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Leishmune® is the industrialized version of the FML-saponin vaccine which has been shown to develop
92-95% protection in vaccinated dogs and 76-80% vaccine efficacy against field canine visceral leishma-
niasis (CVL) in Brazil. Leishmune® has been proven to be safe and tolerable and a transmission-blocking
vaccine which renders vaccinated dogs non-infectious to sand fly vectors. In the present investigation,
550 healthy seronegative dogs of endemic and epidemic areas of Brazil were monitored for Leishmune®-
induced immunogenicity during a 2-year trial. Another group of 588 untreated exposed dogs was also
studied in parallel. Both groups were seronegative on day 0. The strong immunogenicity induced by
Leishmune® vaccine was demonstrated by the 98% of FML-seroconversion, increase in absorbencies, the
82.7% DTH positive reactions and increase in skin test size diameters, the average increase in CD8+ total
lymphocytes population in blood (27.1%), expected for QS21 saponin-containing vaccine, the sustained
proportions of CD4+ T cells, and the average increased proportions of CD21+ B lymphocytes (42.3%). The
Leishmune®-induced protection against CVL is demonstrated by the results: 98.8% asymptomatic dogs
(at the end of first year) and 99% healthy survivors (at the end of the second year) among vaccinated
dogs, compared to the 79.4% asymptomatic and 61% survivor dogs (p <0.001) monitored in the untreated
exposed cohort. In spite of the low vaccine coverage, it was possible to detect a 66.1% (p <0.005) reduction
in Belo Horizonte and an 80.2% (p <0.005) reduction in Aragatuba of the incidence of CVL among vacci-
nated dogs, when compared to the global incidence of CVL of each town, respectively. Our preliminary
results support the potential use of Leishmune® to prevent CVL epidemics.

© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Visceral leishmaniasis (VL), a chronic and severe protozoa infec-
tion, is fatal if untreated after the beginning of symptoms. The
disease is a canid zoonosis (ZVL) caused by Leishmania chagasi
in America and by Leishmania infantum in the Mediterranean
basin and Middle East, and an anthroponosis caused by Leish-
mania donovani in Africa, India and Asia. Nowadays there are
500,000 new human cases registered annually worldwide [1,2].
The drug resistance and toxicity of chemotherapy, the increase of
the disease incidence of immunocompromised subjects, and the
difficulties of the epidemiological control, which is based upon
sacrificing of seropositive dogs, emphasizes the need for safe pro-

* Corresponding author. Tel.: +55 21 25626742; fax: +55 21 560 8344/8028.
E-mail address: immgcpa@micro.ufrj.br (C.B. Palatnik-de-Sousa).

0264-410X/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2008.07.029

phylactic vaccines for both humans and dogs [3]. Mathematical
modelling analysis indicates the need for human and canine vac-
cines as tools to reduce the incidence of the disease in endemic
regions [4].

The most studied first-generation vaccine, composed of total
Leishmania lysate and BCG, protected against VL in Sudan [5] and
against canine visceral leishmaniasis (CVL) in Iran [6] but not in
Brazil [7]. Lemesre et al. [8], using a second-generation vaccine
with the culture media of L. infantum containing a 54-kDa excreted
protein in formulation with MDP (LiESAp) obtained protection in
beagles in a kennel assay [8]. Regarding the recombinant vaccines,
the multicomponent Leish-111f fusion protein in combination with
MPL-SE or AdjuPrime was only immunogenic in dogs challenged
with L. chagasi [9] and L. infantum (MML) [10] and failed to pre-
vent L. infantum natural infection or the progression of disease in
dogs in an open kennel trial [11]. A few third-generation DNA vac-
cines have been tested in dogs against experimentally induced CVL
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[12-15] achieving different levels of protection, but no data from
field trials of any DNA formulation is so far available [16].

Despite the recent intensification in research for a canine vac-
cine only two second-generation vaccines with native antigens
have progressed to Phase III field trials: the FML-saponin [17,18]
and the LiESAp vaccines [19]. The FML (fucose-mannose ligand)
glycoproteic complex [20], antigenic for both humans [21] and dogs
[22], was formulated, as a second-generation vaccine, with Quillaja
saponaria saponin and underwent Phase I-III trials becoming the
Leishmune® licensed vaccine in Brazil [23]. The FML was immuno-
genic, immunoprophylactic and immunotherapeutic, in mice and
hamsters and canine field trials [17,18,24-27]. In the first Phase
Il dog assay [17], 4 deaths and 6 symptomatic cases among 30
placebo-treated dogs (33%) were detected and confirmed by para-
site analysis and PCR. No deaths were detected among vaccines and
infection was confirmed in 3/36 oligosymptomatic dogs (8.33%),
resulting in 92% protection and 76% vaccine efficacy [17]. In the
second field assay [18], the infective pressure was higher and 2
years after vaccination, deaths were detected in 8/33 (25%) placebo-
treated and 1/20 (5%) vaccinated dogs, resulting in 95% of protection
and 80% vaccine efficacy. This protection lasted for at least 3.5 years
and was concomitant with the reduction of the human incidence
of the disease in the area [18]. The FML-vaccine also produced an
immunotherapeutic effect when administered to L. donovani- or L.
chagasi-infected dogs while they were still asymptomatic [28]. The
decrease in the canine and human incidence of visceral leishma-
niasis in the vaccinated area [18] and the maintenance of normal
proportions of CD4 and CD21 lymphocyte levels in the blood of
vaccinated dogs [28] indicate that dog vaccination with the FML-
vaccine reduces dog infectivity to sand flies [23]. LIESAp + MDP vac-
cine, the other second-generation vaccine with native antigens, was
recently used in a field assay with naturally exposed dogs of South
France [19]. In this trial any dog showing clinical and/or serological
evidence, infection was confirmed (or not) by the presence of para-
sites in bone marrow cultures and by PCR analysis. After 2 years, the
incidence of infection was 0.61% (1/165) in vaccines versus 6.86%
(12/175) in placebo-treated dogs (92% vaccine efficacy) [19]. The
authors claimed a vaccine efficacy of 92% based on the confirma-
tion of infection by very sensitive methods such as PCR or culture,
instead of CVL deaths [19] which did not occur in this area of lower
incidence. The FML-vaccine unlike the LiESAp vaccine revealed pro-
tection not only against infection, but also against severe disease
and deaths due to CVL [17,18] reducing morbidity and mortality
[17,18] which are much stronger criteria of protection [29].

