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Abstract 35 

 36 

Serological tests used for the diagnosis of tegumentary leishmaniasis (TL) presents problems, 37 

mainly related to their variable sensitivity and/or specificity, which can be caused by low levels of 38 

antileishmanial antibodies or by presence of cross-reactive diseases, respectively. In this context, 39 

the search for new antigenic candidates presenting higher sensitivity and specificity is urgently 40 

required. In the present study, the amino acid sequences of the LiHyT, LiHyD, LiHyV, and LiHyP 41 

proteins, which were previously showed to be antigenic in the visceral leishmaniasis (VL), were 42 

evaluated and eight B-cell epitopes were predicted and used for construction of gene codifying a 43 

chimeric protein called ChimLeish. The protein was expressed, purified and evaluated as a 44 

recombinant antigen in ELISA (Enzyme-Linked Immunosorbent Assay) for the diagnosis of TL. 45 

The own B cell epitopes used to construct the chimera were synthetized and also evaluated as 46 

antigens, as well as a soluble Leishmania braziliensis antigenic extract (SLA). Results showed that 47 

ChimLeish presented 100% sensitivity and specificity to diagnose TL, while synthetic peptides 48 

showed sensitivity varying from 9.1% to 90.9%, while specificity reached from 98.3% to 99.1%. 49 

SLA showed sensitivity and specificity of 18.2% and 98.3%, respectively. A preliminary prognostic 50 

evaluation showed that anti-ChimLeish IgG antibodies declined in significant levels, when 51 

serological reactivity was compared before and six months after treatment, suggesting also a 52 

possible prognostic role of this antigen for TL. 53 

 54 

Keywords: Tegumentary leishmaniasis; B-cell epitopes; chimera; diagnosis; ELISA; prognosis. 55 
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1. Introduction 69 

 70 

Leishmaniases are neglected tropical diseases caused by protozoa parasites of the 71 

genus Leishmania, which are endemic in 98 countries in the world with 380 million people exposed 72 

to the infection risks, and 12 million people clinically affected [1]. There is an annual estimated 73 

incidence of 0.7 to 1.2 million cases of tegumentary leishmaniasis (TL) and 0.5 million cases of 74 

visceral leishmaniasis (VL) registered [2,3]. TL causes distinct clinical manifestations in patients, 75 

such as cutaneous leishmaniasis (CL), diffuse cutaneous leishmaniasis (DCL), and mucosal 76 

leishmaniasis (ML). This disease complex is caused by several parasite species, such as Leishmania 77 

braziliensis, L. major, L. tropica, L. guyanensis, L. amazonensis, among others [4]. 78 

The diagnosis of TL relies on clinical manifestations associated with epidemiological and 79 

laboratory data. As there is no gold-standard test to diagnose the disease, a combination of methods 80 

is usually required to obtain the precise diagnosis [5]. Parasitological tests, which are based on the 81 

direct examination of amastigotes in Giemsa-stained lesion smears of scrapping, biopsies or 82 

impression smears, have been used with such purpose. However, due to the scarcity of parasites in 83 

the collected samples, mainly in patients with old lesions, the sensitivity is variable and between 84 

20% and 40% of the patients present false-negative results [6-9]. Molecular tests have also been 85 

used as more sensitive tools to detect Leishmania content in collected samples. PCR-based assays 86 

have obtained higher sensitivity to detect TL patients as compared to conventional parasitological 87 

methods. However, these tests are expensive, require sophisticated equipment and trained 88 

professionals to perform, as well as the sample collection is also invasive; limiting then their use 89 

[10,11]. 90 

Serological tests have been applied for the detection of antileishmanial antibodies in sera of 91 

infected hosts, and high efficacy has been reached for VL [12]. These tests are simpler and cheaper, 92 

when compared to the parasitological methods, and the sample collection is considered less invasive 93 

[12,13]. However, serological tests to diagnose TL have showed lower sensitivity, mainly due to the 94 

presence of low levels of antileishmanial antibodies [14,15]. In addition, the specificity has been 95 

also variable by the presence of cross-reactive antigens in patients developing leprosy, malaria, 96 

tuberculosis, histoplasmosis, aspergillosis, systemic lupus erythematosus, among others [14-19]. 97 

There are also cases where treated patients maintain positive serology for months and/or years after 98 

treatment and clinic cure, being difficult to differentiate them from those with active disease 99 

