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Leishmaniases are a group of parasitic diseases transmitted through the bite of

female phlebotomine sandflies. Depending on the Leishmania species, the reservoirs

can be humans (anthroponosis) or different animals (zoonosis). Zoonotic leishmaniasis

present several clinical forms in function of the species involved: visceral leishmaniasis

(VL), cutaneous leishmaniasis (CL), and muco-cutaneous leishmaniasis (MCL). The

biological diagnosis is of utmost importance because the clinical features are not

specific. In addition to parasitological and molecular biology (polymerase chain reaction,

PCR) assays, serology is routinely used for the diagnosis of leishmaniasis. Indeed,

although PCR is more sensitive than serological assays, its implementation is limited

to referral laboratories and research centers. Therefore, serology is still a key element

for their diagnosis. Here, we discuss the different serological assays available for the

diagnosis of zoonotic leishmaniasis. We will review the enzyme-linked immunosorbent

assay, immunofluorescence antibody test, immunochromatography test (ICT), direct

agglutination test, and western blot as well as the different diagnostic strategies in

function of the clinical form (VL, CL, and MCL). We will also discuss the place of serology

for detecting asymptomatic carriers and for the follow-up of VL. Depending on the

laboratory, different assays can be used, from ICT, which is appropriate for field testing,

to a combination of serological tests to improve the sensitivity.

Keywords: visceral leishmaniasis, tegumentary leishmaniasis, zoonosis, serology, diagnosis

INTRODUCTION

Leishmaniases are diseases caused by Leishmania parasites transmitted through the bite of female
phlebotomine sandflies. The disease spectrum ranges from a visceral form to localized skin lesions
and, occasionally mucosal lesions. The clinical manifestations depend in part on the involved
Leishmania species. More than 20 species have been identified, and many of them cause zoonoses
(Akhoundi et al., 2016). Humans become accidentally infected when they enter an endemic area.
Leishmania major, Leishmania guyanensis, Leishmania braziliensis, and Leishmania infantum are
the main zoonotic species detected in infected humans. L. major is responsible of Old World

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://doi.org/10.3389/fcimb.2020.00067
http://crossmark.crossref.org/dialog/?doi=10.3389/fcimb.2020.00067&domain=pdf&date_stamp=2020-02-25
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:pomares.c@chu-nice.fr
https://doi.org/10.3389/fcimb.2020.00067
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00067/full
http://loop.frontiersin.org/people/858369/overview
http://loop.frontiersin.org/people/537735/overview
http://loop.frontiersin.org/people/696488/overview


Lévêque et al. Serology for Zoonotic Leishmaniasis

cutaneous leishmaniasis (CL) that occurs preferentially in rural
desert areas where rodents are endemic. L. guyanensis and L.
braziliensis are agents of CL and mucosal leishmaniasis in the
New World, where the reservoirs are forest animals. L. infantum
is essentially responsible of a domestic zoonosis that involves
dogs and is present in foci in the Mediterranean region and
in South America. In dogs, the disease presents a generalized
cutaneous and an ovarian form that are spontaneously fatal.
However, many cases are asymptomatic (Lachaud et al., 2002).
It should be noted that the Iberian hare (Lepus granatensis) and a
wild rabbit (Oryctolagus cuniculus) have recently been implicated
as reservoirs of visceral leishmaniasis (VL) caused by L. infantum
in Spain (Molina et al., 2012; Díaz-Sáez et al., 2014). In humans,
L. infantum disease is mainly visceral (VL) (Burza et al., 2018).
L. infantum is also responsible of rare forms, such as muco-
cutaneous leishmaniasis (MCL) and the lymph node form that
are considered close (or related) to VL and are similarlymanaged.
CL due to L. infantum is infrequent and can go unnoticed and
heal spontaneously.

Currently, several specific techniques are available for the
diagnosis of VL and tegumentary leishmaniasis (TL: CL and
MCL). The direct diagnosis is considered the gold standard
for VL and TL, whatever the species involved. It is based
on the direct microscopic examination of colored smears,
culture, and PCR analysis of any available sample: whole blood,
bone marrow, spleen biopsy, liver biopsy and lymph nodes
(for VL), skin (for CL), and mucosal samples (for MCL).
Molecular methods (PCR) display the best sensitivity and
specificity, but their implementation requires specific material
and well-equipped laboratories (de Ruiter et al., 2014). Direct
parasite examination may be performed in any laboratory
equipped with a light microscope but lacks sensitivity and
require invasive procedures. Culturing parasites isolated from
patients samples might improve the diagnostic sensitivity but
is restricted to reference centers and is inappropriate for
urgent diagnosis. Therefore, indirect diagnosis based on serology
has been an alternative strategy for many decades, and still
remains widely used due to its ease of implementation using
serum or plasma samples. Various serological methods are
available: immunofluorescence antibody test, enzyme-linked
immunosorbent assay, immunochromatography test, direct
agglutination test, western blot, and latex agglutination test
(reviewed in Asfaram et al., 2018). Other assays are also under
development with promising results for some of them (Maalej
et al., 2003; Celeste et al., 2014; Portela et al., 2018).

