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Abstract

Leishmaniasis is a worldwide neglected disease, encompassing asymptomatic infections

and different clinical forms, such as American Tegumentary Leishmaniasis (ATL) which is

part of the complex of diseases caused by protozoan parasites from Leishmania genus,

transmitted by sand fly vectors. As a neglected disease, much effort is still needed in treat-

ment and diagnosis. Currently, ATL diagnosis is mainly made by parasite detection by

microscopy. The sensitivity of the method varies, and factors such as collection procedures

interfere. Molecular approaches, specially based on Real Time PCR (qPCR) technique, has

been widely used to detect Leishmania infection and to quantify parasite load, once it is a

simple, rapid and sensitive methodology, capable to detect low parasite concentrations and

less prone to variability. Although many studies have been already published addressing

the use of this technique, an improvement on these methodologies, including an analytical

validation, standardization and data association is demanded. Moreover, a proper validation

by the assay by the use of clinical samples is still required. In this sense, the purpose of the

present work is to compare the performance of qPCR using two commonly used targets

(18S rDNA and HSP70) with an internal control (RNAse P) in multiplex reactions. Addition-

ally, we validated reactions by assaying 88 samples from patients presenting different clini-

cal forms of leishmaniasis (cutaneous, mucosal, recent and old lesions), representing the

diversity found in Brazil’s Amazon Region. Following the methodology proposed herein, the

results indicate the use of both qPCR assays, 18S rDNA and HSP70, to achieve a very

good net sensitivity (98.5%) and specificity (100%), performing simultaneous or sequential

testing, respectively. With this approach, our main goal is to conclude the first step of a fur-

ther multicenter study to propose the standardization of detection and quantification of

Leishmania.

PLOS NEGLECTED TROPICAL DISEASES

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008750 October 12, 2020 1 / 18

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Filgueira CPB, Moreira OC, Cantanhêde

LM, de Farias HMT, Porrozzi R, Britto C, et al.

(2020) Comparison and clinical validation of qPCR

assays targeting Leishmania 18S rDNA and HSP70

genes in patients with American Tegumentary

Leishmaniasis. PLoS Negl Trop Dis 14(10):

e0008750. https://doi.org/10.1371/journal.

pntd.0008750

Editor: Claudia Ida Brodskyn, Centro de Pesquisa
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Author summary

Leishmaniasis is a neglected disease caused by parasites of the genus Leishmania. It affects

millions of people in endemic areas worldwide distributed among Europe, Asia, Africa

and the Americas. Different species of Leishmania can lead to different forms of infection,

including cutaneous and mucosal lesions, comprising, in the Americas, the American

Tegumentary Leishmaniasis (ATL). Despite the methodologies already developed for the

diagnosis of ATL, none of them by itself allows an accurate diagnosis ruling out the false

positives, false negatives and enabling parasite load determination at the same time. More-

over, none have performed a proper analytical validation and sampling. So, in this study

we compared two qPCR reactions, using 18S rDNA and HSP70 targets, in a proper analyt-

ical validation and evaluating a robust set of 88 patient samples from Brazil’s Amazon

Region. Our goal is to contribute in a further multicentric study involving the standardi-

zation of ATL diagnosis by qPCR.

Introduction

Leishmaniasis is a complex of neglected diseases worldwide distributed and endemic in more

than 98 countries including the Americas and presents an overall prevalence of 1.2 million

cases, according to the World Health Organization (WHO) [1]. Different species of protozoa

parasites from Leishmania genus [2] lead to different forms of infections, ranging from cutane-

ous lesions with spontaneous healing and disfiguring mucocutaneous affections, such as

American Tegumentary Leishmaniasis (ATL), to lethal forms with visceralization, as Visceral

Leishmaniasis (VL) [3].

Most of the reported ATL cases in the Americas occur in Brazil and Peru [4]. Infections are

described mainly by the species Leishmania (Leishmania) mexicana, endemic in Central

America, Leishmania (L.) amazonensis, Leishmania (Viannia) guyanensis, Leishmania (V.) bra-
ziliensis and Leishmania (V.) panamensis [5]. Other Leishmania (Viannia) species circulate in

Brazil, in the Amazon region, such as L. lainsoni, L. naiffi, L. shawi, L. utingensis and L. linden-
bergi, but L. utingensis has not been recorded in humans [6].

Diagnosis of cutaneous leishmaniasis is mainly made by microscopy, with the detection of

parasite in slides from imprints of patient lesions or from histological sections of biopsy frag-

ments [7]. Nevertheless, despite its high specificity, it presents low sensitivity, and factors as

the duration of the lesion, collection method and area of collection can interfere at the detec-

tion of parasites [8]. Thereby, the isolation of the parasite in culture medium is often attempted

to confirm the diagnosis, but the sensitivity is low and the isolation is not always possible,

since the appropriate collection of the sample also interferes in its success [4]. In this scenario,

molecular biology tools used as diagnostic methods aim to associate higher sensitivity with

enough specificity for the accurate detection of the distinct species of parasites, avoiding false

positives [9–12].

Quantitative real-time PCR (qPCR) is a technology that enables excellence in molecular

diagnostics with its ability to detect and quantify minimal amounts of nucleic acids in a wide

range of samples from different sources [13,14]. In recent years, qPCR assays for Leishmania
detection, quantification and species identification have improved molecular analysis and

diagnosis of ATL. Therefore, despite the efforts from the published studies, the current sce-

nario still lacks a standard and properly validated protocol, so data can be compared between

labs in a manner that surveillance system and clinicians benefit from it. For a standardization
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process, the best targets and primers, the system and the proper sampling must be defined,

facts that studies already published have not yet defined, as reviewed by Moreira et al., 2017

[15].