[20,21]. In this context, the search continues to identify more sensitive and specific diagnostic 100 

targets for TL. 101 
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Our group performed an immunoproteomic study to identify Leishmania proteins with 102 

application potential for the diagnosis of leishmaniasis [22]. Some of these antigens, evaluated as 103 

individual recombinant proteins, satisfactory diagnostic action against canine and/or human VL, 104 

such as LiHyT [23], LiHyD [24] and LiHyV [25]. LiHyP, a hypothetical protein also identified in 105 

the cited immunoproteomic study, showed specific B-cell epitopes in its amino acid sequence; 106 

suggesting then the potential use as diagnostic marker to detect the disease. Considering the 107 

similarities between the amino acid sequences of LiHyT, LiHyD, LiHyV, and LiHyP proteins in 108 

distinct Leishmania spp.; in the present study, linear B-cell epitopes were predicted in the sequences 109 

of these four proteins, and they were used to construct the gene codifying a chimeric protein. This 110 

new antigen, called ChimLeish, was cloned and the recombinant chimera was purified and 111 

evaluated in ELISA (Enzyme-Linked Immunosorbent Assay) for the diagnosis of TL. The B cell 112 

epitopes used to construct the chimeric protein were also synthetized and tested in the experiments, 113 

as well as a soluble L. braziliensis antigenic extract (SLA). Results suggested that ChimLeish 114 

presented 100% sensitivity and specificity to detect TL patients, including those presenting lower 115 

anti-parasite serology; while synthetic peptides and SLA showed lower sensitivity and specificity 116 

values, mainly to diagnose CL cases. Evaluating a possible prognostic role of the antigens, low 117 

levels of anti-ChimLeish IgG antibodies were found in sera of treated patients, which were similar 118 

to those obtained in healthy subjects; suggesting also a prognostic role of this antigen for TL. 119 

 120 

 121 

2. Materials and Methods 122 

 123 

2.1. Parasites 124 

L. braziliensis (MHOM/BR/1975/M2904) stationary promastigotes were grown at 24ºC in 125 

Schneider's medium (Sigma, St. Louis, MO, USA) added with 20% (v/v) inactivated fetal bovine 126 

serum (FBS, Sigma), 20 mM L-glutamine, 200 U/mL penicillin, and 100 µg/mL streptomycin at pH 127 

7.4. The antigenic extract was prepared from 10
9 

parasites according to described in [26]. Briefly, 128 

stationary promastigotes were washed three times in sterile phosphate-buffered saline (PBS 1x pH 129 

7.4) and submitted to six cycles of freezing and thawing, at which time they were submitted to 130 

ultrasonication (Ultrasonic processor, GEX600) with five cycles of 30 seconds at 38 MHz. The 131 

supernatant containing SLA was collected after centrifugation (9,000 x g for 30 min at 4
o
C) and 132 

stored at -70
o
C until use. 133 

 134 

 135 
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2.2. Prediction of B-cell epitopes and construction of chimeric protein 136 

The amino acid sequences of LiHyT (XP_001465138.1), LiHyD (XP_001468360.1), LiHyV 137 

(XP_001462854.1), and LiHyP (XP_001468385.2) proteins were obtained from the SwissProt 138 

server (web.expasy.org/docs/swiss-prot) and saved in TXT format [27]. The IEDB server 139 

(www.iedb.org) was used to identify the most accessible amino acids in the primary structures using 140 

the parameters: window size of 12 and threshold value of 1.0. Next, epitopes were predicted using 141 

the ABCpred server (www.imtech.res.in/raghava/abcpred/) with the parameters: window size of 16 142 

and threshold value of 0.85. Eight epitopes were selected and their amino acid sequences were used 143 

to construct the chimera-codifying gene. Aiming to provide flexibility and avoid spatial overlap 144 

between the epitopes in the protein sequence, two glycine residues were included between each 145 

peptide sequence. Both the ChimLeish-codifying gene, which was cloned into pET28a-TEV vector, 146 

and B cell epitopes (Pept1, Pept2, Pept3, Pept4, Pept5, Pept6, Pept7 and Pept8) were commercially 147 

produced (Genscript


, USA). The lyophilized peptides were diluted in milli-Q water before use in 148 

the experiments. The construct was inserted into E. coli Arctic Express cells, and the protein 149 

expression was induced by addition of isopropyl-β-D-thiogalactopyranoside (1.0 mM; Promega
®
, 150 

