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ABSTRACT
Canine visceral leishmaniasis (CVL) is a zoonotic disease of great worldwide importance and can be prevented by vaccinating 
seronegative dogs. The objective of the present systematic review and meta-analysis is to verify the efficacy rate of vaccines tested 
in dogs against CVL or L. infantum infection. We used PRISMA guidelines for this review and Pubmed, Web of Science, Scopus, 
Cochrane, Scielo and CABI to find studies about vaccines against CVL in dogs. Articles were analysed and grouped according 
to the antigens used. The risk of bias analysis was performed using SYRCLE's RoB tool and meta-analysis using R Statistical 
language. The final analysis was conducted using 22 studies that assessed DNA, excreted/secreted proteins and subunit vac-
cines, involving a total of 92 animals, 96 animals and 78 animals, respectively. Regarding DNA vaccines, the analyses revealed 
non-significant results in terms of preventing parasite presence in the organs or the onset of clinical signs. However, subunit 
vaccines demonstrated statistically significant results concerning parasite presence in the organs, but not when it comes to 
clinical signs. Additionally, there was no statistically significant difference observed in parasite burden in the organs or clinical 
signs for the excreted/secreted vaccines. The meta-analysis indicated that subunit and excreted/secreted protein vaccines were 
significantly more effective in preventing parasites in vaccinated animals compared to both DNA-based vaccines and control 
groups. Heterogeneity among studies is a limitation, emphasising the need for standardised protocols for reliable comparisons.

1   |   Introduction

Leishmaniasis is a complex of neglected diseases present in 
98 countries in Europe, Africa, Asia and America, caused 

by obligate intracellular protozoa of the genus Leishmania, 
which infect an average of 0.9–1.7 million people every year 
[1]. In Central and South America, the most common species, 
called L. infantum, is commonly transmitted from animals 
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to humans by the bite of the female sandfly Lutzomyia lon-
gipalpis [2]. It is considered a public health problem since the 
number of cases of the disease in dogs is directly related to the 
number of human cases of leishmaniasis because the parasite, 
residing in the skin of animals, is also transmitted vectorially 
to people [3].

Dogs are considered the main reservoirs of the disease in an 
urban environment and may show clinical signs such as weight 
loss, lymphadenopathy, skin lesions, onychogryphosis, muscle 
atrophy and ocular signs [4]. It is also common for there to be 
the existence of resistant dogs, which do not show clinical signs, 
called asymptomatic, however, even so, they are a source of 
infection for the sandfly [5]. The resistance of these dogs can 
be attributed to the actions of the immune system against the 
parasite. The Th1 immune response profile, in which there is 
stimulation of a response mediated by TCD4+Th1 and TCD8+ 
lymphocytes, is associated with lower development of clinical 
signs in animals, with the participation of natural killer cells, 
with high production of IL-12, IL-2, IFN-γ and TNF-α and lower 
production of IL-10 [6]. This environment is conducive to the 
classical activation of macrophages, which will produce oxy-
gen and nitric oxide metabolites, responsible for destroying the 
protozoan inside the cell [7]. Contrary to what occurs in ani-
mals whose predominant profile is Th2, characterised by higher 
amounts of IL-4, IL-5, IL-10 and TGF-β and cells with a lower 
capacity to destroy the protozoan and, therefore, responsible for 
a greater susceptibility to infection and the appearance of clin-
ical signs [8].

CVL can be prevented by controlling the vector population, 
individual protection measures like 4% deltamethrin repellent 
collars, preventing the movement of animals in environments 
where sandflies can inhabit, especially at twilight and vacci-
nation [8, 9]. The vaccination is considered an individual pro-
tection measure because the vaccines available on the market 
protect against the disease but not against infection in animals 
[10]. For this reason, it is necessary to develop a new vaccine 
antigen that protects against disease but also infection, since 
decreasing the number of infected dogs, the probability of trans-
mission of the parasite to the sandfly is also reduced and conse-
quently the number of human cases of leishmaniasis. Therefore, 
it is necessary to have a vaccine that stimulates immune mech-
anisms linked to animal resistance, in addition to meeting ideal 
characteristics such as a smaller number of applications and a 
lower cost.

