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Abstract: Visceral leishmaniasis (VL)is a fatal disease caused by the protozoa Leishmania infantum
for which dogs are the main reservoirs. A vaccine against canine visceral leishmaniasis (CVL) could
be an important tool in the control of human and CVL by reducing the infection pressure of L.
infantum. Despite the CVL vaccine available on the market, the Brazilian Ministry of Health did not
implement the use of it in their control programs. In this sense, there is an urgent need to develop
more efficient vaccines. In this study, the association between two polymeric nanoformulations,
[poly (D, L-lactic) acid (PLA) polymer] loading Leishmania amazonensis antigens, was evaluated as a
potential immunobiological agent against VL using golden hamsters as an experimental model. The
results indicated that no significant adverse reactions were observed in animals vaccinated with
LAPSmMP. LAPSmP presented similar levels of total anti-Leishmania IgG as compared to LAPSmG.
The LAPSmP and LAPSmMG groups showed an intense reduction in liver and spleen parasitic load
by qPCR. The LAPSmP and LAPSmG vaccines showed exceptional results, indicating that they may
be promising candidates as a VL vaccine.
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1. Introduction

Leishmaniasis comprises a group of diseases caused by different flagellated protozoa
belonging to the genus Leishmania [1,2]. The most severe form of the disease, visceral
leishmaniasis (VL), is caused by parasites of the Leishmania donovani complex, essentially
by L. donovani and L. infantum (synonym Leishmania chagasi in South America). The
parasites are transmitted to vertebrate hosts during the blood meal of blood-sucking
sandflies females of the genera Phlebotomus or Lutzomyia [3,4,5]. In Latin America, Brazil
is responsible for about 97% of reported cases [6] and a territorial expansion of VL has
been reported in recent years [7].

Dogs represent the most important domestic reservoirs of L. infantum and vaccination
of dogs is considered an important tool in the control of both human (HVL) and canine
(CVL) visceral leishmaniasis cases. Controlling CVL is considered a fundamental measure
to reduce the infection pressure of L. infantum [8]. Due to such importance, researchers
have been devoting time and effort in the search for an anti-CVL vaccine and, to date,
there are three commercial vaccines: CaniLeish® and LetiFend®, available in Europe, and
Leish-Tec® marketed in Brazil. However, the Brazilian Ministry of Health has not yet
incorporated the commercially available vaccine into its control programs. Therefore, it is
still necessary to develop a vaccine with better efficacy to be available in health control
programs against the disease. In this sense, different vaccine candidates against CVL have
been reported to show the ability to induce immunoprotective mechanisms and a reduced
parasite load [9-19].

One of the reasons that may explain the fact that vaccines do not reach a satisfactory
level of protection is the lack of an adequate administration system [20]. Therefore, there
is still a crucial need for an improved, safe, and efficient delivery system to enhance the
immunogenicity of available vaccine candidates [21]. In order to circumvent this problem,
biodegradable polymeric nanocarriers had emerged as a safe and powerful alternative to
be employed in the control of various diseases associated with drugs or vaccines.
Polymer-based nanoparticles are proficient in boosting the quality and magnitude of
immune responses in a predictable fashion [22-25]. The use of nanoparticles as an antigen
delivery system for VL has shown promising results, observed in studies of activation of
the protective cellular immune response and parasite load reduction [26-28].

In recent years, our research group has focused efforts on developing and analyzing
heterologous vaccine candidates against CVL using antigens of the Leishmania
dermatotropic species [12,13,15]. Leishmania amazonensis is one of the most important
species causing cutaneous leishmaniasis in Brazil, found throughout the country and
responsible for diffuse cutaneous leishmaniasis [29,30]. In view of the promising results
of heterologous protection, the present study sought to develop a new CVL vaccine using
nanoparticles loaded with L. amazonensis antigens to favor the delivery of the antigen to
the presenting cells and allow a protective immune response against VL. Thus, a pre-
clinical vaccine trial was carried out on hamsters to analyze the immunogenicity of this
nanoparticle formulation against L. infantum infection.

2. Materials and Methods
2.1. Animals and experimental groups

This study was approved by the Ethics Committee on the Use of Animals of the
Federal University of Minas Gerais (Protocol number 385/2013). Eight experimental
groups with eight healthy male gold hamsters (Mesocricetus auratus) each, ages between
6-8 weeks, were used to test a vaccination protocol. The animals were divided into the
following groups: (i) Infected control group, administered only with sterile saline solution
(C); (ii) Saponin control group, administered with the adjuvant saponin; (iii) empty
submicrometric small particle vaccinated group (PSmP); (iv) empty submicrometric large
particle vaccinated group (PSmG); (v) Leishmania amazonensis crude antigen vaccinated
group (LA); (vi) Leishmania amazonensis crude antigen associated with the saponin group
(LASAP); (vii) submicrometric small particle plus L. amazonensis crude antigen vaccinated
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group (LAPSmP); and (viii) submicrometric large particle plus L. amazonensis crude
antigen vaccinated group (LAPSmG). In addition, eight animals were used as a Pre-
Immune (PI) group.

2.2. Vaccine preparation

The crude antigen of L. amazonensis was prepared using a reference strain
(MHOM/BR/75/M2904), grown in Minimum Essential Medium (a—MEM - Gibco BRL, New
York, USA), supplemented with 10% bovine fetal serum and 2mM penicillin under
biochemical oxygen demand (BOD) at 23°C for a maximum of ten passages. On the fifth
day of the culture, 108 stationary promastigotes were sonicated, and the crude antigen was
aliquoted and stored at -80°C [10].

The nanospheres were prepared to employ the interfacial deposition method of a
preformed polymer, as described by Fessi et al. (1989) [31], at Laboratdério de
Desenvolvimento Galénico e Nanotecnologia da Escola de Farmacia, Universidade
Federal de Ouro Preto, Brazil. The nanospheres were prepared by the association of a
poly-D, L-lactic acid polymer (PLA) solution and chitosan, previously solubilized in
0.05M acetic acid at concentrations of 50mg/mL (large submicrometric particle - PSmG)
and 5mg/mL (small submicrometric particle - PSmP). For the production of LAPSmG and
LAPSmP, ImL of the L. amazonensis antigen suspension, at a concentration of 1mg/mL,
was added to the nanospheres. The size of the nanospheres was characterized by the
polydispersity index and zeta potential, as described by Garcia et al. (2015) [32]. The large
submicrometric particle was 613nm sized (LAPSmG was 653nm) and the small
submicrometric particle was 351nm sized (LAPSmP was 410nm) determined by a photon
correlation spectroscopy analyzer in a Nanosizer N5 Submicron particle analyzer
(Beckman Coulter, Newark, USA). Each vaccine formulation was diluted with 0.9% sterile
saline buffer during its preparation and the final volume was adjusted for 100pL/dose.

