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ABSTRACT American tegumentary leishmaniasis (ATL) (also known as cutaneous
leishmaniasis [CL]) is caused by various species of protozoa of the genus Leishmania.
The diagnosis is achieved on a clinical, epidemiological, and pathological basis, sup-
ported by positive parasitological exams and demonstration of leishmanin delayed-
type hypersensitivity. Serological assays are not routinely used in the diagnosis be-
cause many are considered to have low sensitivity and the particular Leishmania
species causing the disease can lead to variable performance. In the present study,
we generated recombinant versions of two highly conserved Leishmania proteins,
Leishmania (Viannia) braziliensis-derived Lb8E and Lb6H, and evaluated both in
enzyme-linked immunosorbent assays (ELISA). Recombinant Lb6H (rLb6H) had better
performance and reacted with 100.0% of the ATL and 89.4% of the VL samples.
These reactions with rLb6H were highly specific (98.5%) when compared against
those for samples from healthy control individuals. We then assessed rLb6H against
sera from ATL patients infected with different species of Leishmania prevalent in Bra-
zil [Leishmania (Leishmania) amazonensis, L. (Viannia) braziliensis, and L. (V.) guyanen-
sis] and samples from patients with other infectious diseases. In analyses of 500 sera,
ELISA using rLb6H detected all 219 ATL samples (sensitivity of 100.0%) with an over-
all specificity of 93.9% (considering healthy individuals and other infectious diseases
patients). Only a minority of samples from Chagas disease patients possessed anti-
bodies against rLb6H, and all of these responses were low (with a highest reactivity
index of 2.2). Taken together, our data support further evaluation of rLb6H and the
potential for its routine use in the serological diagnosis of ATL.

KEYWORDS ELISA, diagnostics, immunoserology, recombinant antigen, tegumentary
leishmaniasis

Leishmaniases are the variety of diseases caused by protozoa of the genus Leishmania.
Numerous Leishmania species are distributed worldwide, causing a wide range of

disease manifestations (1–3). The clinical forms of the disease depend predominantly on
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the infecting species but are also influenced by the genetic background and immune
response of the host. The infection may be asymptomatic or present across a spectrum of
clinical manifestations, ranging from localized, disseminated, diffuse or recidiva cutaneous,
or mucosal forms, or with involvement of organs such as liver and spleen in cases of visceral
leishmaniasis (VL) (3). More than 350 million people, in 88 countries, are at risk of Leishmania
infection, and 12 million people are estimated to be infected. The annual incidence is 1.5
million cases for cutaneous leishmaniasis (CL) and 500,000 for VL (4).

American tegumentary leishmaniasis (ATL) (also known as cutaneous leishmaniasis)
is characterized by chronic and often latent infection. In some cases, after the appear-
ance of an initial cutaneous lesion, multiple cutaneous lesions (disseminated leishman-
iasis) and/or mucosal lesions (mucosal leishmaniasis) can arise as the parasites dissem-
inate through blood and the lymphatic system. The clinical manifestations of ulcerated
and nonulcerated lesions during ATL can be similar to those of diseases such as leprosy,
paracoccidioidomycosis, syphilis, and cutaneous tuberculosis, among others (5). Labo-
ratory testing is therefore desirable to confirm the diagnosis of ATL. While direct
parasite detection is considered confirmatory for the diagnosis of leishmaniasis, direct
detection methods have demonstrated low sensitivity that only rises to 88% when they
are combined with labor-intensive immunohistochemistry (5). Thus, other indirect
immunoassays, such as delayed-type hypersensitivity to Leishmania antigens (leishma-
nin test) and serological anti-Leishmania antibody tests, are sometimes used (6, 7).

The most commonly used serological assays for the diagnosis of leishmaniasis are
indirect immunofluorescence assays, enzyme-linked immunosorbent assays (ELISAs), and
Western blots. Initial studies with a large number of samples from ATL/CL patients from
northern and northeastern Brazil reported low sensitivities of both an indirect immunofluo-
rescence assay (27.7%) and an ELISA (66.9%) (8). Higher sensitivities were observed with
mucosal leishmaniasis (ML), at 56.7% and 93.3%, respectively (9). While the performance of
these tests seems to be improving, the sensitivities have been highly variable (75 to 96%)
(10).

A sensitive serological assay for the diagnosis of ATL could guide the proper
management and treatment of patients. From the perspective of product development
and reproducibility, it would be desirable to have recombinant antigens as alternatives
to crude antigens that require parasite growth. For VL, assays using recombinant
Leishmania antigens are already integrated into the diagnostic routine, and immuno-
chromatographic rapid tests are available to be used at the point of care (11). For
diagnosis of ATL/CL, however, there is no consensus on the use of serological assays
and on the preferred antigens.

