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Abstract

Visceral leishmaniasis (VL) is a neglected tropical disease of global importance caused by parasites of the genus Leishma-
nia, and coinfection with human immunodeficiency virus (HIV) is common in countries where both diseases are endemic.
In particular, widely used immunological tests for VL diagnosis have impaired sensitivity (Se) and specificity (Sp) in VL/
HIV coinfected patients and there is also cross-reactivity with other endemic diseases, e.g., Chagas disease, malaria, and
tuberculosis. To develop new antigens to improve the diagnosis of VL and VL/HIV coinfection, we predicted eight specific
B-cell epitopes of four Leishmania infantum antigens and constructed a recombinant polypeptide chimera antigen called
ChimLeish. A serological panel of 195 serum samples was used to compare the diagnostic capabilities of ChimLeish along-
side the individual synthetic peptides. ChimLeish reacted with sera from all VL and VL/HIV coinfected patients [Se =
100%; Sp = 100%; area under the curve (AUC) = 1.0]. Peptides showed lower reactivities (Se = 76.8 t0 99.2%; Sp = 67.1 to
95.7%; AUC between 0.87 and 0.98) as did a L. infantum antigenic preparation used as an antigen control (Se = 56.8%; Sp
= 69.5%: AUC = 0.45). Notably, ChimLeish demonstrated a significant reduction (p < 0.05) of anti-ChimLeish antibodies
after treatment and cure of a small number of patients. Although only a limited serological panel was tested, preliminary
data suggest that ChimLeish should be evaluated in larger sample studies for the diagnosis of VL and VL/HIV coinfection.
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Introduction

Leishmaniases are tropical diseases caused by parasites
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self-limiting cutaneous lesions to fatal visceral, and the
presentation depends on the species of the infecting parasite
and the host’s immunological response (Kevric et al. 2015;
Okwor and Uzonna 2016). Visceral leishmaniasis (VL) can
be fatal in about 95.0% of cases, when acute and if untreated
(Torres-Guerrero et al. 2017). However, treatment is toxic
and expensive and the emergence of resistant strains has
been observed. Furthermore, no vaccine is available to pro-
tect against human VL (Srivastava et al. 2016; Ponte-Sucre
etal. 2017).

Rapid and precise diagnosis of leishmaniases is required,
and parasitological tests have been used for this purpose,
which have shown high specificity. However, variable sen-
sitivity has been observed, since amastigote forms of the
parasite or parasite antigens cannot be found in the collected
organ aspirates, leading to false-negative results. Detection
of the genetic material of the parasite by polymerase chain
reaction (PCR) has improved the diagnosis of VL. PCR
has higher sensitivity than the conventional parasitological
methods and has been also used in epidemiological stud-
ies to detect the parasite in potential vectors and reservoirs
(Pereira et al. 2014). However, the need of trained profes-
sionals, the high unit cost of PCR tests, and the need for
sophisticated equipment, all hamper the large-scale use of
this diagnostic technique in resource-limited settings in the
least developed and low-to-middle income countries that
bear the burden of infections (Srividya et al. 2012; Thakur
et al. 2020).

Instead, immunological methods, such as the indirect
immunofluorescence reaction (RIFI), enzyme-linked immu-
nosorbent assay (ELISA), direct agglutination test (DAT),
immunochromatographic tests (ICTs), among others, have
been used as diagnostic test platforms for VL (Sakkas et al.
2016; Mohebali et al. 2020). In these tests, the use of recom-
binant proteins has improved the sensitivity and specific-
ity of the diagnosis, and a kinesin-related protein called
rK39 has been identified as a diagnostic antigen for VL in
immunocompetent patients (Maia et al. 2012; Sanchez et al.
2020). rK39 has been used in ELISA assays to examine sera
from patients with VL in India, and sensitivity and specific-
ity values of 100% and 96.0% were reported, respectively
(Mohapatra et al. 2010). In another study that examined sera
from Brazilian patients, the rK39 antigen showed sensitiv-
ity and specificity values of 90.5% and 97.9%, respectively
(Dhom-Lemos et al. 2019). Other recombinant antigens
have been evaluated for diagnosis of VL. The amastigote-
specific A2 protein was used in ELISA experiments and
results showed 76.0-78.0% sensitivity to detect VL in Bra-
zilian patients (Carvalho et al. 2002). Other kinesins, such
as K9, K26, KE16, and KRP42, have also showed varying
potential in diagnosing VL and their performance has var-
ied depending on the study populations (Takagi et al. 2007;
Mohapatra et al. 2010; Srividya et al. 2012). For example,
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the performance of the rK39-based dipstick test to diagnose
VL in patients from India, Nepal, and Brazil was high, but
the test failed to detect the disease in Sudanese patients (Zijl-
stra et al. 2001; Singh et al. 2010). Thus, performance of
such tests based on these recombinant antigens appears to
be compromised by geography and the nature of the study
populations.