Canada) for 2 h at 37ºC. Next, bacteria were centrifuged at 3,000 x g for 10 min at 4ºC, and then 151 

disrupted with six cycles of freezing and thawing, followed by six cycles of ultrasonication with 152 

cycles of 30 seconds each (36 MHz). Cellular debris was removed after centrifugation (5,000 x g 153 

for 15 min at 4ºC) and the supernatant was collected and concentrated in Amicon
®
 ultra15 filters 154 

with a nominal molecular weight limit of 10,000 (NMWL, Millipore, Germany). The recombinant 155 

protein was purified on a HisTrap HP affinity column (GE Healthcare Life Sciences, USA) 156 

connected to an AKTA system. After purification, ChimLeish (19.2 kDa) was passed through a 157 

polymyxin-agarose column (Sigma-Aldrich, USA) in order to remove any residual endotoxin 158 

content (<10 ng of LPS per 1 mg of recombinant protein, measured by the Quantitative 159 

Chromogenic Limulus Amebocyte Assay QCL-1000 kit, BioWhittaker, USA). SDS-12% PAGE 160 

gels were used to evaluate the purification profile. 161 

 162 

2.3. Study population and sera samples 163 

The study was approved by the Ethics Committee of the Federal University of Minas Gerais 164 

(UFMG, Belo Horizonte, Minas Gerais, Brazil), with protocol number CAAE-165 

32343114.9.0000.5149. Sera samples of CL (n=25; including 15 males and 10 females, with ages 166 

ranging from 27 to 56 years old) and ML (n=30; including 18 males and 12 females, with ages 167 

ranging from 29 to 63 years) patients, all living in endemic area of TL (Belo Horizonte, Minas 168 

Gerais, Brazil), were used. The diagnosis was confirmed by clinical exams and parasitological tests 169 
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to detect parasites by Giemsa-stained smears from lesion and/or mucosal fragments, as well as by 170 

identification of parasite content by PCR technique according described [28]. Briefly, DNA was 171 

extracted from collected samples using the QIAamp
®
 DNA Blood Mini Kit (Qiagen

®
, MD, USA), 172 

purified and assayed by spectrophotometry. It was then diluted in sterile ultrapure water and the 173 

following primers were used to amplify a Leishmania kDNA region (150 base pairs) in TL patient 174 

samples: 5´-GGGKAGGGGCGTTCTSCGAA-3´ (Forward) and 5´-175 

SSSWCTATWTTACACCAACCCC-3´ (Reverse). The parasite DNA extracted of a reference 176 

strain for TL (MHOM/BR/2002/LPC-RPV) was used as positive control, while sterile ultrapure 177 

water was used as negative control. For reactions, the following reagents were used: 2 mM MgCl2, 178 

200 µM dNTPs, 0.6 µM of each primer (Sigma-Aldrich, USA), 1 UI Taq DNA polymerase with 179 

specific buffer (Invitrogen, USA), and 20 ng DNA templates. The program applied was: (step 1) 180 

94ºC for 10 min; (step 2) 60ºC for 30 seconds; (step 3) 72ºC for 30 seconds; (step 4) 94ºC for 30 181 

seconds and go to step 2 for 42 times; (step 5) 72ºC for 10 min [28]. The amplified product was 182 

analysed by polyacrylamide gel. CL patients presented an assumed disease evolution time varying 183 

from 4 months to 8 years, while ML patients presented an assumed disease evolution time ranging 184 

from 6 months to 12 years. None of the TL patients had been treated before sample collection. Sera 185 

were also collected from healthy individuals living in endemic region of disease (n=25, including 186 

14 males and 11 females, with ages ranging from 26 to 42 years; Belo Horizonte). These subjects 187 

presented no clinical signal of leishmaniasis. Samples of Chagas Disease patients (n=25, including 188 

