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Abstract

Background

Molecular diagnostic tests, notably polymerase chain reaction (PCR), are highly sensitive
test for Leishmania detection, which is especially relevant in chronic cutaneous lesion with
lower parasite load. An accurate diagnosis is essential because of the high toxicity of the
medications for the disease. Nevertheless, diagnosis of cutaneous leishmaniasis (CL) is
hampered by the absence of a reference standard. Assuming that the PCR-based molecular
tools are the most accurate diagnostic method, the objective of this systematic review was
to assess the diagnostic accuracy of PCR-based molecular tools in a meta-analysis of the
published literature.

Methodology/Principal findings

A search of the published literature found 142 papers of which only 13 studies met the selec-
tion criteria, including conventional PCR, real-time PCR, Loop-mediated isothermal amplifi-
cation (LAMP), recombinase polymerase amplification (RPA), polymorphism-specific PCR
(PS-PCR). The sensitivities of the individual studies ranged from 61% to 100%, and specific-
ities ranged from 11% to 100%. The pooled sensitivities of PCR in smears were 0.95 (95%
Cl, 0.90 to 0.98), and the specificity was 0.91(95% Cl, 0.70 to 0.98). In general population,
estimates were lower in aspirates, skin biopsies and swab samples with 0.90 (95% Cl, 0.80
t0 0.95) and 0.87 (95% Cl, 0.76 to 0.94) for sensitivity and specificity, respectively. The
specificity was lower in consecutive studies, at 0.88 (95% Cl, 0.59 to 0.98) and its Cl were
wider.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007981 January 21, 2020 1/15


http://orcid.org/0000-0003-3556-8977
http://orcid.org/0000-0003-2752-4931
https://doi.org/10.1371/journal.pntd.0007981
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007981&domain=pdf&date_stamp=2020-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007981&domain=pdf&date_stamp=2020-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007981&domain=pdf&date_stamp=2020-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007981&domain=pdf&date_stamp=2020-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007981&domain=pdf&date_stamp=2020-01-31
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pntd.0007981&domain=pdf&date_stamp=2020-01-31
https://doi.org/10.1371/journal.pntd.0007981
https://doi.org/10.1371/journal.pntd.0007981
http://creativecommons.org/licenses/by/4.0/

@ PLOS | RSHCAE Biseases

Test accuracy of molecular diagnostic methods in Cutaneous Leishmaniasis

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: This work received financial support of
the Colombian Administrative Department of
Science, Technology and Innovation - Colciencias
(Code: 617499847785; CT-695-2014). The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

Competing interests: The authors have declared
that no competing interests exist.

Conclusions/Significance

No statistically significant differences between the accuracy in smears, aspirate, skin biop-
sies or swabs samples were observed. Therefore, a simple smear sample run by PCR,
instead more invasive samples, may be enough to obtain a positive diagnosis of CL. The
results for PCR in all samples type confirm previous reports that consider PCR as the most
accurate method for the diagnosis of CL.

Author summary

This systematic review and meta-analysis confirmed that PCR is the most accurate meth-
ods for the diagnosis of CL. The summary of the estimates for sensitivity and specificity in
all readout methods of the index test were high. No statistically differences between the
accuracy in smears, aspirate, skin biopsies or swabs samples suggesting that a simple
smears sample run by PCR instead more invasive samples is enough to obtain a positive
diagnosis of CL.

Introduction

Leishmaniases are vector-borne infections caused by protozoa of genus Leishmania, affecting
mammals. More than 30 Leishmania species are recognized, of which 20 are considered infec-
tive for humans and other mammals [1]. The ability to distinguish between Leishmania species
is crucial for differentiation of the different clinical manifestations of the disease (visceral, cuta-
neous or mucocutaneus) to establish correct diagnosis and prognosis of the disease as well as
to support decision-making regarding administration of the appropriate treatment. The rapid
and accurate diagnosis of cutaneous leishmaniasis (CL) and the identification of the species
involved in the infection are crucial for the therapeutic regimen and control of the disease.

The diagnosis of CL is based on the detection of the parasite in the sample collected directly
from the patient s lesions. The methods include direct microscope test, culture of aspirates
and histopathology biopsies. Although the specificity of these methods is high, varying from
86% [1] to 100% [2], they have important drawbacks mainly related to their sensitivity and
time consuming due to the high subjective component.

The direct test’s sensitivity can vary depending of the type of tissue where the sample is col-
lected, amount of sample obtained, as well as the technique used for the sampling and process-
ing. The evolution time of the lesion and the previous use of treatments may also interfere
with the sensitivity of the direct methods [3]. For all these reasons the sensitivity reported var-
ies from 78.3% to 90.4% in samples taken from the active edge of the lesion vs. the base of the
ulcer, respectively [4]. However, other studies have reported sensitivities as low as 32.7% and
37% in samples from the active edge of the lesion [5,6]. On the other hand, the culture-based
and histopathology test has lower sensitivity than direct test and therefore they do not have an
important role in the diagnosis of CL [3]. The inaccuracies in diagnosis prevent timely access
to treatment and the establishment of guided strategies for the control and reduction of mor-
bidity for leishmaniasis, affecting finally the patient welfare.