Notably, coinfection with human immunodeficiency
virus (HIV) has caused problems for the diagnosis of VL in
patients living in countries where both diseases coexist and
are endemic (Coutinho et al. 2017; Mohebali and Yimam
2020). VL is an opportunistic disease in HIV-infected
patients (Cipriano et al. 2017) and both pathologies contrib-
ute to worsening patient health. In coinfection cases, anti-
Leishmania antibody levels are found in lower levels to those
detected in immunocompetent patients, which reduces the
sensitivity of the tests (Cota et al. 2012; Tavora et al. 2015).
In one study, the performance of distinct immunological
tests was evaluated for the diagnosis of VL in Ethiopian
patients, as well as those suspected to be infected with HIV.
Results showed that sensitivity for VL ranged from 69.2 to
92.2%, whereas the specificity varied widely from 20.0 to
100%. The authors concluded that the sensitivity in the eval-
uated tests was reduced significantly when samples of VL/
HIV coinfection patients were analyzed (Kassa et al. 2020).

Our hypothesis is that a combination of distinct antigens
could reduce the heterogeneity of the patients’ individual
immune responses and leading to improved sensitivity and
specificity for the diagnosis of VL and VL/HIV coinfection.
Previously, we have shown that specific B-cell epitopes of
four L. infantum proteins, called LiHyT, LiHyD, LiHyV, and
LiHyP, were previously showed to be antigenic in canine
and/or human VL (Coelho et al. 2012; Martins et al. 2015;
Lage et al. 2016; Portela et al. 2018). In the present study,
we constructed a recombinant chimeric protein called Chim-
Leish based on B-cell epitopes from these parasite proteins
in order to examine its potential for the diagnosis of VL
and VL/HIV coinfection. The efficacy of ChimLeish was
evaluated using a serological panel from VL and VL/HIV
patients, and its prognostic activity was investigated using
sera samples from VL patients collected before and after
treatment.

Materials and methods
Parasites

L. infuntum (MHOM/BR/1970/BH46) stationary promastig-
otes were grown in Schneider’s medium (Sigma, St. Louis,
MO, USA) supplemented with 20% (v/v) inactivated fetal
bovine serum (FBS, Sigma), 20 mM r-glutamine, 200 U/mL
penicillin, and 100 pg/mL streptomycin, pH 7.4, at 24 °C.
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The soluble Leishmania antigen extract (SLA) was prepared
as described previously (Coelho et al. 2003), by growing
10° stationary promastigotes and disrupting them with six
alternate cycles of freezing and thawing in liquid nitrogen
and a water bath, respectively, followed by sonication with
six cycles of 30 s at 38 MHz in an ultrasonic processor
(GEX600 model). The lysate was centrifuged at 10,000 X g
for 15 min at 4 °C and the supernatant containing SLA was
collected and stored at —70 °C until use.

