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Abstract

A skin test is a widely used tool in diagnostic evaluations to investigate cutaneous leishmaniases (CL). The actual antigen
(Montenegro skin test [MST] antigen) presents some difficulties that pertain to its manufacturing and validation. To contribute
to overcoming this problem, we propose the application of new-generation molecules that are based on skin antigen tests. These
antigens were obtained through biotechnology pathways by manufacturing synthetic mimetic peptides. Three peptides, which
were selected by phage display, were tested as skin test antigens in an animal model (Cavia porcellus) that was immunized with
Leishmania amazonensis or Leishmania braziliensis. The peptide antigens, individually (PA1, PA2, PA3) or in a mix (PAMix),
promoted induration reactions at 48 and 72 h after the test was performed. The indurations varied from 0.5 to 0.7 cm. In the
animals immunized with L. amazonensis, the PA3 antigen showed better results than the standard MST antigen. In animals
immunized with L. braziliensis, two peptide antigens (PA2 and PAMix) promoted induration reactions for a longer period of time
than the standard MST antigen. These results validate our hypothesis that peptides could be used as antigens in skin tests and may
replace the current antigen for CL diagnosis.
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Introduction biomolecules in cells and are essential for the biological pro-

cess. The use of a full-length protein as an antigen can provide

In recent years, the development of biomolecules has attracted
the attention of research groups that aim to produce biotech-
nological supplies. These biomolecules could be applied as
sources of pharmaceuticals or even used for diagnoses
(Brigido and Maranhao 2002; Bazan et al. 2012; de Moura
etal. 2016). As the primary and final product of genetic infor-
mation pathways, proteins are the most abundant
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multiple epitopes throughout the sequence for antibody rec-
ognition and binding. However, these molecules enhance the
probability of nonspecific cross-reactivity with homologous
epitopes from other proteins (Hancock and O’Reilly 2005;
Nagill and Kaur 2011). Once the immunogenic sites of pro-
teins from pathogens are encoded by a small, specific se-
quence of amino acids (epitopes), these peptides can represent
an alternative to recombinant proteins, thereby avoiding the
limitations of nonspecific cross-reactivity.

The peptide sequence that triggers the immune response
can be identified and chemically synthesized for application
as an immunogen in vaccines and within diagnostic ap-
proaches (WHO 1997; Brigido and Maranhao 2002; Alban
et al. 2014). Synthetic peptides represent well-defined epi-
topes with highly conserved, unique regions and active sites
that can raise the specificity of the antibody ligation (WHO
1997). In a research related to new vaccines and diagnosis
markers, synthetic peptides represent a promising approach
for developing antigens with high specificity and sensitivity.
Some studies have already described the ability of phage-
displayed peptides to induce protection against bacteria,
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viruses, and parasites (WHO 1997; Chen et al. 2001; Brigido
and Maranhao 2002; Wu et al. 2006; Wang et al. 2007; Alban
et al. 2013). In this way, our group has successfully used a
phage-display technique to identify the mimotope peptides of
different pathogens (Capelli-Peixoto et al. 2011; Alban et al.
2013; Fogaga et al. 2014; Thomaz-Soccol et al. 2015; Link
et al. 2017). A study performed by Link et al. (2017) selected
three peptides by phage display that use immunoglobulins
against L. braziliensis. These molecules presented 92 to
100% ability for CL diagnosis when applying an immunoas-
say test (Link et al. 2017). The sequences of these three pep-
tides were analyzed in a data bank and show homology with
Leishmania glycoprotein (GP63), lipophosphoglycan (LPG),
and other hypothetical Leishmania proteins. These results
raised the question of whether these peptides can be used for
research into the immune response in a cutaneous leishmani-
ases (CL) diagnosis.