The targets commonly used for molecular diagnosis of Leishmania are directed to several

regions of the ribosomal gene, such as the 18S rDNA, intergenic spacer sequences—ITS1 [16–

18], conserved regions of the kDNA minicircles [19–22], and nuclear genes, such as the vari-

able region of the hsp70 gene [23,24].

The 18S rDNA region, a nuclear ribosomal subunit in eukaryotes (SSU), is commonly used

for the diagnosis of Leishmania due to its highly conserved nature among trypanosomatids.

This gene has a large number of copies in the genome and therefore this region represents a

highly sensitive target for Leishmania detection systems [16,25], being also widely used for par-

asite load assays [24,26]. However, as the high sensitivity and low specificity is also a character-

istic of this target, its use can lead to cross reactions [24,26].

The HSP70 gene is the most common target used for Leishmania species identification. It

has fewer copies than SSU, varying between one and 15 depending on the species [27–30].

HSP70 presents conserved and polymorphic regions that were explored by Graça and cowork-

ers to develop primers flanking an informative polymorphic region of 234 base pairs (bp),

being able to differentiate a wide range of species from different geographical origins, espe-

cially the ATL species [11,31–35]. Few studies have used this target for quantification of para-

site load of Leishmania as well. Léon and coworkers evaluated this target to quantify parasite

load of Leishmania, presenting a wide range in the limit of detection, but in a few set of clinical

samples [24].

The design of primer for those targets is usually done based on limited sample set. Consid-

ering genetic variability of L. (Viannia) parasites, it is important to project primers and probes

based on a representative panel of strains sequenced in order to determine the proper con-

served region increasing the odds to obtain amplification.

Limited sampling is a recurrent issue in many of the current assays presented in literature.

Considering the genetic diversity of Leishmania and the variable parasite load in ATL, proper

sampling is fundamental to evaluate the diagnostic value of a molecular protocol. Moreover, to

avoid false negative diagnosis in qPCR, the use of internal controls in multiplex reactions is a

crucial strategy for parasite load determination in clinical samples. Thereby, the purpose of the

present work is to develop and compare the performance of qPCR using two commonly used

targets (18S rDNA and HSP70) with an internal control (RNAse P) in multiplex reactions. For

such, primers and probes were designed using an in-house representative panel of HSP70

sequences from different Leishmania species and strains and an online obtained DNA

sequences for the 18S rDNA primer design. Our goal is to develop and validate a sensitive and

specific method for diagnosing leishmaniasis as the first step of a further multicenter study

proposing the standardization of an accurate method for the detection and quantification of

Leishmania. In doing so, qPCR based protocols were developed with the use of an internal

control, compared to established conventional methods and subjected to analytical tests, in

order to be applied for tegumentary leishmaniasis diagnosis.

Methods

Reference strains

The reference strains selected and used in this work were obtained from the Leishmania Col-

lection of Oswaldo Cruz Institute (CLIOC - http://clioc.fiocruz.br). Promastigotes were grown

at 25˚C in a biphasic medium, constituted in solid phase by 15% rabbit blood and BHI-Agar

(Sigma, Chemical Co., St. Louis, USA) [Novy-Nicolle-Mc Neal medium—NNN], and in the
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liquid phase by Schneider medium (Sigma) supplemented with 20% inactivated Fetal Bovine

Serum—FBS (Vitrocell, Campinas, SP, Brazil). Cell viability was evaluated by optical micros-

copy, considering the movement of the parasites.

For the analytic validation of qPCR assays seven strains of Leishmania, representing four

different species were used (Table 1). For the inclusiveness and exclusivity assays, five DNA

samples from other trypanosomatid species were included: two species from Trypanosoma
genus and three species of other genus from Trypanosomatidae family, all obtained from the

Protozoan Collection of Oswaldo Cruz Institute (COLPROT/IOC).

Strains are represented by sample code, species, international code, source and stage of the

study in which the sample was used.

DNA extraction and quantitative real time PCR assays

DNA was isolated using the High Pure PCR Template Preparation kit (Roche, Basel, Switzer-

land) according to manufacturer’s instructions. At the final step of the protocol, DNA was

eluted in 100 μL and stored at -20˚C until use. The real time PCR assays were performed using

TaqMan system with primers and probes designed for two different targets in Leishmania, the

18S rDNA and HSP70, in multiplex with human RNAse P target (Table 2). Reactions were car-

ried out using 10 μL FastStart Universal Master Mix [2X] (Roche, Basel, Switzerland), 150 nM

primer 18S rDNA F or HSP70 F, 300 nM primer 18S rDNA R or HSP70 R, 200 nM 18S rDNA

Tq (FAM/NFQ-MGB) or HSP70 Tq (FAM/NFQ-MGB), 1 μL TaqMan Human RNase P detec-
tion reagent Kit [20X] (VIC/TAMRA—Applied Biosystems, Foster City, California, USA) and

5 μL DNA, in a final volume of 20 μL. Cycling conditions were a first step at 95˚C for 5 min,

followed by 40 cycles at 94˚C for 15 sec and at 60˚C for 1 min. The amplifications were carried

out in an ABI Prism 7500 Fast Real Time PCR system (Applied Biosystems, Foster City, Cali-

fornia, USA) and the threshold was set at 0.02 for all targets.