16 males and 9 females, with ages ranging from 33 to 59 years), which were diagnosed by 189 

hemoculture, Chagatest
®
 recombinant ELISA v.4.0 kit and/or Chagatest

®
 hemmaglutination 190 

inhibition (Wiener lab., Rosario, Argentina), as well as from patients with leprosy (n=20, with 12 191 

males and 8 females, with ages ranging from 35 to 55 years), aspergillosis (n=15, including 8 males 192 

and 7 females, with ages ranging from 34 to 60 years) and histoplasmosis (n=15; including 6 males 193 

and 9 females, with ages ranging from 30 to 56 years) were used. The diagnosis of these diseases 194 

was confirmed by means of ML Flow rapid test, detection of fungal hyphae in histopathological 195 

examination, and isolation of the fungus in culture of bronchoalveolar lavage fluids and/or whole 196 

blood, respectively. Additionally, sera of HIV-infected patients (n=15, including 9 males and 6 197 

females, with ages ranging from 28 to 50 years), which were diagnosed by means of clinical exam 198 

and laboratory tests for CD4
+
 T cell count and determination of the viral load, were also used. 199 

 200 

2.4. Serological follow-up after treatment 201 

Sera samples from ML patients (n=15) were collected before and six months after treatment, 202 

when the humoral response specific to ChimLeish, synthetic peptides and SLA was evaluated. The 203 
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patients were submitted to the same therapeutic regimen using pentavalent antimonials (Sanofi 204 

Aventis Farmacêutica Ltda., Suzano, São Paulo, Brazil), at a dose of 20 mg Sb
+5

 per kg for 30 days. 205 

In addition, none of them suffered from other infection or had any pre-existing disease. After 206 

completion of the treatment, all patients were free of any sign of leishmaniasis and were classified 207 

as clinically cured. 208 

 209 

2.5. Immunoblotting assays 210 

Immunoblottings were performed using ChimLeish, which was submitted (10 µg) to SDS-211 

12% PAGE gels and blotted onto a nitrocellulose membrane (0.2 m pore size, Sigma-Aldrich, 212 

USA). Next, membranes were blocked with PBS-T plus 5% bovine serum albumin (BSA) (w/v) 213 

and incubated for 1 h at 37
o
C. A new incubation with sera pools of healthy subjects (n=4) or 214 

patients with CL or ML (n=4 each) was performed for 1 h at 37
o
C, with sera samples 1:100 diluted 215 

in PBS-T. Next, membranes were washed with PBS-T and an anti-human IgG horseradish-216 

peroxidase conjugated antibody was added in the plates (diluted 1:10,000 in PBS-T; Sigma-Aldrich, 217 

USA), when a new incubation was performed for 1 h at 37°C. After, reactions were developed 218 

using a solution composed by chloronaphtol, diaminobenzidine and H2O2 for 30 min, and stopped 219 

by adding distilled water. A low range protein ladder standard (Invitrogen
TM

, Life Technologies, 220 

USA) was used. Three independent experiments were performed and results were similar. 221 

 222 

2.6. Serological assays 223 

Previous titration curves were performed to determine the most appropriate concentration of 224 

antigens and sera dilutions to be used in the experiments. Microtiter immunoassay plates (Jetbiofil
®
, 225 

Belo Horizonte) were coated with ChimLeish (0.5 µg/well), individual peptides (5.0 µg/well, all 226 

antigens) or L. braziliensis SLA (2.0 µg/well), which were diluted in coating buffer (50 mM 227 

carbonate buffer at pH 9.6), for 18 h at 4°C. Next, free binding sites were blocked using 250 µL of 228 

PBS-T plus 5% BSA (w/v) per well for 1 h at 37°C. After washing the plates five times with PBS-229 

T, they were incubated with the individual serum samples (1:100 diluted for synthetic peptides and 230 

SLA or 1:200 diluted for ChimLeish, both in PBS-T), and incubated for 1 h at 37°C. Plates were 231 

washed five times with PBS-T and incubated with an anti-human IgG peroxidase conjugated 232 

antibody (1:10,000 for peptides and SLA, and 1:20,000 for ChimLeish, both in PBS-T) for 1 h at 233 

37°C. After washing the plates six times with PBS-T, reactions were developed by incubation with 234 

100 µL per well of a solution composed by 2 µL H2O2, 2 mg ortho-phenylenediamine and 10 mL 235 

citrate-phosphate buffer at pH 5.0, for 30 min and in the dark. Reactions were stopped by adding 25 236 

µL 2 N H2SO4. The optical density (OD) values were measured in a microplate reader (Molecular 237 



8 

 