In this review article we will critically describe the most
frequently used serological assays for the diagnosis of VL due to
L. infantum, and their interest for CL and MCL.

MATERIALS AND METHODS

We identified articles in English language in several databases,
including PubMed, Science Direct, Google Scholar and Web of
Science, using a combination of terms (serology, Leishmania,
direct agglutination test, ELISA, western blot, diagnosis,
immunofluorescence antibody test, immunochromatic test,

visceral leishmaniasis, cutaneous leishmaniasis, muco-cutaneous
leishmaniasis, and tegumentary leishmaniasis). The articles
reviewed dated from 1987 to 2019. We identified other articles
by reviewing the reference list of the retrieved articles. Only
the studies performed on human specimens with demonstration
of Leishmania parasites by microscopy, culture or PCR as
confirmatory diagnostic method for VL were included. We
excluded articles providing insufficient data information, those
using a small sample size (n < 30) as well as the articles solely
on L. donovani and L. tropica. For each method, we will present
the most relevant assays, and discuss the interest of the different
techniques in function of the clinical presentation and available
laboratory equipment.

SEROLOGICAL DIAGNOSIS OF VISCERAL
LEISHMANIASIS DUE TO L. INFANTUM

In humans, VL is characterized by irregular fever, weight loss,
enlargement of spleen and liver, and anemia. However, VL may
have a broad clinical spectrum, ranging from sub-clinical to
the complete clinical form. As symptoms are not specific, VL
diagnosis can be challenging. This is an issue because early
diagnosis is required for rapid management. Indeed, if left
untreated, VL is fatal in more than 95% of cases. In endemic
areas, physicians are aware of this disease. On the other hand,
in non-endemic areas, it is important that physicians know
about this disease (Stensvold et al., 2019) to order the correct
test when suspecting VL. Serological assays are widely used
in leishmaniasis endemic areas. In this chapter, we will assess
the technical performances of the different Enzyme-Linked
Immunosorbent Assay (ELISA), Immunofluorescence Antibody
Test (IFAT), Direct agglutination test (DAT), Immunochromatic
tests (ICT) and Western blot (WB) assays. In the next chapters,
we will evaluate their values for the follow-up of treated patients,
in immunocompromised patients, and in asymptomatic carriers.

Enzyme-Linked Immunosorbent Assay
ELISA is a commonly used method for VL serological screenings.
For this test, the well-bottoms are coated with the antigen(s) of
interest, and then the reaction between the antibodies contained
in the patient serum and the antigens is quantified using enzyme-
labeled anti-human immunoglobulins. This is an old assay
that has been widely used for diagnostic purposes since its
first description (Engvall and Perlmann, 1972). For VL, several
ELISA assays based on different antigens have been developed.
Diagnostic commercial kits and home-made tests are available
as well as methods used only for research with the aim of
developing new tests to improve VL diagnosis. The sensitivity
and specificity of the different tests are influenced by the type
of antigen used. Crude soluble antigens (CSA), recombinant
proteins and synthetic peptides have been assessed in different
settings, yielding heterogeneous results (Figure 1).

Evaluation of the commercial assays Leishmania ELISA IgG
+ IgM (Vircell SL, Granada, Spain), Ridascreen Leishmania Ab
(R-Biopharm AG, Germany) and NovaLisa Leishmania infantum
IgG (Novatec Immundiagnostica GMBH ELISA Germany)
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FIGURE 1 | Forest plot showing the sensitivity and specificity of ELISA based on various antigens for the diagnosis of VL in immunocompetent patients. Each square

represents the sensitivity or specificity estimated in the corresponding study. Horizontal lines represent the 95% Confidence Interval. CSA, crude soluble antigens; r,

recombinant; Peptide 1, LSFPFPG; Peptide 2, CFTSFSPY; Peptide 3, SGAPRANNSGDASA; Peptide 4, GLSGEGSPASPEPRLAGGGGGADTQSTT; Peptide 5,

DGKPKENQKTARES; Peptide 6, VADSGSASSEDGGSAKP; Peptide 7, PRKADPNDTTPQ; Peptide 8, GDSPPSDSPQNNQDRNRNQN; Peptide 9,

QTSGSTTPGPTTTTK.

showed that sensitivity and specificity range from 77.5 to 93.8%
and from 77.2 to 96.2%, respectively, in patient populations
without HIV (Freire et al., 2019; Figure 1). In HIV-positive
patients, sensitivity and specificity drop and range from 63.2 to
78.9% and from 60 to 97.4%, respectively (Deniau et al., 2003;
Freire et al., 2019). In most of these commercial assays, the used
antigen is derived from cultures of L. infantum promastigotes.