For the absolute quantification by real time qPCR, DNA extracted from 200 μL Leishmania
braziliensis promastigotes at 106 parasite equivalents/mL was mixed with human DNA (pur-

chased from Applied Biosystems, Foster City, California, USA) at 10 ng/μL, in a 1:9 proportion

(Leishmania:Human DNA). Then, standard curves were constructed by DNA serial dilutions

in a 1:10 dilution factor, and used in each qPCR plate.

Negative and positive controls were used in all experiments. In each batch of DNA ex-

traction (up to 12 samples), one tube containing 200 μL molecular biology water, instead of

sample, was used as negative control. In addition, in each real time PCR plate, two wells

Table 1. Reference strains of Leishmania and other trypanosomatids used in this study.

Samples Species International Code Source Stage test

IOCL 575 Leishmania (Leishmania) amazonensis IFLA/BR/1967/PH8 Brazil Standardization

IOCL 566 Leishmania (Viannia) braziliensis MHOM/BR/1975/M2903 Brazil Standardization

IOCL 3356 Leishmania (Viannia) braziliensis MHOM/BR/2011/S89 Brazil Standardization

IOCL 565 Leishmania (Viannia) guyanensis MHOM/BR/1975/M4147 Brazil Standardization

IOCL 2371 Leishmania (Viannia) guyanensis MHOM/BR/1997/NMT-MAO 292P Brazil Standardization

IOCL 240 Leishmania (Viannia) panamensis MHOM/HN/1979/INC-4 Honduras Standardization

IOCL 1048 Leishmania (Viannia) panamensis MHOM/NI/1988/ZE09 Nicarágua Standardization

COLPROT 0184 Crithidia fasciculata - Brazil Inclusiveness and exclusivity

COLPROT 0081 Herpetomonas muscarum - Brazil Inclusiveness and exclusivity

COLPROT 0344 Leptomonas sp. - Brazil Inclusiveness and exclusivity

COLPROT 0106 Trypanosoma cruzi (Y strain, TcII) - Brazil Inclusiveness and exclusivity

COLPROT 0038 Trypanosoma rangeli - Brazil Inclusiveness and exclusivity

https://doi.org/10.1371/journal.pntd.0008750.t001
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containing 5 μL of ultrapure water instead the DNA sample were used as negative template

control (NTC). As positive controls, 5 μL each of Leishmania braziliensis DNA (at 100 fg/μL

and 10 fg/μL) were used in each real time PCR plate. Each reference sample and controls were

assayed in technical duplicates and, at least, three biological replicates.

A sample was considered positive (detectable Leishmania DNA) when the amplification

curve for the Leishmania target exceeds the fluorescence threshold (set at 0.02), resulting in a

Ct value. A sample was considered negative (non-detectable Leishmania DNA) when the

amplification curve does not exceed the fluorescence threshold, resulting in Ct absence.

Conventional PCR for the HSP70 target

To compare the sensitivity of conventional PCR (cPCR) and qPCR, cPCR reactions were per-

formed with HSP70c primers [11] (Table 2) using 1X GoTaq Reaction Buffer, 0.3 μM of each

primer, 0.75 mM MgCl2, 0.2 mM dNTPs and 0.025 U/μL GoTaq DNA Polymerase (Promega,

Madison, Wisconsin, USA). Cycling conditions included an initial denaturation of 94˚C for 5’,

followed by 30 cycles of 94˚C-30”/58˚C-30”/72˚C-30” and a final extension of 72˚C for 5’. The

real time PCR assays were performed as described above. For both assays, DNA was extracted

from four Leishmania species (L. (V.) braziliensis (MHOM/BR/1975/M2903), L. (V.) guyanen-
sis (MHOM/BR/1975/M4147), L. (V.) panamensis (MHOM/HN/1979/INC-4) and L. (L.) ama-
zonensis (IFLA/BR/1967/PH8)), and serially-diluted to a range of 104 to 10−3 parasite

equivalents/mL.

Linearity, inclusiveness and exclusivity assays

For the linearity assays, standard curves were produced from DNA serial dilutions ranging

from 1 x 106 up to 1 x 10−3 parasite equivalents/mL, after mixing L. (V.) braziliensis (MHOM/

BR/1975/M2903) DNA with human DNA provided by the TaqMan RNase P Control Reagents
kit (Applied Biosystems), in a proportion of 1:9. The qPCR assays were performed in multiplex

with the human endogenous RNAse P control. Inclusivity and exclusivity tests were performed

in duplicate multiplexed with RNAse P using four Leishmania strains and five DNAs of other

trypanosomatid species.

Table 2. Primers, probes and standard curve parameters for the targets used in the conventional and real time PCR assays.

Target Sequence Amplicon

size

Reference Slope Intercept Coefficient of

determination (r2)

Amplification

efficiency (%)

18S rDNA 18S rDNA F 5’-GTACTGGGGCGTCAGAGGT-3’

18S rDNA R 5’-TGGGTGTCATCGTTTGCAG-3’

18S rDNA Tq 5’- FAM

AATTCTTAGACCGCACCAAG-NFQ-MGB-3’

155 bp Present study -3.45 28.41 0.99 94.92

HSP70 HSP70 F 5’- CACCATCACCAACGACAAGG -3’

HSP70 R 5’- GTCGGAGACCGTGTTCTTCA -3’

HSP70 Tq 5’- FAM CTGAGCAAGGACGAGAT

-NFQ-MGB-3’

163 bp Present study -3.25 32.52 0.97 103.09

HSP70c HSP70cF 5’-GGACGAGATCGAGCGCATGGT-3’

HSP70cR 5’-TCCTTCGACGCCTCCTGGTTG-3’

234 bp Graça et al.,
2012[11]

- - - -

RNAse P–

VIC/

TAMRA

Not Available Not

Available

Applied

Biosystems (Cat.

