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The diagnosis of visceral leishmaniasis (VL) presents problems due to the toxicity and/or high cost of drugs. In
addition, no vaccine exists to protect against human disease. In this study, the antigenicity and immunogenicity
of amastin protein were evaluated in L. infantum-infected dogs and humans. For the diagnosis, besides the re-
combinant protein, 1 linear B-cell epitope was synthetized and evaluated in serological assays. Results showed
high sensitivity and specificity values to detect the disease when both antigens were employed against a canine
and human serological panel. By contrast, when using rA2 and a soluble Leishmania antigenic preparation, sensi-

ﬁfﬁﬁfﬁs' tivity and specificity values proved to be lower. A preliminary immunogenicity study showed that the amastin
Recombinant proteins protein induced high IFN-vy and low IL-10 production in stimulated PBMC derived from treated VL patients
Synthetic peptides and healthy subjects, thus suggesting a potential use of this protein as an immunogen to protect against
Diagnosis human disease.

Response immune
Visceral leishmaniasis

© 2019 Elsevier Inc. All rights reserved.

1. Introduction infantum species, which is transmitted through the bite of the

phlebotomine vector, with dogs representing the main urban reservoirs

Leishmania protozoa are the causative agents of leishmaniasis in 98
countries worldwide, threatening over 380 million people, more than
12 million of whom are infected by these parasites (WHO, 2016). Vis-
ceral leishmaniasis (VL) is a severe clinical manifestation of disease,
which accounts for approximately 0.5 million cases annually (Burza
et al. 2018). In the Americas, the etiological agent is the Leishmania
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of the parasites (Savoia 2015). Leishmania parasites are found in the
form of metacyclic promastigotes that are flagellated and able to trans-
mit the disease to mammalian hosts, whereas the amastigote forms are
intracellular and nonflagellated forms found in phagolysosomes from
infected mammalian cells, such as neutrophils, macrophages, and den-
dritic cells, among others (Subramanian and Sarkar 2018).

Clinical manifestations from canine VL (CVL) are variable, ranging
from a subclinical or asymptomatic infection to the severe and symp-
tomatic disease (Ferreira et al. 2007). Cutaneous and organic alterations,
such as lymph node enlargement, skin lesions, loss of weight, lethargy,
splenomegaly, fever, ocular alterations, epistaxis, and lameness, have
all been found in symptomatic VL (Solano-Gallego et al. 2011). In
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addition, neurological and cardiorespiratory disorders have also been
observed (Maia et al. 2015). However, many asymptomatic cases can
be found in cross-sectional surveys, which can hamper the identifica-
tion of the infected animals and the success of disease control programs
(Almeida-Leal et al. 2014). Moreover, human infection can present var-
iable results of the disease, from asymptomatic to subclinical diseases in
the hosts. Asymptomatic patients present practically no impact on their
state of health, while symptomatic patients can develop clinical mani-
festations, including lymphadenopathy, fever, diarrhea, malaise, hepa-
tomegaly, and splenomegaly (Michel et al. 2011).

The diagnosis of VL is based on parasite detection in aspirates from
the spleen, lymph nodes, and/or bone marrow (Santos et al. 2018).
However, this method presents variable sensitivity and involves inva-
sive procedures for sample collection. Consequently, infected hosts
can remain untreated and develop the symptomatic disease (Duthie
et al., 2018). More-refined parasitological methods, such as those
employing molecular biology, have shown higher performance to diag-
nose the disease, since they allow for the detection of a small number of
circulating parasites in biological samples, as compared to the conven-
tional parasitological methods (Monteiro et al. 2018). However, these
incur high costs, require sophisticated equipment, and have no standard
methodology for the large-scale molecular diagnosis based on PCR
(Nunes et al. 2018).

Serological tests have been employed for the diagnosis of disease;
however, these also present advantages and disadvantages (Nunes
et al. 2015). Rapid immunochromatographic tests based on recombi-
nant proteins, such as rk28 and rk36, have been used and have become
the preferred diagnostic method for CVL in Brazil, followed by ELISA
(EIE-LVC) as a confirmatory test (Souza-Filho et al. 2016). Regarding
the human disease, the Kalazar Detect™ Test Kit (InBios International,
Inc., Seattle, WA) is an immunochromatographic assay applied for the
diagnosis of human VL. However, this test cannot discriminate between
current, subclinical, or past infections and has proven to be useless for
the diagnosis of relapses and as a prognostic test (Sundar and Singh
2018). As a consequence and in addition to the progress in alternate
therapeutic strategies, the possibility of developing preventive mea-
sures against the disease has been pointed out, such as through the
identification of new antigens to be employed for a more specific and
sensitive diagnosis (Didwania et al. 2017).

However, in both mammalian hosts, tests commonly fail to detect
asymptomatic case, because the analyzed material contains few anti-
Leishmania antibodies, which can present cross-reaction with Leish-
mania-related diseases (Chaabouni et al. 2018). Moreover, false-
positive results can occur in healthy subjects living in endemic areas
of the disease (Salles et al., 2019). Distinct Leishmania proteins have
been evaluated as antigens for the serodiagnosis of VL (Dias et al.
2017; Farahmand and Nahrevanian 2016; Magalhdes et al. 2017). How-
ever, variable sensitivity and/or specificity results have been found. As
an alternative, the use of synthetic peptides should also be considered.
Since they present a lower cost to produce, a higher yield in the purifi-
cation production is obtained, thus presenting a higher stability when
compared to recombinant proteins or parasite extracts (Chavez-
Fumagalli et al. 2013; Lage et al. 2015; Noya et al. 2003).