The skin test is one of the most frequently used comple-
mentary methodologies in CL diagnosis due to its sensitivity
and specificity. Further, it is an easy method to read, is inex-
pensive, may be easily to transport and can be taken to places
that are difficult to access, does not require sophisticated
equipment, and can be realized in loco by a healthcare worker.
This test is an immunological approach that is based on a
delayed-type hypersensitivity (DTH) response in which an
in vivo manifestation can be measured and semi quantified
by the skin test. The current formulation of the skin test anti-
gen consists of a suspension of promastigote forms of
Leishmania sp. that varies according to the etiological agent
from each region (Skraba et al. 2015). The lack of a standard
antigen represents the main problem of this test, which makes
its interpretation difficult. Furthermore, the production of the
antigen is time consuming and difficult to scale up (Sadeghian
etal. 2013; de Vries et al. 2015). These difficulties increase the
need to investigate new alternatives for skin test antigens with
high specificity and sensitivity and that are capable of promot-
ing a strong DTH response.

The in vivo manifestation of a DTH response can be eval-
uated in animal models such as Cavia porcellus. This animal
species is a well-established biological model for the skin
test (Malaghini et al. 2011; Alban et al. 2013). In a recent
study, Guedes et al. (2017) successfully validated
C. porcellus as an animal model for the quality control pro-
cess of the Montenegro skin test (MST) antigen production.
This result opens doors to testing new skin test antigens for
CL diagnosis in an animal model capable of reproducing a
DTH response.

According to these outcomes and with the results that were
previously obtained by our group (mimetic peptide production
and animal species validation), the present work aimed to
confirm the hypothesis that using these antigens in the skin
test promotes a DTH reaction in C. porcellus immunized with
L. amazonensis or L. braziliensis.
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Material and methods
Experimental procedures

In this study, the use of mimetic peptides as skin test antigens
in the animal model C. porcellus (guinea pigs) was evaluated.
The choice of the animal model was based on the previous
work of our group (Guedes et al. 2017). The present study was
conducted in four phases: (1) peptide chemical synthesis, (2)
peptide antigen formulation, (3) C. porcellus immunization
with L. amazonensis or L. braziliensis, and (4) the evaluation
of peptides as antigens for a skin test against CL (Fig. 1).

Synthesis of mimetic peptides

The three peptides selected for this study were chemically
synthesized by the Fmoc strategy (9-
fluorenylmethyloxycarbonyl) when using a peptide synthesis
protocol in the solid phase (resin as insoluble solid support),
which involves special amino acids for in vitro synthesis. The
protocol was performed according to the approach outlined by
Merrifield (1969) that uses the MultiPep RS automated pep-
tide synthesizer (Intavis Bioanalytical Instruments,
Nattermannallee, Germany). Briefly, the peptides’ amino acid
C-terminals were fixed to the resin and lengthened by succes-
sive additions of residues of the C-terminals to the N-terminal
portions. The amino groups of these amino acids were
protected by the Fmoc group, and each side chain was also
safeguarded by a protective group to prevent undesired reac-
tions. The coupling and deprotection cycles (removal of the
Fmoc grouping by the presence of 20% piperidine) were per-
formed until all amino acids within the synthesized peptides
were coupled. Upon completion of the last cycle, the peptides
were removed from the resin by cleavage. The peptide solu-
tions were filtered and precipitated with cold ethyl ether, yield-
ing the peptides. After centrifugation, the ether was discarded.
The peptides were lyophilized, weighed, dissolved in ultra-
pure water, and stored at — 20 °C at a concentration of 1 mg/
mL. The peptides’ amino acid sequences were confirmed by
mass spectrometry using an Autoflex spectrometer (Bruker
Daltonics, Bremen, Germany) and FlexAnalysis software
(Bruker Daltonics, Bremen, Germany).

