6 Neighbor-Joining was used to generate phylogenetic tree with 1000 replications for bootstrap based on SPDSYN gene fragment, including
sequences from patients’ samples
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major [51-53]. Thus, as a rapid and accurate tool for
Leishmania species identification, it would be helpful
for species-adapted therapeutic schedule and patient
management.

Unfortunately, MLEE, the “gold standard” method
for Leishmania species identification, could not be
performed in this study, due to only a few of parasites
can be cultured in vitro from our stored clinical sam-
ples. Instead of MLEE, phylogenetic analysis of HGPRT
and SPDSYN was applied to further confirm our spe-
cies distinguish results. Although our new methods
with HGPRT and SPDSYN can distinguish between L.
donovani and L. infantum of VL and among L. major,
L. tropica and L. donovani/infantum of CL accurately,
a larger sample size should be investigated in future for
further confidence, especially with clinical samples of
L. tropica infection and different species co-infection
which were not applied in this study.

Conclusions

A novel probe-based allele-specific real-time PCR assay
was established with newly reported targets, HGPRT
and SPDSYN, which could identify Leishmania spe-
cies between L. donovani and L. infantum for VL, and
among L. major, L. tropica and L. donovani/infantum
for CL. This method could be applied for not only
Leishmania species-adapted therapeutic management
but also ecological and epidemiological studies.
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