However, due to the complexity of the protozoan, this objective 
is still challenging, with only two vaccines available commer-
cially in the world, which present partial protection against 
CVL and do not represent a significant impact on the reduction 
of human cases of Leishmaniasis, since they do not prevent in-
fection in dogs [10]. Therefore, there are several studies aimed at 
the development of effective immunogens against CVL and the 
infection of animals by L. infantum, but many of them have not 
reached satisfactory levels of protection or need more adequate 
protocols to achieve these purposes. The objective of this sys-
tematic review and meta-analysis is to verify the efficacy of vac-
cines against CVL or the parasite L. infantum, tested in dogs, to 
demonstrate which of them achieve the desired protection and 
which are the best protocols to be used.

2   |   Methods

This study was registered in the Prospective Register of 
Systematic Reviews (PROSPERO, ID: CRD42022322176). The 
guidelines of the PRISMA statement (Preferred Reported Items 
for Systematic Reviews and Meta-Analysis) were adopted in this 
review (Table S1).

2.1   |   Strategy of Search and Selection 
of the Studies

The review started with searches for studies in Pubmed, Web 
of Science, Scopus, Cochrane, Scielo and CABI databases 
on 9 September 2020, and the terms were searched by a re-
viewer (J.A.M.P.) in the title, abstract and text sections. The 
PICOT (population, intervention, comparison, outcome and 
time) used for the searches, which involved the canine pop-
ulation, the different types of vaccines against CVL used for 
prophylaxis, their efficacy and protection, is described in the 
Table S2.

Initially, the studies found in the databases were added to a ref-
erence management software, where they were selected by title 
by two reviewers (J.A.M.P. and T.F.M.), who also independently 
selected the studies by abstract. Titles that contained informa-
tion about Leishmania species other than L. infantum or other 
host species other than the canine were excluded, as it was the 
case in the selection of studies by abstract. In a subsequent step, 
the full texts were analysed by two reviewers (J.A.M.P. and 
T.F.M.) and included or excluded based on predetermined crite-
ria. Disagreements between the two reviewers were resolved by 
a third reviewer (E.M.S.D.).

On 9 April 2024, a search update was conducted on the data-
bases using the same terms, with a filter applied to restrict re-
sults between the years 2020 and 2024. Two reviewers (J.A.M.P. 
and A.L.G.O.) independently selected articles based on pre-
established criteria, as done previously.

2.2   |   Inclusion and Exclusion Criteria

The papers included in the review were those that fit the fol-
lowing criteria: (i) published in all countries, (ii) published in 
all years, (iii) that talked about vaccines used for prophylaxis, 
(iv) against canine visceral leishmaniasis (CVL), (v) in dogs, (vi) 
L. infantum species. Studies in languages other than English, 
Spanish or Portuguese and that fitted the exclusion criteria de-
tailed in Table  S3 were excluded. This step was performed by 
two reviewers (J.A.M.P. and T.F.M.).

2.3   |   Risk of Bias Analysis Using SYRCLE's 
RoB Tool

After the inclusion of the papers by pre-established criteria, an 
internal validation was carried out by a specific protocol, cre-
ated to analyse the risks of bias in studies with animals, called 
SYRCLE's RoB tool [11]. This protocol consists of evaluating five 
different types of bias: (i) selection bias, (ii) performance bias, 
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(iii) detection bias, (iv) attrition bias, (v) reporting bias and (vi) 
other biases. These five types of bias are divided into 10 ques-
tions or domains that must be answered with ‘Yes’, ‘Unclear’ or 
‘No’ which respectively mean low, uncertain or high risks of bias.

2.4   |   Type of Studies

Only original studies were included. Trials such as cohort, case–
control, cross-sectional, case series, case reports and reviews 
were excluded.