Peptide antigen formulation

Peptides were individually conjugated to the carrier protein,
bovine serum albumin (BSA) by glutaraldehyde per the work
of Harlow and Lane (1988). The carrier proteins (0.03 pmol)
were dissolved in phosphate buffer solution (PBS) (pH 7.2)
and added to the peptide solution (0.6 umol), which was also
dissolved in PBS. Equal volumes of 0.2% glutaraldehyde in
PBS were slowly added to the solution peptide/carrier pro-
teins. The addition of glutaraldehyde occurred under constant
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Fig. 1 Experimental procedure steps: (1) peptide chemical synthesis, (2) peptides conjugation to a carrier protein, (3) peptide antigen formulation, and
(4) C. porcellus immunization and evaluation of the mimetic peptides as antigens for skin test

agitation for 1 h at room temperature. Then, a solution of
glycine 1 M in PBS was added to a final concentration of
200 mM. The solution was incubated for 1 h under agitation
and at room temperature. Aliquots were stored at —20 °C.

To formulate the antigens, 80 pg of each lyophilized pep-
tide was diluted in 2 mL of phenol saline solution to a final
concentration of 4 pg/0.1 mL. This resulted in four different
peptide antigen formulations as follows: PA1 (Pep 1 conjugat-
ed to BSA + phenol saline), PA2 (Pep 2 conjugated to BSA +
phenol saline), PA3 (Pep 3 conjugated to BSA + phenol sa-
line), and PAMix (each conjugated peptide + phenol saline).

Animal model immunization with L. amazonensis
or L. braziliensis

The following equation was used for the animal number calcu-
lation: sample size =2 x SD? x (z%? + 7Py | &* (Charan and
Kantharia 2013), where standard deviation was = from previ-
ous studies; 2% = 1.96 with an error type 1 of 5%; ZP=700=
0.842 at 80% power; d = effect size = difference between mean
values. According to this formula and based on a study with
human patients (for details, see Skraba et al. 2015), the sample
size for this antigen screening study was 4.58, where SD =
0.591 cm corresponds to the standard deviation of the mean
value from the positive group from the study with human pa-
tients and d=1.119 cm corresponds to the difference between
the mean value of the positive and the negative groups from the
study with human patients (Skraba et al. 2015). Therefore, we
assume five animals per group. Besides that, in in vivo

experimental tests, it is important to respect the 3R rule and
use the minimum number of animals (Zurlo et al. 1996).

Fifteen adult male C. porcellus were immunized with sol-
uble antigens of L. amazonensis (MHOM/BR/73/M2269) or
L. braziliensis MHOM/BR/94/M2903). The soluble antigens
of L. braziliensis or L. amazonensis were prepared as de-
scribed by Szargiki et al. (2009), which consisted in a protein
extraction of promastigotes diluted in sterile water, followed
by the incorporation of incomplete Freund’s adjuvant (IFA).
The animals were divided into three groups as follows: G1
(immunized with L. amazonensis soluble antigen), G2 (immu-
nized with L. braziliensis soluble antigen), and G3 (inoculated
with IFA and a saline solution; negative control group). The
animals were intramuscularly inoculated with 1 mL (4 mg/
mL) of a soluble antigen or IFA.

Evaluation of peptides as antigens for skin test

After 30 days of immunization, the animals were skin tested
with four new peptide antigens (PA1, PA2, PA3, and PAMix),
the current antigen for the CL skin test MST (CPPI—Iot 01/
12—registration number: 80151040004), and with phenol sa-
line solution (vehicle). One day before the skin test, the ani-
mals’ dorsal areas were depilated using a chemical depilatory
product (Veet®) according the following steps: (1) the depi-
late cream was spread in thick layers that were enough to
completely cover the fur; (2) after 5 min, a wet gauze was
used to verify whether the fur could be removed. If the fur
was not easily removed, the product was allowed to act for a
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longer time that did not exceed a total of 10 min; (3) once the
fur could be easily removed, it was wiped away on each ani-
mal with wet gauze; (4) the animals’ skin was washed with
plenty of warm water to completely remove the cream; (5) the
animals’ skin was dried with soft towels. For the skin test, six
inoculation points were delimited (Fig. 1). Each point was
intradermally inoculated with 0.1 mL of one of each the five
antigens and the vehicle. The antigens were inoculated in a
concentration of 4 pg/0.1 mL. The readouts of the skin test
reactions were performed at 24, 48, and 72 h after the intra-
dermal inoculation by measuring the diameter of the indura-
tions with a caliper.