Sera samples

The study was approved by the Ethics Committee of the
Federal University of Minas Gerais (UFMG; Belo Hori-
zonte, Minas Gerais, Brazil) with protocol number CAAE-
32343114.9.0000.5149. All patients received an individual
copy of the study policy, which was reviewed by an inde-
pendent person. Written consent was obtained from all
patients. Sera were collected from VL (n = 45, including
28 males and 17 females, with ages ranging from 27 to 64
years), VL/HIV coinfected (n = 25, including 17 males and
8 females, with ages ranging from 31 to 55 years), and HIV-
infected (n = 20, including 13 males and 7 females, with
ages ranging from 22 to 50 years) patients. The diagnosis of
VL was confirmed by clinical evaluation and positive result
for detection of L. infantum kDNA in spleen and/or bone
marrow aspirates of the patients by PCR technique (Cota
et al. 2013). HIV infection was based on clinical evaluation,
CD4" T cell count and viral load in the patients. None of
the patients was receiving any VL treatment before sample
collection. Sera were also collected from healthy individu-
als living in an endemic region for VL (n = 45, including
26 males and 19 females, with ages ranging from 23 to 57
years; Belo Horizonte). They did not present with any clini-
cal signs or suspicion of leishmaniasis and showed negative
serological result using a commercial test (Kalazar Detect™
Test, InBios International, Inc., Seattle, WA, USA). In addi-
tion, sera samples from patients with Chagas disease (n =
40, including 26 males and 14 females, with ages ranging
from 27 to 52 years), tuberculosis (rn = 10, including 6 males
and 4 females, with ages ranging from 27 to 57 years), and
malaria (n = 10, including 7 males and 3 females, with ages
ranging from 35 to 64 years) were used also in the ELISA
experiments.

Sera samples collected before and after VL
treatment

Sera were also collected from VL patients (n = 6, includ-
ing 4 males and 2 females, with ages ranging from 33 to 61
years), before and 6 months after treatment with pentavalent
antimonials (Sanofi Aventis Farmacéutica Ltda., Suzano,
Séo Paulo, Brazil). Patients received the same therapeutic

regimen of a dose of 20 mg Sb*> per kg for 30 days. None
of the patients suffered from any other infection or had any
pre-existing disease(s).

Construction of ChimLeish protein

To select the specific B-cell epitopes of LiHyT
(XP_001465138.1), LiHyD (XP_001468360.1), LiHyV
(XP_001462854.1), and LiHyP (XP_001468385.2) proteins,
their primary structure was evaluated using the SwissProt
server (web.expasy.org/docs/swiss-prot), and their amino
acid sequences were saved as .TXT files. The IEDB server
(www.iedb.org) was then used to identify the amino acid
sequences most likely to be accessible, with the parameters
of window size of 12 and a threshold of 1.0. The sequences
identified were marked in the protein structure. The epitopes
were predicted using the ABCpred (www.imtech.res.in/
raghava/abepred/) server using the parameters of window
size of 16 and a threshold of 0.85. The selected sequences
were marked in the protein structure (Saha and Raghava
2006). The amino acids identified in both analyses were
used to construct the target peptide sequence. The Prot-
Param server (Gasteiger et al. 2005) was used to obtain the
physical-chemical characteristics of the chimera, while the
PepCalc server (www.pepcalc.com) was used to evaluate the
protein solubility.

Production of the recombinant ChimLeish protein
and peptides

The selected B-cell epitopes were used to construct the
ChimLeish-encoding gene, which was cloned commercially
into the pET28a-TEV vector (Genscript®, USA). The gene
was inserted into E. coli Arctic Express (DE3) cells and
protein expression was induced with 1.0 mM isopropyl-
B-D-thiogalactopyranoside (IPTG, Promega®, Canada),
for 2 h at 37 °C. Cells were centrifuged at 3,000 x g for
10 min at 4 °C and disrupted using seven cycles of ultra-
sonication, with cycles of 30 s each (36 MHz), followed
by six cycles of freezing and thawing. Cellular debris was
removed after centrifugation (5,000 X g for 15 min at 4 °C),
and the recombinant protein was purified on a HisTrap HP
affinity column (GE Healthcare Life Sciences, NJ, USA)
connected to an AKTA system. The eluted fractions were
concentrated using Amicon® ultral5 filters with nominal
molecular weight limit of 10,000 (NMWL, Millipore, Ger-
many), and then purified on a Superdex™ 200 gel filtration
column (GE Healthcare, USA). After dialysis, ChimLeish
was passed through a polymyxin-agarose column (Sigma-
Aldrich, USA) in order to remove any residual endotoxin
content (<10 ng of LPS per 1 mg of recombinant protein,
measured by the Quantitative Chromogenic Limulus Ame-
bocyte Assay QCL-1000 kit, BioWhittaker, MD, USA). In
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addition, the eight individual epitopes were synthesized by
F-moc technique (Machado-de-Avila et al. 2011). Briefly,
peptides were released from the amine resin by trifluoro-
acetic acid treatment in the presence of the appropriate
scavengers and diluted in milli-Q water. They were then
purified by high-performance liquid chromatography on a
C18 reverse phase column with flow rate 1.0 mL/min. The
synthetized peptides were then submitted to a MALDI-TOT-
TOF assay to evaluate their purity.