To overcome these drawbacks, different molecular tests are proposed for the diagnosis of
CL by detecting the parasite genetic material (DNA or RNA), to improve (contrast) the accu-
racy of the traditional microscopic-based parasitological diagnosis. These molecular
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techniques include multilocus enzyme electrophoresis (MLEE), conventional polymerase
chain reaction (PCR) based assays, quantitative Real Time PCR or simplified PCR methods. In
addition, available tools for species identification and phylogenetic analysis include DNA
sequencing analysis, restriction fragment length polymorphism (RFLP) analysis, and PCR-fin-
gerprinting techniques as well as novel methods such as multilocus sequence typing (MLST)
and multi- locus microsatellite typing (MLMT).

The PCR based assays, are rapid, sensitive and discriminative at species or even strain level.
They offer high flexibility and utility together with its sensitivity and specificity. Nevertheless,
the complexity and cost are limiting factors for its routine application in clinics, restricting its
use to research laboratory environments. However, there is an urgent need for standardiza-
tion, optimization and simplification of PCR based applications to be used mainly in endemic
areas around the world which will have an impact in disease control.

Providing clear evidence on the diagnostic accuracy of molecular tests allows to clarify the
role of molecular techniques in epidemiological contexts. Here the importance of knowing the
diagnostic accuracy of molecular tests so that public health institutions and those in charge of
making decisions may implement the use of theses test for the control of CL. Based on the
hypothesis that the PCR-based molecular tools are the most accurate diagnostic method, the
objective of this systematic review was to assess the diagnostic attributes of PCR-based molecu-
lar tools in a meta-analysis of the published literature, with the purpose of contribute to the
improvement of CL control.

Methods

The review protocol was registered on PROSPERO 2017 and is available from: http://www.
crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42017055859. This systematic litera-
ture review was performed based on recommendations by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [7].

Study scope and definition of the reference standard

This systematic review answers the question: what is the accuracy of the PCR-based methods
in the diagnosis of CL in patients with potential infection attending health care services in
endemic areas? For this purpose, the reference standard was defined as a compatible clinical
lesion in addition to the demonstration of amastigotes through direct microscopic test or in
combination with culture isolation of Leishmania parasites from lesion material. Other types
of composite reference standards were not included. The confirmatory diagnostic of LC was
based on the observation of intra- or extracellular Leishmania amastigotes through direct
microscopic observation and/or promastigote isolation in cultures media.

Literature search

To identify all relevant studies, we performed an electronic search using key terms in the fol-
lowing databases: PubMed, EMBASE and LILACS. These databases were selected because of
their coverage of the literature and because we believe they will provide a representative sample
of the published studies of diagnostic molecular tests from January 1990 to December 2018. In
February 2019, The following MeSH terms were generated: “(((((((((((("Leishmaniasis, Cuta-
neous") OR "Leishmaniasis, Diffuse Cutaneous")) OR ("cutaneous leishmaniasis" OR "diffuse
cutaneous leishmaniasis” OR "skin leishmaniasis"))) AND (("Polymerase Chain Reaction") OR
("Polymerase chain reaction" OR PCR))))) AND (((((((("Sensitivity and Specificity") OR "Sen-
sitivity and Specificity/standards")) OR ("sensitivity OR specificity" OR "sensitivity OR speci-
ficity/standards" OR "sensitivity" OR "specificity"))) OR (screening OR "false positive" OR
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"false negative" OR accuracy)) OR (((("Predictive Value of Tests") OR "Predictive Value of
Tests/standards")) OR ("Predictive Value of Tests" OR "Predictive Value of Tests/standards"
OR "predictive value" OR "predictive values of tests" OR "reference value" OR "references val-
ues"))) OR (("ROC Curve") OR ("ROC Curve" OR ROC "Receiver operating characteristics”
OR "roc analysis" OR "roc analyses” OR "ROC and" OR "ROC area" OR "ROC auc" OR "ROC
characteristics" OR "ROC curve method" OR "ROC curves" OR "ROC estimated" OR "ROC
evaluation" OR "ROC likelihood ratio"))))) AND ("direct exam" OR "direct test" OR "direct
tests" OR "direct microscopy” OR smear)) AND Humans). The limitations were the language
(English/Spanish) and publication date (from 1990/01/01 to 2018/12/31), the search was lim-
ited to that period because it corresponds with the period where most of the molecular tests
were developed. The search was also limited to those studies performed in humans.

Inclusion criteria

In this review only prospective cohort studies were included (meaning, those studies including
patients consecutively recruited, and those where all patients were submitted to the index test
and the reference test), retrospective and cross-sectional studies; in some studies, re-counts of
the same patients were performed to analyze different diagnostic techniques based on PCR
(Table 1). All studies met the following criteria: (i) patients with clinical suspicion of cutaneous
leishmaniasis, (ii) use of the molecular test for the diagnosis of CL, (iii) use of clinical samples
isolated from humans, (iv) comparison with the reference standard “direct microscopic test
alone or in combination with culture”, (v) capacity of completion of a 2x2 contingency table.
Those studies with patients suspicious of other leishmaniasis forms such as post kala-azar der-
mal leishmaniasis were excluded.

Analysis of the selected papers

Two of the authors screened the titles and abstracts identified through the search strategy (SR-
Professor of Immunology and LEM-PhD candidate student) and selected those studies poten-
tially relevant for this review. For all relevant articles, the full text version was read to deter-
mine the presence of the inclusion criteria defined previously. Two independent reviewers
read the full text articles (CM-Professor of Molecular Biology and LEM-PhD candidate stu-
dent). In case of disagreement in any of the phases of evaluation, a third reviewer was con-
sulted for the final decision (SR-Professor of Immunology).