Statistical analysis

A Shapiro-Wilk test for the normal condition of variable eval-
uation and an ANOVA analysis with a Tukey posttest were
performed to analyze the significant difference among groups.
All statistical analyses were performed using R software, ver-
sion 3.4.0, assuming a significance level of 5% (R
Development Core Team 2011).

Results
Peptides characterization

The three peptide sequences and their molecular weights are
shown in Table 1. The molecular weights varied from
1931.059 to 2021.203 Da. For more details about the pep-
tides’ identification, see Link et al. (2017).

Biological evaluation of peptides

The average diameters of induration reactions in C. porcellus
immunized with L. amazonensis show that the three antigen
peptides (PA1, PA2, and PA3) presented induration reactions,
even when injected individually or in the mix (PAMix)
(Table 2). The induration reaction of PA1 varied from
0.47 cm at 48 h after the intradermal test to 0.46 cm after
72 h. PA2 presented diameters ranging from 0.54 cm (48 h)
to 0.53 cm (72 h). For PA3, the average diameters were
0.61 cm (48 h) and 0.72 cm (72 h). PAMix promoted indura-
tion reactions of 0.54 c¢cm (48 h) and 0.58 cm (72 h). The
induration result from the phenol saline injection was 0 cm
both times that the test was performed. When compared to the
MST antigen, the new antigens (PA2, PA3, and PAMix)
showed an average induration reaction that was longer and
>0.5 cm, even after 48 through 72 h.

The statistical analysis showed that after 48 h, the differ-
ence between the induration reaction promoted by the stan-
dard MST antigen and peptide antigens (PA1, PA2, and PA3)
produced by our group was not significant (p value =0.16);
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however, after 72 h, the induration reaction promoted by PA3
was significantly different from the standard MST antigen
(p=0.02) (Fig. 2).

The average diameters of induration reactions in
C. porcellus immunized with L. braziliensis show that PA1,
PA2, and PA3 presented induration reactions, even when
injected individually or in the mix (PAMix) (Table 3). PA1
promoted induration reactions that varied from 0.55 cm at
48 h after an intradermal test to 0.57 cm after 72 h. For PA2,
the average diameters were 0.56 cm (48 h) and 0.71 cm (72 h).
PA3 presented diameters ranging from 0.6 cm (48 h) to
0.67 cm (72 h). The induration reactions of PAMix were
0.59 cm (48 h) and 0.73 ¢cm (72 h). The induration result from
the phenol saline injection was 0 cm for both test times. When
compared to the MST antigen, PA1, PA2, PA3, and PAMix
showed an average induration reaction of > 0.5 cm, even after
48 h through 72 h.

The statistical analysis showed that after 48 h, the differ-
ence between the induration reactions promoted by a standard
MST and the peptide antigens (PA1, PA2, and PA3) produced
by our group were not significant (p =0.49), although after
72 h, the induration reactions promoted by PA2 and PAMix
were significant from standard MST (p =0.01) (Fig. 3).

In the negative control group (G3), in which C. porcellus
were injected with IFA and phenol saline, an induration reac-
tion was not observed in the inoculation sites for the standard
MST antigen, PA1, PA2, PA3, or PAMix.

In this work, the skin test response promoted by peptides
varied from 0.46 (PA1) to 0.61 cm (PA3) at 48 h after the skin
test in C. porcellus immunized with L. amazonensis. In
C. porcellus immunized with L. braziliensis, the indurations
after 48 h varied from 0.55 (PA1) to 0.60 cm (PA3). The result
of the statistical analysis of skin test responses to peptide an-
tigens was equal to the result shown by the MST antigen in the
group immunized with L. amazonensis for the skin test after
48 h; the difference between the induration reactions promot-
ed by the peptides antigens and the MST antigen were not
significant. However, 72 h after the skin test, the results
showed that the indurations promoted by PA3 were signifi-
cantly different from the MST antigen. The difference is relat-
ed to the average diameter of PA3 at 72 h (0.72 cm), whereas
the MST antigen diameter was only 0.48 cm. This result con-
firms that PA3 demonstrated better performance when com-
pared with the MST antigen because it can maintain a longer
immunity response for a lengthier amount of time, thus facil-
itating the reading of the test in remote places or with difficult
access to medical services.