2.5   |   Data Extraction

Data were extracted by one of the reviewers (J.A.M.P.) and 
verified by two reviewers (M.M.O. and E.M.S.D.). The au-
thor, the year of publication, the country where the study was 
carried out and the type of vaccine antigen tested were first 
extracted. Subsequently, the characteristics of the evaluated 
groups were extracted, such as age, sex, the total number of 
animals per group, breed, dose, number of vaccinations, time 
between doses, type of adjuvant and route of administration. 
As for the animals in the control group, the number of animals 
and what was applied to them, the period, dose, and route of 
the experimental challenge and the period of exposure to the 
parasite were extracted. For studies that performed natural 
challenges, the diagnostic methods used to confirm infection 
as well as tests performed to verify the immunogenicity of the 
antigen, were the data extracted from each study for further 
analysis. The same dataset of articles published between 2020 
and 2024 was extracted in the 2024 update by two reviewers 
(J.A.M.P. and A.L.G.O.).

2.6   |   Data Synthesis and Analysis

For the meta-analysis, the trials were initially categorised based 
on the method of infection in animals, either natural or exper-
imental. They were then further divided into groups based on 
the types of vaccines tested, which included DNA vaccines, 
subunit vaccines and vaccines composed of secreted/excreted 
proteins. Despite being produced differently, subunit vaccines 
and vaccines composed of secreted/excreted proteins are both 
made up of proteins and therefore form a fourth group. The raw 
data extracted from the trials that made up each group, for the 
meta-analysis, were related to the number of animals in the vac-
cinated (those who received one or more doses of the vaccine) 
and non-vaccinated groups (those who received a placebo), who 
exhibited clinical signs (Outcome 1) and parasite load in any an-
alysed organ (Outcome 2).

The values of overall effect (Z) were used to calculate vaccine 
efficacy. For there to be a statistically significant difference be-
tween the vaccinated and non-vaccinated groups, indicating 
that the vaccines in the group were effective, a p ≤ 0.05 was 
considered. To assess the heterogeneity of the trials, the I2 was 
calculated, with low heterogeneity defined as I2 ≤ 50%, moderate 
heterogeneity as I2 between 50% and 70%, and high heterogene-
ity as I2 > 70%. Also, the relative risk (RR) and the confidence 
interval (CI) were calculated [12].

The analysis was done using the R Statistical language (v4.3.1) 
on Windows 11 × 64, using the packages netmeta (v2.9.0), 
meta (v7.0.0), Matrix (v1.6.1), data.table (v1.14.8), numDeriv 
(v2016.8.1.1), MAd (v0.8.3), report (v0.5.8.5), dlookr (v0.6.3), 
metaforest (v0.1.4), metafor (v4.6.0), metadat (v1.2.0), gg-
plot2 (v3.5.0), dplyr (v1.1.2), ranger (v0.16.0) and markdown 
(v1.12) [13].

3   |   Results

3.1   |   Selected Studies

In the initial search, 37,595 studies were found and, among 
them, 9,507 duplicates were detected by the reference manage-
ment software, totaling 28,088 articles that were included in the 
initial selection by titles (Figure 1). The studies that contained 
the words ‘Canine’, ‘Leishmania’ or ‘Vaccine’ were kept for the 
selection of abstracts, also carried out using the same criteria. In 
the end, 76 papers were selected to be analysed by quality crite-
ria, and 22 were eligible for the final analyses and risk of bias 
analysis by SYRCLE's RoB Tool (Table 1). All these studies were 
carried out between 2003 and 2020. Yet, an update of the review 
was conducted through a new search in the databases using the 
same terms, limiting the publication time of studies between 
2020 and 2024. This search resulted in 91 articles. Of these, 90 
were excluded after abstract review. Only one article was in-
cluded in the review and submitted to the risk of bias analysis by 
SYRCLE's RoB Tool (Figures S1 and S2). However, this article 
presented its data summarised in graphs and therefore was not 
included in the meta-analysis. The 77 articles excluded after the 
selection stage by eligibility criteria, as well as the reasons why 
they were not included in this review, are shown in Table S4. 
Therefore, the initial 22 articles that were included were re-
tained for the meta-analysis. Studies that performed more than 
one experiment, analysed different antigens, or the same anti-
gen at different times, compared to more than one control group, 
or with different challenge characteristics, such as time or dose, 
were defined as trials. In the end, 45 trials were included in this 
meta-analysis.