In home-made assays, antigens are either CSAs, or the
recombinant LeishmaniaK39 protein (rK39) (Deniau et al., 2003;
Elmahallawy et al., 2014; Portela et al., 2018). CSA lysates are
generally obtained by repeated freezing and thawing of live
promastigotes grown in culture followed by cold centrifugation.
The sensitivity and specificity of ELISA performed with L.
infantum CSA range from 40 to 96.7% and from 63 to 100%,
respectively (Duarte et al., 2017; Magalhães et al., 2017; Carvalho
et al., 2018; Dias et al., 2018a; Portela et al., 2018). CSAs isolated
from other Leishmania species (i.e., L. major or L. braziliensis)
generally display lower performance (sensitivity between 1 and
87.5%; specificity from 21.3 to 100%) (Celeste et al., 2014;
Menezes-Souza et al., 2015; Dias et al., 2018b; Ribeiro et al., 2018).
This sensitivity variation could result from antigenic differences
among endemic isolates and cultured parasites, while specificity
may depend on cross-reactivity with other endemic pathogens.

Cross reactivity has been found for tuberculosis, leprosy,
American and African trypanosomiasis, malaria, toxoplasmosis,

auto-immune disease, sepsis, infective endocarditis, lymphoma,
and hepatic insufficiency (Deniau et al., 2003; Elmahallawy et al.,
2014; Freire et al., 2019). The performance of these tests is also
influenced by the preparation quality, and the antigen purity
and stability (immunogenic properties may decrease over time).
On the other hand, assays based on the rK39 protein, which
is also used for home-made ELISA, give more standardized
results. On the basis of the information included in some of the
retrieved articles, rK39 was mainly purchased from S.G. Reed,
Corixa Inc. (Seattle, USA) (Deniau et al., 2003; Maalej et al.,
2003; Lakhal et al., 2012) InBios International (Seattle, USA) (De
Almeida Silva et al., 2006), and Rekom Biotech (Granada, Spain)
(Magalhães et al., 2017). Although heterogeneous results have
been reported using ELISA based on this recombinant antigen in
patient populations with and without (i.e., immunocompetent)
HIV (Deniau et al., 2003; Elmahallawy et al., 2014), a meta-
analysis indicated that in patients without HIV, rK39-based
ELISA shows better performance than CSA-based ELISA (Maia
et al., 2012).

In research, Leishmania histone extracts, synthetic peptides
and various recombinant proteins that are conserved in different
Leishmania species but show low similarity with other parasite
or hosts proteins have been evaluated. ELISA using Leishmania
histone extracts displays higher sensitivity (97.6%) and specificity
(100%) than L. infantum CSA-based ELISA (Lakhal et al., 2012).
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Synthetic peptides and recombinant proteins offer the possibility
of more standardized and uniform production of antigens that
can improve test reproducibility. Newly tested recombinant
antigens with sensitivity and specificity values higher than 95%,
include histone H2A and H2B, gene B protein (rGBP), prohibin
(rPHB), enolase, histamine-releasing factor (rHRF), hypothetical
proteins (rLiHyD, rLiHyT, rLiHyS, rLiHyE), homolog receptor
for activated C kinase (rLACK), and heat shock protein 83
(rHsp83) (Maalej et al., 2003; Celeste et al., 2014; Duarte
et al., 2017; Dias et al., 2018a,b; Portela et al., 2018; Ribeiro
et al., 2018). Of note, rHRF, rLiHyD, and rLiHyT might be
suitable for the serological monitoring of patients with VL
after treatment (Portela et al., 2018). Synthesized peptides are
potentially more stable, cheaper and easier to produce than
recombinant proteins. Some peptides performed well for the
diagnosis of VL and displayed little cross-reactivity with sera
from patients infected by other parasitic pathogens (Menezes-
Souza et al., 2015; Costa et al., 2017; Carvalho et al., 2018). This
large panel of molecules, used either alone or in combination,
may offer promising alternatives to improve the serodiagnosis
of VL by ELISA. However, additional large-scale studies are
needed to standardize the experimental conditions for accurate
comparisons in different settings.