2.3. Experimental protocol

The animals used in the study received three doses of the formulations, according to
their respective group by the subcutaneous route at 21-day intervals. An evaluation of the
safety and toxicity of the formulations based on nanoparticles was performed by
observing the inoculum site (presence of nodules, papules, or ulcerative lesions), signs
such as local pain, alopecia, and bristling and by evaluating animals” behavior (aggression
or apathy) [10]. Fifty-one days after the end of the vaccine protocol, the animals were
challenged with 107 L. infantum stationary promastigotes (strain C46) by the
intraperitoneal route. The parasites were grown under the same conditions described by
Giunchetti et al. (2007) [10]. At 180 days post-challenge (T180) a new blood sampling was
performed 180 days post-challenge (T180) after which the animals were euthanized. The
liver and spleen were collected to evaluate the vaccine efficacy, as well as make a
comparative weight analysis between groups.

2.4. Assessment of anti-Leishmania total I3G reactivity

The anti-Leishmania humoral immune response was evaluated by employing the sera
obtained in PI, T30, and T180. Total IgG antibody was measured using an in-housee ELISA
assay, as previously described [33]. Briefly, the plates were sensitized with 1ug/mL per
well with L. infantum crude antigen. Next, 200uL/well of PBS-BSA solution (3% BSA) was
added to prevent unspecific binding. The hamster’s serum diluted 1:100, was added and
after incubation, the secondary anti-hamster IgG, diluted 1:5000, was incubated with the
sample. The reaction was revealed with solution containing 0.03% hydrogen peroxide and
0.022 pg of ortho-phenylenediamine (OPD). The spectrophotometer ELX800 (Biotek
Instruments VT, Winooski, USA) was used to measure the wells’ optical density (OD) in
a 490 nm wavelength.
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2.5. Parasite burden evaluation by gPCR

The liver and spleen were used to evaluate the vaccine efficacy by qPCR. Previously
to qPCR reaction, gDNA extraction from liver and spleen was performed by using a Nu-
cleoSpin® Tissue extraction kit - Genomic DNA from tissue protocol (Macherey-Nagel,
Duren, Germany) in accordance with the manufacturer’s instructions. DNA was resus-
pended in 50uL of elution buffer (kit provided) and quantified using Nanodrop N2000
equipment (ThermoFisher Scientific, Waltham, USA).

The qPCR reactions were performed using 5uL of the 2X Power Syber®-Green ABI
reagent (ThermoFisher Scientific, Waltham, USA), 0.5uL of each primer 2uM), (kDNA
Forward- 5 CGTGGGGGAGGGGCGTTCT 3 and kDNA Reverse- 5 CCGAA-
GCAGCCGCCCCTATT 3') with a 135pb amplicon size, and 4pL of DNA (5 ng/uL), in a
final volume of 10uL per well. For normalization of the reaction, the [3-actin constitutive
hamster gene was selected using primers that amplify a 120 bp fragment (Forward- 5'
TCGTACGTGGGTGACGAGGC 3' and reverse- 5 GTAGAAGGTGTGGTGCCAGA 3)).

The amplification process consisted of pre-denaturation at 95°C for 10 minutes, fol-
lowed by 40 cycles of denaturation at 95°C for 15 seconds, and annealing at 60°C for 1
minute. A melting curve was also used. The qPCR results were plotted using the standard
curve method, which was assembled from the serial dilution of DNA extracted from 108
Leishmania sp. promastigotes and 106 hamster splenocytes. The spleen qPCR data was also
used to analyze the correlation between parasite load and anti-Leishmania antibody.

2.7. Statistical analyses

All statistical analyses were performed using GraphPad Prism 5.0 software (Prism
Software, California, USA). Data normality was demonstrated by the Kolmogorov-
Smirnoff test. The analysis of variance (ANOVA) tests, followed by the Tukey multiple
comparisons test, were used to compare between the groups. The Kruskal-Wallis test, fol-
lowed by Dunn’s test, was used for the nonparametric qPCR data. Statistical differences
were considered significant when the p value was less than 0.05. Spearman’s Correlation
methods were applied to investigate the correlation between splenic parasite load and
antibody production.

3. Results
3.1. Safety analyses

The animals were observed after each incoulum for possible adverse post-vaccina-
tion reactions. The presence of non-ulcerated nodules, of firm consistency, were observed
in two animals from the PSmG group. Moreover, one animal from the LAPSmG group
developed an ulcerated nodule that measured 3mmx3mm. Although these nodules were
transiently observed, the animals showed no signs of pain or behavioral changes. After
180 days of L. infantum experimental infection, the control groups (C, PSmG, PSmG, and
LA) were those with more evident dermatological changes, such as alopecia, as compared
to animals vaccinated with LAPSmG and LAPSmP, as shown in Figure 1.
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Figure 1. Macroscopic changes observed in the dorsal region of golden hamsters up to 1 the date of
euthanasia, in the different experimental groups, including: C - Control; SAP - Saponin; PSmP -
Small Empty Submicron Particle; PSmG - Large Empty Submicron Particle; LA - L. amazonensis
crude antigen; LASAP - L. amazonensis crude antigen associated with saponin; LAPSmP - Small Sub-
micron Particle associated with L. amazonensis; LAPSmG - Large Submicron Particle associated with
L. amazonensis.

3.2. Serum reactivity of anti-Leishmania total IgG

Thirty days after the last inoculum, the PSmP, LA, LASAP, LAPSmP, and LAPSmG
groups exhibited higher levels of total anti-Leishmania IgG antibodies in relation to PI
(p<0.05; p<0.001; p<0.0001; p<0.01; p<0.001, respectively - Figure 2A). The LA, LASAP,
LAPSmP and LAPSmMG groups showed increased total anti-Leishmania IgG production, as
compared with C (p<0.05; p<0.0001; p<0.05; p<0.01, respectively - Figure 2A). LASAP and
LAPSmMG displayed high IgG levels as compared to SAP group (p<0,.01; p<0.05, respec-
tively - Figure 2A). Furthermore, LASAP produced higher IgG levels as compared to the
LAPSmMP (p<0.01) and LA groups (p<0.01) (Figure 2A). The LAPSmG group showed an
increased in IgG production relative to the PSmG group (p<0.01). After the experimental
challenge (Figure 2B), the C, SAP, PSmP, PSmG, LA, LASAP, and LAPSmG groups pre-
sented higher total IgG levels as compared with PI (p<0.01; p<0.05; p<0.01; p<0.05; p<0.01;
p<0.05; p<0.001, respectively). Moreover, the LAPSmG group showed an increase in IgG
levels as compared to the Control group (p<0.05).
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Figure 2. Anti-Leishmania infantum total IgG production. Hamster serum was obtained (A) 30 days
after the third dose and (B) 180 days after the experimental challenge. The graphs represent the
mean values and standard deviation of total IgG optical density measured by the ELISA assay for
each group. The cut-off illustrated as a dotted line in the graph and used to assess the reactivity
present in the samples is represented by the average of the absorbance values of the pre-immune
serum sample added to the value of twice the standard deviation. The statistical difference (p<0.05)
was represented by acronyms of the corresponding group. Legend: PI: Pre-immune; C: Control;
SAP: Saponin; PSmP: Small Empty Submicron Particle; PSmG: Large Empty Submicron Particle;
LA: L. amazonensis crude antigen; LASAP: L. amazonensis crude antigen associated with saponin;
LAPSmP: Small Submicron Particle associated with L. amazonensis; LAPSmG: Large Submicron Par-
ticle associated with L. amazonensis.