A family of closely related transmembrane glycoproteins, namely,
amastins, was identified in the Leishmania spp. These molecules belong
to a family of developmentally regulated proteins consisting of up to 45
members, codified for small proteins of about 200 amino acid residues,
dispersed throughout the parasite genome (Jackson 2010). Amastin
proteins seem to operate at the host-parasite interface and are likely
to be involved in the development of diseases, such as Chagas disease
(Teixeira et al. 1994) and human VL (Rafati et al. 2006). In the present
study, the L. infantum amastin gene (XP_003392700.1) was cloned,
and the recombinant protein was purified to be evaluated for the
serodiagnosis of canine and human VL using serological panels from
Brazilian hosts. In addition, bioinformatics tools were used to identify
a specific B-cell epitope derived from the protein, which was also

evaluated in the serological assays. In addition, preliminary studies
were developed to evaluate the immune response in human PBMCs de-
rived from treated and untreated VL patients, as well as from healthy
subjects.

2. Materials and methods
2.1. Cloning, expression, and purification of Leishmania amastin protein

The amino acid sequence of the amastin (XP_003392700.1) protein
was cloned from L. infantum DNA genome using the following primers:
5/-TCATGGATCCATGCCGCAAGGCCAGTA-3’ (forward) and 5’-
TGATAAGCTTCTAGACCATCCGGTTGGC-3’ (reverse), with the BamHI
and HindllII restriction enzymes. The DNA fragment was excised from
gel, purified, and linked into the pGEM®-T vector (Promega, USA).
Thee recombinant plasmid was then transformed into E. coli XL1-Blue
(Phoneutria, Brazil) cells, and positive clones were used for the con-
struction of the expression vector. DNA fragments obtained from the di-
gestion of pGEM-amastin plasmid were ligated into the pET28a-TEV
vector, and Arctic Express cells (Agilent Technologies, USA) were trans-
formed with the recombinant plasmid. Gene insertion was confirmed
by colony PCR, and the sequencing was performed in a MegaBace
1000 automatic sequencer apparatus (Amersham Biosciences, USA).
For the purification of the recombinant protein (~19.8 kDa), bacteria
were induced with 0.8 mM IPTG for 24 h at 12 °C and were shaken at
200 xg per min. Cells were ruptured by 6 cycles of ultrasound, with cy-
cles of 30 s each (38 MHz), followed by 7 cycles of freezing and thawing.
Cell debris were removed by centrifugation, and the recombinant pro-
tein was passed onto a HisTrap HP affinity column connected to an
AKTA system (GE Healthcare, USA) and further purified on a Superdex™
200 gel-filtration column (GE Healthcare Life Sciences, USA). The A2 re-
combinant (rA2) protein was produced as described by Zhang et al.
(1996). Briefly, pET16b-A2 plasmid, which was kindly provided by Dr.
Greg Matlashewski (Microbiology and Immunology Department, Mc-
Gill University, Montreal, Quebec, Canada), was used to express and pu-
rify the recombinant protein (~53 kDa). For this, transformed E. coli
DH5a cells were grown in the presence of 1 mM IPTG for 2 h at 34 °C
and later disrupted by 7 cycles of freezing and thawing followed by
mild ultrasound treatment (5 cycles of 30 s each with an ultrasound
processor), in which they were centrifuged at 13,000 xg for 30 min at
4 °C. The protein was purified by using the gel-filtration column. After
purification, both the recombinant amastin and rA2 proteins were
passed through a polymyxin-agarose column (Sigma-Aldrich, St. Louis,
MO) in order to remove any residual endotoxin content (<10 ng of
LPS per 1 mg of recombinant protein, measured by the Quantitative
Chromogenic Limulus Amebocyte Assay QCL-1000, BioWhittaker, MD).

2.2. Bioinformatics to obtain specific B-cell epitope

The process of in silico analysis of the amastin (XP_003392700.1) se-
quence consisted of a comparison with the amino acid sequence from
distinct parasite species, where it showed structural similarity:
L. donovani (XP_003862861.1), L. major (XP_001684736.1), L. major
(XP_001684735.1), L. mexicana (XP_003877293.1), and L. braziliensis
(XP_001566782.1). A comparison with the L. infantum amastin se-
quence was then performed with sequences found in other
trypanosomatides: T. theileri (ORC76762.1), T. cruzi Brener
(XP_810211.1), T. cruzi (PBJ80659.1), T. cruzi (PWU91633.1), T. rangeli
(AGN32994.1), and T. rangeli (XP_009310501.1). In both cases, the
BLAST-p algorithm (Gish and States 1993) was used, and alignments
were performed by the Clustal Omega program (Sievers et al. 2011).
The presence of linear B-cell epitopes was then investigated by the
ABCpred server (Saha and Raghava 2006) using the following parame-
ters: window size of 14, threshold of 0.85, and overlapping filter: ON.
The peptide sequences presenting values higher than 0.85 were consid-
ered positive, and the best value (0.89) was selected as being an
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amastin-specific B-cell epitope. The peptide
(LPFSISCVFASETRRLARERYGISG) sequence was then synthetized
(Genscript®, USA).

2.3. Parasites

L. infantum (MOM/BR/1970/BH46) was wused. Stationary
promastigotes were grown at 24 °C in Schneider's medium (Sigma-Al-
drich, USA), which was comprised of the medium plus 20% inactivated
fetal bovine serum (FBS, Sigma-Aldrich, USA), 20 mM L-glutamine,
200 U/mL penicillin, and 100 pg/mL streptomycin, pH 7.4. The soluble
Leishmania antigenic extract (SLA) was produced according to that de-
scribed by (Coelho et al. 2003). To obtain the axenic amastigotes, previ-
ous titration curves were performed to determine the best temperature
and time of conversion of the promastigotes in amastigote forms. The
technical protocol was adapted from Doyle et al. (1991) by Mendonca
et al. (2018). Briefly, 10° L. infantum stationary promastigotes were
washed 3 times in sterile phosphate buffer saline (PBS 1x) at pH 7.4
and incubated in 5 mL FBS for 72 h at 37 °C. The parasites were then
washed in cold PBS 1x pH 7.4, and cell density was estimated by
counting in the Newbauer chamber. The conversion of the parasites
was evaluated after staining with Giemsa, and the results in the conver-
sion percentage were higher than 90.0%.