We previously generated promising results with ATL and VL using Leishmania
(Leishmania) infantum recombinant Hsp83 (rHsp83) antigen (12), although in that study
the ATL samples had no characterization of causative Leishmania species. In the present
study, we aimed to determine the capacity of recombinant Leishmania antigens for the
serological diagnosis of ATL caused by different species of Leishmania. Leishmania
braziliensis-derived recombinant Lb6H (rLb6H) and Lb8E (rLb8E) antigens were gener-
ated and used in antibody-detection ELISA evaluating samples from the northern,
northeastern, and southeastern areas of Brazil where different Leishmania species
prevail. Our data, obtained with 219 patient samples (see Table 1 for the demographic

TABLE 1 Demographic data for ATL patients

Parasitea

Sexb Age (yr) Disease duration (mo) Clinical presentation (no.)

M F Median Min–maxc Median Min–max Cutaneous Mucosal Unidentified

L. amazonensis (n � 6) 6 0 34 9–44 96 1.47–300 6 0 0
L. braziliensis (n � 115) 59 40 33 13–78 3 0.03–672 65 34 15
L. guyanensis (n � 96) 71 14 Not known Not known Not known Not known 96 0 0
an, number of samples.
bM, male; F, female.
cMin–max, minimum to maximum.
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data for patients), indicate 100.0% sensitivity for the confirmation of ATL and 93.9%
specificity compared against data for samples from healthy individuals and other
infectious diseases patients. Our results raise the possibility of using ELISA with rLb6H
(ELISA-rLb6H) in the routine diagnosis for ATL/CL.

RESULTS
Conservation of potential serodiagnostic proteins across Leishmania species.

We previously reported high sensitivity and specificity for the serodiagnosis of leish-
maniasis using L. (L.) infantum rHsp83 (12). While this protein was found to be unstable
(degraded and yielding inconsistent results over time), the data indicated the potential
of using conserved Leishmania proteins in antibody detection assays to assist in the
diagnosis of ATL/CL. We therefore evaluated the amino acid sequences of two selected
L. (Viannia) braziliensis proteins, rLb8E and rLb6H, across available Leishmania se-
quences. Each of the proteins exhibited �90% identity at the amino acid level with
homologs in L. infantum, the causative agent of VL in Brazil, and L. major, a causative
agent of CL (Table 2). Identity was slightly reduced in the related kinetoplastid proto-
zoan parasite that is also endemic in Brazil, Trypanosoma cruzi, the causative agent of
Chagas disease. Homology data thereby indicate the conservation of Lb8E and Lb6H
across Leishmania species and suggest their potential as targets of the infection-
induced antibody response.

Detection of antigen-specific antibodies in sera from leishmaniases patients. In
an initial testing round, we contrasted the ability of rLb8E and rLb6H to detect
antibodies in sera from leishmaniasis patients against control samples from healthy
individuals. Antigen-specific IgG was detected by ELISA and measured in 68 samples
from ATL patients (a subset of group I) and 68 samples from healthy individuals (group
III), and receiver operating characteristic (ROC) curves were generated (Fig. 1 A, B, and
C). With use of the cutoff values determined by ROC curves as providing the best
performance characteristics for each antigen, anti-rLb8E IgG was detected in 83.3% of
the ATL cases with a specificity of 83.3% (Table 3). Anti-rLb6H IgG was detected in all
(100.0%) of the ATL/CL cases with a specificity of 98.5%. This sensitivity was actually
improved over that obtained with crude L. major-like antigens, which detected anti-
bodies in 91.2% of the ATL/CL cases at a reduced specificity of 95.6%.

We similarly evaluated the ability of rLb8E and rLb6H to detect antibodies in sera
from VL patients (Fig. 1D and E). Antibodies against rLb8E were found in 95.4% and
antibodies against rLb6H in 89.4% of the VL patient sera tested (Table 3). These
responses were detected at specificities of 92.4% and 95.3% for rLb8E and rLb6H,
respectively. Taken together, these data indicated that rLb6H was an excellent candi-
date for ATL diagnosis that warranted further investigation.

Reactivity of rLb6H with sera from ATL cases caused by various Leishmania
species. Having demonstrated that antibodies against rLb6H were present in the sera
of clinically diagnosed ATL patients, we further investigated reactivity by assessing
responses in ATL patients for whom the infecting Leishmania species was defined
(group I, Table 3). Anti-Lb6H antibodies were readily detected in all ATL cases (95%
confidence interval [CI], 98.3 to 100.0) caused by infection with either L. (L.) amazonen-
sis, L. (V.). braziliensis, or L. (V.) guyanensis (Fig. 2). Samples from 2 patients infected with
L. (V.) shawi were strongly reactive, presenting high reactivity index (RI) values (RI �

TABLE 2 Amino acid conservation across protozoan parasites

Parasite

Results for 6H: Results for 8E:

No. of aaa

No. of
matched aa

No. of
mismatched aa

%
identity

No. of
aa

No. of
matched aa

No. of
mismatched aa

%
identity

L. braziliensis 657 152
L. infantum 653 606 51 92 152 140 12 92
L. major 654 608 49 93 152 140 12 92
T. cruzi 657 560 97 85 147 120 32 79
aaa, amino acid.
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13.1 and 9.2) (data not shown in Fig. 2). Interestingly, the magnitude of responses
varied, depending on the infecting species, with patients infected with L. (V.) guyanensis
(median RI � 3.6) having weaker responses than patients infected with L. (L.) ama-
zonensis (median RI � 7.7) and L. (V.) braziliensis (median RI � 4.5). For L. major-like
antigens, stronger responses were detected with patients infected with L. (L.) ama-
zonensis (median RI � 12.9) than with L. (V.) braziliensis (median RI � 5.5) or L. (V.)
guyanensis (median RI � 4.7). When responses against rLb6H were contrasted against
those detected by L. major-like antigens, it was again apparent that the recombinant
antigen was more reactive with sera from ATL patients than the crude antigens (Fig. 2A
and B). Anti-L. major-like antibodies were detected in 90.9% (95% CI, 86.3 to 94.0) of the
ATL patient sera tested. Thus, this expanded analysis further supports the potential of
using rLB6H for the serodiagnosis of ATL/CL.

rLb6H has minimal reactivity with serum samples from other infectious dis-
eases. Considering the very high sensitivity of the ELISA-rLb6H in detecting ATL cases,
we were concerned that this might have arisen at the expense of specificity. We
therefore evaluated specificity under more stringent conditions, assessing the ELISA-
rLb6H with 213 serum samples from patients with other infectious diseases. Among 91

FIG 1 Receiver operating characteristic (ROC) curves to determine ELISA performance. In the top panels, antigen-specific antibody ELISAs were developed with
samples from ATL patients (n � 68) and healthy subjects (n � 68) and are contrasted: (A) ELISA-rLb8E considered a cutoff 36.5, (B) ELISA-rLb6H considered a
cutoff 16.0, and (C) ELISA-L. major-like considered a cutoff 10.0. In the bottom panels, antigen-specific antibody ELISAs were developed with samples from
visceral leishmaniasis patients (n � 66) and healthy subjects (n � 66): (D) ELISA-rLb8E considered a cutoff 39.1 and (E) ELISA-rLb6H considered a cutoff 6.1.

TABLE 3 Diagnostic performance of antigens as determined by ROC curves

Presentationa Antigen Cutoff
% sensitivity
(95% CIb)

% specificity
(95% CI)

%
accuracy

ATL rLB8E 36.5 83.3 (72.1–91.4) 83.3 (72.1–91.4) 83.3
rLb6H 16.0 100.0 (94.7–100.0) 98.5 (92.1–100.0) 99.2
L. major-like 10.0 91.2 (81.8–96.7) 95.6 (87.6–99.1) 91.1

VL rLB8E 39.1 95.4 (87.3–99.0) 92.4 (83.2–97.5) 93.1
rLb6H 6.1 89.4 (79.4–95.6) 95.3 (86.9–99.0) 92.3

aSamples used in the calculation of the cutoff versus control samples from healthy individuals. ATL,
American tegumentary leishmaniasis; VL, visceral leishmaniasis.

b95% CI, 95% probability confidence interval.
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samples from Chagas disease patients, 74 (81.3%) were below the threshold and 17
(18.7%) were low positive (the reactivity index ranged from 1.0 to 2.2) (Fig. 2C and D).
These results were in stark contrast with those generated with L. major-like antigens, for
which a majority (75.8%) of Chagas disease samples reacted. In addition, at least two
samples from each of the other diseases assessed possessed antibodies that could bind
L. major-like antigens (Table 4). Thus, without, or with minimal, interference from other
potentially confounding pathogens, the ELISA-rLb6H appears suitable for the serodi-
agnosis of ATL/CL.

FIG 2 Antigen-specific responses among patients with American tegumentary leishmaniasis (ATL) (A, B) or other infectious diseases (C, D). Antigen-specific
antibodies were developed for rLb6H (A, C) and L. major-like proteins (B, D). Serum samples were from ATL patients (group I) and individuals diagnosed with
other infectious diseases (group II: Chagas disease [CH], n � 91; histoplasmosis [HIS], n � 4; malaria [MAL], n � 14; paracoccidioidomycosis [PB], n � 22);
toxoplasmosis [TOXO], n � 69; and tuberculosis [TB] n � 13). The horizontal line in each plot represents the cutoff at a reactivity index of 1. Kruskal-Wallis
one-way analysis of variance on ranks: P � 0.0003 (A) and P � 0.0088 (B); Dunn’s multiple comparison test: P � 0.05 (A, B).