3.3. Vaccine efficacy evaluation

The weights of the spleen and liver were compared after the animals had been eu-
thanized. No statistical differences were observed in the liver weight (Figure 3A and 3C).
In contrast, reduced spleen weights were observed in the SAP group relative to the LA
and LASAP group (p<0.05 for both). Moreover, the LAPSmG group presented reduced
spleen weights in relation to the LASAP group (p<0.05) (Figure 3B and 3C).
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Figure 3. Liver (A) and spleen (B) weights were measured immediately after euthanasia (T180) and
are represented as meantstandard deviation. (C) contains the representative image of the organs
(liver — left side and spleen — right side) of each group. The statistical difference (p<0.05) was repre-
sented by the acronyms of the corresponding group. Legend: C: Control; SAP: Saponin; PSmP: Small
Empty Submicron Particle; PSmG: Large Empty Submicron Particle; LA: L. amazonensis crude anti-
gen; LASAP: L. amazonensis crude antigen associated with saponin; LAPSmP: Small Submicron Par-
ticle associated with L. amazonensis; LAPSmG: Large Submicron Particle associated with L. ama-

ZOnensis.

Data from the qPCR analysis showed that LAPSmP and LAPSmG were the only
groups with a marked reduction in the splenic parasite load (p<0.01; p< 0.05, respectively)
(Figure 4A) in relation to the Control group. Similar results were observed in the liver
parasite load for the LAPSmP and LAPSmG groups displaying an intense reduction in
relation to the Control group (p<0.05 for both). Furthermore, PSmP group also showed
reduction in liver parasite load in relation to the Control group (p<0,05) (Figure 4B).
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Figure 4. Parasite load in the spleen (A) and liver (B) after L. infantum experimental challenge, ac-
cording to gPCR reaction. The x axis represents the experimental groups and the y axis represents
the mean+standard deviation of parasite quantification in 10° cells of each organ. The statistical dif-
ference (p<0.05), when present, was represented by the acronym of the corresponding group. Leg-
end: C: Control; SAP: Saponin; PSmP: Small Empty Submicron Particle; PSmG: Large Empty Sub-
micron Particle; LA: L. amazonensis crude antigen; LASAP: L. amazonensis crude antigen associated
with saponin; LAPSmP: Small Submicron Particle associated with L. amazonensis; LAPSmG: Large
Submicron Particle associated with L. amazonensis.

The correlation between splenic parasite load and antibody production was analyzed
(Figure 5). The results showed a positive correlation between the parasite load and the
IgG reactivity in the Control (p<0.011; 1=0.488) and SAP groups (p<0.006; r=0.876) (Figure
5). No correlation was observed between these variables in the other groups.
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Figure 5. Correlation between splenic parasite load and total anti-Leishmania total IgG levels. The
statistical difference was considered when p<0.05. Legend: SAP: Saponin; PSmP: Small Empty Sub-
micron Particle; PSmG: Large Empty Submicron Particle; LA: L. amazonensis crude antigen; LASAP:
L. amazonensis crude antigen associated with saponin; LAPSmP: Small Submicron Particle associated
with L. amazonensis; LAPSmG: Large Submicron Particle associated with L. amazonensis. .

4. Discussion

CVL represents a major veterinary and public health problem in various parts of the
New and Old World [1]. In Brazil, CVL autochthonous cases have been reported in several
regions that had no previous record of canine cases [34,35]. Currently, 25 (25/27) Brazilian
states have reported autochthonous CVL cases, highlighting Brazil as the principle coun-
try in South America reporting this neglected disease [36]. Thus, due to an increase in the
incidence of VL cases, the development of new strategies, such as prophylactic vaccines
to prevent the infection in dogs, has become a top priority [6]. In fact, dog vaccination is
the only viable way to control this zoonotic disease [37]. Despite advances, the Brazilian
Ministry of Health has not introduced the only commercially available vaccine, Leish-
Tec®, into its VL control program. To date, this vaccine is recommended only as individual
prophylaxis in dogs [38]. The development of effective vaccines is still required to induce
an effective form of protection against L. infantum infection in dogs with helpful results to
VL health policies.

The development of an ideal vaccine for CVL needs to meet certain criteria: it must
be safe, reproducible, allow large-scale production, and be cost-effective [39]. Further-
more, one of the most critical points, if not the most essential, is the activation of a lasting
immune response against L. infantum infection [10-17]. An ideal vaccine against VL re-
quires triggering a prominent type 1 immune response. Additionally, it is important to
stress the importance of selecting an appropriate antigen, the right adjuvant, and/or de-
livery vehicle [40,41]. Nanoparticulate formulations are currently considered as ideal vac-
cine delivery systems [22, 23, 24, 40]. In fact, substantial progress has been made in the
area of nanotechnology for vaccines [42] and, to date, there are studies on such diseases
as malaria [43], hepatite B virus [44], HIV [45], HIN1 [46], West Nile virus [47] and Schis-
tosoma mansoni [48]. Thus, polymeric nanoparticles are an attractive alternative to be used
in developing effective VL vaccines, acting as carriers of Leishmania antigens due to their
improved bioavailability and lower toxicity [40,49]. In this study, the association between
two polymeric nanoformulations with L. amazonensis antigens was analyzed to evaluate
their potential as an immunobiological agent against VL using golden hamsters as exper-
imental model. This animal model was chosen because of its greater similarity to the
course of VL in dogs and humans [33,50]. However, the lack of immunological reagents
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for this animal model makes it difficult to understand the immunological mechanisms
induced by vaccination.