24. Canine sera

This study was approved by the Committee on the Ethical Handling
of Research Animals (protocol number 0333/2015) of Federal
University of Minas Gerais (UFMG). Dogs developing VL were classified
as asymptomatic (n = 25) or symptomatic (n = 25) based on a score
calculated according to the intensity of the following evaluated clinical
signs: emaciation, alopecia, anemia, conjunctivitis, dehydration, derma-
titis, erosion, ulcerations, lymphadenopathy, and onychogryposis. In
this context, asymptomatic animals showed a score between 0 and 3,
and symptomatic dogs presented a score of higher than 3, according
to that described by Solca et al. (2014). All samples tested positive
when applying PCR to detect L. infantum kDNA, and infected animals
presented positive results by using the IFAT-CVL and EIE-CVL
BioManguinhos® kits (Rio de Janeiro, Rio de Janeiro, Brazil). Sera

obtained from healthy dogs living in endemic (n = 25; Belo Horizonte)
or nonendemic (n = 25; Pogos de Caldas, Minas Gerais, Brazil) areas of
leishmaniasis were used. These animals showed no clinical sign of the
disease and presented negative serological results. Samples collected
from healthy animals that had been immunized with a commercial vac-
cine (Leish-Tec®; n = 25) and from those that had been experimentally
infected with Ehrlichia canis (n = 15), Babesia canis (n = 15), or
Trypanosoma cruzi (n = 15), all of which were maintained in kennels
to prevent their contact with transmitting vectors of leishmaniasis,
were also used in the serological assays.

2.5. Human sera

Serum samples were also collected from VL patients (n = 30, includ-
ing 19 males and 11 females, with ages ranging from 26 to 56 years). In-
fection was confirmed by PCR targeting L. infantum KDNA in aspirates
from the spleen and/or bone marrow of the patients. The patients
were selected from an endemic region of disease (Belo Horizonte).
The control group consisted of healthy individuals living in an endemic
(Belo Horizonte; n = 30, including 17 males and 13 females, with ages
ranging from 24 to 55 years) or nonendemic (Pogos de Caldas, Minas
Gerais, Brazil; n = 30, including 16 males and 14 females, with ages
ranging from 23 to 54 years) areas of VL, none of which presented clin-
ical signs or suspicions of leishmaniasis. Serum samples from Chagas
disease patients (n = 20, including 13 males and 7 females, with ages
ranging from 24 to 52 years) were also used, with the infection con-
firmed by hemoculture and Chagatest recombinant ELISA v. 3.0 kit or
Chagatest hemagglutination inhibition (HAI) assay (Wiener Lab,
Argentina). Samples from paracoccidioidomycosis (n = 10, 5 males
and 5 females, with ages ranging from 29 to 51 years), leprosy (n =
10, with 6 males and 4 females, with ages ranging from 30 to
61 years), and aspergillosis (n = 10, including 4 males and 6 females,
with ages ranging from 24 to 45 years) patients were used in the assays.

2.6. ELISA for the serodiagnosis of VL

Previous titration curves were performed to determine the most ap-
propriate antigen concentration and antibody dilution to be used. The
flexible microtiter immunoassay plates (Jetbiofil®, Belo Horizonte)

L. infantum (XPAOO3 392700.1) 1 -MPQGQYSQKPNDGPTQPVKTRPGONVYTG-----—---—-N--———-—-———————P————— MNAPGSRPAVYYREGPWHY 50
L. donovani (XP_O 03862861.1) 1 -MPQGQYSQKPNDGPTQPVKTRPGQNVYTG-———---—---N-—-——-————————P————-] MNAPGSRPRVYYREGPWHY 50
L. major(XP_001684736.1) 1  -MLQGQYDQKPNGGPQYNQPQGPGQNVYTG——————=—==N-——————— =P — SNPPGSQSAVYYREGPWHY 50
L. major(XP_001684735.1) 1 -MLQGQYDQKPNGGPQYNQPQGPGQNVY TG ——==—====—N=m=—== === ——— =P e =] MNAPGSRPAVHSRLGNWHY 50
L. mexicana (XP_003877293.1) 1 -MQPAPLYQKPKGDAPYYQPQGRRAQNAYNG----------N--—-—-—-————————P————-] MNAPASRSAVQONRDGLWHY 50
L. braziliensis (XP_OCI 1566782.1)1 MHTQPQALGAPNAARSQGKGVPGNGADVYKTSAPPGAQWPSNDQPIPYNQRFNMLPHVKDSSQFHQLDGTIAVNRGPWHE 79
*: o ek, = td : s KoRED
L. infantum (XP_003392700.1) 51 SLCVCCEDMDSCCEARCCCFPCQVSRQCNMFMYNRREIHWPYCLLMIVFDLYL-PFSISCVFASETRRLARERYGISGTG 128
L. donovani(XP_003862861.1) 51 SLCVCCEDMDSCCEACCCFPCQVSRQCNMFMYNRREIHWPYCLLMIVFDLYL-PFSISCIFAGETRRLARERYGISGTG 128
L. major(XP_001684736. 1) 51 SLCVCCEDMDSCCEACCCFSCQVSRQCNMFMYNRREIHWPYCLLMTFLDLYL-PFTISWVEVGETRRLARERYGISGSS 128
L. major(XP_001684735.1) 51 SLCVCCNDMDSCCEACCCFPCQVSRQCNMLVSNRREIHWPYCLLMTLCDVSLLFFSVTCVFASETRRLARERYGISGSG 129
L. mexicana(XP_003877293.1) 51 SLCVCCEDMDSCCEACCCFPCQVSRQCNMLMNSRREIHWPYCLLMTLCDFTLFIFSVSCVFASETRRLARERYGISGSS 129
L. braziliensis (XP_001566782.1)77 SLCVCCQGIDSCCEAWCCMPCQLSRQCNMLTNNRKEIHWPYCLLMTFCDYTWLVFNASCIFASETRRMARERYSISGSS 160
***‘ki*:_:****** L **:******: _x:****x***** L% x. = :X'_**ik:***i*_**i:_
L. infantum (XP_003392700 .1) 129 CEDFCIGYWCRTCSAQQVLLEMIVMNEFPGAMCFEAAPQPAANRMV 174 Similarity
L. donovani(XP_O 03862861.1) 129 CEDFCIGYWCRTCSRAQQVLLEMIVMNEFPGAMCFERAPQPAANRMV 174 99%
L. major(XP_0016B4736. 1) 129 CEDFCIGYWCRTCSAQQVLLEMIVMNEFPGATCYEAAPQPAANRMV 174 85%
L. maon(XP_0016847 35.1) 130 CDDCCIGYWCRTCSAQQVLLEMTAMSEFPGATCYEAAPQPAANRMV 175 80%
L. mexicana(XP_003877293.1) 130 LEDCCLAYWCRTCSTQQVLLEMTTMNEFPGATCYEAAPQPMGNRMV 175 72%
L. braziliensis (XP_001566782.1)161 CEDCCIGYFCRPCSTQQVLLEMTLMNEFPGATCYEAT SHPAGRRMV 204 68%
:* *:.*:** **:******* *.*ki*i *:i*: :i ‘.*ii