Devices, Spectra Max Plus, Canada) at 492 nm. All samples were tested in parallel on the same day 238 

to reduce experimental variation. 239 

 240 

2.7. Statistical analysis 241 

Results were entered into Microsoft Excel (version 10.0) spreadsheets and analysed with 242 

GraphPad Prism
TM

 software (version 6.0 for Windows). The cut-off values for each antigen were 243 

determined by constructing Receiver Operating Characteristic (ROC) curves, which were plotted 244 

with the individual OD values of TL patients group versus those from the other (healthy individuals 245 

and patients with Chagas Disease, leprosy, histoplasmosis, aspergillosis or HIV-infected) groups. 246 

ROC curves were used to calculate: sensitivity (Se), specificity (Sp), area under the curve (AUC), 247 

confidence interval using a 95% level (95% CI), likelihood ratio (LR), and Youden index (Y). The 248 

unpaired two-tailed t-test was used and differences were considered statistically significant with P < 249 

0.05. 250 

 251 

 252 

3. Results 253 

 254 

3.1. Construction and characterization of ChimLeish protein 255 

Eight linear B-cell epitopes were predicted in the amino acid sequences of LiHyT, LiHyD, 256 

LiHyV and LiHyP proteins, with two epitopes identified in each protein sequence. In addition, the 257 

amino acid sequences of the selected epitopes were found to be conserved in distinct Leishmania 258 

species (Fig. 1). With the purpose to provide flexibility and to avoid the spatial overlap between 259 

epitopes in the protein sequence, two glycine residues were included between them (Fig. 2). After 260 

purification, ChimLeish was showed to be a soluble protein and with high purification yield (higher 261 

than 95.0%), which can be visualized in a representative SDS-12% PAGE gel (Fig. 3A, lane 2). 262 

Immunoblotting assays showed that, while ChimLeish was not recognized by antibodies in sera of 263 

healthy individuals (Fig. 3B, lane 2), it was specifically recognized by samples of CL and ML 264 

patients (Fig. 3B, lanes 3 and 4, respectively). In both cases, a low range protein ladder standard 265 

was used (Figs. 3A and 3B, lane 1 in both). 266 

 267 

3.2. Evaluation of antigens for the diagnosis of tegumentary leishmaniasis 268 

The diagnostic efficacy for the detection of TL cases was evaluated using ChimLeish, 269 

synthetic peptides and SLA as antigen by means of ELISA against a human serological panel. 270 

Results showed that the recombinant protein was recognized by sera in CL and ML patients, but not 271 
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by those from healthy subjects or of patients presenting TL-related diseases; with statistically 272 

significant differences being found between the groups (P < 0.0001). Results are presented as box 273 

plots, with indication of the minimum and maximum values obtained for each antigen (Fig. 4). The 274 

higher serological variation found in the TL group, when synthetic peptides and SLA were used as 275 

antigens, can be explained by the fact that CL patients usually present lower antileishmanial 276 

serology, making difficult to be reactive against a diverse antigenic preparation, as well as by the 277 

fact that peptides are short antigens and that usually present higher difficulty to be identified by 278 

antibodies in ELISA plates. Otherwise, lower serological variation was found when ChimLeish was 279 

used as an antigen (Fig. 4); suggesting then that this antigen presented a more homogeneous 280 

recognition by antibodies present in sera of CL and ML patients. ROC curves were constructed for 281 

each antigen and results are shown (Fig. 5), as well as the sensitivity and specificity values were 282 

determined. Results showed that ChimLeish presented both 100% sensitivity and specificity, while 283 

synthetic peptides showed sensitivity ranging from 9.1% to 90.9%, and specificity varying from 284 

98.3% to 99.1% (Table 1). SLA showed sensitivity and specificity values of 18.2% and 98.3%, 285 

respectively; thus concluding that ChimLeish was the best antigen applied for the diagnosis of TL 286 

when our serological panel was evaluated in ELISA. 287 

 288 

3.3. Serological follow-up after treatment 289 

The antibody response against the antigens was evaluated comparatively before and six 290 

months after patient treatment (Fig. 6). Results showed that anti-ChimLeish IgG antibodies 291 

significantly declined after therapy as compared to OD values obtained before treatment. Using 292 

using SLA as antigen, the serological reactivity was similar before and after treatment (Fig. 6A). 293 