3.2   |   Vaccine, Dose and Route

Of the selected studies, 82.6% (19/23) underwent experimental 
infection and only 17.4% (4/23) performed a natural challenge, 
in which the evaluated animals were exposed to the parasite in 
the environment in which they lived. Individuals of both sexes 
were used in 91.3% (21/23) of the studies, and only one article 
[34] used only females in their groups, with the number of dogs 
per group varying between three and 85 and ages ranging from 2 
to 54 months. The vaccinated and control groups were predomi-
nantly composed of beagle animals, used in 65.2% (15/23) of the 
studies.

In most studies, 65.2% (15/23) tested vaccines composed of pro-
teins or peptides (second-generation vaccines) and 34.8% (8/23) 
of tested vaccines composed of genetic material (third-generation 
vaccines). However, among those selected in this review, there 
were no articles that tested first-generation vaccines, consisting 
of the inactivated or attenuated protozoan.



4 of 13 Parasite Immunology, 2025

The studies were divided into trials for meta-analysis and used 
different antigens. The most tested antigens among the se-
lected trials were the so-called L. infantum secreted/excreted 
antigens (LiESAp), together with MDP adjuvants [19, 25], 
QA-21 [27] or saponin [36]. The efficacy of Q protein [20], re-
combinant A2 antigen [22] and FML [21, 23] was also tested. 
Leishmania antigen-activated C-kinase antigen (LACK) has 
been tested in different ways by different studies [16, 17, 32, 34], 
as well as many others presented in Table 2. Only 4.44% (2/45) 
trials applied only one dose of its immunogen [20, 23] and only 
2.22% (1/45) [34] performed four applications. Most trials per-
formed two or three applications, with intervals varying be-
tween 15 and 28 days (Table S6) and the most common route 
of administration was subcutaneous, used in 88.9% (40/45) of 
the time (Table S5).

3.3   |   Methods to Confirm Immunogenicity

To confirm the immunogenicity of the antigens, the studies 
carried out several tests. To assess cellular immune response, 
10.5% (2/19) of the studies that performed experimental infec-
tion used the Enzyme-linked immunosorbent assay (ELISA) 
and 57.9% (11/19) used RT-qPCR to evaluate cytokines such 
as IL-10, IFN-γ and IL-4 in materials such as animal serum 
and cell culture supernatant. For the evaluation of cell types 

present in culture, flow cytometry was used in 36.84% (7/19) 
of the studies. 26.3% (5/19) studies also evaluated the pro-
duction of nitric oxide (NO) and the canine macrophage 
leishmanicidal assay (CMLA). For analysis of humoral im-
mune response, antibody titers in animal sera were evaluated 
through ELISA tests, used in 100% of experimental infection 
trials (Table  S7). All studies of natural infection (Table  S8) 
used ELISA for evaluating antibody titers and 50% (2/4) per-
formed IFAT [20, 27].

3.4   |   Challenge Strains, Dose and Route 
of Exposure

To calculate the efficacy rates of the tested vaccines, the stud-
ies conducted experimental or natural challenges on their vac-
cinated and control groups. All experimental infection studies 
used promastigotes of L. infantum in the challenge, in more 
common doses of 5 × 107 parasites, in 28.9% (13/45) of the trials, 
108 parasites, in 26.7% (12/45) of the trials, and 107 parasites, in 
17.8% (8/45) of the trials. The most used route to perform the 
challenge was intravenous, and the periods ranged from 0 to 
240 days after the last vaccination. Among those studies that 
performed natural infection, the exposure periods varied be-
tween 30 and 720 days after the last dose of immunogen was ad-
ministered to the animals.