Fig. 1. Evaluation of the amino acid sequence from amastin protein in Leishmania. An in silico analysis of the L. infantum amastin (XP_003392700.1) protein was performed by BLAST tool,
where a search for structural similarity among sequences in the database of other parasite species was performed with L. donovani (XP_003862861.1), L. major (XP_001684736.1), L. major
(XP_001684735.1), L. mexicana (XP_003877293.1), and L. braziliensis (XP_001566782.1). The amino acid sequences were aligned by the Clustal Omega program, and the specific linear B-

cell epitope (marked in bold and underlined) was predicted by the ABCpred server.
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L. infantum (XP_003392700.1) 0 T T T T T T T e e e e e e e M 01
T. rangeli (XP_009310501.1) 1 MSAK- 04
T. rangeli (AGN32994.1) ) e e e e e e e e e e e e e e e e e e ] MQVPN 05
T. theileri (ORC76762.1) 1 MASKNTESAEGGYPSYGNPPGAYVPPIGTVV—-———————-] MPNTGPTPAQPYTPLPQ—-S 49
T. cruzi (XP_810211.1) 1 MELNEMRGPGVYAARRQGGDSAPKWGP——————————— === ———— e — GVYRAA 32
T. cruzi(PBJ80659.1) 1 MELNEMRGPGVYAARAQGGDSAQKWAPGVYTAAQGGDSAQRKWPPGVYARAAQ-——————————————=—— GGDSAQRKWAPGVYTAA 66
T. cruzi (PWUS1633.1) 1 MELNEMRGPGVYAAAQGGDSAQRWAPGVYTAAQGGDSAQRWAPGVYTAAQGGDSAQRKWAPGVYTAAQGGDSAQRKWAPGVYTAA 83
L. infantum (XP_003392700.1) 02 PQGQYSQKPNDGPTQPVKT———————-] RPGONVYTGNPMNAPGSRPAVYYREGPWHYSLCVCCEDMDSCCEACCCFPCQVSRQ 76
T. rangeli (XP_009310501.1) 0S EDGAQTSGHARG-YLAVASDEPVTGIVMENE-—————————— VPHRLTAFDFPRDWEHDLCVCCSDCQSCGEAWCCFYCQLSRQ 76
T. rangeli (AGN32994.1) 06 PGGDVR--YPEADIARKVGTGPEVRGVEPMTNQFYYAPPPPLVTPTPMEVQRPQRDWKYDICHCCQDCSPCVEAWCCYYCQLSRQ 86
T. theileri (ORC76762.1) 50 EGGP-K--HGTGPQYGT-GTRKHGTGTQYGGGPYYGAPP—————————— PAQRRDWQNGLCVCCGDCDSCLESWCCYYCQLSRQ 118
T. cruzi (XP_810211.1) 33 QGGDSAPKWGPGVYAAAQGGDSAQK--WGPGV-YMPNS—---AHLAMVPPPPVRDWRYGLCHCCADCSPCLESWCCYYCQLSRQ 109
T. cruzi(PBJ80659.1) 67 QGGDSAQKWAPGVYTAAQGGDSAQK--WPPGV-YMPNP---AHLAMMPPPPLRDWRYGLCHCCADCSPCLESWCCYYCQLSRQ 143
T. cruzi (PWU91633.1) 84 QGGDSAQKWAPGVYTAAQGGDSAQK--WPPGV-YMPNP---AHLAMMPPPPLRDWRYGLCHCCADCSPCLESWCCYYCQLSRQ 160
* . . Wi RW K W R Nk NoR g RWR
L. infantum (XP_003392700.1) 77 CNMFMYN-RREIHWPYCLLMIVFDLYLPFSISCVFASETRRLARERYGISGTGCEDFCIGYWCRTCSAQQVLLEMIVMNEFPG 158
T. rangeli (XP_009310501.1) 77 FNMIYRN-NPTINWPVAALACAGDQCFMGLVSIFIHFVVRNKVRRLLNISGVDILNDGLVVCLCGPCALQQSLKEMIGSGMFPG 158
T. rangeli (AGN32994.1) 87 YNMVCQRGGPTIDGMICLAAYCGDYFCGGIVSPILQCGMRTKLRENLNIRGTSFDDFCCSLCCGPCTLQQSIMEMTAVGMFPG 169
T. theileri (ORC76762.1) 49 YNLLYEN-IPSINWAVAMGALLGDYCLGCLVSTVVQCMLRARVRQRLSLQGSDCDDACMSLCCSYCSLQQSLLELTDAGLFPG 200
T. cruzi (XP_810211.1) 110 YNVYCDNGKPEINWLVALGSLLGDYCCFGLVSTVLQFLVRNKLRRDFNIQGSDCGDGCVVVCCSHCGLQQVIMELTELGRFPG 192
T. cruzi(PBJ80659.1) 144 ¥YNVHCDNGKPEINWLVALGSLLGDYCCFGLVSTVLHFLVRNKIRRDFNIQGSDCGDGCVVFCCSPCGLQOMLMELTELGKFPG 226
T. cruzi (PWU91633.1) 161 YNVHCDNGKPEINWLVALGSLLGDYCCFGLVSTVLHFLVRNKIRRDFNIQGSDCGDGCVVFCCSPCGLQOMIMELTELGKFPG 243
w H . * . . * H w .. * w* N . w . * * * LA R BN H . W K