Immunofluorescence Antibody Test
IFAT slides are prepared by fixing Leishmania promastigotes on
glass slides. Then, the serum of interest is serially diluted to obtain
quantitative results. Revelation is done using an anti-human
immunoglobulin labeled with a fluorescent dye as secondary
antibody. The results correspond to a titer (i.e., the last serum
dilution yielding a fluorescence signal) evaluated by microscopic
examination. Therefore, to perform this assay, the laboratory
must have a fluorescent microscope and personnel trained in
slide reading (Millesimo et al., 1996). IFAT has been widely used
for the diagnosis of VL since the 1970’s. Commercial assays
and home-made methods are available. In home-made methods,
L. infantum is the most frequently used species, whereas the
use of Leishmania amazonensis is rare (Silva et al., 2005; De
Almeida Silva et al., 2006; Mikaeili et al., 2007; Pedras et al.,
2008). Studies are available for the following IFAT commercial
assays: IFI Leishmaniose Humana (Fundação Oswaldo Cruz),
Leishmania IFA IgG (Vircell), IFI—Leishmaniose Humana (Bio-
Manguinhos), and Leishmania-Spot IF (bioMérieux) (Peruhype-
Magalhães et al., 2012; Cota et al., 2013; Ntais et al., 2013;
Varani et al., 2017; Krepis et al., 2018; Freire et al., 2019). Freire
et al. compared IFI—Leishmaniose Humana and Leishmania IFA
IgG and found that the latter displayed higher specificity in
patients without HIV infection (Freire et al., 2019). As observed
for the ELISA tests, IFAT sensitivity is lower in HIV-positive
patients than in non-immunocompromised patients (Bangert
et al., 2018; Freire et al., 2019). Sensitivity and specificity for
VL diagnosis range from 78.8 to 100% and from 82.3 to 96.2%,
respectively, in HIV-negative patients (Krepis et al., 2018; Freire
et al., 2019), and from 51 to 78.4% and from 79 to 99.2%,
respectively, in HIV-positive patients (Cota et al., 2012; Bangert
et al., 2018). Cross-reactivity with Chagas disease, tuberculosis,
toxoplasmosis, malaria, typhoid fever, or brucellosis may lead

to false-positive results (Sarkari et al., 2014; Sakkas et al., 2016;
Bangert et al., 2018). Due to the many protocols used for
IFAT and the absence of international standards, it is difficult
to compare data from different studies. Indeed, the positivity
threshold may vary (1/40 in some studies, 1/80 in others) in
function of the studied population and the assay set-up (Maia
et al., 2012; Bangert et al., 2018). Finally, IFAT has been used
not only for the diagnosis of VL, but also for the detection of
asymptomatic carriers of CL andMCL (Sakru et al., 2007; Sarkari
et al., 2014).

Direct Agglutination Test
DATs have been used for the diagnosis of VL for more than
30 years and are still widely implemented in South America,
Iran and to a lesser extent in Europe (de Korte et al., 1990;
Nigro et al., 1996; Mikaeili et al., 2007; Farajnia et al., 2008;
Farahmand and Nahrevanian, 2016; Bangert et al., 2018; Sarkari
et al., 2018; Kühne and Büscher, 2019). The principle of this
assay is to test whether agglutination occurs when serial dilutions
of patient serum are mixed with stained killed Leishmania sp.
promastigotes. This is a semi-quantitative assay, and the results
correspond to a titer (Chappuis et al., 2006; Freire et al., 2019).
The assay can be set up using Leishmania donovani provided
by KIT Biomedical Research (Amsterdam, The Netherlands)
(Pedras et al., 2008; Bangert et al., 2018) and home-made
processed, or freeze-dried L. infantum promastigotes available
from the Prince Leopold Institute (Antwerp, Belgium) and The
Royal Tropical Institute (Amsterdam, The Netherlands) (Pedras
et al., 2008; Oliveira et al., 2011). DAT results seem not to be
influenced by the used species (L. donovani or L. infantum)
(Pedras et al., 2008). The assay preparation requires culturing
live parasites as antigens, and difficulties in the standardization
of this step may lead to variation in the test results (Maia et al.,
2012). Moreover, 2-mercaptoethanol (2-ME) is needed for the
test. As this compound has health and environmental impacts,
a new assay has been set up with N-acetylcysteine instead of 2-
ME as sample diluent to improve its biosafety (Oliveira et al.,
2011). In addition, a new DAT protocol (DAT-LPC) has been
published with shorter incubation time (4 h compared with
18 h of the DAT KIT from the Royal Tropical Institute of
Amsterdam) (Oliveira et al., 2009, 2017; Ntais et al., 2013). The
last step is the reading of the end-titer. The end-titer depends
on the used protocol, and varies from ≥1/100 for DAT-LPC,
1/1,600 for the DAT from KIT-Biomedical Research, to 1/3,200
(Pedras et al., 2008; Adams et al., 2012; Oliveira et al., 2013;
Bangert et al., 2018; Kühne and Büscher, 2019). However, these
variations do not seem to influence the test sensitivity and
specificity for the clinical diagnosis of VL (Chappuis et al.,
2006). In Brazil, a multicenter study reported good inter-
laboratory reproducibility, but highlighted some inter-operators’
variations concerning the end-titer reading, especially for low
titers (Adams et al., 2012; Oliveira et al., 2017). DAT result
interpretation could be standardized by using photographs of
training plates validated by reference laboratories (Adams et al.,
2012; Oliveira et al., 2017). As this assay can be performed
with limited equipment, it is suitable for first-line laboratories
(Pedras et al., 2008; World Health Organization, 2010a; Adams
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et al., 2012). In addition, this assay has good sensitivity and
specificity in non-immunocompromised patients (sensitivity:
70.5–99% and specificity: 89.2–100%) and also in HIV-positive
patients (sensitivity: 89.1–91.3% and specificity: 89.3–89.7%)
(Mikaeili et al., 2007; Cota et al., 2013; Oliveira et al., 2013;
Bangert et al., 2018; Freire et al., 2019). False-positive results were
observed in patients infected by malaria or other parasites, such
as trypanosomatids (Maia et al., 2012; Bangert et al., 2018). Thus,
this assay can be used for the diagnosis of VL and seroprevalence
studies with acceptable costs and good sensitivity and specificity
in populations with and without HIV (Bangert et al., 2018).