No. 4316844)

-3.43a/-

3.18b
27.38a/

27.64b
0.99a/0.99b 95.68%a/106.28%b

Parameters of qPCR standard curves for both targets are showed.
aqPCR standard curve values for RNAse P in multiplex with 18S rDNA.
bqPCR standard curve values for RNAse P in multiplex with HSP70.

https://doi.org/10.1371/journal.pntd.0008750.t002
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Clinical samples-ethical aspects

A panel of 88 DNA samples comprising positive and negative ones confirmed by microscopy

(S3 Table) was obtained from biological samples collected by two sterile cervical brushes, used

to scrap the patients’ lesions. The criteria to define positive or negative samples was the visuali-

zation or not of amastigote forms in skin lesion specimens, by microscopical examination. The

samples were stored in RNALater solution (Ambion, Carlsbad, CA/USA) and kept at the Labo-

ratory of Genetics Epidemiology from Fiocruz Rondônia (Fiocruz/RO), Brazil. Among the 88

samples, those in which it was possible to identify the Leishmania species, 9 were identified as

L. (V.) guyanensis and the others (47) as L. (V.) braziliensis, as expected, once this are the main

species causing LTA in that region. All clinical samples assays were done blindly. The DNA

was extracted using the PureLink DNA MiniKit (Invitrogen, Carlsbad, CA/USA), according to

manufacturer’s instructions, excluding the incubation at 55˚C step. These steps were carried

out in Fiocruz/RO.

Authorization from the Ethics Committee in Research of the Rondônia Tropical Medicine

Center (CEP/CEPEM) was obtained under the CAAE Ethical Appraisal number

0020.0.046.000–11. Patients with clinical suspicion of ATL, attended at the hospital Cemetron/

RO, were invited to participate in this study and those who accepted, signed the Informed

Consent Form.

Clinical validation using skin lesion samples of patients with Cutaneous

Leishmaniasis

The parasite load estimation by absolute quantification assay was performed with a panel of 88

patient samples, comprising 55 positive and 33 negative samples previously confirmed by con-

ventional parasitological diagnosis based on microscopic visualization of amastigotes (S3

Table). The assays were independently performed for the HSP70 and 18S rDNA targets, in mul-

tiplex with the human RNAse P target. MicroAmp Optical 384-Well Reaction Plates (Applied

Biosystems) were loaded with the epMotion 5070 automatic pipetting robot (Eppendorf, Ham-

burg, Germany) and run in a Viia 7 Real time PCR System (Applied Biosystems). Protocols fol-

lowed were the same determined on the standardization process, but in a final volume of 10 μL.

A standard curve of L. braziliensis (MHOM/BR/1975/M2903) DNA, from 1x106 up to 1x100

par. eq./mL mixed with human DNA (from 1x101 to 1x10-5 ng/μL), was loaded in the same

reaction plate. Each sample was assayed in technical duplicate (including standard curve and

controls). The parasite load was obtained using the Quantstudio/ViiA7 Real Time PCR Software

(Applied Biosystems). For each sample, the parasite load was normalized by the amount of

human DNA, by dividing the value of the absolute amount of Leishmania by the absolute

amount of human DNA. Results were expressed as Parasite/ng of human DNA equivalents.

Samples amplified for RNAse P but not for Leishmania targets (HSP70 and 18S rDNA)

were referred as true-negative samples. True-positive samples were those amplified by one or

both Leishmania targets and to RNAse P.

Agreement between quantification method by the two targets (HSP70 and 18S rDNA, normal-

ized by the human RNAse P) was determined by Bland-Altman analysis (Altman & Bland, 1983),

performed with SigmaPlot Software (version 12.0) (Systat Software, San Jose, California, USA).

Results

Different combinations of primers and probes concentrations were tested to define the final

protocol (S1 and S2 Tables). An annealing temperature of 60˚C was standardized for the reac-

tions. The other stages followed the standard equipment cycling parameters.
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Targets and primers design

HSP70 and 18S rDNA targets were selected for this study and primers and probes were

designed with Primer 1 software, based on conserved regions of these genes in trypanosoma-

tids (Table 2). For HSP70, 173 sequences from 8 species (L. (V.) braziliensis, L. (V.) guyanensis,
L. (V.) lainsoni, L. (V.) naiffi, L. (V.) shawi, L. (V.) utingensis, L. (L.) amazonensis and L. (L.)
infantum) including four hybrids (L. (V.) lainsoni/L. (V.) naiffi, L. (V.) braziliensis/L. (V.)
naiffi, L. (V.) guyanensis/L. (V.) braziliensis and L. (L.) infantum/L. (L.) major) were used. The

design of 18S rDNA primers was based on available sequences in genbank (https://www.ncbi.

nlm.nih.gov/genbank/). The commercial human RNAse P gene was used as an internal control

for the reactions (Applied Biosystems, Foster City, California, USA).