A set of standard data from each study was collected using a data extraction form; two
reviewers performed a pilot test with the initial form using 3 of the included publications; the
data extraction form was modified and improved according to the information derived from
the pilot test. In the case of studies where only one subgroup of participants was eligible, such
as studies where different types of reference tests are analyzed simultaneously, only the data of
the analysis comparing the reference standard defined previously were extracted.

Two reviewers independently extracted the data and completed the predefined data extrac-
tion form (CM and LEM), any disagreements were resolved through the discussion with a
third reviewer (SR), and the extracted data included general information such as reference,
study location, index tests, reference standard, sample, study type, control group, and any
another relevant information.

We evaluated the methodological quality of the included studies using QUADAS-2 (Quality
Assessment of Diagnostic Accuracy Studies). This tool is designed to assess the quality of pri-
mary diagnostic accuracy studies; consist of 4 key domains that discuss patient selection, index
test, reference standard, and flow of patients through the study and timing of the index tests
and reference standard (flow and timing); it is not designed to replace the data extraction
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process but complement the data extraction process of a systematic review. The researchers
involved in the data extraction process were trained in the use of the QUADAS-2 tool [8].

Data extraction and quality assessment were done independently by two reviewers (CM
and LEM). Any discrepancies were resolved by consulting (SR). For 10% of the included stud-
ies, data extraction was also done by (SR). The decision regarding which studies would be
included in the meta-analysis was primarily resolved using criteria related to the test
methodology.

Anticipated sources of heterogeneity

First, the selected papers were separated according to the reference standard used (direct
microscopic test alone or in combination with culture) to define diseased and non-diseased
subjects. Secondly, the type of PCR sample analyzed, study design, polymerase chain reaction
target, size of the amplicons (pb), primes were considered. The DNA extraction methods that
used commercial kits or phenol-extraction techniques were considered similar for human tis-
sue samples that were stored in filter paper, paraffin embedded or frozen [9]; in addition, the
studies that used primers that amplify multiple copy genes were considered similar too [9].

Searching to avoid heterogeneity among diagnostic test accuracy (DTA) studies, was
focused on selecting a more homogeneous set of studies, however, heterogeneity is great
among DTA studies and it is often difficult to strictly control biases. In order to achieve accu-
rate review results, we used a first subgroup analysis that included studies that used exclusively
the direct microscopic test as a reference standard. A second subgroup analysis was done with
those studies where the reference standard included both direct microscopic test and/or cul-
ture but with comparable or similar methodologies.

Statistical analysis

For all studies, estimates of sensitivity, specificity, positive and negative predictive value and
95% confidence intervals (CI) were expressed in forest plots in Review Manager version 5.3.
We therefore investigated sources of heterogeneity by adding the following covariates to the
mixed-effects logistic regression model: (i) the index tests, (ii) PCR sample, (iii) the study
design, (iv) the reference standard and (v) the target gene (single or multicopy gene) using the
command xtmelogit in STATA version 14. A covariate was assumed to have a significant effect
on the estimates of sensitivity and specificity and thus to explain some of the heterogeneity in
the studies included in meta-analysis if the P value was < 0.05. We used two methods of meta-
analyzing diagnostic accuracy data, which are statistically rigorous: the hierarchical summary
receiver operating characteristic (HSROC) model [10] and the bivariate logit-normal random-
effects meta-analysis model [11] to obtain a summary estimate of sensitivity and specificity,
statistical analysis using xtmelogit in STATA version 14. Diagnostic accuracies between various
readout methods for PCR (index tests), PCR samples, the study design and reference standard,
were compared using Chi-square test with the programme STATA version 14.

Results
Included studies

The electronic search yielded 142 results, 42 of which were taken forward to read the full text
(Fig 1). Articles were excluded at this stage due to (i) articles not available, (ii) not in the field
of interest, (iii) use of an inappropriate reference standard, and (iv) inability to complete a
2-by-2 contingency table. A total of 13 articles were included in the systematic review [5,12-
23] while data of 12 articles were included in the meta-analysis. Data of 1 article were not
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Fig 1. Flow chart of included studies.
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PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007981 January 21, 2020 8/15


https://doi.org/10.1371/journal.pntd.0007981.g001
https://doi.org/10.1371/journal.pntd.0007981

@' PLOS NEGLECTED
2 ’ TROPICAL DISEASES Test accuracy of molecular diagnostic methods in Cutaneous Leishmaniasis

Flow and timing

considered in the meta-analysis because they did not fit the respective subgroups for molecular
method and/or sample type. Data extracted by a third reviewer as a quality assurance proce-
dure was in agreements with the data extracted by the primary reviewers.

In the included studies, the index tests assessed were RPA (n = 1), LAMP (n = 1), conven-
tional PCR (n = 14), real-time PCR (n = 3), qPCR (n = 4), PS-PCR (n = 1). Studies performing
DNA extraction from smears (n = 13), SSS (slit skin smear) (n = 1), ENA (fine needle aspirate)
(n = 1), punch biopsy (n = 1), swab (n = 2), aspirate (n = 2), skin biopsies (1 = 6).