L. infantum(XP_003392700.1) 159 AMCFEAAPQPAANRMV 174 Similarity

T. rangeli (XP_009310501.1) 159 ACCYDIPHAVRMR---— 171 40%

T. rangeli (AGN32994.1) 170 ACCYEAPPGFVAMQ-- 183 39%

T. theileri (ORC76762.1) 201 ACCYNKAPGSRTME--— 214 39%

T. cruzi (XP_810211.1) 193 ACCYDAPPPVVEMQ--— 206 38%

T. cruzi (PBJ80659.1) 127 ACCYDAPPPVVPMQ-- 240 38%

T. cruzi (PWU91633.1) 144 ACCYDAPPPVVEMQ-- 251 38%

LA

Fig. 2. Evaluation of the amino acid sequence from amastin protein in other trypanosomatides. An in silico analysis of the L. infantum amastin (XP_003392700.1) protein was performed by
the BLAST tool, and the search for structural similarity among protein sequences expressed in other trypanosomatides was performed: T. rangeli (XP_009310501.1), T. rangeli
(AGN32994.1), T. theileri (ORC76762.1), T. cruzi (XP_810211.1), T. cruzi (PB]J80659.1), and T. cruzi (PWU91633.1). The amino acid sequences were aligned by the Clustal Omega
program, and the Leishmania-specific B-cell epitope is shown (marked in bold and underlined).

were then coated with amastin, synthetic peptide, rA2, or L. infantum
SLA (0.5, 1.0, 2.0, and 2.0 pg per well, respectively), which were diluted
in a 100-pL coating buffer (50 mM carbonate buffer), at pH 9.6, for 16 h
at4 °C. After, free binding sites were blocked using 250 pL of PBS 1x plus
Tween 20 0.05% (PBS-T) combined with 5% casein for 1 h at 37 °C. Next,
plates were washed 5 times using PBS-T and were incubated with
100 pL of canine or human sera (1:200 and 1:400 diluted in PBS-T, re-
spectively) for 1 h at 37 °C. Plates were washed 7 times in PBS-T and in-
cubated with anti-human or anti-dog IgG horseradish-peroxidase-
conjugated antibodies (1:20,000 or 1:10,000, respectively, both diluted
in PBS-T; SAB3701282 and A6792 catalogs, respectively; Sigma-Aldrich,
USA) for 1 h at 37 °C. The plates were then washed 7 times with PBS-T,
and the reaction was developed by incubation with 100 pL of a solution
comprised of H,O, 30 vol., ortho-phenylenediamine, and citrate-
phosphate buffer at pH 5.0 for 30 min in the dark. The reaction was
then stopped by adding 2 N H,SOy4, and the optical density (OD) was
read in an ELISA microplate spectrophotometer reader (Molecular De-
vices, Spectra Max Plus, Canada) at 492 nm. The diagnostic testing
was performed under blinded conditions, which means that test readers
interpreted the results obtained from each diagnostic technique for a
given sample with no knowledge of the results from other analyses.

2.7. In vitro stimulation of human PBMC
The present study was approved by the Human Ethics Committee

from UFMG (protocol number CAAE-32343114.9.0000.5149). Blood
samples (20 mL) were collected from VL patients (n = 6, including 4