FIGURE 1    |    Flow chart of the search and selection of studies for the systematic review of the efficacy of vaccines against CVL.
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3.5   |   Diagnostic Methods to Confirm Infection 
and Evaluation of Clinical Signs

To confirm the presence or absence of infection, the following 
tests were performed in the studies: qPCR testing in 78.26% 
(18/23), ELISA in 21.74% (5/23), direct tissue visualisation test-
ing in 17.39% (4/23), parasite culture in 47.82% (11/23), IFAT 
in 8.69% (2/23) and DAT in 4.34% (1/23). Clinical evaluation 
was conducted to detect infected, symptomatic or asymptom-
atic animals; this evaluation was performed in 65.21% (15/23) 
of the studies. The main signs observed were skin and adnexal 
lesions (alopecia, ulcers, exfoliative dermatitis, onychogry-
phosis), nutritional status, eye lesions (uveitis, conjunctivitis, 

keratoconjunctivitis) and lymphadenopathy. These changes are 
commonly found in dogs with CVL.

3.6   |   Statistical Difference Between Vaccinated 
and Non-Vaccinated Animals in Meta-Analysis

DNA vaccines, in general, have had no significant statistical 
difference in preventing clinical signs (Z = −1.12, p = 0.262; 
RR = −0.17, 95%, p < 0.01, CI: −0.48 to 0.03) (Figure 2) or the 
appearance of parasites in the organs (Z = −1.04, p = 0.298; 
RR = −0.11, 95%, p < 0.01, CI: −0.31 to 0.10) (Figure 3). Values 
of I2 = 73% and 71%, respectively, indicate high heterogeneity 

TABLE 1    |    General characteristics of studies of vaccines against CVL included in this systematic review.

First author, year Country Type of study
Total number 

of animals Dog breeds Sex Age

Abbehusen, 2018a [14] Brazil Interventiond 30 Beagle Bothe 2–3 mf

Aguiar-Soares, 2014 [15] Brazil Interventiond 20 UB Bothe 7–8 mf

Alcolea, 2019 [16] Spain Interventiond 10 Beagle Bothe 12–18 mf

Alonso, 2023 [17] Spain Interventiond 30 Beagle Bothe 12–18 mf

Borja-Cabrera, 2009b [18] Brazil Interventiond 19 UB Bothe 4 mf

Bourdoiseau, 2009b [19] France Interventiond 12 UN Bothe UN

Carcelen, 2009 [20] Spain Interventiond 21 Beagle Bothe 12–24 mf

De Lima, 2010 [21] Iran NC 40 UN Bothe UN

Fernandes, 2008 [22] Brazil Interventiond 21 Beagle Bothe 3–9 mf

Fiuza, 2015 [23] Brazil Interventiond 18 Beagle Bothe 8 mf

Gradoni, 2005 [24] Brazil NC 45 Beagle Bothe 6 mf

Lemesre, 2005 [25] France Interventiond 18 Beagle Bothe 12–72 mf

Lemesre, 2007 [26] France NC 414 UN Bothe UN

Martin, 2014 [27] France Interventiond 20 Beagle Bothe 6 mf

Petitdidier, 2016 [28] France Interventiond 19 Beagle Bothe 24–48 mf

Petitdidier, 2019 [29] France Interventiond 15 Beagle Bothe 24–48 mf

Poot, 2009 [30] Germany Interventiond 44 Beagle Bothe 6 mf

Poot, 2006 [31] France Interventiond 15 Beagle Males 6 mf

Ramiro, 2003 [32] Spain Interventiond 20 Beagle Bothe 18–54 mf

Roatt, 2012 [33] Brazil Interventiond 20 UB Bothe UN

Rodriguez-Cortés, 2007 [34] Spain Interventiond 12 Beagle Females 9 mf

Shahbazi, 2015 [35] Iran Interventiond 30 UB Bothe 6–48 mf

Velez, 2020c [36] Spain NC 168 UN Bothe > 6g mf

Abbreviations: NC, Natural challenge; UB, Undefined breed; UN, Uninformed.
aThis study has been corrected and its errata were also considered in this review.
bOnly some data were taken from this study, which fit the quality criteria.
cIn this article, the number of animals considered were the ones that ended up as vaccinations and did all the tests.
dStudies that performed experimental infection in dogs.
eBoth sexes.
fm: age defined in months.
g> 6: more than 6 months.
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FIGURE 2    |    Forest plot showing the statistical difference of DNA vaccines in preventing clinical manifestations of canine visceral leishmaniasis 
(CVL).