Quality assessment of study reports

Although we may choose to restrict the primary analysis to include only studies at low risk of
bias or with low concern about applicability for either all or specified domains, we considered
that is often preferable to review all relevant evidence and then investigate possible sources of
heterogeneity. The results of quality assessment with the QUADAS-2 are summarized in terms
of risk of bias and concerns regarding applicability for all included studies (Fig 2). Of the 13
studies included, 4 were case-control studies, which resulted in a considerable proportion of
studies having high risk of bias and high concern regarding applicability in the domain of
patient selection. Respect to if could the conduct or interpretation of the index test have intro-
duced bias, did raise problems in a large proportion of studies 85% (11/13), however there
were no concerns regarding applicability in all the studies for this domain. A reference stan-
dard with unclear risk of bias was used in approximately 85% of the studies (11/13); even so,
the target condition, as defined by the reference standard, was applicable to our review in all
the studies. In 10 out of 13 studies, the patient’s flow could have introduced bias; there was no
details about that the results of the index test and reference standard were collected on the
same patients at the same time.

Diagnostic accuracy of molecular tests and analysis of heterogeneity

The 13 articles included 24 separate studies, that mean that more than one index test evaluated
per article, for these 24 studies 2-by-2 contingency tables could be completed. Sensitivities ranged
from 61% to 100%, and specificities ranged from 11% to 100% (Table 1). A coupled forest plot of
sensitivity and specificity of PCR are shown in Fig 3. Since it is important to take into account
the type of sample used to diagnose CL, we decided that this analysis would be about the type of
sampling procedure used; in this order, the summary HSROC curve for PCR in smear sample,
reference standard A and case control and consecutive studies are show in Fig 4A, and the

Reference Standard

=
2 Reference standard g
£ = Index Test
[~
a Index test LOw ﬁ Loy
o = High > = High
s P —
g Patient selection - Uniclear g atient Selection Unclear
<
§ 0% 50%  100% 8 0% 20%40%60%80%d 00%
o
Proportion of studies with low, high, or unclear Proportion of studies with low, high, or unclear
risk of bias concerns regarding applicability

Fig 2. QUADAS-2 results showing risk of bias and applicability concerns of the studies selected.

https://doi.org/10.1371/journal.pntd.0007981.g002
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Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Abd El-Salam et al. 2014 53 46 8 6 0.87 [0.76, 0.94] 0.12 [0.04, 0.23] —- -
Adams et al. 2014 (a) 78 4 2 21 0.97 [0.91, 1.00] 0.84 [0.64, 0.95] - —l
Adams et al. 2014 (b) 74 4 6 21 0.93 [0.84, 0.97] 0.84 [0.64, 0.95] = —a
Adams et al. 2014 (c) 64 2 16 23 0.80 [0.70, 0.88] 0.92 [0.74, 0.99] —a —a
Adams et al. 2014 (d) 49 1 31 24 0.61[0.50, 0.72] 0.96 [0.80, 1.00] —— —=
Al-Jawabreh et al. 2006 52 0 8 45 0.87 [0.75, 0.94] 1.00 [0.92, 1.00] — -
El-Beshbishy etal. 2013(a) 24 3 2 5 0.92 [0.75, 0.99] 0.63 [0.24, 0.91] —= ——
El-Beshbishy etal. 2013(b) 18 0 8 8 0.69 [0.48, 0.86] 1.00 [0.63, 1.00] —— —=
Eroglu et al. 2014 (a) 40 26 2 36 0.95 [0.84, 0.99] 0.58 [0.45, 0.70] —= —a—
Eroglu et al. 2014 (b) 39 24 3 38 0.93 [0.81, 0.99] 0.61[0.48, 0.73] —= —
Gunaratna et al. 2018 61 0 32 57 0.66 [0.55, 0.75] 1.00 [0.94, 1.00] —— -
Khosravi et al. 2012 67 13 1 19 0.99 [0.92, 1.00] 0.59 [0.41, 0.76] - —a—
Koltas et al. 2016 (a) 30 11 0 31 1.00 [0.88, 1.00] 0.74 [0.58, 0.86] — —a—
Koltas et al. 2016 (b) 30 8 0 34 1.00 [0.88, 1.00] 0.81[0.66, 0.91] —= —a
Koltas et al. 2016 (c) 30 4 0 38 1.00 [0.88, 1.00] 0.90 [0.77, 0.97] — —=
Koltas et al. 2016 (d) 20 0 1 42 0.97 [0.83, 1.00] 1.00 [0.92, 1.00] —a -
Koltas et al. 2016 (e) 27 0 3 42 0.90 [0.73, 0.98] 1.00 [0.92, 1.00] —= -
Koltas et al. 2016 (f) 26 0 4 42 0.87 [0.69, 0.96] 1.00 [0.92, 1.00] —a -
Kumar et al. 2007 (a) 24 0 5 3 0.83 [0.64, 0.94] 1.00 [0.29, 1.00] —a —=
Kumar et al. 2007 (b) 28 1 1 2 0.97 [0.82, 1.00] 0.67 [0.09, 0.99] = =
Lemrani et al. 2009 1 0 2 5 0.85 [0.55, 0.98] 1.00 [0.48, 1.00] —a —=n
Leon CM et al. 2018 3 4 0 10 1.00 [0.90, 1.00] 0.71[0.42, 0.92] —- —
Marco et al. 2012 36 3 8 15 0.82 [0.67, 0.92] 0.83 [0.59, 0.96] —a —a
Meymandi et al. 2009 30 2 0 14 1.00 [0.88, 1.00] 088062098, , , . . —W . ——
0 02040608 1 0 02 04 0608 1