Testing the synthetic peptides, lower humoral response was found after patient treatment, although 294 

data using the chimeric protein have been more expressive. With the OD values obtained before and 295 

after treatment, ratios between IgG levels using each antigen were calculated and results are also 296 

shown (Fig. 6B). Data indicate that anti-chimera antibodies declined in more significant levels after 297 

therapy, when compared to values obtained using the synthetic peptides or SLA. 298 

 299 

 300 

4. Discussion 301 

 302 

Distinct clinical manifestations are caused by leishmaniasis in humans. VL is the most 303 

serious clinical form of the disease and is responsible by death of approximately 59,000 people 304 

annually [29]. TL is not considered a fatal disease; however, it can cause since a localized 305 
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cutaneous lesion that appears ulcerated, with granular base and raised borders, until lesions causing 306 

gradual tissue destruction, affecting the upper respiratory and digestive tracts mucosa of the patients 307 

[23]. In this context, a precise diagnosis of this disease complex is essential to perform a rapid 308 

treatment aiming to improve the quality of life of the patients, and serological tests have been 309 

considered important tools for the diagnosis of leishmaniasis, due to their simplicity, high 310 

performance, reproducibility, and low cost [30]. In the VL, symptomatic patients usually develop 311 

high antileishmanial serology, and they are precisely diagnosed in the available tests [31-33]. 312 

However, in the TL, the anti-parasite antibody production is usually lower against Leishmania 313 

antigens, mainly in CL cases, and diagnostic tests are not effective to detect the disease [34]. 314 

In a previous work developed by our group, L. infantum proteins were recognized by 315 

antibodies in sera of VL dogs, and they were suggested as potential diagnostic markers for disease 316 

[22]. In fact, some of these antigens, such as LiHyT [23], LiHyD [24] and LiHyV [25], were cloned 317 

and the recombinant proteins were individually tested as diagnostic markers for VL, and promising 318 

results being obtained. However, to the best of our knowledge, none of these antigens were tested 319 

for the diagnosis of TL. Otherwise, the association of diagnostic antigens could represents better 320 

diagnostic accuracy for leishmaniasis, when compared to the use of individual proteins, since higher 321 

antigenic variety represented by distinct B cell epitopes derived from different parasite proteins 322 

could be included in the protein sequence, making it easier to be recognized by antibodies in sera of 323 

infected hosts [35]. In this context, the development of polypeptide-based chimeric proteins could 324 

result in high sensitivity and specificity values for the diagnosis of leishmaniasis, as well as present 325 

low production cost due to the fact that it is an unique protein [36]. 326 

In this context, in the present study, the amino acid sequences of LiHyT, LiHyD, LiHyP, 327 

and LiHyV proteins were mapped and the main B-cell epitopes were identified and used to 328 

construct a recombinant chimeric protein, which was tested for the diagnosis of TL. The chimera 329 

was showed to be a soluble protein and with high purification yield and it was tested in ELISA for 330 

the diagnosis of TL, here represented by sera of CL and ML patients. The B cell epitopes used to 331 

construct the chimera sequence were produced as synthetic peptides, and they were also used as 332 

antigens in the experiments, as well as a soluble L. braziliensis antigenic extract. Results showed 333 

that ChimLeish was identified by all TL patient sera, including CL patients samples, and presented 334 

low cross-reactivity against antibodies in sera from healthy subjects or patients developing Chagas 335 

Disease, leprosy, malaria, tuberculosis, histoplasmosis, and aspergillosis or those HIV-infected. 336 

Although some synthetic peptides showed satisfactory diagnostic performance, their sensitivity and 337 

specificity values were lower in comparison to data obtained using ChimLeish as antigen, mainly to 338 

detection of CL cases, since these patients usually present lower antileishmanial serology [37,38]. 339 
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In addition, SLA as antigen showed also lower sensitivity in ELISA for the detection of CL 340 

patients. 341 

The diagnosis of CL and ML is based on clinical exams associated with parasitological 342 

and/or immunological analyses. However, problems related to the sensitivity of tests have been 343 

registered, mainly due to the longer lesion time, which can reflect in a lower number of parasites, 344 

hampering then the sensitivity of the tests [19,39]. Regarding serological diagnosis, CL patients 345 

usually tend to present low levels of anti-Leishmania antibodies, and they can be mis-diagnosed as 346 