FIGURE 3    |    Forest plot showing the statistical difference of DNA vaccines in preventing parasite load.
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among the studies, suggesting considerable variation between 
the trials. On the other hand, the subunit vaccines showed a 
statistically significant difference in preventing parasite load 
in the organs (Z = −2.03, p = 0.042; RR = −0.16, 95%, p = 0.05; 
CI: −0.31 to −0.01) (Figure  4). Besides that, they did not 
demonstrate significant statistical differences in clinical signs 
(Z = −1.66, p = 0.096; RR = −0.19, 95%, p = 0.25, CI: −0.41 to 
0.03) (Figure 5). However, I2 = 28% and I2 = 47% indicate low 
heterogeneity among the studies. The same occurred with 
excreted/secreted proteins (ESPs). The analysis showed a 
Z = −11.91 (p < 0.001; RR = −0.93, 95%, p = 0.98, CI: −1.81 to 
−0.78) for the parasite load (Figure 6) and Z = −0.00 (p = 1.00; 
RR = 0.00, 95%, p = 1.00, CI: −0.15 to 0.15) for the clinical 

signs (Figure 7). We can conclude that vaccines were effective 
in preventing the appearance of parasites in the organs but not 
in clinical signs. The value of I2 = 0% in each analysis indicates 
high homogeneity between trials.

4   |   Discussion

This systematic review and meta-analysis aimed to deter-
mine whether there are statistically significant differences 
in the occurrence of clinical signs of CVL and parasite bur-
den in organs between vaccinated and non-vaccinated ani-
mals with different antigenic groups tested as vaccines. Our 

FIGURE 4    |    Forest plot showing the statistical differences of subunit vaccines in preventing parasite load.

FIGURE 5    |    Forest plot showing the statistical difference of subunit vaccines in preventing clinical manifestations of canine visceral leishmani-
asis (CVL).
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results suggest a statistically significant trend that animals 
vaccinated with subunit vaccines are less susceptible to the 
presence of parasites in organs compared to non-vaccinated 
animals (Z = −2.03, p = 0.042), thus having a lower risk of 
developing Leishmania infection (RR = −0.16, 95% CI: −0.31 
to −0.01, p = 0.05). This suggests that subunit vaccines may 
be more effective in inducing a lasting immune response and 
controlling parasite burden.

Regarding the development of clinical signs, there was no sig-
nificant difference between vaccinated and non-vaccinated an-
imals (Z = −1.66, p = 0.096; RR = −0.19, 95% CI: −0.41 to 0.03, 
p = 0.25); however, the Z and RR values were favourable to vaccine 

administration, as shown in Figure 5. For vaccines composed of 
ESPs, the results were promising. Statistically, vaccinated ani-
mals tended to be less susceptible to parasite burden (Z = −11.91, 
p < 0.001; RR = −0.93, 95% CI: −1.81 to −0.78, p = 0.98). However, 
there was no statistical difference in terms of clinical signs 
(Z = −0.00, p = 1.00; RR = 0.00, 95% CI: −0.15 to 0.15, p = 1.00). 
Nevertheless, the analysis of DNA vaccines did not show signifi-
cant differences in any of the outcomes, despite the favourable val-
ues towards vaccine administration, indicating that they may not 
be immunogenic enough to induce a protective immune response.

It is important to highlight that ESP vaccines demonstrated 
greater protective capacity compared to other types of vaccines. 

FIGURE 6    |    Forest plot showing the statistical difference of secreted/excreted proteins vaccines in preventing parasite load.

FIGURE 7    |    Forest plot showing the statistical difference of secreted/excreted proteins vaccines in preventing clinical manifestations of canine 
visceral leishmaniasis (CVL).
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These proteins are components released by the parasite into the 
extracellular environment and play a role in the host–parasite 
interactions.