Fig 3. Couplet forest plots of the studies selected in Review Manager 5.3.
https://doi.org/10.1371/journal.pntd.0007981.g003
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Fig 4. HSROC curve for PCR. A. In smear sample, reference standard A, case control and consecutive studies
combined. Circles represent estimates of individual primary studies, and square indicates summary points of
sensitivity and specificity. The circled region around the solid square represent the 95% CI region around the summary
estimate. HSROC curve is obtained using command “metandiplot” in STATA version 14. B. In skin biopsies and
aspirate samples, reference standard B and case control and consecutive studies combined. Circles represent estimates
of individual primary studies, and square indicates summary points of sensitivity and specificity. The circled region
around the solid square represent the 95% CI region around the summary estimate. HSROC curve is obtained using

command “metandiplot” in STATA version 14.

https://doi.org/10.1371/journal.pntd.0007981.g004

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007981

January 21,2020

10/15


https://doi.org/10.1371/journal.pntd.0007981.g003
https://doi.org/10.1371/journal.pntd.0007981.g004
https://doi.org/10.1371/journal.pntd.0007981

@' PLOS NEGLECTED
2 ’ TROPICAL DISEASES Test accuracy of molecular diagnostic methods in Cutaneous Leishmaniasis

HSROC curve for PCR in aspirate, skin biopsies and swab, reference standard B and case control
and consecutive studies are show in Fig 4B. There was no statistically significant difference in
accuracy (sensitivity and specificity) between the various readout methods for PCR (LAMP, con-
ventional PCR, real-time PCR, gPCR, PS-PCR), allowing the results to be pooled in the analysis
(P value 0.469; 95% CI: -.613-1.331). There was no also statistically significant differences in
accuracy between smears, SSS, FNA, punch biopsy, swab, aspirate and skin biopsies samples (P
value 0.058; 95% CI: -.015-.940). Similarly, there was no statistically significant difference in accu-
racy between consecutive and case-control studies (P value 0.610; 95% CI: -.707-1.205). There
was no statistically significant differences in accuracy between reference standard A and B (P
value 0.537; 95% CI: -1.047-0.545) and there was no statistically significant differences in accu-
racy between multi and single copy target genes (P value 0.884; 95% CI: -0.974-0.839). When the
results of the case-control studies were compared with those of the consecutive studies, which
used as a reference standard direct microscopic test, no difference for sensitivity and specificity
was found. The sensitivity and specificity in the studies which used as a reference standard direct
microscopic and/or culture was slightly lower than in the studies that used reference standard
test alone (Table 2).

The summary estimates for sensitivity and specificity for both “All readout methods of the
index test except LAMP and Real-time PCR” and “All readout methods of the index test with-
out exception” on smears samples (general population) were high; however, the estimates were
lower in aspirate, skin biopsies and swab samples in general population. The consecutive stud-
ies still show high summary sensitivities of 0.95 for smears (All readout methods of the index
test except LAMP and Real-time PCR) and 0.96 (All readout methods of the index test without
exception), but specificities are lower at 0.93 and 0.88, respectively and their CI are wider.

Table 2. Summary estimates for PCR®.

Test and sample type Reference No. of Pooled Pooled specificity (95%
standard® articles sensitivity cn
(No. (95% CI)*
studies)©

Case-control and consecutive studies combined

PCR smears® A 5(10) 0.93 0.95
(0.87-0.96) (0.68-0.99)
PCR smears’ A 7(13) 0.95 0.91
(0.90-0.98) (0.70-0.98)
Consecutive studies
PCR smears® A 3(8) 0.95 0.93
(0.88-0.98) (0.56-0.99)
PCR smears A 4(10) 0.96 0.88
(0.90-0.98) (0.59-0.98)
Case-control and consecutive studies combined
PCR aspirate, skin biopsies B 4(9) 0.88 0.90
and swab°® (0.77-0.93) (0.80-0.95)
PCR asfpirate, skin biopsies B 5(10) 0.90 0.87
and swab' (0.80-0.95) (0.76-0.94)

* Statistical analysis in STATA version 14, is obtained using command "xtmelogit".

b Standard A, Direct Microscopic; Standard B, Direct microscopic and/or Culture.

€ The 12 articles included 23 separate studies, that means that more one index test evaluated per article.
4.CI, confidence interval.

¢ All readout methods of the index test except LAMP and Real-time PCR

f All readout methods of the index test without exception

https://doi.org/10.1371/journal.pntd.0007981.t002
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Further analysis was confined to the smears samples in the studies, which used as a refer-
ence standard the direct microscopic test, given, that the subgroup that used aspired, skin
biopsies and swab samples in studies with reference standard direct microscopic and/or cul-
ture were too small to perform an analysis of heterogeneity. Furthermore, there was no big dif-
ferences in accuracy between studies that used direct microscopy and, studies that used direct
microscopy and/or culture as a reference standard.

Since there is no recommended method to assess the publication bias and that no inferences
can be made regarding the presence or absence of this bias, in this systematic review and meta-
analysis was not assessed the publication bias. Nevertheless, we recognize that this bias is a seri-
ous problem which can affect the validity and generalization of conclusions.