The evaluation of the innocuity and toxicity of tested immunobiological agents
should not induce local or systemic damage that is incompatible with their administration
[51]. An analysis of clinical and laboratory parameters was carried out to verify the safety
and toxicity of the proposed vaccines. No local adverse reactions were observed in inocu-
lated animals with PSmP and LAPSmMP. In contrast, the hamsters immunized with PSmG
and LAPSmG exhibited transitory local reactions. However, vaccination using LAPSmP
and LAPSmG was not associated with behavioral or clinical changes, lymphadenopathy,
or any other general adverse reactions. Moreover, no animal weight changes or clinical or
laboratoryl exam abnormalities were observed (data not shown). Thus, the overall toler-
ance of the candidate nanoparticles vaccines in hamsters appeared to be adequate. The
size of the nanoparticle used for immunization influences the cell specificity as well as the
way it will be transported to the draining lymph nodes [21]. This could be the reason why
local reactions were observed only in the groups immunized with the large submicromet-
ric particle. A recent study published by our research group, also using nanoparticles
loaded with Leishmania braziliensis antigens to immunize hamster, did not result in adverse
reactions in the vaccinated large submicrometric particle group. However, the size of the
Leishmania antigen loaded large submicrometric particle was smaller (570 nm) than the
particle size used in the present study (653 nm) [52]. After the L. infantum experimental
challenge, dermatological changes, mainly alopecia, were observed, especially in the Con-
trol, SAP, PSmP, PSmG, LA and LASAP groups. These changes are consistent with those
already reported during the course of VL infection in hamsters [50, 53].

The levels of anti-Leishmania total IgG were accessed for antigenicity analysis and
thirty days following the last dose, the LA, LASAP, LPSmP, and LPSmG groups showed
an increase in the production of antibodies. In agreement with these findings, other het-
erologous antigens used against VL infection showed a high anti-Leishmania production
after vaccination [54, 55, 56]. These data demonstrate that the vaccines activated a strong
antigenicity profile. In addition, after the experimental challenge, the levels of total IgG in
those groups increased and all the infected groups showed a similar pattern of IgG pro-
duction. Mendonga and colleagues (2016) observed that the LBSap, a vaccine containing
Leishmania braziliensis crude antigen, induced higher levels of anti-Leishmania IgG, as well
as a reduction in spleen L. infantum parasite load in infected and vaccinated animals [57].
Similarly, Ottino et al. (2022) observed elevated levels of the anti-Leishmania antibody with
a reduced spleen parasite load in infected and vaccinated hamsters [52].

Notable, hepatomegaly and splenomegaly are among the most evident clinical find-
ings in VL, having been reported in studies with dogs and murine models [58, 59, 60]. In
the present study, no significant changes in liver and spleen weight were observed in the
LAPSmMP and LAPSmMG vaccinated groups in relation to the Control group. Moreira et al.
(2016) analyzed different clinical changes in distinct L. infantum strains and inoculation
routes in hamsters and demonstrated changes in liver weight only after several months of
experimental infection [50]. In this sense, the authors of this study have hypothesized that
the absence of a difference in the weight of the organs between the vaccinated and the
control groups may be due to the time of infection when euthanasia was performed (180
days post-challenge). Probably, the time required to trigger more prominent inflamma-
tory changes in L. infantum target organs after experimental challenge was short, as pre-
viously described. [50].

The vaccine efficacy was evaluated by qPCR to quantify the parasite burden in the
liver and spleen. This quantification makes it possible to evaluate the potential of vaccine
candidates to control the L. infantum infection [53]. The parasitological data revealed that
only the LAPSmP and LAPSmG groups were able to reduce the parasite load in both liver
and spleen, demonstrating a notable capacity in controlling parasite spread in hamsters.
Similarly, corroborating the potential of the application of nanoparticles for vaccines
against VL, other studies also reported a reduction in the L. infantum parasite load in in-
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fected and vaccinated animals [26, 27,28, 52,61]. In agreement with these findings, no cor-
relation was observed between the parasite load and antibody production in these vac-
cinated groups, despite the elevated levels of IgG produced by the LAPSmP and LAPSmG
groups. In fact, a correlation between splenic parasite load and anti-Leishmania antibody
was detected only in the Control and SAP groups. Taken together, this study’s data con-
firmed the hypothesis that the development of vaccines using nanoparticles is a promising
tool for VL vaccines and the LAPSmP and LAPSmG vaccine formulations hold promise
for future vaccination strategies against CVL.

5. Conclusions

The vaccine formulations proposed in this study, LAPSmP and LAPSmG, proved to
be innocuous, aside from transient local reactions observed in the LAPSmG group, since
no safety concerns were identified, plus they proved to be antigenic. Although the immu-
nological mechanisms activated by the immunization have not yet been investigated, it
can be hypothesized that they activated a protective cellular response since a drastic re-
duction in the liver and spleen parasite load was observed in both LAPSmP and LAPSmG
vaccinated groups. In this sense, the present findings encourage the use of nanoparticles
in association with Leishmania antigens for the development of new effective vaccines for
VL control.

Author Contributions: Conceptualization, J.C.L.; M.A.G. and P.S.; methodology, J].C.L.; M.A.G,;
L.AS.; GM.G,; and P.S.; software, ].C.L; M.A.G.,, AL AM.G,; and P.S,; validation, ].C.L; M.A.G.;
O.AM]. and P.S; formal analysis, ].C.L; M.A.G.;].O,; P.S.,; ALAM.G. and R.C.G,; investigation, ].C.L;
M.A.G.; P.S. and R.C.G.; resources, ].C.L; M.A.G.; P.S. and R.C.G.; data curation, ].C.L; M.A.G.; P.S.
and R.C.G.; writing—original draft preparation, J.C.L; A.AM.G.; writing—review and editing,
A.AM.G; R.C.G,; visualization, T.F.C.,; GM.G.; ABW., MS.C,; LLB., V.CEM, RTE. RL.S,;
PR.O.P,;M.A.AF.;AS.G,;supervision, O.AM.F;, W.O.D.;D.S.L. and R.C.G,; project administration,
R.C.G;; funding acquisition, R.C.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was supported by the Ministério da Satide, Departamento de Ciéncia e
Tecnologia (DECIT); Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico (CNPq;
440059/2021-6; 424069/2018-0); Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES); Fundagao de Amparo a Pesquisa do Estado de Minas Gerais (FAPEMIG; CBB-PPM-00637-
17); and Instituto Nacional de Ciéncia e Tecnologia em Doengas Tropicais (INCT-DT).

Institutional Review Board Statement: The animal study protocol was approved by the Ethics
Committee on the Use of Animals of the Federal University of Minas Gerais (CEUA-UFMG) (by
protocol 385/2013, approved in 2013).