Immunological assays

Titration curves were done to determine the most appropri-
ate antigen concentration and antibody dilution to be used
in the ELISA assays. Thus, microtiter immunoassay plates
(Jetbiofil®, Belo Horizonte) were coated with the synthetic
peptides, ChimLeish, and SLA (at 5.0, 0.250, and 1.0 pg per
well, respectively) diluted in coating buffer (50 mM carbon-
ate buffer, pH 9.6), and incubated for 16 h at 4 °C. Next, free
binding sites were blocked with PBS-T (PBS plus 0.05%
(v/v) Tween-20) added with 5% (w/v) bovine serum albumin
for 1 h at 37 °C. Plates were washed five times with PBS-T
and incubated with human sera (1:100 dilution in PBS-T
for the peptides and SLA or 1/200 dilution in PBS-T for the
ChimLeish) for 1 h at 37 °C. Plates were washed seven times
in PBS-T and incubated with anti-human IgG peroxidase
conjugated antibody (1/10,000 dilution in PBS-T for the pep-
tides and SLA or 1/20,000 dilution in PBS-T for ChimLeish)
for 1 h at 37 °C. Plates were then washed six times with
PBS-T, and reactions were developed by incubation with a
solution composed by H,0,, ortho-phenylenediamine, and
citrate-phosphate buffer pH 5.0, for 30 min in the dark. They
were then stopped by addition of 2 N H,SO, and the opti-
cal density (OD) values were read in an ELISA microplate
spectrophotometer (Molecular Devices, Spectra Max Plus,
Canada) at A492 nm. All samples were tested on the same
day and using the same reagents to reduce experimental vari-
ation. In addition, the humoral reactivity was analyzed using
samples of VL and VL/HIV coinfected patients against a

commercial kit (Kalazar Detect™ Test), which was used
according the manufacturer’s instructions (InBios Interna-
tional, USA).

Statistical analysis

Results were entered into Microsoft Excel (version 10.0)
spreadsheets and analyzed using GraphPad PrismTM (ver-
sion 6.0 for Windows). Receiver operating characteristic
(ROC) curves were constructed to obtain the cut-off values,
as well as sensitivity (Se), specificity (Sp), positive predic-
tive value (PPV), negative predictive value (NPV), and area
under the curve (AUC) of the antigens. The one-way analy-
sis of variance (ANOVA) was used for comparison between
groups. The cut-off was determined through the mean of
the negative samples plus two standard deviation. Confi-
dence intervals with a 95% level (95%CI) and Youden index
[(sensitivity + specificity) — 1] evaluated the antigen perfor-
mance. Differences were significant with p values < 0.05.

Results

Characterization of the recombinant ChimLeish
protein

Eight specific B-cell epitopes were predicted in the amino
acid sequences of the LiHyT, LiHyD, LiHyP, and LiHyV
proteins, with two linear epitopes selected for each protein
(Table 1). The epitopes were combined in a single sequence
with the addition of two glycine residues between them, in
order to provide flexibility and avoid spatial overlap (Mendes
et al. 2013; Lima et al. 2018). In addition, the epitope posi-
tion was defined according to its original position in the
native protein sequence, i.e., those near the N-terminus
were maintained in this position, while the others near the
C-terminus were maintained in this position in the chimera
sequence. The arrangement of the amino acid sequences in
the recombinant chimeric protein ChimLeish is shown in