Discussion

Molecular test with high quality sensitivity has been widely used for diagnosing of CL. PCR is
suitable when there are atypical lesion of CL and few numbers of parasites, or when the micro-
scopic method is negative, molecular diagnosis appears to be the solution to the short-falls on
traditional diagnostic methods. In this systematic review, we analyzed and summarized data
from diagnostic accuracy studies of molecular test in the diagnosis of CL. After to identify all
relevant studies from the available literature, we were able to assess the accuracy of PCR tests
in smears, aspirate, skin biopsies and swab.

The finding the high estimates for sensitivity and specificity on smears samples and low
estimates on aspirate, skin biopsies and swab samples in general population, allows us to
believe that a simple smears sample would suffice instead of taking more invasive skin biopsies
or aspirate samples. This finding is important from patient’s point of view because highlighting
the use of non-invasive sampling procedures, which generate greater stigmatization in patients
due to the permanent scars.

The low specificities found in all readout methods of the index test, can be attributed, in
part, to the fact that the controls in case-control studies are often healthy persons, whereas
controls in consecutive studies are in fact suspected patients; variation in the controls were
one of the most frequent points of heterogeneity among the studies [8]. The high number of
positive PCR tests in suspected patients with a negative reference standard may be explained
by a proportion of the false positives being true positive when we take into consideration that
the reference standard for CL is imperfect and that the sensitivity of PCR test is superior to the
reference standard.

Consecutive studies better reflect the diagnosis situation and are thus of higher methodo-
logical quality than case-control studies [23]. We therefore recommend that future diagnostic
accuracy studies should use a consecutive design to determine whether our findings about
specificity are reproducible and to obtain valid estimates.

This meta-analysis shows that the molecular methods are very sensitive tools for the detec-
tion of Leishmania parasites in smears samples instead of invasive skin biopsies or aspirate
samples, for which, we found lower pooled estimated for sensitivity, as well as specificity.
Though due to limited data, it was not possible to provide summary estimates for consecutive
studies and case-control studies separately on aspirate, skin biopsies and swab samples.
Regarding to the future diagnostic accuracy studies, we highlight the fact of leave out the case-
control studies to avoid that diagnostic accuracy being overestimated and consider the results
for PCR in simple smears sample such as the most accurate method for the diagnosis of CL
instead more invasive samples [24].

The results of this systematic review and meta-analysis have important implications in pub-
lic health because the diagnostic of CL through direct microscopic test is a highly operator
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dependent method. This means that the results depend of skills of who performs the test;
therefore, the molecular methods can help to avoid this bias and permit obtain improve diag-
nostics and ensure the adequate treatments in patients. It is also important that the sensitivity
of the molecular methods for the diagnosis of CL be high in a simple smear samples instead of
invasive samples, because the scars left by the disease already stigmatize the patients and
obtaining a sample through invasive methods would be useless.

Conclusions

Results suggest that the molecular methods are very sensitive tools for the detection of Leishmania
parasites in smears samples instead of invasive skin biopsies or aspirate samples, we no found sta-
tistically differences between the accuracy in smears, aspirate, skin biopsies or swabs samples.
Therefore, we consider that a simple smear sample run by PCR instead more invasive sample is
enough to obtain a positive diagnosis of CL. The results for PCR in all samples type confirm previ-
ous reports that consider PCR as the most accurate method for the diagnosis of CL.

Limitations

Many studies in our meta-analysis suffer from poor quality. Thirty-one percent of the included
studies had a case-control study type and this design is reputed to introduce selection bias, as
the cases are confirmed patients and the controls are healthy volunteers or patients with other
skin diseases similar to CL. Imperfect reference standard bias is an important issue in diagnos-
tic accuracy studies. In the case of CL, there is a risk of underestimates the specificity of a new
test when comparing it to current methods that have low sensitivity and high specificity, such
as reference standard.

QUADAS-2 assessment showed that 85% of the studies, the conduct or interpretation of
the index test and the reference standard could have introduced bias when judged against
these definitions.

The analysis of heterogeneity done or all studies combined did not show a significant differ-
ence between studies that used standard A, reference standard and studies that used a compos-
ite reference standard B, reference standard and/or culture. Neither were significant
differences between the readout methods of the index test. Nevertheless, subgroups were ana-
lyzed separately: “all readout methods of the index test except LAMP and real-time PCR” and
“all readout methods of the index test without exception”.

The lack of standardization is another limitation when you want to compare diagnostic
accuracy studies for molecular tools. These different protocols are evidenced in the Table 1.
An additional problem encountered during all process of studies selection, data extraction,
and quality assessment of the included studies, were incomplete reporting of studies. This is
due to the not use of the STARD guidelines for reporting diagnostic accuracy studies.

Supporting information

S1 Checklist. PRISMA-DTA for abstract checklist.
(DOCX)

S2 Checklist. PRISMA-DTA checKklist.
(DOCX)

Author Contributions
Conceptualization: Luz Estella Mesa, Sara M. Robledo.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007981 January 21, 2020 13/15


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007981.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0007981.s002
https://doi.org/10.1371/journal.pntd.0007981

@ PLOS | RSHCAE Biseases

Test accuracy of molecular diagnostic methods in Cutaneous Leishmaniasis

Data curation: Luz Estella Mesa.