Discussion

Several Leishmania sp. virulence factors have been identified,
and the protein GP63 has been identified as the major surface
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Table 1 Peptides sequence after chemical synthesis

Sequence Expected mass Obtained aa'

Mass number

Peptide 1 GHPMPRTSVSBRLARP 1931.031 Da 1931.059 Da 15
Peptide 2 TRAVPKEPBPLSGRRK 2021.124 Da 2021.203 Da 15
Peptide 3 SPPQPNNFRBLNSLGS] 1985.048 Da 1985.121 Da 15
! Amino acid

glycoprotein of Leishmania sp. promastigotes forms. It repre-
sents more than 1% of the parasite’s total protein (Yao et al.
2003; Link et al. 2017) and has been used in several experi-
mental immunization studies with different Leishmania spe-
cies and conferring effective protection on susceptible mice
(Jaafari et al. 2007). For these reasons, this molecule could be
used in diagnostic methods that evaluate a cellular immune
response. Methods based on a cellular immunity response
have been widely used in leishmaniases diagnosis. Among
these methods, the MST can be highlighted for its sensitivity,
specificity, low cost, easy application, and capacity to be per-
formed in remote places. The current MST antigen was ob-
tained by the extraction of proteins from promastigote forms
of Leishmania sp. that diverge in the etiological agent depend-
ing on the region in the world. The lack of a standard antigen
and other difficulties in the manufacturing process require
new studies on the formulation of antigens with sensitivity
and specificity to be applied on skin tests. To overcome these
limitations, we proposed, in this work, the application of new
biomolecules as antigens obtained by phage display for the
skin test. For this, the biological response of the mimetic pep-
tides as skin test antigens was evaluated in an animal model to
verify whether or not these biomolecules could be used as
antigen candidates in a hypersensitive reaction for a CL skin
test.

The selected animal model was C. porcellus (guinea pig),
which resulted in a suitable model to test the MST quality
control process (Guedes et al. 2017) and could be used as an
in vivo model for screening new biomolecules. Our observa-
tions are corroborated by other authors as this animal model is
well established to study a DTH in different types of disease
and is also used in the investigation of infectious diseases
(Kim 2011; Komori et al. 2011; Malaghini et al. 2011;
Kukharenko et al. 2015; Moradi et al. 2015). Secondly, the
guinea pig has been established as an in vivo model for a CL
skin test (Khabiri et al. 2006; Guedes et al. 2017).

The peptides that were evaluated in this study were fused to
BSA, which is one of the most frequently used proteins to
conjugate small molecules for vaccines or in immunoassay
approaches (Lateef et al. 2007; Alban et al. 2013). Peptides
are small molecules of nearly 2000 Da, which characterizes
them as haptens. These molecules alone are unable to induce a
specific immune response. However, they react with other

molecules, and in this way, they can become immunogenic
and able to promote humoral and cellular immune responses
(Kindt et al. 2007).

The skin test response in C. porcellus immunized with
L. amazonensis or L. braziliensis showed that the peptides
antigens—individually (PA1, PA2, PA3) or in a mix
(PAMix) promoted induration reactions of >0.5 cm after
48 h and remain positive for 72 h after the skin test. The
DTH response promoted by peptides varied from 0.46 (PA1)
t0 0.61 cm (PA3) 48 h after the test in C. porcellus immunized
with L. amazonensis (G1), and in C. porcellus immunized
with L. braziliensis (G2), the indurations after 48 h varied
from 0.55 (PA1) to 0.60 cm (PA3).