Table 1 Amino acid sequences

: . . Antigen Origin protein Amino acid sequence

of identified B-cell epitopes
Peptl LiHyT (XP_001465138.1) KLTSMTPHEFKAICRL
Pept2 LiHyT (XP_001465138.1) RVQATEAQDRDLYARF
Pept3 LiHyD (XP_001468360.1) PELYQQYVDYYVMYYE
Pept4 LiHyD (XP_001468360.1) EPLLQQTQRAHMQRQQPAMPQPGYQPPPPM
Pept5 LiHyV (XP_001462854.1) SQGASSGTCANAKCIPGNT
Pept6 LiHyV (XP_001462854.1) SSFPITKGAALTVDYGRCE
Pept7 LiHyP (XP_001468385.2) EETIRRRHEQRAARVK
Pept8 LiHyP (XP_001468385.2) PRRLAAADLEELASAHEDFVAHLEKAKER

The amino acid sequences of the identified B-cell epitopes in the LiHyT, LiHyV, LiHyD, and LiHyP pro-
teins are shown, as well as the corresponding proteins used to identify the epitopes
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Fig. 1. Physical-chemical characterization of ChimLeish cal-
culated a molecular weight of 19.2 kDa, an isoelectric point
of 8.1, an estimated half-life of 30 min in yeasts and higher
than 10 h in E. coli, and an aliphatic index of 54.8 suggesting
that it is a stable protein. The solubility analysis identified
hydrophilic amino acids in the protein sequence, suggesting
that ChimLeish is also a soluble molecule.

Diagnostic evaluation of the distinct antigens

An immunological evaluation to diagnose VL and VL/HIV
coinfection cases was done using the synthetic peptides
(Pept1 to Pept8), ChimLeish, and SLA as antigens in ELISA
experiments. Results showed that all VL and VL/HIV coin-
fected patients’ sera presented individual OD values signifi-
cantly above the cut-off (p < 0.05), when ChimLeish was
used as the antigen in the assays (Fig. 2). In addition, sera
from patients with Chagas disease, tuberculosis, or malaria
and from healthy individuals, all had OD values below of
the cut-off and were not significant (p > 0.05). Furthermore,
most of the VL and VL/HIV coinfected patient serum sam-
ples had OD values above of the cut-off when tested against
the individual synthetic peptides; however, some minor
cross-reactivity was observed for some of the peptides with
other non-VL, non-VL/HIV sera, e.g., with sera from Chagas
patients with Pept2, 4, 5, and 8 (Fig. 2). ROC curves were
constructed using the OD values for the antigens and the
results are shown in Fig. 3. The sensitivity and specificity
values for ChimLeish were 100%, respectively, with AUC
value of 1.0. Conversely, the sensitivity values for the syn-
thetic peptides varied from 76.8 to 99.2%, and the specificity
ranged from 67.1 t0 95.7% (Table 2). The AUC values varied
from 0.87 to 0.98. The SLA preparation showed sensitivity
and specificity values of 56.8% and 69.5%, respectively, and
AUC of 0.45.

LiHyP LiHyD

Humoral reactivity of VL and VL/HIV sera
against a commercial kit

Samples of VL and VL/HIV coinfected patients (n = 25
each), which were all reactive with ChimLeish, were also
tested with the Kalazar Detect™ Test kit. Results showed
that the kit detected 20 of 25 (80.0%) VL and 12 of 25
(48.0%) VL/HIV coinfected patients’ sera, while five of
25 (20.0% cases) VL and 13 of 25 (52.0% cases) VL/HIV
patients’ sera were classified as false-negatives.