Formal analysis: Luz Estella Mesa, Rubén Manrique.

Funding acquisition: Sara M. Robledo.

Methodology: Luz Estella Mesa.

Supervision: Sara M. Robledo.

Validation: Luz Estella Mesa.

Writing - original draft: Luz Estella Mesa.

Writing - review & editing: Luz Estella Mesa, Rubén Manrique, Carlos Muskus, Sara M.

Robledo.

References

1.

10.

11.

12

13.

14.

WHO Expert Committee on the Control of the Leishmaniases & World Health Organization. Control of
the leishmaniases: report of a meeting of the WHO Expert Commitee on the Control of Leishmaniases.
[Internet]. 2010. Available from: https://apps.who.int/iris/handle/10665/44412

Ertabaklar H, Ozlem Caliskan S, Boduc E, Ertug S. Comparison of direct microscopy, culture and poly-
merase chain reaction methods for the diagnosis of cutaneous leishmaniasis. Mikrobiyol Bul. 2015; 49
(1):77-84. https://doi.org/10.5578/mb.8344 PMID: 25706733

Vega-Lopez F. Diagnosis of cutaneous leishmaniasis. Curr Opin Infect Dis. 2003; 16(2):97—101. https:/
doi.org/10.1097/00001432-200304000-00006 PMID: 12734442

Ramirez JR, Agudelo S, Muskus C, Alzate JF, Berberich C, Barker D, et al. Diagnosis of cutaneous
leishmaniasis in Colombia: the sampling site within lesions influences the sensitivity of parasitologic
diagnosis. J Clin Microbiol. 2000; 38(10):3768—73. PMID: 11015400

Al-Jawabreh A, Schoenian G, Hamarsheh O, Presber W. Clinical diagnosis of cutaneous leishmaniasis: a
comparison study between standardized graded direct microscopy and ITS1-PCR of Giemsa-stained
smears. Acta Trop. 2006; 99(1):55-61. https://doi.org/10.1016/j.actatropica.2006.07.001 PMID: 16920056

Weigle KA, de Davalos M, Heredia P, Molineros R, Saravia NG, D’alessandro A. Diagnosis of cutane-
ous and mucocutaneous leishmaniasis in Colombia: a comparison of seven methods. Am J Trop Med
Hyg. 1987; 36(3):489-96. https://doi.org/10.4269/ajtmh.1987.36.489 PMID: 2437815

Devillé WL, Buntinx F, Bouter LM, Montori VM, De Vet HC, Van der Windt DA, et al. Conducting system-
atic reviews of diagnostic studies: didactic guidelines. BMC Med Res Methodol. 2002; 2(1):9.

Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al. QUADAS-2: a revised
tool for the quality assessment of diagnostic accuracy studies. Ann Intern Med. 2011; 155(8):529-36.
https://doi.org/10.7326/0003-4819-155-8-201110180-00009 PMID: 22007046

Marques MJ, Volpini AC, Genaro O, Mayrink W, Romanha AJ. Simple form of clinical sample preserva-
tion and Leishmania DNA extraction from human lesions for diagnosis of American cutaneous leish-
maniasis via polymerase chain reaction. Am J Trop Med Hyg. 2001; 65(6):902—6. https://doi.org/10.
4269/ajtmh.2001.65.902 PMID: 11791996

Rutter CM, Gatsonis CA. A hierarchical regression approach to meta-analysis of diagnostic test accu-
racy evaluations. Stat Med. 20(19):2865—-84. https://doi.org/10.1002/sim.942 PMID: 11568945

Reitsma JB, Glas AS, Rutjes AW, Scholten RJ, Bossuyt PM, Zwinderman AH. Bivariate analysis of sen-
sitivity and specificity produces informative summary measures in diagnostic reviews. J Clin Epidemiol.
2005; 58(10):982-90. https://doi.org/10.1016/}.jclinepi.2005.02.022 PMID: 16168343

Gunaratna G, Manamperi A, Béhlken-Fascher S, Wickremasinge R, Gunawardena K, Yapa B, et al.
Evaluation of rapid extraction and isothermal amplification techniques for the detection of Leishmania
donovani DNA from skin lesions of suspected cases at the point of need in Sri Lanka. Parasit Vectors.
2018; 11(1):665. https://doi.org/10.1186/s13071-018-3238-1 PMID: 30577826

Ledn CM, Muiioz M, Tabares JH, Hernandez C, Florez C, Ayala MS, et al. Analytical performance of a
loop-mediated isothermal amplification assay for leishmania DNA detection in sandflies and direct
smears of patients with cutaneous leishmaniasis. Am J Trop Med Hyg. 2018; 98(5):1325-31. https://
doi.org/10.4269/ajtmh.17-0808 PMID: 29532767

Koltas IS, Eroglu F, Uzun S, Alabaz D. A comparative analysis of different molecular targets using PCR
for diagnosis of old world leishmaniasis. Exp Parasitol. 2016; 164:43-8. https://doi.org/10.1016/].
exppara.2016.02.007 PMID: 26896641