Immunochromatic Tests
Antigen-based ICTs are the most adapted for field testing (World
Health Organization, 2010a). These assays are easy to perform,
quick and user-friendly, thus allowing their use in remote areas
where access to health facilities can be challenging (World
Health Organization, 2010a; Elmahallawy et al., 2014). The
test consists in a nitrocellulose membrane pre-coated with the
rK39 antigen (few tests were developed with rKE16) (World
Health Organization, 2010b). A drop of finger-prick blood or
of whole blood, plasma or serum from venipuncture can be
used. The results are qualitative, and the assay is considered
positive when two bands are observed: the control band and
the positive test band. Since the end of the 1990’s, several
brands and versions of the assay have been commercialized
and used in endemic areas (Chappuis et al., 2006). WHO
evaluated some of the commercially available tests: DiaMed-IT
LEISH (Bio-Rad Laboratories), Crystal R©KA (Span Diagnostics
Ltd.), Signal R©-KAb (Span Diagnostics Ltd.), Kalazar DetectTM

(InBios International Inc.), and Onsite Leishmania Ab Rapid
Test (CTK Biotech Inc.). Other tests are also on the market:
IT LEISH (Bio-Rad Laboratories), rK39-ICT (SD BIOLINE
Leishmania Ab, Standard Diagnostics, Inc., South Korea), and
Rapydtest (Diagnostic International Distribution S.p.A, Milan,
Italy) (Brandonisio et al., 2002; Carvalho et al., 2003; World
Health Organization, 2010b; Cota et al., 2013; Varani et al.,
2017; Bangert et al., 2018; Assis et al., 2019; Freire et al., 2019).
ICTs have been tested mainly for the diagnosis of anthroponotic
leishmaniasis and less frequently for zoonotic leishmaniasis
(Boelaert et al., 2014). Overall, ICT diagnostic performance
was excellent in the Indian sub-continent (Sensitivity ranged
from 92.8 to 100%) compared with East Africa and Brazil
(Sensitivity ranged from 36.8 to 92%) where results were less
consistent (World Health Organization, 2010b). Regarding the
WHO results for the zoonotic VL due to L. infantum in Brazil,
the best sensitivity was obtained for DiaMed-IT LEISH (Se:
92%) whereas the best specificity was for Signal R©-KAb (Sp:
98.8%) (World Health Organization, 2010b). A study in Brazil
assessed cost-effective strategies, and found that VL diagnosis
by ICT followed by treatment with amphotericin B (liposomal
formulation) is less expensive with high effectiveness (Assis et al.,
2019). During outbreaks, this assay is very convenient at the point
of care facilities for rapid identification of cases (Bangert et al.,
2018). When evaluated for zoonotic VL, this assay has a good
specificity, up to 100% in some studies; however, a negative result
does not rule out the diagnosis of VL because sensitivity can be

lower than 60%, especially in HIV-infected patients (Carvalho
et al., 2003; Deniau et al., 2003; Cota et al., 2013; Freire et al.,
2019). Therefore, some authors recommend not to use ICT
as a screening test for VL, especially in HIV-positive patients
(Cota et al., 2013; Varani et al., 2017). Performances may also
vary according the patient age, with lower accuracy in children
younger than 3 years (Cruz et al., 2006; Freire et al., 2019). Cross-
reactivity with malaria, enteric fever, disseminated tuberculosis,
sepsis, infective endocarditis, lymphoma, hepatic insufficiency,
and Toxoplasma gondii has been reported (Farahmand and
Nahrevanian, 2016; Freire et al., 2019). Finally, users should be
aware that ICT can be positive in asymptomatic carriers and
for long time after treatment. Therefore, these assays cannot
discriminate between VL relapse and other pathologies, like all
the other serological assays (Elmahallawy et al., 2014).