Antibody response before and after VL treatment

The humoral reactivity of VL patient sera (n = 6) was evalu-
ated before and after treatment in the ELISA assays with
the synthetic peptides, ChimLeish, and L. infantum SLA
used as antigens. With ChimLeish, there was a significant
~80.0% reduction in OD after treatment (p < 0.05) (Fig. 4A),
whereas using the synthetic peptides, the reduction in OD
values was lower and ranged from ~10.0% for Pept5; ~30.0%
for Pept6, 7, and 8; and 40.0-50.0% for Peptl, 2, 3, and 4.
By contrast, there was no significant difference when SLA
was used as the antigen, as expected (p > 0.05, Fig. 4A).
These data were paralleled by the calculations of the IgG
levels before and after treatment (Fig. 4B). Thus, the high-
est ratio was shown with ChimLeish as the ELISA antigen
(6-fold), and the IgG ratios with the synthetic peptides more
variable, ranging from 2 to 4. By contrast, the IgG ratio with
SLA as antigen was unchanged after treatment (Fig. 4B).

Discussion

In a recent immunoproteomic study performed with L.
infantum species, parasite antigenic proteins were recog-
nized by antibodies in sera from dogs with VL (Coelho et al.
2012), and some of these were later cloned and evaluated
as recombinant versions for the diagnosis of leishmania-
sis, e.g., LiHyT (Portela et al. 2018), LiHyD (Lage et al.
2016), LiHyV (Martins et al. 2015), and LiHyP (Coelho

LiHyT LiHyT i

N-Terminal | EETIRRRHEQRAARVKY - GG lPELYQQYVDYY\*ru'IYYE GG |

kiTsmTPHEFKAICRL | P1 L GG ~I~RVQATEAQDRDLYARF -.l

LiHyD

[ Lbw |

GG _EPLLQQTQRAHMQRQQPAMPQPGYQPRPPM | P4 | GG

1 SSFPITKGAALTVDYGRCE _ GG _

LiHyP

LiHyV

IPRRLAAADLEELASAHEDF\-‘AHLEMKER Ii!_ GG

| sacasseTeanakcPeNT | PS | C_Terminal

Fig.1 Alignment of the eight B-cell epitopes to construct Chim-
Leish. The linear epitopes of the LiHyT, LiHyV, LiHyD, and LiHyP
proteins were predicted and the sequences were linearly grouped with

a spacing of two glycine (-GG-) residues between them. The com-
plete polypeptide sequence is shown
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Fig.2 Serological evaluation of the synthetic peptides and Chim- (TB; n = 10), and malaria (MA; n = 10) and from healthy individuals
Leish. ELISA experiments were performed using the individual syn- living in endemic region of disease (HC; n = 45). The cut-off values
thetic peptides and ChimLeish with serum samples from patients with (horizontal dotted lines) were determined by receiver operator curves
visceral leishmaniasis (VL; n = 45), VL/HIV coinfection (n = 25), (ROC) analysis

HIV infection (n = 20), Chagas disease (CD; n = 40), tuberculosis

et al. 2012). Commercial diagnostic kits offer good sensitiv-  to diagnose VL and VL/HIV coinfection and it was com-
ity and specificity to detect immunocompetent patients, but  pared with synthetic peptide versions of the individual B-cell
their performance depends on factors such as the nature of ~ epitopes and with a soluble parasite antigen preparation. The
the produced detection antigen, geography, and the study  major findings from our study were that ChimLeish showed
population. In addition, detection of VL/HIV coinfection  the highest sensitivity and specificity values for the diagno-
cases is lower with such kits due to the presence of lower  sis of VL and for VL in HIV coinfected patient sera, when
amounts of specific antibodies (Lindoso et al. 2014; Kassa ~ compared to the other antigens and a commercial test, as

et al. 2020). Therefore, the identification and/or develop-  well as presented no cross-reactivity with sera from patients
ment of more refined diagnostic antigens would be desir-  with other endemic diseases, e.g., Chagas disease, tuberculo-
able to overcome these limitations. In the present study, we  sis, or malaria or with sera from healthy individuals.

developed a new recombinant chimera protein, ChimLeish, The literature contains a variety of recombinant antigens

by combining the main linear B-cell epitopes predicted in  that have been tested for the diagnosis of VL, although with
the amino acid sequences of the LiHyT, LiHyD, LiHyV, and  reports of variable performance, as a consequence of the
LiHyP proteins. ChimLeish was used in an ELISA platform  nature of the antigen used, the duration of infection, the host
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100% Specificity