Acknowledgments: RCG and WOD would like to thank CNPq for their research fellowship. We
thank Randall Johnson for reviewing the language of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Desjeux, P. Leishmaniasis: current situation and new perspectives. Comp Immunol Microbiol Infect Dis 2004, 27, 305-18, doi:
10.1016/j.cimid.2004.03.004.

2. Schriefer, A. M. E; Wilson, M. E.; Carvalho, E. M. Recent developments leading toward a paradigm switch in the diagnostic and
therapeutic approach to human leishmaniasis. Curr Opin Infect Dis 2008, 21, 483-8, doi: 10.1097/QCO.0b013e32830d0ee8.

3. Chappuis, F,; Sundar, S.; Hailu, A.; Ghalib, H.; Rijal, S.; Peeling, R. W.; Alvar, J.; Boelaert, M. Visceral leishmaniasis: what are
the needs fordiagnosis, treatment and control? Nat Rev Microbiol 2007, 5, 873-82, doi: 10.1038/nrmicro1748.

4. Murray, H. W.; Berman, J. D.; Davies, C. R.; Saravia, N. G.Advances in leishmaniasis. Lancet 2005, 366, 1561-77, doi:
10.1016/50140-6736(05)67629-5.

5. Griensven, ]. V. Diro, E. Visceral Leishmaniasis. Infectious Disease Clinics of North America 2012, 26, 309-322,
doi:10.1016/j.idc.2012.03.005.

6.  Organizacao Pan-America da Saude-OPAS, 2020. Leishmanioses: Informe epidemiolégico nas Américas. Num. 9, 2020. Wash-
ington, D.C.: OPAS; Available at: https://iris.paho.org/handle/10665.2/51742. Access: 31/10/2022.


https://doi.org/10.20944/preprints202211.0275.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2022 d0i:10.20944/preprints202211.0275.v1

7. Reis, L. L. Dos; Balieiro, A. A. S.; Fonseca, F. R.; Gongalves, M. J. F. Changes in the epidemiology of visceral leishmaniasis in
Brazil from 2001 to 2014. Revista da Sociedade Brasileira de Medicina Tropical 2017, 50, n. 5, p. 638-645, doi: 10.1590/0037-8682-0243-
2017.

8. Reis, A. B.; Giunchetti, R. C.; Carrillo, E.; Martins-Filho, O. A.; Moreno, J. Immunity to Leishmania and the rational search for
vaccines against canine leishmaniasis. Trends Parasitol 2010 26, 341-9, doi: 10.1016/j.pt.2010.04.005.

9.  Lemesre, J. L.; Holzmuller, P.; Gongalves, R. B.; Bourdoiseau, G.; Hugnet, G.; Cavaleyra, M.; Papierok, G. Long-lasting protec-
tion against canine visceral leishmaniasis using the LIESAp-MDP vaccine in endemic areas of France: Double-blind randomised
efficacy field trial. Vaccine 2007, 25, 42234234, doi: 10.1016/j.vaccine.2007.02.083.

10. Giunchetti, R. C.; Correa-Oliveira, R.; Martins-Filho, O. A.; Teixeira-Carvalho, A.; Roatt, B. M.; Aguiar-Soares, R. D. O.; Souza,
J. V.; Moreira, N. D.; Malaquias, L. C. C.; Castro, L. L. M,; Lana, M.; Reis, A. B. Inmunogenicity of a killed Leishmania vaccine
with saponin adjuvant in dogs. Vaccine 2007, 25, 7674-7686, doi: /10.1016/j.vaccine.2007.08.009.

11. Fernandes, A. P.; Costa, M. M.; Coelho, E. A.; Michalick, M. S.; de Freitas, E.; Melo, M. N.; Tafuri, L. W.; Resende, D. M.;
Hermont, V.; Abrantes, C. F.; Gazzinelli, R. T. et al. Protective immunity against challenge with Leishmania (Leishmania) chagasi
in beagle dogs vaccinated with recombinant A2 protein. Vaccine 2008, 26, 5888-5895, doi:10.1016/j.vaccine.2008.05.095.

12.  Giunchetti, R. C.; Correa-Oliveira, R.; Martins-Filho, O. A.; Teixeira-Carvalho, A.; Roatt, B. M.; Aguiar-Soares, R.D. de O.; Coura-
Vital, W.; Abreu, R. T.; Malaquias, L. C. C.; Gontijo, N. F.; Brodskyn, C.; Oliveira, C. I; Costa, D. ].; Lana, M.; Reis, A. B. A killed
Leishmania vaccine with sand fly saliva extract and saponin adjuvant displays immunogenicity in dogs. Vaccine 2008, 265, 623-
638, doi: 10.1016/j.vaccine.2007.11.057.

13. Giunchetti, R. C; Reis, A. B.; Silveira-Lemos, D.; Martins-Filho, O. A.; Corréa-Oliveira, R.; Bethony, J.; Vale, A. M.; Quetz, J. S.;
Bueno, L. L.; Franga-Silva, J. C.; Nascimento, E.; Mayrink, W.; Fujiwara, R. T. al. Antigenicity of a whole parasite vaccine as
promising candidate against canine leishmaniasis. Res VetSci 2008, 85, 106112, doi:10.1016/j.rvsc.2007.09.008.

14. Roatt, B. M.; Aguiar-Soares, R. D.; Vitoriano-Souza, J.; Coura-Vital, W.; Braga, S. L.; Corréa-Oliveira, R.; Martins-Filho, O. A.;
Carvalho, A. T.; Lana, M.; Gontijo, N. F.; Marques, M. J.; Giunchetti, R. C.; Reis, A. B. Performance of LBSap vaccine after
intradermal challenge with L. infantum and saliva of Lu. longipalpis: immunogenicity and parasitological evaluation. PLoS One
2012, 7, e49780, doi:10.1371/journal.pone.0049780.

15. Resende, L. A; Roatt, B. M.; Aguiar-Soares, R. D.; Viana, K. F.; Mendonga, L. Z,; Lanna, M. F.; Silveira-Lemos, D.; Corréa-
Oliveira, R.; Martins-Filho, O. A.; Fujiwara, R. T.; Carneiro, C. M.; Reis, A. B.; Giunchetti, R. C. Cytokine and nitric oxide patterns
in dogs immunized with LBSap vaccine, before and after experimental challenge with Leishmania chagasi plus saliva of Lutzomyia
longipalpis. Vet Par 2013, 198, 371-381, doi: 10.1016/j.vetpar.2013.09.011.

16. Aguiar-Soares, R. D.; Roatt, B. M.; Gama-Ker, H.; Moreira, N. D.; Mathias, F. A. S.; Cardoso, ]J. M. O.; et al. LbSapSal-vaccinated
dogs exhibit increased circulating T-lymphocyte subsets (CD4* and CD8") as well as a reduction of parasitism after challenge
with Leishmania infantum plus salivary gland of Lutzomyia longipalpis. Parasit Vectors 2014, 7, 61, doi:10.1186/1756-3305-7-61.