TABLE 4 Antigen-specific antibodies in sera of patients with potentially confounding
infectious diseases

Disease
No. of
samples

ELISA-rLb6H ELISA-L. major-like

No. reactive (%) 95% CIa No. reactive (%) 95% CI

Chagas disease 91 17 (18.7) 12.0–27.9 69 (75.8) 66.1–83.5
Histoplasmosis 4 0 (0.0) 0.0–49.0 2 (50.0) 15.0–85.0
Malaria 14 0 (0.0) 0.0–21.1 6 (42.9) 21.4–67.4
Paracoccidioidomycosis 22 0 (0.0) 0.0–14.9 4 (18.2) 7.3–38.5
Toxoplasmosis 69 0 (0.0) 0.0–5.3 15 (21.7) 13.6–32.8
Tuberculosis 13 0 (0.0) 0.0–22.8 3 (23.1) 8.2–50.3

Total 213 17 (8.0) 5.0–12.4 99 (46.7) 39.9–53.2
a95% CI, 95% probability confidence interval.
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DISCUSSION

Diagnosis of ATL/CL can be difficult due to its varied clinical manifestations that
have similarities with fungal and mycobacterial infections, among other diseases (13).
To date, laboratory tests such as parasitological and histopathological exams have
exhibited low sensitivity and the diagnostic utility of the leishmanin (delayed-type
hypersensitivity) test is limited because it indicates not only current infection but also
prior infection. The general belief has been that serological assays for ATL/CL would be
limited by low sensitivity, and they have not therefore been considered for use in
routine diagnosis. Serological assays are, however, used in some institutions although
many work with antigens produced in-house from Leishmania promastigotes grown in
culture, such that a universal, standardized antigen is lacking (14–16).

In recent decades, an increasing number of recombinant proteins have been
described as candidates for the diagnosis of leishmaniasis (17–21). In general, however,
the sensitivity of these antigens has been low and has not warranted further develop-
ment into serologic tests that can be widely used. We previously obtained high
sensitivities and specificities for ELISA using Leishmania (L.) infantum rHsp83 against
ATL and VL samples (12). The rHsp83 antigen is unstable and degrades, however, and
this has precluded its further development into a standardized diagnostic method.
rHsp83 did provide proof of concept for the potential of antibody detection assays to
assist the diagnosis of ATL and indicated the importance of identifying new and highly
conserved proteins among different species of Leishmania to provide antigens for
detection of antibodies in sera of ATL patients. We therefore evaluated the reactivity of
Leishmania (V.) braziliensis-derived rLb8E and rLb6H antigens in sera from leishmaniasis
patients in this study. While both antigens performed very well (high sensitivity and
specificity for Leishmania infection), initial testing indicated that rLb6H had a greater
capacity then rLb8E to react with serum antibodies of ATL patients. Reactivity with VL
samples does not necessarily constitute a major problem for the diagnosis and man-
agement of patients since the clinical presentations of VL and ATL/CL are typically
distinct. Exceptions may occur in cases of HIV-Leishmania coinfection that may have
unusual manifestations (22), but a positive antibody response in this situation may
prompt the use of direct detection methods for verification of the infecting Leishmania
species and appropriate management of the patient.

In the present study, the performance of rLb6H was indicated to be excellent,
yielding 100.0% sensitivity and 98.5% specificity (versus healthy controls) for the
detection of antibodies in sera from ATL patients. Furthermore, our cohort consisted of
samples of patients from different Leishmania-endemic regions of Brazil for whom ATL
was caused by the particular species of Leishmania prevalent to the region. Previous
reports have suggested that variations in assay sensitivity may occur due to the
infecting Leishmania species. When L. (L.) amazonensis antigen preparations were used
for assaying, sensitivities were observed to be slightly lower with samples from patients
infected by L. (V.) guyanensis than from patients infected by L. (V.) braziliensis: 79.6% and
71.7% by indirect immunofluorescence assay and of 98.2% and 85.0% by ELISA,
respectively. Furthermore, for both tests, the titers with samples from L. (V.) guyanensis-
infected patients were significantly lower than those with samples from L. (V.)
braziliensis-infected patients (23). It is noteworthy that the reactivity against rLb6H
observed in our study tended to be higher with samples from patients infected with L.
(L.) amazonensis, followed by those infected with L. (L.) braziliensis and then those
infected with L. (V.) guyanensis. Thus, our data suggest that the amount of circulating
antibody may be dependent upon the Leishmania species involved. There are data
suggesting variations of anti-Leishmania antibody levels dependent on clinical presen-
tations of the disease (24), but in the present study, the available data did not allow us
to address this aspect, which will be further explored. Although our data also suggested
that reactivity levels varied considerably among groups of patients when the duration
of disease was longer, no correlation was detected (Spearman correlation, r � 0.052,
P � 0.7192).
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Rigorous evaluation of sera from other diseases against rLb6H indicated that the
recombinant protein provided much greater specificity for ATL than that achieved with
Leishmania major-like total antigen. The only apparent concern arose when sera of
patients with Chagas disease were evaluated, with 18.7% of the Chagas disease
samples exhibiting low-level responses (the highest reactivity index measured was 2.2).
While this is likely a result of cross-reactivity due to the high degree of homology of the
6H antigen between L. (V.) braziliensis and T. cruzi, we cannot formally exclude the
possibility that the Chagas disease patients were also latently infected with Leishmania.
Any suspicion of coinfection could be further investigated using Chagas disease-
specific tests to verify T. cruzi infection or parasitological examinations to exclude/
confirm Leishmania infection. Regardless, the results obtained with the rLb6H antigen
are very promising, supporting further evaluation and potential for routine use in the
serological diagnosis of ATL.