Fig.3 Receiver operator curves (ROC) analysis. ELISA experiments
using the synthetic peptides and ChimLeish were performed with the
human serological panel and the individual optical density (OD) val-

immune status, and the presence of coinfections (Sakkas
et al. 2016; Sarkari et al. 2018). In our study, ChimLeish
showed 100% sensitivity and specificity for VL diagnosis.
Recently, another recombinant chimeric protein called Q5
when used in ELISA showed sensitivity and specificity
values of 82.0% and 100%, respectively, for VL. diagnosis
(Santos et al. 2020). Figueiredo et al. (2021) developed a
recombinant chimeric protein called DTL-4 and when used
in ELISA, this antigen presented sensitivity and specificity
values of 94.6% and 99.4%, respectively. Taken together, our
current study, supported by these additional studies, suggests
that polypeptide-based recombinant antigens are promising
candidates for the serodiagnosis of VL. Indeed, their levels
of performance appear to exceed those reported for some
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ues were used to calculate the ROC curves. Results for each antigen
are shown

other potential individual antigens. For example, the recom-
binant H2B antigen was cloned from an Iranian isolate of L.
infantum and tested with sera from VL patients, from healthy
controls living in endemic and non-endemic areas of VL,
and from patients with cross-reactive diseases. Recombinant
H2B antigen showed sensitivity and specificity values of
71.3% and 69.6%, respectively, for VL diagnosis (Rezaei
et al. 2019). In another study, three Leishmania hypotheti-
cal proteins called C1, C8, and C9 were also produced as
recombinant proteins and tested as diagnostic antigens for
human VL. Recombinant C1, C2, and C9 proteins presented
sensitivity values of 66.2%, 58.2%, and 67.9%, respectively,
and specificity values of 60.0%, 50.0%, and 77.7%, respec-
tively (Fonseca et al. 2014).
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Tab|e2. Evalu.ation of the Antigen Parameters

synthetic peptides and

ChimLeish for the diagnosis of Sensitivity 95%ClI Specificity 95%Cl AUC Cut-off pvalue PPV NPV Y

VL and VL/HIV coinfection
ChimLeish 100 97.1-100 100 94.8-100 1.0 <0.160 <0.0001 1.0 10 1.0
Peptl 98.4 94.3-99.8 814 70.3-89.7 0.98 <0.660 <0.0001 0.83 0.98 0.79
Pept2 91.2 84.8-95.5 67.1 54.9-779 0.87 <0.600 <0.0001 0.68 0.88 0.58
Pept3 94.4 88.8-97.7 95.7 88.0-99.1 0.98 <0.550 <0.0001 0.96 0.93 0.89
Pept4 76.8 68.4-83.9 90.0 80.5-95.9 0.93 <0.480 <0.0001 0.90 0.74 0.66
Pept5 84.0 76.4-89.9 90.0 80.5-95.9 0.93 <0.650 <0.0001 0.90 0.84 0.74
Pept6 99.2 95.6-100 90.0 80.5-95.9 0.98 <0.600 <0.0001 0.90 0.98 0.89
Pept7 91.2 84.8-95.5 84.3 73.6-919 095 <0.530 <0.0001 0.85 091 0.75
Pept8 92.0 85.8-96.1 90.0 80.5-95.9 0.95 <0.610 <0.0001 0.90 091 0.82
SLA 56.8 49.0-69.8 69.5 57.7-80.7 0.45 <0.544 0.1022 0.52 0.65 0.32

ELISA experiments were performed using the synthetic peptides, ChimLeish, and L. infantum SLA as anti-
gens with sera from patients with visceral leishmaniasis (VL; n = 45), VL/HIV coinfected (n = 25), HIV-
infected (n = 20), Chagas disease (CD; n = 40), tuberculosis (TB; n = 10), and malaria (MA; n = 10)
and sera from healthy individuals living in endemic region of disease (n = 45). The sensitivity, specificity,
area under the curve (AUC), positive predictive value (PPV), negative predictive value (NPV), and Youden
index (YY) were determined. The confidence interval (95%CI) and p value were also calculated and results