males and 2 females, with ages ranging from 27 to 51 years). Infection
was confirmed by PCR in aspirates from spleen and/or bone marrow.
Samples were collected before and 6 months after treatment using pen-
tavalent antimonials (Sanofi Aventis Farmacéutica Ltda., Suzano, Sdo
Paulo, Brazil). Patients were submitted to the same therapeutic regimen
(20 mg Sb™> per kg during 30 days), none of whom suffered from any
other infections or had any preexisting disease. Upon completing the
treatment, a PCR was performed, and no parasite DNA was found in
the aspirates of the spleen and/or bone marrow. The control group
consisted of noninfected individuals (n = 6, including 3 males and 3 fe-
males, with ages ranging from 24 to 48 years) living in an endemic area
(Belo Horizonte) of disease. The subjects present no clinical signs and
exhibited negative results when tested by the Kalazar Detect™ Test
kit. For the PBMC culture, cells (10° cells) were purified by density cen-
trifugation through Ficoll-Hypaque (GE Healthcare Bio-Sciences AB,
Uppsala, Sweden) and cultured in 48-well flat-bottomed tissue culture
plates (Costar, Cambridge, MA) in RPMI 1640 medium, which was
added together with 20% FBS, 2 mM L-glutamine, 200 U/mL penicillin,
100 pg/mL streptomycin, 50 pM 2-mercaptoethanol, 1 mM sodium py-
ruvate, and 1x nonessential amino acid. PBMCs were incubated alone
(medium) or stimulated with the amastin protein or SLA (10.0 and
25.0 ug/mL, respectively) for 5 days at 37 °C in 5% CO-. The supernatants
were then collected, and the [FN-y and IL-10 production was evaluated
by capture ELISA (Human IFN-vy and IL-10 ELISA Sets, BD Biosciences,
USA) according to manufacturer's instructions. Results were interpo-
lated from a standard curve using recombinant cytokines. The detection
sensitivity for [FN-y and IL-10 was 2.2 and 3.9 pg/mL, respectively.
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Fig. 3. ELISA reactivity using the antigens against canine sera. ELISAs were performed using sera samples from asymptomatic (CVLsym, n = 25) and symptomatic (CVLasym, 1 = 25) visceral
leishmaniasis dogs, as well as sera from healthy dogs living in an endemic (HCga, n = 25) or nonendemic (HCnga, n = 25) area of leishmaniasis; samples from healthy animals and
vaccinated with the Leish-Tec® vaccine (HCyac, 1 = 25) and from those infected with Trypanosoma cruzi (Tc, n = 15), Ehrlichia canis (Ec, n = 15), or Babesia canis (Bc, n = 15). The
individual OD values for each sample against the recombinant amastin protein, synthetic peptide, rA2, and L. infantum SLA are shown. The mean of each group is indicated, as well as

significant differences between CVL and the other groups (P < 0.0001).

2.8. Statistical analysis

Results were entered into Microsoft Excel (version 10.0) spread-
sheets and analyzed using GraphPad Prism™ (version 6.0 for Win-
dows). Receiver-operator characteristic (ROC) curves were
constructed to determine the cutoff values. Curves were plotted using
the OD values from VL (asymptomatic and symptomatic) dogs versus
those obtained from control or cross-reactive sera. The diagnostic eval-
uation of the antigens was performed by calculating the sensitivity,
specificity, positive predictive value, negative predictive value, area
under the curve (AUC), and likelihood ratio. Confidence intervals (Cls)
were calculated using a 95% confidence level (95% CI). Differences
were considered significant when P < 0.05.

3. Results
3.1. Sequence alignment of the amastin protein
A BLAST-p assay showed that the amino acid sequence of the

amastin protein presents high structural homology between distinct
Leishmania spp.: L. donovani (99%), L. major (85%), L. mexicana (72%),

and L. braziliensis (68%) (Fig. 1), but not in other trypanosomatides,
such as T. rangeli (40%), T theileri (39%), and T. cruzi (38%) (Fig. 2). Re-
sults also showed a specific B-cell epitope
(LPFSISCVFASETRRLARERYGISG), which presented high structural ho-
mology between Leishmania species but not in other trypanosomatides
(Figs. 1 and 2).

3.2. Evaluation of the antigens for the serodiagnosis of canine VL

Serological assays were performed using the recombinant protein
and the synthetic peptide, with L. infantum SLA and the rA2 protein
used as controls. Results showed that symptomatic and asymptomatic
CVL sera reacted with the amastin protein and synthetic peptide, with
OD values significantly higher when compared to those found using
rA2 or SLA (Fig. 3). ROC curves were constructed, and the maximum
sensitivity and specificity values were found for the protein and peptide,
with an AUC of 1.0, whereas when using rA2, the AUC value was 0.55 to
discriminate CVL sera from healthy controls (HC) and 0.50 to discrimi-
nate between CVL sera and cross-reactive disease sera (CRD, comprised
of vaccinated animals and those infected with E. canis, Babesia canis, or
T. cruzi) (Fig. 4). Using L. infantum SLA, AUC values were 0.53 and 0.65
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Fig. 4. ROC curves for the diagnosis of canine leishmaniasis. ROC curves were constructed with the results obtained in the ELISAs with the canine serological panel against the amastin
protein, synthetic peptide, rA2, and L. infantum SLA. The sensitivity (95% CI), specificity (95% CI), and AUC values were determined and are shown.

to discriminate CVL sera from HC and CRD samples, respectively. Re-
garding the sensitivity and specificity values, the recombinant protein
and synthetic peptide showed results of 100% in both cases, whereas
when using rA2 or SLA, the sensitivity values were of 78.0% and 42.0%
to discriminate positive and negative samples, respectively, and speci-
ficity values were of 45.3% and 75.3%, respectively (Table 1).

3.3. Testing the antigens for the serodiagnosis of human VL

The recombinant amastin protein and synthetic peptide were also
evaluated in ELISA experiments for the diagnosis of human disease.
For this, the rA2 protein and L. infantum SLA were also used as controls.

Results showed that both protein and peptide presented both

Table 1

sensitivity and specificity values of 100%, respectively, with an AUC of
1.0 to identify L. infantum-infected patients, whereas when using
L.infantum SLA and rA2, the sensitivity values were 86.67% and 100%, re-
spectively, with an AUC of 0.84 and 0.91, respectively, and specificity
values were 73.33% and 75.00%, respectively (Fig. 5). ROC curves were
also constructed, and results are shown in Fig. 6. Parameters used to
evaluate the diagnostic efficacy of the recombinant protein and syn-
thetic peptide are also shown (Table 2).