The statistical analysis of the skin test response of peptide
antigens and the MST antigen in both groups (G1 and G2)
showed that 48 h after a skin test, the difference between the
induration reaction promoted by the peptides’ antigens and
the MST antigen was not significant. But, after 72 h, the
indurations promoted by PA3 in the G1 group and PA2 and
PAMix in the G2 group were significantly different from the
MST antigen. These differences are due to the average diam-
eter of the indurations which result from the injection of these
peptide antigens. The average diameter of PA3 at 72 h was
0.72 cm, while it was 0.48 cm the for MST antigen (in G1).
For PA2, the average diameter was 0.71 cm; for PAMix, it
was 0.73 cm; and for the MST antigen, it was 0.45 cm (in
G2). These results confirm that PA3, PA2, and PAMix are
better than the MST antigen because they can maintain a
longer immunity response for a lengthier amount of time,
which is an advantage because it promotes a longer indura-
tion diameter and readout time of 72 h and permits a patient
more time to go to a health service provider and receive a
diagnosis.

This is the first study that reports the use of mimetic pep-
tides as antigens in skin tests for CL. Other antigens, such as
soluble Leishmania purified protein (Khabiri et al. 2005,
2006) and recombinant proteins, have been investigated
(Teixeira et al. 2011). However, in these cases, the down-
stream process is more expensive and time consuming; fur-
ther, in the case of recombinant proteins, they also require a
step to remove lipopolysaccharides to avoid anaphylactic
shock in patients. In comparison, mimetic peptides can be
chemically produced and contain no contaminants.
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Table 2 Average diameters (cm) of induration reactions promoted by
new antigens (PA1, PA2, PA3, and PAMix) comparing to MST in Cavia
porcellus immunized with Leishmania amazonensis 48-72 h after skin
test

Table 3  Average diameters (cm) of induration reactions promoted by
new antigens (PA1, PA2, PA3, and PAMix) in comparison to MST anti-
gen in Cavia porcellus immunized with Leishmania braziliensis 4872 h
after skin test

Leishmania amazonensis

Leishmania braziliensis

48 h 72h 48 h 72h
Antigen Mean (SD)*cm  95% CI°  Mean (SD)*cm  95% CI° Antigen Mean (SD)*cm  95% CI°  Mean (SD)*cm  95% CI°

PAI® 047 (0.11) 0.36-0.58  0.46 (0.12) 0.34-0.58  PAI°  0.55(0.13) 0.42-0.68  0.57 (0.10) 0.47-0.67
PA2Y  0.54(0.07) 0.47-0.61  0.53 (0.08) 045-0.61  PA2'  0.56(0.04) 0.52-0.60  0.71 (0.22) 0.49-0.93
PA3®  0.61(0.12) 0.49-0.73  0.72 (0.20) 0.52-0.92  PA3*  0.61(0.07) 0.54-0.68  0.68 (0.07) 0.61-0.75
PAMix!  0.54 (0.09) 0.45-0.63  0.58(0.11) 047-0.69  PAMix’ 0.59 (0.13) 0.46-0.72  0.74 (0.15) 0.59-0.89
MSTE  0.50 (0.00) 0.50-0.50  0.48 (0.04) 0.44-0.52  MST®  0.51(0.02) 0.49-0.53  0.45 (0.05) 0.40-0.50

 Standard deviation
95% confidence interval

¢ Peptide antigen 1 average diameter of indurations and standard devia-
tion at 48 and 72 h after the test

9 Peptide antigen 2 average diameter of indurations and standard devia-
tion at 48 and 72 h after the test

¢ Peptide antigen 3 average diameter of indurations and standard devia-
tion at 48 and 72 h after the test

"Mix of peptide antigens (PA1 + PA2 + PA3) average diameter of indu-
rations and standard deviation at 48 and 72 h after the test

€ Montenegro skin test antigen. Average diameter of indurations and stan-
dard deviation at 48 and 72 h after the test

The peptide antigens used in this work are mimotopes
that have homology with two Leishmania proteins: GP63
and LPG. These proteins are virulence factors of
Leishmania sp. and modulate or interfere with the recogni-
tion of patterns by toll-like receptors (TLRs). This regulation
induces the production of signals responsible for the activa-
tion of genes that are important for an immune response. In
this way, the peptides are capable of stimulating the produc-
tion of pro-inflammatory cytokines responsible for a cellular
immunity response.