false-negative in the laboratorial assays [40]. The present study’s results showed that SLA, a 347 

mixture of Leishmania antigenic and non-antigenic proteins and that present distinct expression 348 

levels, presented also low sensitivity to detect CL. Serological results were similar to those 349 

described in other works evaluating antigens for the diagnosis of TL [41-43], suggesting then the 350 

importance of selection of more sensitive antigenic candidates to diagnosis the disease. In addition, 351 

individual peptides showed also lower sensitivity for the detection of CL and ML patients, when 352 

compared to the use of ChimLeish. Usually, short peptides present some problems to be used as 353 

diagnostic antigens for diseases, such as the limited adsorption on polystyrene plates, the low 354 

recognition by few specific antibodies, and the variable reproducibility according the clinical and 355 

immunological state of the disease [44,45]. In this context, the grouping of the selected antigenic 356 

fragments in chimeric proteins could presents higher diagnostic efficacy, such as visualized in this 357 

study. 358 

Distinct immune response profiles are found according to the clinical manifestation of TL, 359 

and higher levels of antibodies are often described in the ML cases, when compared to CL patients 360 

[46]. In this context, a diagnostic kit presenting high sensitivity and specificity to diagnose CL and 361 

ML cases will be desirable, since this disease complex can cause a range of clinical manifestations 362 

in the patients, reaching from self-limiting lesions to mutilating scars. In addition, problems related 363 

to the available therapeutics, which are toxic and/or present high cost have been described [47,48]. 364 

Leishmania antigenic preparations have showed variable sensitivity and specificity values to 365 

diagnose TL, when sera of patients with Chagas Disease, leprosy, malaria, tuberculosis, 366 

histoplasmosis, aspergillosis, among others, or those HIV-infected; have been evaluated in the 367 

serological assays [49-52]. In fact, sera of patients developing such diseases, which present direct or 368 

indirect relation with the clinical and/or laboratorial diagnosis of TL, have been also used in other 369 

studies as cross-reactive disease groups, when distinct antigenic candidates are tested to detect TL 370 

[53-55]. In this context and according to the results found in this study, ChimLeish showed high 371 

sensitivity to be recognized by antibodies in sera of CL and ML patients, as well as high specificity 372 

due to the low reactivity against sera of cross-reactive diseases; suggesting then a diagnostic 373 
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potential for this antigen in the TL. However, additional studies are certainly necessary to be 374 

performed, aiming to prove the high performance of ChimLeish for the TL diagnosis, as well as 375 

evaluating this antigen in other diagnostic platforms. 376 

The antileishmanial serological follow-up of the patients after their treatment and clinical 377 

cure should be considered as an immunological control measure. However, antigens usually present 378 

similar or little variation in the post-therapy antibody follow-up, since OD values are similar to 379 

those found before treatment; suggesting then the absence of a relevant prognostic role [13, 56-58]. 380 

Here, significantly lower levels of anti-ChimLeish IgG antibodies were found in sera of treated ML 381 

patients, when samples were collected six months post-therapy; suggesting then that the chimeric 382 

protein could be considered as an immunological candidate for the prognosis of disease. On the 383 

other hand, anti-SLA antibody levels were found to be similar before and after treatment, 384 

suggesting that this parasite antigenic preparation was not suitable to indicate the clinical cure of the 385 

patients. Similar results were also found by others, when SLA was evaluated as an antigen in 386 

serological follow-up after treatment against leishmaniasis [13,21,59]. Overall, our results can be 387 

considered interesting, mainly due to the fact that current diagnostic tests for leishmaniasis show 388 

variable sensitivity to monitor the treatment and clinic cure of patients, as well as to differentiate 389 

between past and active infections [20,28,60]. 390 

The sample size used in this study can be considered a limiting factor, as well as the absence 391 

of sera of patients with other clinical and/or laboratorial TL-related diseases. In addition, the 392 

serological follow-up of treated patients should also be performed for a longer period of time, 393 

aiming to prove the long-term prognostic efficacy of ChimLeish. Thus, present study’s data can be 394 

taken as proof-of-concept of the capacity of this novel recombinant antigen to be applied for the 395 

diagnosis and prognosis of TL, and would serve as reference for future diagnostic studies, applied 396 

through the ELISA or in other diagnostic methods, such as immunochromatographic strips.  397 
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FIGURE LEGENDS 694 