3.4. Cell response generated in human PBMCs

The stimulation of human PBMC with the amastin protein was also
performed. For this, cells derived from blood samples of VL patients

Evaluation of the antigens for the serodiagnosis of canine leishmaniasis. Sera samples from asymptomatic and symptomatic visceral leishmaniasis dogs, as well as from healthy dogs living
in endemic or nonendemic areas of leishmaniasis; samples from healthy animals but immunized with the Leish-Tec® vaccine; and sera from those infected with Trypanosoma cruzi,
Ehrlichia canis, or Babesia canis were used in the assays. ROC curves were constructed to determine the cutoff values of the antigens. The sensitivity (Se; 95% CI), specificity (Sp; 95%
CI), and Youden index (J) were calculated between the CVL (asymptomatic plus symptomatic cases) and HC (healthy animals) groups, as well as between CVL (asymptomatic plus symp-

tomatic cases) and CRD (cross-reactive diseases) groups.

Antigen CVL versus HC CVL versus CRD
Cutoff Se 95% (I Sp 95% (I J Cutoff Se 95% (I Sp 95% (I J
rAmastin >0.2405 100 92.9-100 100 95.2-100 1.00 >0.2770 100 92.9-100 100 92,13-100 1.00
Peptide >0.1455 100 92.9-100 100 95.2-100 1.00 >0.2170 98.0 89.4-100 100 92,13-100 0.98
rA2 >0.3328 78.0 64.0-88.5 453 33.8-57.3 0.23 >0.5573 16.0 7.2-29.1 733 81.7-92.3 0.09
SLA <0.3870 420 28.2-56.8 75.3 65.3-89.4 0.27 <0.3550 38.0 24.7-52.8 68.8 55.6-89.9 0.38
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Fig. 5. Diagnostic evaluation of the antigens to detect human leishmaniasis. ELISAs were performed using sera samples from visceral leishmaniasis patients (VL, n = 30), from noninfected
subjects living in endemic (Hga, n = 30) or nonendemic (Hnga, n = 15) regions of disease, as well as from patients with Chagas disease (CD, n = 20), leprosy (HAN, n = 10), aspergillosis
(ASP, n = 10), or paracoccidioidomycosis (PAR, n = 10). The individual OD values for each sample against the recombinant amastin protein, synthetic peptide, rA2, and L. infantum SLA are
shown. The mean of each group is indicated, as well as significant differences between HVL and the other groups (P < 0.0001).

were collected before and after treatment, and were stimulated with the
recombinant protein. As a control, cells were also obtained from healthy
subjects living in an endemic area of VL. After, the IFN-vy and IL-10 pro-
duction was measured in the cell culture supernatants. Results showed
higher amastin-specific IFN-y levels in treated VL patients and healthy
subjects, which were associated with lower IL-10 production in these
groups (Fig. 7). On the other hand, when L. infantum SLA was used as
a stimulus, higher IL-10 levels were found in the untreated patient
group.

4. Discussion

Amastins comprise a glycoproteins family encoded by
trypanosomatides genes. In spite of descriptions of this protein family
in distinct Leishmania species, a biological role of these proteins has
not yet been established (Azizi et al. 2009). In the present work, the
L. infantum amastin protein was cloned and evaluated as antigenic and
immunogenic in the canine and human VL. Due to the fact that this pro-
tein was recently identified in an immunoproteomics study developed
in L. infantum amastigote extracts by antibodies in sera of asymptomatic
and symptomatic VL dogs (Coelho et al. 2012), its recombinant version
was evaluated for the serodiagnosis of the disease. A preliminary study
was also conducted to evaluate the immunogenicity of this protein by

using PBMC cultures stimulated with the protein, which were derived
from treated or nontreated VL patients as well as from healthy subjects.

The success of the serological diagnosis of VL is related to the sensi-
tivity and specificity of the tests employed in this study, and their per-
formance depends on many factors, such as infection status and the
type of diagnostic antigen (Travi et al. 2018). In this context, when the
infection by the parasite is considered subclinical or asymptomatic,
the sensitivity of the tests presents variable results (Carvalho et al.
2017; Nogueira et al. 2018). This fact can be due mainly to the low titers
of antileishmanial antibodies found in these infected hosts (Mettler
et al. 2005). On the other hand, the nature of the antigen is also impor-
tant since most of them are present in the promastigote forms of the
parasites (Pinheiro et al. 2009). The difficulty in cultivating axenic
amastigotes, as well as the low degree of purification of these forms,
can be considered limiting factors in the identification of specific anti-
gens. On the other hand, these molecules should be considered as suit-
able targets to compose a diagnostic test since just a few hours after the
infection, as well as during the active disease, amastigotes can already
be found circulating in infected mammalian hosts (Fernandes et al.
2012).

Since amastin proteins are considered to be transmembrane gly-
coproteins documented as present in Leishmania amastigotes, they
could be considered for the serodiagnosis of canine and human dis-
ease. Rafati et al. (2006) evaluated an amastin-derived peptide as a
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Fig. 6. ROC curves for the diagnosis of human leishmaniasis. ROC curves were constructed with the results obtained in the ELISAs with the human serological panel against the amastin
protein, synthetic peptide, rA2, and L. infantum SLA. The sensitivity (95% CI), specificity (95% CI), and AUC values were determined and are shown.

biomarker for the diagnosis of human VL. Results showed that
amastin-specific antibodies were present in VL patient sera, with a
95% reactivity. The authors suggested that this molecule could be
considered a serological marker for human disease. In the present
study, the recombinant amastin protein also showed high sensitiv-
ity and specificity values to detect VL patients, thus allowing one
to infer about the biological role of this antigen in the identification
of L. infantum-infected humans.