Western Blot
By the end of the 1980’s, WB assays with potential diagnostic
value had been developed for the diagnosis of human VL (dos
Santos et al., 1987; Evans et al., 1989). In 1992, Mary et al.
developed and evaluated a new WB test in 137 patients in
the south of France. They demonstrated that the 14 and 16
kDa antigens were the most specific, with a sensitivity and
specificity of 100 and 98%, respectively (Mary et al., 1992).
The test was then marketed (LEISHMANIA WB IgG, LDBIO
Diagnostics, France), and is currently used as a VL confirmation
technique in France (Haute Autorité de Santé, 2017). Other
studies in patients with VL due to L. infantum also highlighted
the excellent results of this test that targets different antigenic
fractions (Tebourski et al., 1994;Marty et al., 1995; Santos-Gomes
et al., 2000; Pinedo-Cancino et al., 2013; Seyyedtabaei et al.,
2017; Heidari et al., 2019). In the immunocompetent patients
included in these studies, sensitivity (90–100%) and specificity
(98–100%) were excellent. Nevertheless, the heterogeneity of
antigen preparations as well as the choice of reference strain and
specific bands do not allows comparing the results of the different
studies. Moreover, the number of patients included in studies
to evaluate these techniques was often too small (<30 patients)
to obtain reliable statistical data. This technique has been
evaluated also in immunocompromised patients, particularly
patients with HIV, and for the detection of asymptomatic carriers
in epidemiological studies (see below). However, this method is
too complex to be used for field surveys, or if the daily demand
is too important. Indeed, it is time-consuming, not automated,
and quite expensive. Currently, it seems important to define
which antigenic fractions are most relevant for this test and to
assess their value for the diagnosis of VL and possibly for the
therapeutic follow-up.

DIAGNOSIS OF VL IN
IMMUNOCOMPROMISED PATIENTS

In immunocompromised patients, antibody-based tests often fail
to diagnose VL. Thus, the choice of technique and the knowledge
of its limits are essential. In these patients, the sensitivity of
IFAT, ICT, DAT and ELISA is generally low (from 22 to 89%)
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(Deniau et al., 2003; Cota et al., 2012, 2013; Bangert et al.,
2018; Freire et al., 2019). Probably the most robust test in this
context is WB (75 to 91% of sensitivity) (Cota et al., 2012).
Mary et al. found the same WB profile in Leishmania-infected
patients with HIV and in immunocompetent patients, but for the
14-kD band (not or rarely recognized). Only 36% of these co-
infected patients had positive results by IFAT and ELISA (Mary
et al., 1992). Deniau et al. reported that 74% of patients co-
infected by HIV and Leishmania have a “complete” WB profile
(18-, 21-, 23-, and 31-kD bands), the profile described by Marty
et al. as a good marker of symptomatic VL due to L. infantum
(Marty et al., 1995; Deniau et al., 2003). Because of the lack of
studies with DAT and WB comparison, it is difficult to perform
recommendation regarding the performances of these assays in
immunocompromised patients. Freire et al. found that the DAT-
LPC has the best sensitivity (89.5%) whereas the best specificity
was found for the Leishmania ELISA IgG + IgM (Vircell S. L.)
(97.4%) (Freire et al., 2019). In immunocompromised patients, it
is thus recommended to perform at least two serological assays in
addition to the PCR.

ASYMPTOMATIC CARRIERS

In endemic areas of L. infantum, asymptomatic Leishmania
infection in human is usually ascertained by a positive
Leishmanin skin test, PCR, or serological test in individuals
who are otherwise in a healthy condition (Singh et al., 2014).
The Leishmanin skin test remains remarkable for assessing
endemicity levels, but its implementation is hardly feasible
currently (Bekele et al., 2018). PCR is an alternative giving good
results (Riera et al., 2008). Regarding serology, studies were
conducted using WB to detect asymptomatic patients whose
frequency varies depending on the context (Mary et al., 1992;
Deniau et al., 2003; Sakru et al., 2007; Riera et al., 2008; Biglino
et al., 2010; Saghrouni et al., 2012). For instance, 3.1% of blood
donors are carriers of anti-Leishmania antibodies (Riera et al.,
2008), and 54% of family members of patients with VL in Tunisia
are positive (Riera et al., 2008; Saghrouni et al., 2012). In a larger
study (526 healthy adults) in Italy, 7.41% had a positive WB
test (Biglino et al., 2010). As dogs are the main reservoir of
L. infantum, the studies on asymptomatic carriers using other
techniques (ELISA, DAT...) were rarely carried out in humans but
rather in dogs.

FOLLOW-UP OF TREATED PATIENTS

After VL diagnosis and treatment initiation, a clinical and
biological follow-up should be performed to monitor the
response to treatment. Biological parameters and frequency for
the follow-up should be defined according to the laboratory
facilities and the request of the physicians. Clinical follow-
up consists of monitoring the vital signs and the decrease of
the swelling of the liver and spleen. Serological follow-up (any
serological test) is not recommended because antibodies may
persist for life after an episode of VL. For instance, Carvalho et al.
found that in up to 46% of patients, antibodies can be detected

with an ICT assay for months after VL is cured (Carvalho et al.,
2003). Therefore, qualitative assays, such as WB and ICT that do
not give titers, have limited use for patient follow-up. In addition,
WB high sensitivity is suitable for the screening of asymptomatic
carriers, but not for VL follow-up. Similarly, ICT can give positive
results in asymptomatic patients, and this makes the diagnosis of
relapse or re-infection challenging, especially in endemic areas
(Brandonisio et al., 2002; Carvalho et al., 2003; Maia et al., 2012;
Elmahallawy et al., 2014). Quantitative serological assays (ELISA,
IFAT, and DAT) also are not recommended for patient follow-
up because of the slow decrease of the antibody titer after VL
treatment (De Almeida Silva et al., 2006; Ferrua et al., 2009). It
should be noted that the slow antibody reduction is not a sign
of bad prognosis or poor therapeutic response (De Almeida Silva
et al., 2006).