are shown

HIV coinfection presents an additional challenge for VL
diagnosis. When associated with Leishmania infection, it
can reduce anti-leishmanial serology in coinfected patients
and decrease the sensitivity of VL tests (Rezaei et al. 2018).
Notably, in our present study, ChimLeish showed 100% sen-
sitivity to detect VL/HIV coinfection cases and this level of
performance is better than that reported for other potential
diagnostic antigens. For example, the recombinant Lci2 and
K39 antigens were tested for the diagnosis of VL and VL/
HIV coinfection, and the antigens showed similar sensitivity
(92.0%) for the diagnosis of VL, although a significant drop
(32.0%) was found when coinfection cases were evaluated
in the ELISA experiments (Ramos et al. 2021). Figueiredo
et al. (2021) tested samples of VL/HIV coinfected patients
on their DTL-4 antigen in ELISA, and a sensitivity value
of 77.4% was found, which was also a significant reduc-
tion when compared to the values obtained with sera from
immunocompetent patients.

Small synthetic peptides have been also tested for the
diagnosis of VL, with the rationale that a judicious selection
of the core antigenic parts of the native proteins could both
refine and reduce the variability of the patients’ humoral
response (Fargeas et al. 1996; Costa et al. 2017). Syn-
thetic peptides have the advantage of being more simple
and cheaper to produce than recombinant proteins (Costa
et al. 2012). In our study, the eight peptides showed sensitiv-
ity values from 76.8 to 99.2%, and specificity values from
67.1 to 95.7%. Although the individual peptides showed a
good, though variable, level of performance to detect active
disease, none matched the performance of ChimLeish.
Furthermore, much higher concentration of the individual
peptides was required (5.0 pg/well) for ELISA, compared

@ Springer

with ChimLeish (0.25 pg/well), making the latter more cost-
effective for routine use and population studies.

The long-term persistence of anti-leishmanial serology
found in most treated patients is a confounding issue for
monitoring the patient response to therapy and as a con-
trol of clinic cure (Almeida-Silva et al. 2006; Hasker et al.
2014; Dias et al. 2018). In the present study, we observed
a significant reduction in anti-ChimLeish antibody levels
in a small number of samples from patients collected at 6
months after treatment. By contrast, Mollett et al. (2019)
evaluated anti-rK39 IgG antibody levels in serum samples
collected before and after therapy from VL patients in India
and found that there were no differences in humoral reac-
tivity in a rK39-based ELISA. The authors concluded that
serum reactivity with rK39 may not be a suitable clinical
cure criterion for VL. Alternatively, a flow cytometry-based
strategy has been developed as a tool for cure assessment of
VL, using samples collected 12 months after treatment, and
proved to be highly effective in differentiating negative from
positive samples (Lemos et al. 2007). However, this strategy
is unlikely to be used in resource-limited settings due to the
high cost of cytometers and reagents.

Our study has some limitations. First of all, the absence
of higher and diverse serological panels to include more
samples from tegumentary leishmaniasis patients and
from other cross-reactive diseases. Much larger sam-
ple sizes would also be useful to confirm the prognostic
role of ChimLeish and further evaluate its suitability for
monitoring patient clinical cure. Secondly, the use of a
soluble parasite antigenic preparation as a control anti-
gen in not wholly appropriate and other antigens, such as
rK39, used in commercial diagnostic tests for VL, should
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Fig. 4 Humoral reactivity evaluated after VL treatment. The antibody
response specific to synthetic peptides and ChimlLeish was evaluated
in VL patients (n = 6), before and 6 months after treatment. The gray
and black bars indicate the mean plus standard deviation of the opti-
cal density (OD) values observed in the samples collected before and
after treatment, respectively (A). In addition, the ratio between anti-
body levels before and after treatment was calculated (B)

be considered. In summary, our data should be consid-
ered as providing proof-of-concept of ChimLeish for VL
diagnosis. They suggest that ChimLeish deserves to be
evaluated in large populations in future studies, and that its
suitability as a diagnostic antigen should also be examined
in other platforms, e.g., in rapid point-of-care lateral flow
tests (Humbert et al. 2019).
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