The production of recombinant proteins by cloning and heterolo-
gous expression in prokaryotic systems represents a relevant, but costly,
alternative to preparing large amounts of purified antigens (Chavez-
Fumagalli et al. 2013; Florez et al. 2017). By contrast, synthetic peptides,
predicted as specific B-cell epitopes, could be considered since they are
simpler, more stable, and less costly to produce than the recombinant
proteins (Menezes-Souza et al. 2015; Noya et al. 2003). Amastins can
be found conserved in distinct Leishmania spp. (Jackson 2010); as a

Table 2

consequence, a B-cell epitope was predicted to have a high structural
homology between distinct parasite species but also presents a low ho-
mology when amino acid sequences from other trypanosomatides are
evaluated. The synthetized epitope was tested for the serodiagnosis of
VL, and results showed high sensitivity and specificity values to identify
positive but not negative or cross-reactive sera, thus demonstrating the
feasibility to use this molecule, when compared to the recombinant pro-
tein, for the serodiagnosis of the disease.

To the best of our knowledge, the present study is the first of its kind
to evaluate the diagnostic role of both the amastin protein and a con-
served and linear B-cell epitope for the serodiagnosis of CVL, as well as
a possible immunological marker for human disease. The protein was
also tested by using a cohort of Brazilian VL cases, and results corrobo-
rated those obtained by Rafati et al. (2006) using a cohort based on
[ranian patient sera. On the other hand, although A2 proteins have
also proven to be specific of Leishmania amastigotes (Resende et al.

Evaluation of the antigens for the serodiagnosis of human leishmaniasis. A human serological panel comprised of sera samples from healthy individuals living in endemic or nonendemic
areas of VL, as well as from VL, Chagas disease, paracoccidioidomycosis, leprosy, and aspergillosis patients, was used in ELISA experiments against the amastin protein and synthetic pep-
tide. The rA2 protein and L. infantum SLA were used as controls. Results obtained were used to calculate sensitivity, specificity, 95% CI, AUC, and Youden index (J).

Antigen HVL versus HC HVL versus CRD
Cutoff Se 95% (I Sp 95% (I J Cutoff Se 95% (I Sp 95% (I J
rAmastin >0.3043 100 88.43-100 100 94.04-100 1.00 >0.2805 100 88.43-100 100 92,89-100 1.00
Peptide >0.2079 100 88.43-100 100 94.04-100 1.00 >0.1880 100 88.43-100 100 92,89-100 1.00
rA2 >0.3860 86.67 69.28-96.24 73,33 60.34-83.93 0.60 >0.4558 60.00 40.60-77.34 92.00 80.77-97.78 0.52
SLA >0.5333 100 88.43-100 75,00 62.14-85.28 0.75 >0.5703 90.00 73.47-97.89 68.00 53.30-80.48 0.58
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Fig. 7. Immunogenicity in PBMCs from untreated and treated VL patients. To evaluate the
immunogenicity in human PBMCs from untreated and treated visceral leishmaniasis
patients (n = 6 each), as well as from healthy subjects living in an endemic region of
disease (n = 6), cells (10°) were plated in 48-well flat-bottomed tissue culture plates
(Costar, Cambridge, MA) and either incubated alone (medium) or stimulated with the
amastin protein or SLA (10.0 and 25.0 pg/mL, respectively) for 5 days at 37 °C in 5% COs.
Supernatants were collected, and IFN-y and IL-10 production was evaluated by ELISA
capture (Human IFN-y and IL-10 ELISA Sets, BD Biosciences, USA) according to
manufacturer's instructions. Bars indicate the mean + standard deviation of the groups.
“Statistically significant difference in relation to the SLA stimulus (P < 0.0001).
*Statistically significant difference in relation to the rAmastin stimulus (P < 0.0001).

2008) and used in some studies for the serodiagnosis of canine and
human disease (Akhoundi et al. 2013; Carvalho et al. 2002; Porrozzi
etal. 2007), results obtained here showed worst sensitivity and specific-
ity values when compared to the recombinant amastin protein used to
identify both canine and human VL cases.

Some studies have used amastin proteins as vaccine candidates
against trypanosomatides, such as T. cruzi (Minning et al. 2003; Teixeira
et al. 1994) and L. major (Stober et al. 2006); however, there is a need to
perform new studies to stimulate immune cells that come from sources
other than those derived from mice. It is well known that, during active
VL, a depressed cell-mediated immune response, characterized by the
failure of patients' PBMCs to respond when stimulated by Leishmania
antigens, is commonly found, and the production of cytokines, such as
IFN-vy and IL-12, is hampered (Peruhype-Magalhdes et al. 2005). On
the other hand, when PBMCs from cured and/or treated patients are
stimulated, they produce higher levels of proinflammatory cytokines
(Singh et al. 2012). Here, PBMCs collected from untreated and treated
VL patients were in vitro stimulated with the amastin protein, and
IFN-y and IL-10 production was measured in the cell culture superna-
tant. Our findings showed a significant IFN-y response in treated pa-
tients when compared to the IL-10 levels. In addition, higher levels of
IFN- were also found in healthy subjects living in an endemic region of
disease. In fact, new studies are warranted, especially those using im-
mune cells collected from a larger number of patients and controls;
however, results obtained here suggest the occurrence of an immuno-
genic action based on the Th1 profile when cells from both patients
and controls were stimulated with the amastin protein, opening the
possibility of testing this protein in other more controlled studies
against human VL.

In addition, the absence of a higher serological panel, as well as of
other diagnostic platforms to test both the recombinant protein and
synthetic peptides, could also be considered limiting factors of our
study. However, the results presented here suggest that amastin can
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be considered a candidate for the serodiagnosis of canine and human
VL, and suggest an immunogen role of this protein when it was used
to stimulate immune cells derived from VL patients and healthy
individuals.
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