 695 
Fig. 1. Bioinformatic assays and identification of linear B-cell epitopes. The amino acid 696 
sequences of LiHyT (XP_001465138.1), LiHyD (XP_001468360.1), LiHyV (XP_001462854.1) 697 
and LiHyP (XP_001468385.2) proteins were evaluated by bioinformatic tools, and two linear B-cell 698 
epitopes were identified in each sequence. The selected epitopes are shown in grey squares. “*” 699 

indicates identical amino acid, “:” indicates similar amino acid, and “.” indicates low similarity 700 
amino acid. 701 
 702 
Fig. 2. Construction of the chimeric protein. The selected B-cell epitopes were grouped in a 703 
linear sequence with the inclusion of two glycine residues between each epitope, and the chimeric 704 

protein sequence is shown. 705 

 706 
Fig. 3. SDS-12% PAGE gels and immunoblottings. The ChimLeish protein was evaluated by 707 

means of SDS-12% PAGE gels and one representative preparation is shown (in A). A low range 708 
protein ladder standard was used (lane 1), and the purified protein presented purity degree higher 709 
than 95.0% (lane 2). Immunoblottings were performed using TL patients and healthy subject sera, 710 
and results are shown (in B). A low range protein ladder standard was used (lane 1), and the 711 
reaction of protein against sera pools (n=4 in each) of healthy subjects (lane 2) and CL (lane 3) and 712 

ML (lane 4) patients is also shown. 713 

 714 
Fig. 4. Serological assays using ChimLeish, synthetic peptides and SLA as antigens. ELISA 715 

was performed with ChimLeish, synthetic peptides (Pept 1, Pept 2, Pept 3, Pept 4, Pept 5, Pept 6, 716 
Pept 7, and Pept 8) and SLA as antigens, which were reacted against sera of CL (n=25) and ML 717 
(n=30) patients characterized as “TL group”, as well as against samples of healthy individuals 718 

living in endemic region of disease (n=25) or patients with Chagas Disease (n=25), leprosy (n=20), 719 

histoplasmosis (n=15) and aspergillosis (n=15) or those HIV-infected (n=15); which were 720 
characterized as “control group”. The individual optical density (OD) values and box plots 721 
representing the minimum and maximum values are shown. The dotted lines indicate the cut off 722 

values for each antigen evaluated. Statistically significant difference (P < 0.0001) between (TL and 723 
Controls) groups is also indicated. Abbreviation: SLA- Soluble L. braziliensis Antigenic Extract. 724 

 725 
Fig. 5. Serological follow-up after treatment. Levels of IgG antibodies specific to ChimLeish, 726 
synthetic peptides (Pept 1, Pept 2, Pept 3, Pept 4, Pept 5, Pept 6, Pept 7, and Pept 8) and SLA were 727 
evaluated by ELISA using sera of ML patients collected before and six months after treatment 728 

(n=15). Black and grey circles represent the optical density (OD) values of the samples obtained 729 
before and after treatment, respectively (in A). Ratios between antibody levels before and after 730 

therapy were also calculated, and results are shown (in B). Abbreviation: SLA- Soluble L. 731 
braziliensis Antigenic Extract. (

***
) indicate statistically significant difference in relation to the 732 

other groups (P < 0.05). 733 
 734 
Table 1. Diagnostic evaluation of antigens for tegumentary leishmaniasis. Sera of healthy 735 

individuals living in endemic region of TL (n=25), as well as from patients with CL (n=25), ML 736 
(n=30), Chagas Disease (n=25), leprosy (n=20), histoplasmosis (n=15) and aspergillosis (n=15) or 737 
those HIV-infected (n=15) were used in ELISA against ChimLeish, synthetic peptides (Pept 1, Pept 738 
2, Pept 3, Pept 4, Pept 5, Pept 6, Pept 7, and Pept 8) and SLA. The individual optical density (OD) 739 
values obtained for each antigen were used to construct ROC curves, and sensitivity (Se), 740 

specificity (Sp), area under the curve (AUC), confidence interval using a 95% level (95% CI), 741 

likelihood ratio (LR), and Youden index (Y) were calculated. Abbreviation: SLA- Soluble L. 742 

braziliensis Antigenic Extract. 743 
 744 