MATERIALS AND METHODS
Patients and serum samples. Serum samples from 500 Brazilian adults of both sexes were classified

into three groups. Group I consisted of 219 samples of ATL patients from regions where different
Leishmania species are present: the northern city of Manaus, Amazon state, and various cities of Para
state; the northeastern city of Recife, Pernambuco state; and the southeastern city of São Paulo, Sao
Paulo state (Table 1). Leishmaniasis was diagnosed by demonstration of a positive leishmanin test (25),
histopathology of skin lesions (26, 27), and/or direct identification of Leishmania infection by either
parasitological exams or PCR (27). The species identified as causative agents of ATL were L. (L.)
amazonensis, L. (V.) braziliensis, L. (V.) guyanensis, and L. (V.) shawi. Various methods were used to identify
the infecting species: monoclonal antibodies (28) (samples from Para state), PCR-restriction fragment
length polymorphism (RFLP) of Hsp70 (29, 30) (samples from Manaus), and schizodemas (31) (samples
from Recife). To assess specificity and potential cross-reactivity, group II consisted of 213 samples from
patients with other diseases: Chagas disease (n � 91), histoplasmosis (n � 4), malaria (n � 14),
paracoccidioidomycosis (n � 22), toxoplasmosis (n � 69), and tuberculosis (n � 13). These latter samples
were obtained from other studies, all approved by the ethics committees of the institutions involved.
Twenty Chagas disease samples, in particular, were from Montes Claros, Minas Gerais state. Group III
consisted of 68 individuals considered healthy by their own assessment and/or clinical exam. The study
was approved by the Conselho Nacional de Ética em Pesquisa (National Council of Ethics on Research)
and the Ethics Committee of Faculdade de Medicina, Universidade de São Paulo (protocol 490.392).

Antigens. The Lb6H and Lb8E antigens were originally identified during screening of a L. (V.)
braziliensis genomic expression library with serum from a ML patient (32). Oligonucleotide PCR primers
were designed to contain a 5= NdeI site, followed by residues encoding an amino-terminal six-histidine
tag, and a 3= EcoRI site following the residues encoding the termination codon. The PCR-amplified
product was digested with NdeI and EcoRI and ligated into pET 17b and subsequently transformed into
Escherichia coli BL-21 host cells for expression. Recombinant Lb6H was purified from the insoluble
inclusion bodies, and recombinant Lb8E was purified from the soluble fraction by affinity chromatog-
raphy using a nickle-nitrilotriacetic acid (Ni-NTA) agarose column. The purified protein fractions were
analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and quantified using
the BCA protein assay (Pierce, Rockford, IL).

The total alkaline extract of L. major-like (MHOM/BR/71/49) was produced according to the method
of Celeste et al. (33).

Recombinant Leishmania antigen-specific and L. major-like total antigen-specific antibody
detection ELISAs. Polystyrene plates were coated with 50 �l/well of either 1 �g/ml rLb6H and rLb8E
antigens or 5 �g/ml L. major-like total antigen in 0.06 M carbonate-bicarbonate buffer [pH 9.6]. Plates
were incubated overnight at 4°C in a humidified chamber and then washed three times with 0.01 M
phosphate-buffered saline (pH 7.2) containing Tween 20 (polyoxyethylene-sorbitan monolaurate; Sigma-
Aldrich, St. Louis, MO, USA) (PBS-T). Wells were blocked by adding 125 �l/well of PBS-T containing 5%
skimmed milk (PBS-T-L 5%) and incubating at 37°C for 2 h in a humidified chamber before washing three
times with PBS-T. Then, samples diluted either 1/100 (for the recombinant antigen ELISA) or 1/160 (for
the total L. major-like ELISA) in PBS-T-L 2% were added in duplicate wells (50 �l/well) and incubated at
37°C in a humidified chamber for 30 min before washing five times with PBS-T. Then 50 �l/well of goat
anti-human IgG peroxidase conjugate (Calbiochem, La Jolla, CA, USA) diluted 1/20,000 in PBS-T-L 2% was
added and incubated at 37°C in a moist chamber for 30 min before the plates were washed five times
with PBS-T. Finally, 50 �l/well of tetramethylbenzidine-H2O2 (TMB) single solution (Novex; Life Technol-
ogies, Carlsbad, CA, USA) was added, and the reaction was allowed to progress for 7 min at room
temperature under dark conditions before being stopped by the addition of 25 �l/well of 2 N H2SO4. The
spectrophotometric reading of each well was performed at 450 nm using a Multiskan GO instrument
(Thermo Scientific, Finland).

Statistical analysis. The sensitivity, specificity, and confidence intervals (95% CI) of each assay were
calculated after construction of a receiver operating characteristic (ROC) curve. The cutoff value to
discriminate negative and positive samples was determined by ROC curves as providing the best
performance following analyses of 68 samples from ATL patients and 68 samples from healthy individ-
uals. The ELISA results were expressed as the optical density (OD) of the test sample divided by the OD
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of the positive control in each plate and multiplied by 100, called percentage point positivity (pp) of the
positive control (34). For each sample, the reactivity index (RI) was calculated by dividing the pp value
per cutoff. Statistical analysis was performed using GraphPad Prism 5 (GraphPad Software Inc., San Diego,
CA, USA) and SigmaStat 3.5 analysis system software (Systat Software, Richmond, CA, USA). The
Kruskal-Wallis one-way analysis of variance on ranks followed by Dunn’s multiple comparison test, when
appropriate, was used to compare medians. The correlation between reactivity levels and the duration
of disease were assessed by Spearman’s rank correlation test. Differences were considered statistically
significant when P values were �0.05.