Comparison between cPCR and qPCR

The sensitivity of cPCR and qPCR reactions directed to the HSP70 target were compared

using DNA isolated from four Leishmania species, in serial dilution ranging from 104 to 10−3

parasites equivalents/reaction. The results demonstrated higher sensitivity for the qPCR assay,

with a detection limit of 1 parasite equivalent per reaction; while the cPCR method was able to

detect 102 parasites equivalents/reaction (Fig 1).

Linearity assays

Linearity assays were performed to determine the dynamic extension for HSP70 and 18S

rDNA using L. (V.) braziliensis reference strain (MHOM/BR/1975/M2903). HSP70 presented

a dynamic extension of five points, ranging from 103 to 10−1 Par. Eq./reaction, and with 18S

rDNA were detected six points, ranging from 103 to 10−2 Par. Eq./reaction (Fig 2A).

The linearity assay for the RNAse P human endogenous control (Applied Biosystems) was

multiplexed in a proportion of 1:9 of L. (V.) braziliensis reference strain DNA and human

commercial DNA, respectively. In the multiplexed standard curve using both targets (HSP70

and 18S rDNA) we detected five points ranging from approximately 102 to 10−2 ng/reaction of

human commercial DNA (Fig 2B).

Fig 1. Sensitivity comparison of conventional PCR and qPCR for HSP70 target. (A) Electrophoresis results of cPCR for

L. (V.) braziliensis and L. (V.) guyanensis: 1: ladder 100 pb; 2: Negative control; 3 to 10: serial dilution from 104 to 10−3 par.

eq./reaction of L. (V.) braziliensis, respectively; 11: Negative control; 10 to 19: serial dilution from 104 to 10−3 par. eq./

reaction of L. (V.) guyanensis, respectively. (B) Electrophoresis results of cPCR for L. (L.) amazonensis and L. (V.)
panamensis. 21: Negative control; 22 to 29: serial dilution from 104 to 10−3 par. eq./reaction of L. (L.) amazonensis
respectively; 30: Negative control; 31 to 38: serial dilution from 104 to 10−3 par. eq./reaction of L. (V.) panamensis
respectively. (C) Ct values of qPCR reaction with HSP70 target for L. (V.) braziliensis, L. (V.) guyanensis, L. (L.)
amazonensis, L.(V.) panamensis. OBS: The same serial dilutions from 104 to 10−3 Par. Eq./reaction, used in cPCR, were

used in qPCR reactions, to determinate the dynamic extension of detection.

https://doi.org/10.1371/journal.pntd.0008750.g001
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Inclusivity and exclusivity assays

The four Leishmania species and five other trypanosomatid species were assayed to evaluate

sensitivity and specificity of both HSP70 and 18S rDNA targets, in the inclusivity and exclusiv-

ity assays, respectively. For the inclusivity assay to access the lowest Leishmania DNA quantity

detectable by qPCR, it was possible to detect the equivalent amount of one solely parasite for

the species L. (V.) braziliensis, L. (V.) guyanensis and L. (L.) amazonensis). For L. (V.) pana-
mensis the sensitivity was lower, i.e., the detectable DNA amount was correspondent to 1000

parasites. In the exclusivity assay, the HSP70 did not amplified any other trypanosomatid

than Leishmania, whereas the 18S rDNA revealed positive results in all other genera tested

(Table 3).

Fig 2. Dynamic extension of L. (V.) braziliensis detection. (A) Standard curve for the targets 18S rDNA and HSP70. (B) Standard curve for the targets 18S rDNA and

HSP70 in multiplex with RNAse P internal control. Serial dilutions of human DNA mixed with parasite DNA in a 1:9 proportion were assayed for all curves.

https://doi.org/10.1371/journal.pntd.0008750.g002

Table 3. Inclusivity assay for Leishmania species and Exclusivity assay for other trypanosomatids.

Inclusivity (qPCR detectable) HSP70 Parasite equivalents 18S rDNA Parasite equivalents

L. (V.) braziliensis 1 1

L. (V.) guyanensis 1 0.001

L. (V.) panamensis 1000 0.001

L. (L.) amazonensis 1 1

Exclusivity (qPCR nondetectable) HSP70 Parasite equivalents 18S rDNA Parasite equivalents

Trypanosoma rangeli ND 0.001

Herpetomonas sp. ND 1

Trypanosoma cruzi (strain Y, TcII) ND 0.001

Leptomonas sp. ND 0.001

Crithidia sp. ND 0.01

ND = Non detectable.

https://doi.org/10.1371/journal.pntd.0008750.t003
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Leishmania detection and quantification in patient samples and targets

comparison

We evaluated 88 DNA samples representing the distinct clinical profiles observed in ATL,

comprehending since simple cutaneous to mucosal, old and recent lesions (ranging from 1 to

48 months). Samples were extracted from cervical brushes of patients from Fiocruz Rondônia

(Fiocruz/RO), Brazil, and submitted to qPCR reactions for parasite load absolute quantifica-

tion by the targets HSP70 and 18S rDNA (S3 Table). The aim was to compare the positivity

percentage, agreement of mean Ct and parasite load values between tested targets, using as

internal control, multiplexed, the human RNAse P. The total number of positive, true-negative

(amplified by RNAse P and not by the Leishmania target, as well as negative by microscopy),

parasite load median, interquartile ranges (25–75%) and maximum and minimum burden for

the two targets was subsequently calculated (Table 4).