 Standard deviation
95% confidence interval

¢ Peptide antigen 1 average diameter of indurations and standard devia-
tion at 48 and 72 h after the test

4 Peptide antigen 2 average diameter of indurations and standard devia-
tion at 48 and 72 h after the test

¢ Peptide antigen 3 average diameter of indurations and standard devia-
tion at 48 and 72 h after the test

"Mix of peptide antigens (PA1 + PA2 + PA3) average diameter of indu-
rations and standard deviation at 48 and 72 h after the test

€ Montenegro skin test antigen. Average diameter of indurations and stan-
dard deviation at 48 and 72 h after the test

It is interesting to highlight that CL is one of the six en-
demic diseases in the world. It is considered a neglected dis-
ease that affects people all around the world and the majority
of them are in low-income areas. It is a social and health
problem, so it is necessary to invest in early diagnosis with
methodologies that are highly sensitive, specific, inexpensive,
easy to perform and transport, and are in a suitable treatment
as a tool to control the disease. The skin test is one, of these
methodologies, that is widely used as a complementary tool
by a healthcare worker to investigate the disease in CL-

Fig. 2 Statistical analysis of
induration reactions promoted by
PAL, PA2, PA3, PAMix, and
MST antigens 72 h after skin test
in Cavia porcellus immunized
with Leishmania amazonensis.
PA1: peptide antigen 1; PA2:
peptide antigen 2; PA3: peptide
antigen 3; PAMix: mix of peptide
antigen (PA1 + PA2 + PA3);
MST: Montenegro skin test
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Fig. 3 Statistical analysis of
induration reactions promoted by
PA1, PA2, PA3, and PAMix
compared with MST antigen 72 h
after skin test in Cavia porcellus
immunized with Leishmania
braziliensis. PA1: peptide antigen
1; PA2: peptide antigen 2; PA3:
peptide antigen 3; PAMix: mix of
peptide antigen (PA1 + PA2 +

PA2 PAMix

PA3
]

PA3); MST: Montenegro skin test

PA1
1

MST
1

i

T T
0.4

endemic areas, being the first approach to verify whether or
not the patient is reactive. To confirm the disease, it is neces-
sary to perform more diagnostics, such as clinical, epidemio-
logical, immunological, and molecular methodologies, in
healthcare centers.

The peptides can recruit an immune response that is equal
to or longer than that observed for the MST antigen and can
maintain the induration reactions for a longer period of time.
This characteristic is desired in CL-endemic areas, including
impoverished regions in developing countries where access to
hospitals and healthcare is limited, thus making it difficult for
patients to return for final diagnoses. Therefore, the antigen
for a skin test must be able to maintain a positive immune
response for longer, thereby making it possible for patients
to return to hospitals to receive final diagnoses.

Based on the results of this work, our research group is
looking forward to developing new studies with these peptides
to improve their application as antigens for a leishmaniases
skin test diagnosis. Good perspectives are being discussed to
evaluate their antigenic ability to be applied in a skin test with
other animal models suitable for Leishmania infection and to
test them with a larger number of animals per group. We
expect that these further studies will lead us to investigate
the potency of these peptides in human patients and their
application as skin test antigens can possibly lead to a better
diagnostic test that will lend itself to an early diagnosis of
leishmaniases.

In summary, our results confirm that the PA3 antigen is
better than the MST antigen because it can maintain a longer
immunity response for longer, thus facilitating skin test read-
ings in remote places or with difficult access to medical ser-
vices. PA2 and PAMix demonstrated good results and were
significantly different from the MST antigen when the animals
were sensitized with L. braziliensis. The peptides evaluated
here for the CL skin test are promising antigen candidates for
producing a new skin sensitivity test that can contribute to its
application in endemic areas of Brazil and worldwide.
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