ACKNOWLEDGMENTS
This work was supported by Fundação de Amparo à Pesquisa do Estado de São

Paulo (grant 2015/22075-8 and fellowship 2016/02622-7 to C.M.S.), by CAPES (fellow-
ship to C.M.S.), by Conselho Nacional de Pesquisa (research fellowship to H.G.), and by
Laboratórios de Investigação Médica (LIM-38-HC, FMUSP). This research was also sup-
ported by funding from the Bill and Melinda Gates Foundation under grants OPP49932
and OPP1084251 and by grant R01AI025038 from NIAID, National Institutes of Health.

The content is solely the responsibility of the authors and does not necessarily
represent the official views of the Bill and Melinda Gates Foundation or the National
Institutes of Health.

REFERENCES
1. Lainson R, Shaw JJ. 2010. New World leishmaniasis, Topley & Wilson’s

microbiology and microbial infections. John Wiley & Sons, Ltd., New
York, NY.

2. Rogers KA, DeKrey GK, Mbow ML, Gillespie RD, Brodskyn CI, Titus RG.
2002. Type 1 and type 2 responses to Leishmania major. FEMS Microbiol
Lett 209:1–7. https://doi.org/10.1111/j.1574-6968.2002.tb11101.x.

3. Grimaldi G, Jr, Tesh RB. 1993. Leishmaniases of the New World: current
concepts and implications for future research. Clin Microbiol Rev
6:230 –250. https://doi.org/10.1128/CMR.6.3.230.

4. Desjeux P. 2004. Leishmaniasis: current situation and new perspectives.
Comp Immunol Microbiol Infect Dis 27:305–318. https://doi.org/
10.1016/j.cimid.2004.03.004.

5. Goto H, Lindoso JA. 2010. Current diagnosis and treatment of cutaneous
and mucocutaneous leishmaniasis. Expert Rev Anti Infect Ther
8:419 – 433. https://doi.org/10.1586/eri.10.19.

6. Boggild AK, Ramos AP, Espinosa D, Valencia BM, Veland N, Miranda-
Verastegui C, Arevalo J, Low DE, Llanos-Cuentas A. 2010. Clinical and
demographic stratification of test performance: a pooled analysis of five
laboratory diagnostic methods for American cutaneous leishmaniasis.
Am J Trop Med Hyg 83:345–350. https://doi.org/10.4269/ajtmh.2010.09
-0414.

7. Reed SG, Badaro R, Masur H, Carvalho EM, Lorenco R, Lisboa A, Teixeira
R, Johnson WD, Jr, Jones TC. 1986. Selection of a skin test antigen for
American visceral leishmaniasis. Am J Trop Med Hyg 35:79 – 85.

8. Guimaraes MC, Celeste BJ, Franco EL. 1990. Diagnostic performance
indices for immunofluorescent tests and enzyme immunoassays of leish-
maniasis sera from northern and north-eastern Brazil. Bull World Health
Organ 68:39 – 43.

9. Guimaraes MC, Celeste BJ, Franco EL, Cuce LC, Belda W, Jr. 1989.
Evaluation of serological diagnostic indices for mucocutaneous
leishmaniasis: immunofluorescence tests and enzyme-linked immunoas-
says for IgG, IgM and IgA antibodies. Bull World Health Organ 67:
643– 648.

10. Barroso-Freitas AP, Passos SR, Mouta-Confort E, Madeira MF, Schubach
AO, Santos GP, Nascimento LD, Marzochi MC, Marzochi KB. 2009. Accu-
racy of an ELISA and indirect immunofluorescence for the laboratory
diagnosis of American tegumentary leishmaniasis. Trans R Soc Trop Med
Hyg 103:383–389. https://doi.org/10.1016/j.trstmh.2008.12.019.

11. Cunningham J, Hasker E, Das P, El Safi S, Goto H, Mondal D, Mbuchi M,
Mukhtar M, Rabello A, Rijal S, Sundar S, Wasunna M, Adams E, Menten J,
Peeling R, Boelaert M, WHO/TDR Visceral Leishmaniasis Laboratory Net-
work. 2012. A global comparative evaluation of commercial immuno-
chromatographic rapid diagnostic tests for visceral leishmaniasis. Clin
Infect Dis 55:1312–1319. https://doi.org/10.1093/cid/cis716.

12. Celeste BJ, Arroyo Sanchez MC, Ramos-Sanchez EM, Castro LG, Lima
Costa FA, Goto H. 2014. Recombinant Leishmania infantum heat shock
protein 83 for the serodiagnosis of cutaneous, mucosal, and visceral

leishmaniases. Am J Trop Med Hyg 90:860 – 865. https://doi.org/10.4269/
ajtmh.13-0623.