Dotplots were generated from normalized parasite load values for HSP70 (Fig 3A) and 18S

rDNA (Fig 3B), demonstrating the diversity of the samples analyzed, from high (104 par. eq./

μg human DNA) to low parasite load values (10−1 par. eq./μg human DNA). The graphs show

how similar parasite load distribution was for both targets, with most samples presenting a

burden between 0.1 and 10000 par. eq./μg human DNA. The median of parasite load values

was around 100 par. eq./μg human DNA for HSP70 and 10 par. eq./μg human DNA for 18S

rDNA. Fig 3C shows the direct comparison between parasite load for the two targets of each

patient sample.

Table 4. Parasite loads in ATL clinical samples using qPCR assays targeting HSP70 and 18S rDNA.

HSP70 18S rDNA

Positive samples 59/88 77/88

True-negative samples 20 6

Parasite load median (parasite equivalents) 1922.74 1283.04

Maximum burden 37991.56 27295.49

Minimum burden 0.09 0.04

Interquartile range (25–75%) 3.36–439.61 0.57–293.95

The median, interquartile ranges (25–75%), maximum and minimum burdens for the HSP70 and 18S rDNA positive

samples were also calculated.

https://doi.org/10.1371/journal.pntd.0008750.t004

Fig 3. Normalized parasite load distribution on positive patient samples. (A) Parasite load distribution on the 59 positive patient samples for the HSP70 target. (B)

Parasite load distribution on the 77 positive patient samples for the 18S rDNA target. (C) Direct comparison between Leishmania parasite load quantification by qPCR

reactions with 18S rDNA versus the HSP70 target. In this graph, parasite load of the 59 positive patient samples for both targets are plotted.

https://doi.org/10.1371/journal.pntd.0008750.g003
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Bland-Altman (Altman & Bland, 1983) analysis was performed to compare parasite load

quantification by HSP70 and 18S rDNA (Fig 4). The majority of samples were grouped around

“0”, demonstrating good agreement between the used targets. Only 2 of 60 (3.33%) samples

were out of the limits of agreement (Fig 4), demonstrating good correlation between both

quantification approaches.

The clinical samples used were obtained from patients with clinical suspicion of ATL, previ-

ously submitted to scraping microscopy. We calculated the sensitivity and specificity of Leish-
mania detection by both qPCR methods (HSP70 and 18S rDNA) and compared with the

results of microscopy (Table 5).

From the 88 samples analyzed, 77 were positive to the real time PCR targeting 18S rDNA,

while 59 were positive to the HSP70. Considering the parasitological method (microscopy) as

gold standard for parasite detection, the real time PCR assays were compared to microscopy

(Table 5): 46 of the 55 microscopy positive samples were also positive for HSP70 qPCR, repre-

senting 83.6% sensitivity, and 20 of the 33 microscopy negative samples were also negative for

HSP70 qPCR (60.6% specificity). On the other hand, 50 of the 55 microscopy positive samples

Fig 4. Agreement of parasite load quantification using 18S rDNA and HSP70. A. Parasite load plot (18S rDNA versus HSP70). B. Bland-Altman bias (difference) plot

analysis for the agreement degree between parasite load quantification using 18S rDNA and HSP70 as targets.

https://doi.org/10.1371/journal.pntd.0008750.g004

Table 5. Sensitivity and specificity of Leishmania detection by real time PCR (qPCR) in comparison to

microscopy.

Assays Patient samples (n = 88)

Microscopy + Microscopy -

qPCR HSP70 + 46 (83.6%) 13 (39.4%)

qPCR HSP70 – 9 (16.4%) 20 (60.6%)

Total 55 33

qPCR 18S rDNA + 50 (90.9%) 27 (81.8%)

qPCR 18S rDNA– 5 (9.1%) 6 (18.2%)

Total 55 33

Sensitivity and specificity values for qPCR assays using the 18S rDNA and HSP70 targets in comparison to

microscopy were obtained for the 88 patient samples analyzed.

https://doi.org/10.1371/journal.pntd.0008750.t005
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were also positive for 18S rDNA qPCR (90.9% sensitivity), and 6 of 33 negative samples for

microscopy were also negative for the 18S rDNA qPCR (18.2% specificity), showing the high-

est level of sensitivity to the 18S rDNA qPCR assay, but the highest level of specificity to the

HSP70 qPCR assay.

In order to evaluate the performance of both qPCR assays combined, the results of simulta-

neous testing for the Net Sensitivity of the molecular assays were analyzed [36–38]. Consider-

ing sensitivity values of the molecular tests applied individually (83.6% and 90.9% for the

HSP70 and 18S rDNA qPCR, respectively), and the number of positive samples for each test

(46 and 50, respectively), 41.8 samples would be positive for both tests, simultaneously. Thus,

considering the number of positive samples only for HSP70 qPCR (4.2 samples) and only for

18S rDNA qPCR (8.2 samples), as well as the 41.8 samples positive for both tests simulta-

neously, the Net Sensitivity of HSP70 and 18S rDNA qPCR assays combined was 98.5%, which

was higher than the both tests applied individually.

Regarding Specificity, the best result for the combination of both methodologies was

reached when a sequential testing was applied, first conducting 18S rDNA qPCR (which pre-

sented higher sensitivity) and then HSP70 qPCR assay, only for 18S qPCR negative samples.

Considering again amastigote visualization by microscopy (direct parasitological assay) as

gold standard, 6 out 33 negative samples by microscopy were negative for 18S rDNA qPCR

assay. These 6 negative samples by 18S rDNA qPCR were also negative for HSP70 qPCR. Com-

bining the two approaches and performing the sequential two stage test, Net Specificity of

100% was reached, higher than the specificity obtained when the assays were conducted

individually.