Leishmania DNA detection by quantitative PCR (qPCR)
appears to be the reference method for monitoring the response
to treatment and for detecting VL relapse or re-infection. The
parasite DNA level measured by qPCR should progressively
decrease and become undetectable after treatment initiation.
The major drawbacks of this assay are the need of trained
personnel, and of equipped facilities with separate rooms for
DNA extraction, preparation of the reaction mix, and PCR
automat to avoid contamination. The use of qPCR is becoming
more widespread, allowing optimal patient management for both
diagnosis and therapeutic monitoring by a reference laboratory.

COMPARISON OF ASSAYS

Comparison of studies on the different serological assays
highlights a huge variability in the conclusions. Indeed, the
assay performances can changes depending on the population
(children, HIV-positive patients, immunocompetent patients)
(Deniau et al., 2003; Bangert et al., 2018; Krepis et al., 2018; Freire
et al., 2019). Few studies comparedWB with the other serological
assays because WB is mainly used for epidemiological studies to
detect asymptomatic carriers and less frequently in HIV-infected
patients and for CL or MCL diagnosis (Carvalho et al., 2003;
Deniau et al., 2003; Cota et al., 2012; Maia et al., 2012; Pomares
et al., 2012; Krepis et al., 2018). For the other assays (DAT,
ELISA, IFAT, and ICT), in addition to the specific limitation of
each assay, HIV infection can influence the performance of some
tests (ELISA, IFAT) more than others (western blot) (Deniau
et al., 2003). Moreover, the impact of the geographic region on
the test diagnostic accuracy cannot be excluded, as highlighted
by the WHO evaluation of ICT (World Health Organization,
2010b). From our personal experience, while testing, in a
population of patients from the Mediterranean basin, identical
serological assays from those tested by Freire et al. (2019)
to diagnose VL in Brazil, different sensitivity and specificity
were found (manuscript under review). One of the explanations
of these discrepancies could be the differences in antibody
concentrations among the different geographic regions (World
Health Organization, 2010b) or genetic diversity between L.
infantum strains from different area. Thus, before implementing
a diagnosis strategy, the assays available should be tested in
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the population that is concerned by the disease and according
to the laboratory facilities. The type of control population and
the chosen threshold also may influence the assay specificity
(Chappuis et al., 2006). All these considerations explain why
there is no consensus on the best serological assay for the
diagnosis of zoonotic VL. Most studies agree that rK39-based
ICT represents a good solution in terms of user-friendliness, field
applicability, and performance (Delgado et al., 2001; Carvalho
et al., 2003; Deniau et al., 2003; de Assis et al., 2011; Maia
et al., 2012; Peruhype-Magalhães et al., 2012; Cota et al., 2013;
Boelaert et al., 2014; Bangert et al., 2018; Krepis et al., 2018; Freire
et al., 2019). However, this assay should always be associated
with at least another serological assay to increase the diagnosis
sensitivity. Several studies suggested the use of DAT in addition
to ICT because its gives reliable results in patients with HIV
(Cota et al., 2012, 2013; Bangert et al., 2018; Freire et al., 2019).
In conclusion, when choosing a serological test, its feasibility,
sustainability, local population, and field applicability should be
taken into account (Elmahallawy et al., 2014). When considering
the cost of VL diagnosis and treatment, the most cost-effective
strategy appears to be diagnosis using ICT followed by treatment
with liposomal amphotericin B (Assis et al., 2019).

SEROLOGICAL DIAGNOSIS OF HUMAN
TEGUMENTARY LEISHMANIASIS DUE TO
ZOONOTIC SPECIES

CL affect between 1 and 1.5 million people per year worldwide
(den Boer et al., 2011). Generally, cutaneous lesions are crusted
papules or ulcers on exposed skin, localized at the site of the
parasite inoculation by sandflies. In the Old World, the most
consistently zoonotic dermotropic species are L. major (Central
Asia, West, North and East Africa, Near and Middle East). In the
New World, they include species with a large South American
distribution (L. amazonensis, L. braziliensis, and L. guyanensis),
species more localized in Central America (L. mexicana, L.
panamensis), and other species with a restricted geographical
territory (L. peruviana, L. naiffi, and the two Brazilian species L.
shawi and L. lainsoni). MCL is a specific clinical entity mainly
due to L. braziliensis that is widespread from southern Mexico
to northern Argentina. The metastatic mucosal involvement is
secondary to the cutaneous lesion and appears several years after
the first skin lesions. In several studies, serological tests have
been used for CL and MCL diagnosis because they are minimally
invasive and easy to perform. However, their lack of sensitivity
and specificity greatly limits their diagnostic usefulness. In
TL, molecular and parasitological (microscopic examination,
culture) diagnosis remain the reference standards (World Health
Organization, 2010a). Molecular biology either directly from the
sample or from cultivated parasite allows species identification
required to adapt the treatment. For TL caused by L. infantum,
case reports and literature data show that WB could contribute
to the biological diagnosis (del Giudice et al., 1998). Similarly,
for CL due to L. major, 47 and 100% of infected patients were
identified as positive by IFAT and WB, respectively, in Algeria,
Morocco, and Tunisia (Pomares et al., 2012), and 96.7% by WB