13. Pinero J, Martinez E, Pacheco R, Aragon Z, De Armas F, Del Castillo A,
Valladares B. 1999. PCR-ELISA for diagnosis of mucocutaneous leishmania-
sis. Acta Trop 73:21–29. https://doi.org/10.1016/S0001-706X(99)00015-7.

14. Badaro R, Reed SG, Barral A, Orge G, Jones TC. 1986. Evaluation of the
micro enzyme-linked immunosorbent assay (ELISA) for antibodies in
American visceral leishmaniasis: antigen selection for detection of
infection-specific responses. Am J Trop Med Hyg 35:72–78.

15. Celeste BJ, Guimaraes CS, Corrales EM. 1988. Peroxidase antibody test
for mucocutaneous leishmaniasis serology. Performance indexes and
comparison with a fluorescent antibody test. Rev Inst Med Trop Sao
Paulo 30:411– 414.

16. Choudhry A, Puri A, Guru PY, Saxena RP, Saxena KC. 1992. An indirect
fluorescent antibody (IFA) test for the serodiagnosis of kala-azar. J
Commun Dis 24:32–36.

17. Soto M, Requena JM, Quijada L, Alonso C. 1996. Specific serodiagnosis of
human leishmaniasis with recombinant leishmania P2 acidic ribosomal
proteins. Clin Diagn Lab Immunol 3:387–391.

18. Soto M, Requena JM, Quijada L, Alonso C. 1998. Multicomponent chi-
meric antigen for serodiagnosis of canine visceral leishmaniasis. J Clin
Microbiol 36:58 – 63.

19. de Souza Dias S, da Costa Pinheiro PH, Katz S, dos Santos MR, Barbieri CL.
2005. A recombinant cysteine proteinase from Leishmania (Leishmania)
chagasi suitable for serodiagnosis of American visceral leishmaniasis. Am
J Trop Med Hyg 72:126 –132.

20. Rafati S, Hassani N, Taslimi Y, Movassagh H, Rochette A, Papadopoulou
B. 2006. Amastin peptide-binding antibodies as biomarkers of active
human visceral leishmaniasis. Clin Vaccine Immunol 13:1104 –1110.
https://doi.org/10.1128/CVI.00188-06.

21. de Souza CM, Silva ED, Ano Bom AP, Bastos RC, Nascimento HJ, da Silva
Junior JG. 2012. Evaluation of an ELISA for canine leishmaniasis immu-
nodiagnostic using recombinant proteins. Parasite Immunol 34:1–7.
https://doi.org/10.1111/j.1365-3024.2011.01334.x.

22. Lindoso JA, Barbosa RN, Posada-Vergara MP, Duarte MI, Oyafuso LK, Amato
VS, Goto H. 2009. Unusual manifestations of tegumentary leishmaniasis in
AIDS patients from the New World. Br J Dermatol 160:311–318. https://
doi.org/10.1111/j.1365-2133.2008.08908.x.

23. Romero GA, de la Gloria Orge Orge M, de Farias Guerra MV, Paes MG, de
Oliveira Macedo V, de Carvalho EM. 2005. Antibody response in patients
with cutaneous leishmaniasis infected by Leishmania (Viannia) brazilien-
sis or Leishmania (Viannia) guyanensis in Brazil. Acta Trop 93:49 –56.
https://doi.org/10.1016/j.actatropica.2004.09.005.

24. Silveira FT, Lainson R, Crescente JA, de Souza AA, Campos MB, Gomes CM,
Laurenti MD, Corbett CE. 2010. A prospective study on the dynamics of the
clinical and immunological evolution of human Leishmania (L.) infantum

Sato et al. Journal of Clinical Microbiology

February 2017 Volume 55 Issue 2 jcm.asm.org 502

 on June 27, 2017 by IN
S

T
IT

U
T

O
 F

E
D

E
R

A
L D

E
 A

LA
G

O
A

S
http://jcm

.asm
.org/

D
ow

nloaded from
 

https://doi.org/10.1111/j.1574-6968.2002.tb11101.x
https://doi.org/10.1128/CMR.6.3.230
https://doi.org/10.1016/j.cimid.2004.03.004
https://doi.org/10.1016/j.cimid.2004.03.004
https://doi.org/10.1586/eri.10.19
https://doi.org/10.4269/ajtmh.2010.09-0414
https://doi.org/10.4269/ajtmh.2010.09-0414
https://doi.org/10.1016/j.trstmh.2008.12.019
https://doi.org/10.1093/cid/cis716
https://doi.org/10.4269/ajtmh.13-0623
https://doi.org/10.4269/ajtmh.13-0623
https://doi.org/10.1016/S0001-706X(99)00015-7
https://doi.org/10.1128/CVI.00188-06
https://doi.org/10.1111/j.1365-3024.2011.01334.x
https://doi.org/10.1111/j.1365-2133.2008.08908.x
https://doi.org/10.1111/j.1365-2133.2008.08908.x
https://doi.org/10.1016/j.actatropica.2004.09.005
http://jcm.asm.org
http://jcm.asm.org/


chagasi infection in the Brazilian Amazon region. Trans R Soc Trop Med Hyg
104:529–535. https://doi.org/10.1016/j.trstmh.2010.05.002.