17. Resende, L. A.; Aguiar-Soares, R. D.; Gama-Ker, H.; et al. Impact of LbSapSal Vaccine in Canine Immunological and Parasito-
logical Features before and after Leishmania chagasi-Challenge. PLoS One 2016, 11, 0161169, doi:10.1371/journal. pone.0161169.

18. Agallou, M.; Margaroni, M.; Kotsakis, S.D.; Karaguni, E. A Canine-Directed Chimeric Multi-Epitope Vaccine Induced Protective
Immune Responses in BALB/c Mice Infected with Leishmania infantum. Vaccines 2020, 8, 350, doi:10.3390/vaccines8030350.

19. Elikaee, S.; Zarei, Z.; Khamesipour, A.; Akhoundi, B.; Borjian, A. R.; Afshar, M. J. A,; Allely, Q. K.; Heidari, S.; Mohebali, M.
Live attenuated Leishmania major p27 gene knockout as a novel vaccine candidate: A study on safety, protective immunity and
efficacy against canine visceral leishmaniasis caused by Leishmania infantum. Acta Trop 2022, 225, 106153, doi: 10.1016/j.actatrop-
ica.2021.106153.

20. Srivastava, S.; Shankar, P.; Mishra, J.; Singh, S, 2016. Possibilities and challenges for developing a successful vaccine for leish-
maniasis. Parasites & Vectors 2016, 9, 277, doi: 10.1186/s13071-016-1553-y.

21. Pati, R, Shevtsov, M., Sonawane, A., 2018. Nanoparticle vaccines against infectious diseases. Front. Immumnol 2018, 9. Doi:
10.3389/fimmu.2018.02224.

22. Doroud, D.; Rafati, S.; Leishmaniasis: focus on the design of nanoparticulate vaccine delivery systems. Expert Review of Vaccines
2012, 11, 69-86, d0i:10.1586/erv.11.166.

23. Mehrizi, Z. T.; Ardestani, S. M.; Hoseini, M. H. M.; Khamesipour, A.; Mosaffa, N.; Ramezani, A. Novel Nanosized Chitosan-
Betulinic Acid Against Resistant Leishmania Major and First Clinical Observation of such parasite in Kidney. Sci Rep 2018,
8,11759, doi:10.1038/s41598-018-30103-7.

24. Mehrizi, Z. T.; Khamesipour, A.; Ardestani, M. S.; Shahmabadi, H. E.; Hoseini, M. H. M.; Mosaffa, N.; Ramezani, A. Compara-
tive analysis between four model nanoformulations of amphotericin B-chitosan, amphotericin B-dendrimer, betulinic acid-chi-
tosan and betulinic acid-dendrimer for treatment of Leishmania major: real-time PCR assay plus. Int ] Nanomedicine 2019, 14,
7593-7607, d0i:10.2147/JN.5220410.

25. De Souza, A.; Marins, D. S. S.; Mathias, S. L.; Monteiro, L. M.; Yukuyama, M. N.; Scarim, C. B.; Lbenberg, R.; Bou-Chacra, N.
A. Promising nanotherapy in treating leishmaniasis. Int | Pharm 2018, 547, 421-431, doi: 10.1016/j.ijpharm.2018.06.018.

26. Moura, A.P.V.; Santos, L.C.B.; Brito, CR.N.; Valencia, E.; Junqueira, C; Filho, A.A.P.; Sant’Anna, M.R.V.;Gontijo, N.F.; Barthol-
omeu, D.C,; Fujiwara, R.T.; Gazzinelli, R.T.; McKay, C.S.; Sanhueza, C.A.; Finn, M.G.; Marques, A.F. Virus-like Particle Display


https://doi.org/10.20944/preprints202211.0275.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2022 d0i:10.20944/preprints202211.0275.v1

of the a-Gal Carbohydrate for Vaccination against Leishmania Infection. ACS Cent Sci 2017, 3, 1026-1031, doi:10.1021/
acscentsci.7b00311.

27. Agallou, M.; Athanasiou, E.; Kammona, O.; Tastsoglou, S.; Hatzigeorgiou, A.G.; Kiparissides, C.; Karagouni, E. Transcriptome
Analysis Identifies Immune Markers Related to Visceral Leishmaniasis Establishment in the Experimental Model of BALB/c
Mice. Front Immunol 2019, 10, doi: 10.3389/fimmu.2019.02749.

28. Tosyali, O.A.; Allahverdivev, A ; Bagirova, M.; Abamor, E.S.; Avdogdu, M.; Dinparvar, S.; Acar, T.; Mustafaeva, Z.; Derman, S.
Nano-Co-delivery of Lipophosphoglycan with Soluble and Autoclaved Leishmania Antigens into PLGA nanoparticles: Evalu-
ation of in Vitro and in Vivo Immunostimulatory Effects against Visceral Leishmaniasis. Mater Sci Eng C 2020, 120, 111684,
doi:10.1016/j.msec.2020.111684.

29. Ministério da Satde. Situagdo Epidemioldgica: Distribui¢do da Leishmaniose Tegumentar, 2022. Available at:
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/1/lt/situacao-epidemiologica. Access: 31/10/2022.

30. Scott, P.; Novais, O. Cutaneous leishmaniasis: immune responses in protection and pathogenesis. Nature R Immunology 2016,
16, 581-592, doi: 10.1038/nri.2016.72.

31. Fessi, H.; Puisieux, F.; Devissaguet, J. P.; Ammoury, N. Benita, S. Nanocapsule formation by interfacial polymer deposition
following solvent displacement. Int. |. Pharm 1989, 55, R1-R4, doi: 10.1016/0378-5173(89)90281-0.

32. Garcia, G.J. M,; Schroeter, J. D.; Kimbell, J. S. Olfactory deposition of inhaled nanoparticles in humans. Inhal Toxicol 2015, 27,
394-403, doi: 10.3109/08958378.2015.1066904.

33. Moreira, D.; Vitoriano-souza, J.; Roatt, B. M.; Melo, P.; Vieira, D. A.; Ker, H. G.; Mirelle, J.; Cardoso, D. O.; Giunchetti, R. C,;
Carneiro, M.; Lana, M.; Reis, A. B. Parasite Burden in Hamsters Infected with Two Different Strains of Leishmania (Leishmania)
infantum: “Leishman Donovan Units” versus Real-Time PCR. PLoS One 2012, 7, 10, e47907, doi: 10.1371/journal.pone.0047907.