in Iran (Ashrafmansouri et al., 2015). ICT and rK39 ELISA assays
gave positive results only in 10.2 and 28.8%, respectively, of
soldiers infected in Iraq or Afghanistan (Hartzell et al., 2008).
In the American continent, initial studies on TL/CL in Brazil
reported low sensitivities for IFAT (27.7%) and ELISA (66.9%)
(Guimarães et al., 1990). In another study, their sensitivity was
75.4 and 95.7%, respectively (Barroso-Freitas et al., 2009). A
new assay based on the recombinant rLb6H antigen displayed
100.0% sensitivity and 98.5% specificity in sera from patients with
American TL (Sato et al., 2017). The same authors also found
that ELISA assays based on novel antigens show better sensitivity
and specificity for the diagnosis of American TL compared
with the standard ELISA based on soluble Leishmania antigens
(Zanetti et al., 2019). In conclusion, the serological assay for the
routine diagnosis of TL remains to be defined. Additional well-
conducted studies are needed to clearly define the interest of
serology for TL diagnosis. Currently, WB should be preferred
when skin sampling is not easy to perform or in the case of MCL.
However, in order to confirm the diagnosis of TL, parasitological
(microscopic examination, culture) and molecular diagnosis
should be performed (World Health Organization, 2010a).

CONCLUDING REMARKS

VL, CL, and MCL are the clinical expression of zoonotic
leishmaniases. VL is a life-threatening disease and accurate
diagnosis is required for its prompt and correct management.
False-negative test results may lead to a fatal outcome if the
patient is left untreated. On the other hand, false-positive
test results could prompt physicians to treat the patient with
unnecessary toxic molecules (Chappuis et al., 2006; Freire et al.,
2019). This highlights the fact that the diagnosis of zoonotic
leishmaniases is based not only on the result of a biological assay,
but also on the patient’s clinical examination, the understanding
of the assay performance, and the follow-up and re-evaluation
of the diagnostic hypotheses. The currently available serological
assays have specific limits and advantages, and the choice
of the assay(s) to be implemented in laboratories should be
based on their performance, feasibility, and cost-effectiveness
ratio. In remote areas, ICT is a good option for field testing,
whereas in equipped laboratories, a panel of assays can be
performed to increase sensitivity (Table 1). Among the different

TABLE 1 | Recommended assays according to the healthcare facility level.

Healthcare facility level Recommended assays

Field application ICT

Laboratory with minimal

equipment

ICT plus DAT

Laboratory with intermediate

equipment

2 serological assays among ELISA, DAT, ICT

± microscopy and culture, if microscope and

trained personnel available

Reference laboratory Serological assays (ELISA, DAT, ICT, western

blotting, IFAT), microscopy examination,

culture, and PCR
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ELISA assays, performances vary, and this should be taken into
account as well as the in-situ validation when choosing a test.
IFAT is quite complicated to set up because of the need of
trained personnel and a fluorescence microscope. Several studies
promoted DAT; however, the lack of commercially available kits
limits its diffusion. In immunocompromised patients without
any clinical sign and history of VL, the positivity of the WB
indicates an asymptomatic carriage. Such patients are at risk
of VL due to their immunodepression. Serological tests allow
diagnosis of VL with a very limited invasive procedure as it
is performed from a sample of peripheral blood. In France,
health policies recommend the use of PCR for the diagnosis
of VL, CL, and MCL, and the follow-up of VL. Serological
diagnosis should be performed first by ELISA or IFAT for the
diagnosis of VL. Then, WB is used as a confirmatory assay
when at least one of these screening assays is positive (Haute
Autorité de Santé, 2017). Currently, PCR is necessary for the
accurate diagnosis of VL if the serological test results are
negative, especially in immunocompromised patients. Indeed,

PCR is more sensitive than parasitological diagnosis made
by microscopic examination and parasite culture. During the
follow-up, PCR allows the accurate monitoring of the response
to treatment. However, to date, this assay is limited to referral
laboratories and research centers.

In conclusion, serology is a good tool for VL diagnosis and
when possible, at least two assays should be performed to increase
the sensitivity. Nevertheless, laboratory assays should always be
considered with the clinical signs, and a diagnosis of TL should
not be ruled out based only on a negative test result.
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