The superior efficacy of ESPs-based vaccines may be attributed 
to their high immunogenicity, which is rapidly recognised 
by the host immune system, triggering a predominantly Th1 
response [37]. In dogs, a protective immune response is char-
acterised by the activation of CD4+ Th1 cells, which secrete 
pro-inflammatory cytokines such as IFN-γ, TNF-α and IL-12, 
promoting macrophage activation and nitric oxide (NO) pro-
duction [37]. Markikou-Ouni, Drini [38] showed that ESPs 
immunisation increases dendritic cell maturation and antigen 
presentation, leading to robust IFN-γ production and reduced 
parasite loads in target organs such as the spleen, liver and 
bone marrow. These parasite-clearing mechanisms result in 
improved infection control. Another important aspect is that 
ESPs-derived antigens interact with toll-like receptors (TLRs) 
and with pathogen-associated molecular pattern (PAMP) recep-
tors, stimulating innate immune activation [38]. This process 
stimulates the production of IL-12 and IFN-γ, amplifying the 
protective Th1-type response [38].

It is important to note that ESPs can act as more efficient im-
munogens than conventional parasite antigens. However, the 
selection of ESPs for vaccine formulation should consider not 
only their immunogenic potential, but also their effects on mod-
ulating the immune response. Some ESPs, such as GP63, can 
interact with antigen-presenting cells (APCs), but due to their 
ability to downregulate MHC-II expression, they can impair an-
tigen presentation [38]. This process can decrease the activation 
of CD4+ Th1 T cells, allowing the parasite to persist despite par-
tial immune activation. These proteins can also stimulate reg-
ulatory mechanisms, since the production of IL-10 and TGF-β 
varies depending on their protein composition, influencing the 
immune response in different ways [38]. For this reason, it is 
necessary to better characterise ESPs to identify the fractions 
that contribute to the polarisation of Th1-type responses in dogs 
[39]. Combining these antigens with adjuvants that enhance the 
protective response, such as monophosphoryl lipid A (MPL-A) 
and CpG, can significantly improve vaccine performance. 
These adjuvants stimulate the TLR4 and TLR9 pathways, re-
spectively, leading to increased IFN-γ production and a more 
effective Th1 response [40]. Furthermore, ESPs can contribute 
to the development of long-lasting adaptive immunity by acti-
vating CD4+ and CD8+ T lymphocytes. Increased IFN-γ and 
IL-12 production helps establish the Th1 response profile, lead-
ing to efficient parasite control and improved disease control in 
endemic areas [37]. Despite the strong immunogenicity of ESPs 
in dogs, their introduction as a preventive measure still faces 
significant limitations. One of the main concerns is the diffi-
culty in differentiating infections from vaccinated animals in 
endemic regions such as Brazil. Since these proteins are natu-
rally present during infection, widely used serological tests can 
produce false-positive results in vaccinated animals, leading to 
diagnostic errors that can complicate disease control and treat-
ment decisions. Furthermore, the variability in the composition 
of ESPs, depending on the stage of the parasite and how it is 
cultured, represents a major challenge for their standardisa-
tion in vaccine formulations, potentially affecting efficacy and 
reproducibility.

Given these challenges, it is also necessary to state that the anal-
yses presented here are based on studies from different research 
groups, and the inferences about the immunogens are based on 
statistical data. For this reason, certain limitations must be con-
sidered when evaluating vaccines based on ESPs and other anti-
gens. The high heterogeneity among studies dealing with DNA 
vaccines, for example, may have influenced the overall effect re-
sult. It is quite challenging to generalise a result and extrapolate 
it to a population when there is no defined consensus on import-
ant variables in studies with immunogens against Leishmania. 
Parasite doses and infection time are some examples of import-
ant variables that are not standardised among research groups 
in canine leishmaniasis. Researchers do not have guidelines 
to rely on when conducting their studies, which hinders com-
parison with less heterogeneity and greater reliability among 
studies. To improve this condition, standardisation of research 
protocols with vaccines is the best way forward.