25. Montenegro J. 1926. A cutis-reação na leishmaniose. An Fac Med S Paulo
1:323–330.

26. Guimarães MC, Celeste BJ, de Castilho EA, Mineo JR, Diniz JM. 1981.
Immunoenzymatic assay (ELISA) in mucocutaneous leishmaniasis, kala-
azar, and Chagas’ disease: an epimastigote Trypanosoma cruzi antigen
able to distinguish between anti-Trypanosoma and anti-Leishmania an-
tibodies. Am J Trop Med Hyg 30:942–947.

27. Goto H, Lindoso JAL. 2012. Cutaneous and mucocutaneous leishmania-
sis. Infect Dis Clin North Am 26:293–307. https://doi.org/10.1016/
j.idc.2012.03.001.

28. Grimaldi G, McMahon-Pratt D. 1996. Monoclonal antibodies for the
identification of New World Leishmania species. Mem Inst Oswaldo Cruz
91:37– 42.

29. Garcia L, Kindt A, Bermudez H, Llanos-Cuentas A, De Doncker S, Arevalo
J, Wilber Quispe Tintaya K, Dujardin JC. 2004. Culture-independent
species typing of neotropical Leishmania for clinical validation of a
PCR-based assay targeting heat shock protein 70 genes. J Clin Microbiol
42:2294 –2297. https://doi.org/10.1128/JCM.42.5.2294-2297.2004.

30. Marfurt J, Nasereddin A, Niederwieser I, Jaffe CL, Beck HP, Felger I. 2003.

Identification and differentiation of Leishmania species in clinical sam-
ples by PCR amplification of the miniexon sequence and subsequent
restriction fragment length polymorphism analysis. J Clin Microbiol
41:3147–3153. https://doi.org/10.1128/JCM.41.7.3147-3153.2003.

31. Cupolillo E, Grimaldi G, Jr, Momen H. 1995. Discrimination of Leishmania
isolates using a limited set of enzymatic loci. Ann Trop Med Parasitol
89:17–23. https://doi.org/10.1080/00034983.1995.11812924.

32. Skeiky YA, Benson DR, Guderian JA, Whittle JA, Bacelar O, Carvalho EM,
Reed SG. 1995. Immune responses of leishmaniasis patients to heat
shock proteins of Leishmania species and humans. Infect Immun 63:
4105– 4114.

33. Celeste BJ, Guimaraes MC, de Souza JM, Bergamaschi DP. 1998. Repro-
ducibility of alkaline antigens of Leishmania major-like and Leishmania
(V.) braziliensis evaluated by IgG-ELISA. Comparison of antigens added of
a protein inhibitor (PMSF) or not. Rev Inst Med Trop Sao Paulo 40:
287–290.

34. Hasker E, Kansal S, Malaviya P, Gidwani K, Picado A, Singh RP, Chourasia
A, Singh AK, Shankar R, Menten J, Wilson ME, Boelaert M, Sundar S. 2013.
Latent infection with Leishmania donovani in highly endemic villages in
Bihar, India. PLoS Negl Trop Dis 7:e2053. https://doi.org/10.1371/
journal.pntd.0002053.

Serodiagnosis of American Tegumentary Leishmaniasis Journal of Clinical Microbiology

February 2017 Volume 55 Issue 2 jcm.asm.org 503

 on June 27, 2017 by IN
S

T
IT

U
T

O
 F

E
D

E
R

A
L D

E
 A

LA
G

O
A

S
http://jcm

.asm
.org/

D
ow

nloaded from
 

https://doi.org/10.1016/j.trstmh.2010.05.002
https://doi.org/10.1016/j.idc.2012.03.001
https://doi.org/10.1016/j.idc.2012.03.001
https://doi.org/10.1128/JCM.42.5.2294-2297.2004
https://doi.org/10.1128/JCM.41.7.3147-3153.2003
https://doi.org/10.1080/00034983.1995.11812924
https://doi.org/10.1371/journal.pntd.0002053
https://doi.org/10.1371/journal.pntd.0002053
http://jcm.asm.org
http://jcm.asm.org/

	RESULTS
	Conservation of potential serodiagnostic proteins across Leishmania species.
	Detection of antigen-specific antibodies in sera from leishmaniases patients.
	Reactivity of rLb6H with sera from ATL cases caused by various Leishmania species.
	rLb6H has minimal reactivity with serum samples from other infectious diseases.

	DISCUSSION
	MATERIALS AND METHODS
	Patients and serum samples.
	Antigens.
	Recombinant Leishmania antigen-specific and L. major-like total antigen-specific antibody detection ELISAs.
	Statistical analysis.

	ACKNOWLEDGMENTS
	REFERENCES