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007981 January 21, 2020 14/15


https://apps.who.int/iris/handle/10665/44412
https://doi.org/10.5578/mb.8344
http://www.ncbi.nlm.nih.gov/pubmed/25706733
https://doi.org/10.1097/00001432-200304000-00006
https://doi.org/10.1097/00001432-200304000-00006
http://www.ncbi.nlm.nih.gov/pubmed/12734442
http://www.ncbi.nlm.nih.gov/pubmed/11015400
https://doi.org/10.1016/j.actatropica.2006.07.001
http://www.ncbi.nlm.nih.gov/pubmed/16920056
https://doi.org/10.4269/ajtmh.1987.36.489
http://www.ncbi.nlm.nih.gov/pubmed/2437815
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
http://www.ncbi.nlm.nih.gov/pubmed/22007046
https://doi.org/10.4269/ajtmh.2001.65.902
https://doi.org/10.4269/ajtmh.2001.65.902
http://www.ncbi.nlm.nih.gov/pubmed/11791996
https://doi.org/10.1002/sim.942
http://www.ncbi.nlm.nih.gov/pubmed/11568945
https://doi.org/10.1016/j.jclinepi.2005.02.022
http://www.ncbi.nlm.nih.gov/pubmed/16168343
https://doi.org/10.1186/s13071-018-3238-1
http://www.ncbi.nlm.nih.gov/pubmed/30577826
https://doi.org/10.4269/ajtmh.17-0808
https://doi.org/10.4269/ajtmh.17-0808
http://www.ncbi.nlm.nih.gov/pubmed/29532767
https://doi.org/10.1016/j.exppara.2016.02.007
https://doi.org/10.1016/j.exppara.2016.02.007
http://www.ncbi.nlm.nih.gov/pubmed/26896641
https://doi.org/10.1371/journal.pntd.0007981

@ PLOS | RSHCAE Biseases

Test accuracy of molecular diagnostic methods in Cutaneous Leishmaniasis

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Abd El-Salam NM, Ayaz S, Ullah R. PCR and microscopic identification of isolated Leishmania tropica
from clinical samples of cutaneous leishmaniasis in human population of Kohat region in Khyber Pakh-
tunkhwa. BioMed Res Int. 2014;2014.

Eroglu F, Uzun S, Koltas IS. Comparison of clinical samples and methods in chronic cutaneous leish-
maniasis. Am J Trop Med Hyg. 2014; 91(5):895-900. https://doi.org/10.4269/ajtmh.13-0582 PMID:
25223940

Adams ER, Gomez MA, Scheske L, Rios R, Marquez R, Cossio A, et al. Sensitive diagnosis of cutane-
ous leishmaniasis by lesion swab sampling coupled to gPCR. Parasitology. 2014; 141(14):1891-7.
https://doi.org/10.1017/S0031182014001280 PMID: 25111885

El-Beshbishy HA, Al-Ali KH, EI-Badry AA. Molecular characterization of cutaneous leishmaniasis in Al-
Madinah Al-Munawarah province, western Saudi Arabia. Int J Infect Dis. 2013;17(5), 334—-338(5):
e334-8.

Marco JD, Barroso PA, Mimori T, Locatelli FM, Tomatani A, Mora MC, et al. Polymorphism-specific
PCR enhances the diagnostic performance of American tegumentary leishmaniasis and allows the
rapid identification of Leishmania species from Argentina. BMC Infect Dis. 2012; 12(1):191.

Khosravi S, Hejazi H, M. Hashemzadeh-Chaleshtori M, Eslami G, Yousofi Darani H. Molecular diagno-
sis of Old World leishmaniasis: real-time PCR based on tryparedoxin peroxidase gene for the detection
and identification of Leishmania spp. J Vector Borne Dis. 2012; 49(1):15-8. PMID: 22585237

Meymandi SS, Bahmanyar M, Dabiri S, Aflatonian MR, Bahmanyar S, Meymandi MS. Comparison of
cytologic giemsa and real-time polymerase chain reaction technique for the diagnosis of cutaneous
leishmaniasis on scraping smears. Acta Cytol. 2010; 54(4):539—45. https://doi.org/10.1159/000325174
PMID: 20715653

Lemrani M, Hamdi S, Laamrani A, Hassar M. PCR detection of Leishmania in skin biopsies. J Infect
Dev Ctries 302 115-122. 2009; 3(02):115-22.

Kumar R, Bumb RA, Ansari NA, Mehta RD, Salotra P. Cutaneous leishmaniasis caused by Leishmania
tropica in Bikaner, India: parasite identification and characterization using molecular and immunologic
tools. Am J Trop Med Hyg. 2007; 76(5):896—-901. PMID: 17488912

Knottnerus JA, Muris JW. Assessment of the accuracy of diagnostic test: the cross-sectional study. J
Clin Epidemiol. 2003; 56(11):1118-28. https://doi.org/10.1016/s0895-4356(03)00206-3 PMID:
14615003

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007981 January 21, 2020 15/15


https://doi.org/10.4269/ajtmh.13-0582
http://www.ncbi.nlm.nih.gov/pubmed/25223940
https://doi.org/10.1017/S0031182014001280
http://www.ncbi.nlm.nih.gov/pubmed/25111885
http://www.ncbi.nlm.nih.gov/pubmed/22585237
https://doi.org/10.1159/000325174
http://www.ncbi.nlm.nih.gov/pubmed/20715653
http://www.ncbi.nlm.nih.gov/pubmed/17488912
https://doi.org/10.1016/s0895-4356(03)00206-3
http://www.ncbi.nlm.nih.gov/pubmed/14615003
https://doi.org/10.1371/journal.pntd.0007981