34. DaSilva, C.],; Mattos, C. B.; Felipin, K. P.; Silva, H. P. J.; Cantanhéde, L. M.; Porrozzi, R.; Medeiros, ]. F.; Ferreira, R. G. M. First
autochthonous case of canine visceral leishmaniasis in Rondonia, Brazil, a region with no history of visceral leishmaniasis. Rev.
da Soc. Bras. de Med. Trop. 2018, 51, 5, 712-715, doi: 10.1590/0037-8682-0143-2017.

35. Faria, M. T.; Barbosa, F. S.; Teixeira-Neto, R. G.; Pinheiro, G. R. G.; Manhani, M. N.; Marcelino, A. P.; Barbosa, J. R.; Fontes, G.
Autochthonous case of Canine Visceral Leishmaniasis in a non-endemic area in Minas Gerais, Brazil. Pesq. Vet. Bras. 2017, 37,
12, 1505-1508, doi: 10.1590/S0100-736X2017001200023.

36. Santana, R.S.; Souza, K. B.; Lussari, F.; Fonseca, E. S.; Andrade, C. O.; Meidas, M. M. K.; D’Andrea, 1. A. Z; Silva, F. A.; Flores,
E. F.; Anjolete, I. R.; Prestes-Carneiro, L. E. Cases and distribution of visceral leishmaniasis in western Sao Paulo: A neglected
disease in this region of Brazil. PLOS Neg. Trop. Dis. 2021, 15, 000941, doi: 10.1371/journal.pntd.0009411.

37. Cecilio, P.; Oliveira, F.; Silva, A. C. Vaccines for Human Leishmaniasis: Where Do We Stand and What Is Still Missing? Leish-
maniases as Re-emerging Diseases, IntechOpen, London, 2018.

38. Ministério da Saude. Leishmaniose Visceral. 2022. Available at: https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-
z/1/leishmaniose-visceral. Access in: 02/11/2022.

39. Petitdidier, E.; Pagniez, J.; Pissarra, J.; Holzmuller, P.; Papierok, G.; Vincendeau, P.; Lemesre, J-L.; Bras-Gongalves, R.Peptide-
based vaccine successfully induces protective immunity against canine visceral leishmaniasis. npj Vaccines 2019, 4, 49, doi:
10.1038/s41541-019-0144-2.

40. Danbhier, F.; Ansorena, E.; Silva, J. M. Coco, R.; Le Breton, A.; Préat, V. PLGA-based nanoparticles: an overview of biomedical
applications. | Control Release 2012, 161, 505-522, doi:10.1016/j.jconrel.2012.01.043.

41. Moreno, ]. Assessment of vaccine-induced immunity against canine visceral leishmaniasis. Front Vet Sci 2019, 6, 1-10,
doi:10.3389/fvets.2019.00.168.

42. Fries, C. N; Curvino, E. J; Chen, J. L.; Permar, S. R.; Fouda, G. G.; Collier, ]J. H. Advances in nanomaterial vaccine strategies to
address infectious diseases impacting global health. Nat. Nanotechnol. 2021, 16, 1-14, doi: 10.1038/s41565-020-0739-9.

43. Aikins, M. E.; Bazzill, ].; Moon, J. J. Vaccine nanoparticles for protection against HIV infection. Nanomedicine 2017, 12, 673-82,
doi: 10.2217/nnm-2016-0381.

44. Thomas, C.; Rawat, A.; Hope-Weeks, L.; Ahsan, F. Aerosolized PLA and PLGA nanoparticles enhance humoral, mucosal and
cytokine responses to hepatitis B vaccine. Mol. Pharmaceutics 2011, 8, 405-15, doi: 10.1021/mp100255c.

45. Tokatlian, T.; Kulp, D. W.; Mutafyan, A. A.; Jones, C. A.; Menis, S.; Georgeson, E.; Kubitz, M.; Zhang, M. H.; Melo, M. B,; Silva,
M. Enhancing humoral responses against HIV envelope trimers via nanoparticle delivery with stabilized synthetic liposomes.
Sci. Rep. 2018, 8, 1-13, doi: 10.1038/s41598-018-34853-2.

46. Kanekiyo, M.; Wei, C. ].; Yassine, H. M.; McTamney, P. M.; Boyington, J. C.; Whittle, J. R. R.; Rao, S. S.; Kong, W. P.; Wang, L.;
Nabel, G. ]. Self-assembling influenza nanoparticle vaccines elicit broadly neutralizing HIN1 antibodies. Nature 2013, 499, 102-
6, doi: 10.1038/nature12202.

47. Niikura, K.; Matsunaga, T.; Suzuki, T.; Kobayashi, S.; Yamaguchi, H.; Orba, Y.; Kawaguchi, A.; Hasegawa, H.; Kajino, K.; Nino-
miya, N.; Ijiro, K.; Sawa, H. Gold nanoparticles as a vaccine platform: influence of size and shape on immunological responses
in vitro and in vivo. ACS Nano 2013, 7, 392638, doi: 10.1021/nn3057005.

48. Oliveira, D. C. D. P.; Barros, A. L. B.; Belardi, R. M.; Goes, A. M.; Oliveira, S. B. K.; Soares, D. C. F. Mesoporous silica
nanoparticles as a potential vaccine adjuvant against Schistosoma mansoni. J. Drug Delivery Sci. Technol. 2016, 35, 23440, doi:
10.1016/j.jddst.2016.07.002.


https://doi.org/10.20944/preprints202211.0275.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 November 2022 d0i:10.20944/preprints202211.0275.v1

49. Martinez-Gutierrez, F.; Olive, P. L.; Banuelos, A.; Orrantia, E.; Nino, N.; Sanchez, E. M.; Ruiz, F.; Bach, H.; Av-Gay, Y. Synthesis,
characterization, and evaluation of antimicrobial and cytotoxic effect of silver and titanium nanoparticles. Nanomedicine 2010 6,
681-8, doi: 10.1016/j.nano.2010.02.001.

50. Moreira, D. N. Das; Vitoriano-Souza, J.; Roatt, B. M.; Vieira, P. M. de A.; Coura-Vital, W.; Cardoso, J. M. de O.; Rezende, M. T ;
Ker, H. G,; Giunchetti, R. C; Carneiro; C. M.; Reis, A. B. Clinical, hematological and biochemical alterations in hamster (Meso-
cricetus auratus) experimentally infected with Leishmania infantum through different routes of inoculation. Parasites and Vectors
2016, 9, 1, doi: 10.1186/s13071-016-1464-y.

51. Santos, W. R.; Lima, V. M. F. De; Souza, E. P. De; Bernardo, R. R.; Palatnik, M.; Sousa, C. B. P. De. Saponins, IL12 and BCG
adjuvant in the FML-vaccine formulation against murine visceral leishmaniasis. Vaccine 2012, 21, 1-2, 30-43, doi: 10.1016/s0264-
410x(02)00444-9.