Discussion

This is the first study presenting a methodology subjected to proper analytical validation to

quantify Leishmania parasites from clinical ATL samples. The analytical analysis performed

herein used an internal control to determine true-negatives and compared two targets by

using primers designed to ponder intra and interspecies Leishmania variability. Ultimately, the

approach was validated in a representative set of pre-characterized clinical samples. The results

presented herein represent the first step for a multicenter study aiming to standardize method-

ologies for parasite load of Leishmania spp. and molecular diagnosis in ATL.

Real-time quantitative PCR (qPCR) has been employed to determine the parasite load of

infection in the vertebrate host [39,40], being useful not only for the diagnosis but also to study

the dynamics of infection and as an early marker of therapeutic success. Although many qPCR

protocols have already been used to detect and determine parasite load [22,41–44], there is still

no consensus regarding molecular markers for the diagnosis of leishmaniasis. That hampers

results comparisons and the choice of a singular target. Different laboratories end up using

incomparable approaches therefore limiting broad studies on leishmaniasis.

Most of the studies published aiming to perform a standardization of qPCR protocol for the

diagnostic of leishmaniasis are based on the use of kDNA, a high copy number target that is

also conserved in other trypanosomatids [22,45]. This fact can lead to a lack of specificity,

increasing the risk of false-positive diagnosis. Other studies were performed based on the

development and comparison of qPCR methodologies for the molecular diagnosis of leish-

maniasis analyzing a significant set of clinical samples, but the majority of them, despite the

use of high copy number and conserved targets [42], focus on the diagnostic of canine visceral

leishmaniasis [45–47]. Few studies quantify parasite load of Leishmania using HSP70 or 18S

rDNA targets with a proper analytical validation. Only two studies evaluated a similar

approach and none have used an internal control or a representative number of clinical
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samples [23,24]. Yet, there are no studies in Leishmania that use RNAse P as an internal con-

trol for human patient samples.

We tested and validated a Real-time quantitative PCR (qPCR) methodology, based on Taq-

Man system using the 18S rDNA and HSP70 targets for quantification of Leishmania cells in

patient samples. These targets were chosen due to their common use by different groups and

the reported efficacy for detecting and identifying Leishmania species [24,48–50]. Herein, orig-

inal primers and probes were designed for HSP70 and 18S rDNA targets, based on the

sequences of Leishmania species that are associated to LTA. The analytical validation was

made comparing linearity, specificity and sensitivity of these two targets. Samples from

patients with different clinical profiles (cutaneous, mucosal, old and recent lesions) of tegu-

mentary leishmaniasis from the Brazil’s Amazon Region were submitted to methodology vali-

dation assays.

In the inclusivity and exclusivity assays, we obtained a more sensitive detection for 18S

rDNA than for HSP70, using DNA from cultured parasites. This is expected, since the number

of HSP70 copies on Leishmania genome is lower than 18S rDNA [25]. The number of HSP70

copies varies among Leishmania species—between one and 15 [27–30]. In the present study,

the standard curve to determine dynamic extension of HSP70 target detection was performed

with L. (V.) braziliensis, a species with a low number of copies, around seven [51], compared

to other species, for example L. (L.) donovani, which presents from 12 to 15 copies [27].

Regarding the 18S rDNA, although its higher sensitivity, the target presented reduced specific-

ity when compared to the HSP70, detecting all other trypanosomatid species tested. This result

is also expected, once 18S rDNA is a conserved gene in trypanosomatids and by the other

hand, the HSP70 gene presents a particular evolutionary dynamics with specific characteristics

in various taxonomic levels, including the Leishmania genus, species and even strains [52].

A validation step with clinical samples was performed after linearity, sensitivity and speci-

ficity assays. Amplification and parasite load quantification were performed using clinical sam-

ples of patients with ATL and confirmed the higher sensitivity of the 18S rDNA and higher

specificity of HSP70. Such lower sensitivity of HSP70 was not detrimental for its use in clinical

samples; it was sufficient to detect an active infection in a cutaneous or mucosal lesion sample

of a patient with ATL. Additionally, the Ct values were similar to those obtained with the same

set of samples assayed targeting the 18S rDNA. This corroborates the data of León et al., indi-

cating HSP70 as a good target for quantification of samples from patients with ATL [24].

A higher sensitivity was expected when the present study was planned, since qPCR reac-

tions were designed using TaqMan system targeting a small region of both genes (amplified

products of 163 and 155 bp for the HSP70 and 18S rDNA, respectively). Conversely to such,

part of the literature pointed to different results. For instance, a study comparing the accuracy

of qPCR reactions with SYBR Green and TaqMan systems reported a higher sensitivity by

SYBR Green, in both tissue biopsies and swab samples [53]. Nevertheless, even with a slight

lower sensitivity, the parasite load quantification using TaqMan system can be more precise

and accurate. This is due to exclusion of primer dimer formation and o the possibility to per-

form multiplex reactions with the use of endogenous controls, which is not achieved when

using SYBR Green [42].

Microscopy is the most used diagnostic methodology in the routine of clinical laboratories

and is considered a standard method, according to the World Health Organization [7]. It pres-

ents high specificity and variable sensitivity, depending on the procedure, material and profes-

sional’s experience for reading the slides. Therefore, presents variable sensitivity (between 74.4

and 40%) [9,54,55]. Thus, more sensitive and less prone to irregularity methods, such as PCR

and qPCR, have been widely used for the diagnosis and identification of Leishmania species.