In addition, doses, routes and timing of infection may affect 
the reliability of the assays and potentially underestimate the 
efficacy of the vaccines. All experimental challenges were con-
ducted using L. infantum promastigotes, a species with a well-
defined zoonotic cycle involving dogs, particularly in countries 
such as Brazil, where the disease is prevalent in animals and 
humans [3]. The parasite doses used in the experiments ranged 
from 105–7 × 108, with intravenous administration in 64.4% 
(29/45) of the trials. It is important to note that these challenge 
protocols may not accurately replicate natural infection condi-
tions. Consequently, vaccine efficacy may be underestimated, as 
such a high parasite load may suppress the immune response, 
skewing it towards regulatory T cell (Treg) activity and a Th2-
biased response, both of which have been associated with dis-
ease progression. For example, Treg cells, particularly the IL-10 
and FoxP3+-producing subsets, have been shown to contribute 
to immune suppression, aiding in parasite persistence in the 
body [39]. It is therefore possible that these cells exert immuno-
suppression in the face of a high parasite burden, even in vac-
cinated animals. Furthermore, the route of infection plays an 
important role. L. infantum is naturally transmitted by the bite 
of sand flies, which initiate early interactions with key immune 
cells such as dendritic cells (DCs), neutrophils and macrophages 
[41]. To address this potential bias, future studies could incorpo-
rate components of sandfly saliva into parasite challenge prepa-
rations and use doses that more closely mimic the natural route 
of infection [42].

To obtain sufficiently reliable information for use in this review, 
the studies were also subjected to risk of bias analysis using the 
SYRCLE's Rob Tool. This tool aims to guide authors of system-
atic reviews involving studies with animals and has very valid 
criteria that studies aiming to calculate vaccine efficacy should 
pay attention to [11]. However, it should be noted that this tool 
is designed for the evaluation of studies in mice and may not 
be the most suitable for assessing studies involving dogs. The 
issue of random spatial allocation of the animals involved in the 
experiment, for example, is something quite relevant to consider 
and is highly emphasised by the tool, as vertebrates can regu-
late various physiological processes through the circadian cycle, 
which directly interferes with their neuronal activities, leading 
to the production of hormones that can affect the entire body, 
including the functioning of the immune system [43].
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Nevertheless, it is observed that 82.6% (19/23) of the studies did 
not contain information on the random housing of dogs, demon-
strating that often these conditions, which are quite easy to 
apply to mice, cannot be applied in the same way to dogs due to 
costs, logistics and other factors. Therefore, it is necessary to em-
phasise that, even with uncertain or high bias for some domains 
of the SYRCLE tool, the studies evaluated here were considered 
of good quality, as much of what is evaluated by the tool is very 
applicable to studies with mice, but may be unfeasible for studies 
with dogs. This highlights the need to create a specific tool to 
assess the risk of bias for studies with dogs, with domains more 
suited to the reality of research with these animals.

5   |   Conclusions

The meta-analysis performed in this study highlights significant 
differences in the efficacy of Subunit and ESP vaccines in reduc-
ing parasite load in vaccinated animals compared to unvacci-
nated controls. Among them, ESPs-based vaccines demonstrated 
superior efficacy in parasite control, reinforcing their potential 
as a promising avenue for vaccine development. However, de-
spite their strong immunogenicity, their clinical application 
remains uncertain due to challenges such as diagnostic interfer-
ence and antigenic variability. On the other hand, DNA-based 
vaccines did not show a significant impact in preventing clinical 
manifestations or reducing parasite load. A major limitation ob-
served in this analysis is the high heterogeneity between studies, 
which makes comparisons between studies difficult. To advance 
the field of CVL vaccine research, it is essential to establish stan-
dardised protocols that regulate the main experimental condi-
tions, including antigen selection, vaccine formulation, route of 
administration and parasite dose used for infection, as well as 
criteria for evaluating efficacy. This standardisation will allow 
more reliable comparisons between studies and provide clearer 
guidance for the development of effective and clinically viable 
vaccines against Leishmania.
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