52. Ottino, J.; Leite, J. C.; Melo-Junior, O. A.; Gonzalez, M. A. C.; Carvalho, T. F. De.; Garcia, G. M.; Batista, M. A.; Silveira, P.;
Cardoso, M. S.; Bueno, L. L.; Fujiwara, R. T.; Santos, R. L.; Paes, P. R. de O.; Silveira-Lemos, D.; Martins-Filho, O. A.; Galdino,
A.S,; Chavez-Fumagalli, M. A.; Dutra, W. O.; Vanessa Carla Furtado Mosqueira, V. C. F.; Giunchetti, R. C. Nanoformulations
with Leishmania braziliensis Antigens Triggered Controlled Parasite Burden in Vaccinated Golden Hamster (Mesocricetus auratus)
against Visceral Leishmaniasis. Pathogens 2022, 10, 11, doi: 10.3390/vaccines10111848.

53. Resende, L. A.; Aguiar-Soares, R. D. O.; Moreira, N. D. D.; Ferreira, S. A.; Lanna, M. F.; Cardoso, J. M. O.; Mathias, F. A. S,;
Coura-Vital, W.; Mariano, R. M. D. S.; Leite, J. C,; Silveira, P.; de Carvalho, T. F.; Santos, R. L.; Silveira-Lemos, D.; Martins-Filho,
O. A; Dutra, W. O,; Reis, A. B.; Giunchetti, R. C. In vitro Infectivity of Strains Isolated From Dogs Naturally Infected With
Leishmania infantum Present a Distinct Pathogenic Profile in Hamsters. Front Med (Lausanne) 2020, 28, 7- 496, doi:
10.3389/fmed.2020.00496.

54. Aguiar-Soares, R. D. de O.; Roatt, B. M.; Mathias, F. A. S.; Reis, L. E. S.; Cardoso, ]. M. de O; Brito, R. C. F. de; Ker, H. G.; Corréa-
Oliveira, R.; Giunchetti, R. C.; Reis, A. B. Phase I and II Clinical Trial Comparing the LBSap, Leishmune®, and Leish-Tec® Vac-
cines against Canine Visceral Leishmaniasis. Vaccines 2020, 8, 690, doi:10.3390/vaccines8040690.

55. Roatt, B. M.; Aguiar-soares, R. D. de O.; Vitoriano-souza, J.; Coura-Vital, W.; Corréa-Oliveira, R.; Martins-Filho, O. A.; Andréa
Teixeira-Carvalho, A.; Lana, M. de; Gontijo, N. F.; Marques, M. J.; Giunchetti, R. C.; Reis, A. B. Performance of LBSap Vaccine
after Intradermal Challenge with L. infantum and Saliva of Lu. longipalpis: Immunogenicity and Parasitological Evaluation. PLOS
ONE 2012, 7, 11, doi: 10.1371/journal.pone.0049780.

56. Giunchetti, R. C.; Reis, A. B.; Silveira-Lemos, D.; Martins-Filho, O. A.; Corréa-Oliveira, R.; Bethony, J.; Vale, A. M.; Quetz, J. S,;
Bueno, L. L.; Franga-Silva, J. C.; Nascimento, E.; Mayrink, W.; Fujiwara, R. T. Antigenicity of a Whole Parasite Vaccine as
Promising Candidate against Canine Leishmaniasis. Res. in Vet. Science 2008, 85, 106-112, doi: 10.1016/j.rvsc.2007.09.008.

57. Mendonga, L. Z,; Resende, L. A.; Lanna, M. F.; Aguiar-Soares, R. D. de O.; Roatt, B. M.; Castro, R. A. de O.; Batista, M. A,;
Silveira-Lemos, D.; Gomes, J. de A. S.; Fujiwara, R. T.; Rezende, S. A.; Martins-Filho, O. A.; Corréa-Oliveira, R.; Dutra, W. O.;
Reis, A. B.; Giunchetti, R. C. Multicomponent LBSap vaccine displays immunological and parasitological profiles similar to
those of Leish-Tec® and Leishmune® vaccines against visceral leishmaniasis. Parasites and Vectors 2016, 9, 1, doi: 10.1186/s13071-
016-1752-6.

58. Giunchetti, R. C,; Silveira, P.; Resende, L. A; Leite, J. C.; de Oliveira Melo-Junior, O. A.; Rodrigues Alves, M. L.; Costa, L. M;
Lair, D. F.; Chaves, V. R; Soares, I. S.; Mendonga, L. Z.; Lanna, M. F.; Ribeiro, H. S.; Maia-Gongalves, A. A.; Santos, T. A. P.;
Roatt, B. R.; Aguiar-Soares, R. D. O.; Vitoriano-Souza, J.; Moreira, N. D.; Mathias, F. A. S.; Cardoso, J. M. O.; Coura-Vital, W.;
Galdino, A. S.; Viana, K. F.; Martins-Filho, O. A.; Silveira-Lemos, D.; Dutra, W. O.; Reis, A. B. Canine visceral leishmaniasis
biomarkers and their employment in vaccines. Vet Parasitol 2019, 271, 87-97, doi.org/ 10.1016/j.vetpar.2019.05.006.

59. Queiroz, P. V. S.; Monteiro, G. R. G.; Macedo, V. P. S.; Rocha, M. A. C,; Batista, L. M. M.; Queiroz, J. W.; Jeronimo, S. M. B,;
Ximenes, M. F. F. M. Canine visceral leishmaniasis in urban and rural areas of Northeast Brazil. Res Vet Sci 2009, 86, 2, 267-73,
doi: 10.1016/j.rvsc.2008.07.014.

60. Maeda, K.; Sadoughi, S.; Morimoto, A.; Uchida, K.; Chambers, J.K.; Sanjoba, C.; Yamagishi, J.; Goto, Y. Hepatomegaly Associ-
ated with Non-Obstructive Sinusoidal Dilation in Experimental Visceral Leishmaniasis. Pathogens 2021, 10, 1356, doi:
10.3390/pathogens10111356.

61. Margaroni, M.; Agallou, M.; Athanasiou, E.; Kammona, O.; Kiparissides, C.; Gaitanaki, C.; Karagouni, E. Vaccination with
poly(D,L-lactide-co-glycolide) nanoparticles loaded with soluble Leishmania antigens and modified with a TNFa-mimicking
peptide or monophosphoryl lipid aconfers protection against experimental visceral leishmaniasis. Int ] Nanomedicine 2017, 12,
6169-6184, doi: 10.2147/1JN.S141069.


https://doi.org/10.20944/preprints202211.0275.v1