In our study, qPCR for both targets presented a greater sensitivity than the cPCR (with

PLOS NEGLECTED TROPICAL DISEASES Clinical validation of qPCR assays to American Tegumentary Leishmaniasis

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0008750 October 12, 2020 12 / 18

https://doi.org/10.1371/journal.pntd.0008750


promastigotes DNA) and microscopy, as expected [9–12]. Moreover, the qPCR offered the

possibility to determine parasite load in a reproducible manner, as demonstrated by the agree-

ment observed between the two targets in the Bland-Altman analysis. Parasite load median

was lower for 18S rDNA than for the HSP70, as expected, considering the higher sensitivity of

18S rDNA. Nevertheless, both targets presented approximated distribution of parasite load val-

ues, presenting a good correlation between values for the same sample. This indicates that the

HSP70 target can be used to determine Leishmania parasite load in clinical samples, in an

accurate and reliable manner, considering the greater specificity of this target.

Part of the positive samples by microscopy were negative in the qPCR for both targets, or

only for the HSP70. The DNAs used in this study underwent a process of transportation and

storage, being subjected to successive freezing and thawing conditions that may have contrib-

uted to possible degradation of these genetic materials. In this sense, the standardization of the

use of an exogenous internal control, spiked in patient samples before DNA extraction, is still

needed.

The occurrence of false negatives is a current concern while using microscopy methodol-

ogy. The qPCR overcomes that by the use of internal controls in multiplexed reactions. It rep-

resents a crucial strategy for parasite load determination in clinical samples, and allows the

number of parasites to be normalized by the DNA quantity present in the sample [15]. For

human patients, the RNAse P is a commonly used target as an internal control of reaction

[56–62]. In Leishmania however, there are no studies, except the present one, describing the

use of an internal control to quantify parasite load from human patient’s samples.

The standardization of a unique method to collect patient samples is crucial for establishing

a consensus diagnostic method. In cutaneous leishmaniasis, there is no standardization on

sample harvesting method so far. Depending on the country or health service, skin lesion sam-

ples are obtained from biopsy, aspirate, skin scraping, cytological brush and others. Thereby,

different Ct values for RNAse P can be registered. In addition, even using the same harvesting

method, there is a natural variation on tissue weight between samples, which also contributes

to differences in the RNAse P Ct values. Therefore, in this study we did not stablish a cutoff for

the RNAse P Ct value, instead we normalized the parasite amount by the DNA quantity pres-

ent in the patient sample.

Data showed in this study highlights that qPCR can be a very useful tool to complement

clinical diagnosis, especially in cases in which microscopy detection of parasite is difficult, as

in old and mucosal lesions. Its sensitivity, combined with the use of an internal control, can be

explored on cases in which the patient already has clinical suspicion of leishmaniasis, enabling

the detection of false negatives and improving diagnosis of the difficult cases. Moreover, in

association with clinical and epidemiological data, the parasite load determination can support

diagnosis and prognosis during patients’ treatment.

We validated two qPCR methodologies which can be useful for ATL molecular parasitolog-

ical diagnosis as well as for quantification of Leishmania parasites, with two of the most used

targets (HSP70 and 18S rDNA) and tested using a set of clinical sample representing the intra-

specific diversity found in the two most frequent Leishmania species causing human disease in

the Amazon region, data not yet available in literature. Based on the achieved results so far, we

recommend the combined use of reactions for both qPCR target, in order to increase sensitiv-

ity (simultaneous test analysis: HSP70 and 18S rDNA) and specificity (sequential test analysis:

18S rDNA followed by HSP70). Both assays were standardized in duplex reactions with

RNAse P so far, but the development of a triplex assay containing both targets plus RNAse P

still needs to be done. In addition, to evaluate the performance of the proposed methodology

to Leishmania species circulating in different regions across the Americas, the next step is to

perform a multicenter clinical validation, in consensus with specialists in the field. The main
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goal of such multicenter project is to standardize Leishmania spp. parasite load, defining and

pointing which target should be used in each situation, thus improving the molecular diagno-

sis of ATL.

Our results report the development and validation of real time PCR assays targeting the

Leishmania HSP70 and 18S rDNA genes, in multiplex with the human RNAse P gene. A

method for quantifying and normalizing parasite load by the human DNA content was

described, showing the importance of the normalization in skin lesion samples of patients with

ATL. The assay targeting the 18S rDNA and HSP70 genes revealed a linear detection up to

0.01 and 0.1 parasite equivalents/reaction respectively, and could detect DNA from L. brazi-
liensis, L. guyanensis, L. panamensis and L. amazonensis, the main species causative of cutane-

ous leishmaniasis in the Americas. The HSP70 assay showed higher specificity, while the 18S

rDNA presented an improved sensitivity. The combined analysis of both qPCR assay results

reached 98.5% net sensitivity and 100% net specificity, which were higher than the both tests

applied separately. Our results indicate both qPCR assays as promising diagnostic alternatives

to complement clinical diagnosis, allowing the parasite load determination in samples from

patients with ATL.
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Writing – review & editing: Camila Patricio Braga Filgueira, Otacilio Cruz Moreira, Lilian

Motta Cantanhêde, Heloı́sa Martins Teixeira de Farias, Renato Porrozzi, Constança Britto,
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