The FML-vaccine was licensed in Brazil, for dog prophylaxis
against ZVL, under the brand Leishmune® [23]. Dogs vaccinated
with Leishmune® (FML-licensed vaccine) are not infectious for
sand flies [23], as indicated by a complete absence of clinical signs
and of parasites in the skin, lymph node and blood PCR-amplified
samples. Exposed untreated controls on the other hand, were
symptomatic (25%) and showed parasites in their lymph nodes
(56.7%), Leishmania DNA detected by PCR in blood (15.7%) and
immunohistochemical reactions in skin (25%) [23]. Leishmune® is a
transmission-blocking vaccine [30] and when used with increased
adjuvant concentration was also effective in immunotherapy on
experimental CVL [31].

Recently we described the safety analysis of Leishmune® vac-
cine performed in a cohort of 600 dogs from Brazilian endemic
and epidemic areas of canine and human visceral leishmaniasis.
The vaccine proved to be tolerable and safe [32]. In the present
investigation we report the immunogenicity assay of Leishmune®,
monitored in the same dog cohort, confirming the immuno pro-
tective potential previously described for the FML-saponin vaccine
[17,18] and disclosing the potential use of Leishmune® vaccine to
interrupt epidemics.

2. Materials and methods
2.1. Animals and study design

Six hundred healthy dogs from the canine visceral leishmaniasis
endemic towns of Aragatuba, Andradina, Valparaiso, Guararapes,
Bauru (Sdo Paulo state) and Belo Horizonte, Nova Lima, Sete Lagoas
(Minas Gerais state), Brazil, showing previous negative results in
Leishmania-serology by the immunofluorescent assay [33] were
selected for vaccination with three doses of Leishmune® (Fort
Dodge Animal Health, Campinas, SP, Brazil), in a 21-day inter-
val, through the subcutaneous (sc) route [32] and a booster in
month 12. On day 0, before vaccination, 50 from the 600 dogs
were excluded due to their positive reaction to the more sensitive
FMLELISA assay [22]. The remaining 550 dogs, seronegative to the
FML antigen, asymptomatic and showing good physical condition,
became the trial group of this investigation. Each of the 30 vet-
erinarians participating in this trial vaccinated 20 dogs with three
doses of Leishmune®, making a total of 1800 doses. The animals
were monitored for their anti-FML IgG serum antibody titters by
the FML-ELISA assay [22] at days 0 and 70 and in months 7 and 12,
and by their intradermal response to the L. donovani promastigote
lysate [17,18] antigen in months 7 and 12. The serum was collected
and intradermal test was carried out before injection of the vac-
cine booster in month 12. Also, clinical evaluations were performed
every 3 months, during the 2-year period (2003-2005). Alopecia,
onychogryphosis, cachexia, anorexia, apathy, disseminated ulcers,
skin lesions, keratitis, renal failure, loss of weight, lymph node
enlargement or diarrhoea were recorded as visceral leishmaniasis
symptoms. In vaccinated symptomatic animals, Leishmania infec-
tion was confirmed either by PCR analysis of lymph node aspirates
and/or blood samples [23] or by direct microscopical observation
of Leishmania amastigotes in Giemsa stained lymph node smears
[31]. The Leishmune®-vaccinated dog cohort included 511 animals
(85%) from 61 different breeds and of 89 (15%) mongrel dogs [32].
All animals were previously vaccinated against distemper, par-
vovirosis, parainfluenza virus, leptospirosis, coronaviruses, type 2
adenoviruses and rabies.

For ethical reasons, veterinarians were not able to keep an
untreated and exposed control dog population. For the purpose
of comparison, 588 asymptomatic FML-seronegative dogs from
another endemic area (Jardim Progresso, Natal, RN, Brazil), with
similar canine incidence [34] were included in this study as the
exposed untreated group. In this investigation, all manipulations
performed on the animals were conducted to ensure minimal ani-
mal suffering, as recommended by the NIH regulation.

2.2. Vaccine preparation

Each Leishmune® prophylactic vaccine dose [23] was composed
of lyophilized FML antigen adjuvanted with saponin, reconsti-
tuted in 1ml NaCl 0.9% sterile saline solution at the moment of
vaccination and administered subcutaneously. The FML-vaccine,
Leishmune®, is patented: INPI number: PI1100173-9 (18 March
1997) assigned to Universidade Federal do Rio de Janeiro, Brazil
and is the first second-generation vaccine licensed against leish-
maniasis, since 11th June 2003 [23].

2.3. Delayed-type hypersensitivity (intradermal reaction to
promastigote lysate)

This was determined by injecting dogs intradermally, in the
inner aspect of the right hind leg, with 0.1 ml of L. donovani freeze-
thawed antigen containing 200 g protein in NaCl 0.9% sterile saline
solution (108 stationary phase promastigotes/ml). The left hind leg
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received only 0.1 ml saline. Measure of the increase of intradermal
reaction was performed 48 h after antigen injection. Indurate areas
were marked and each time the values of the saline control were
subtracted from the reaction due to the Leishmania antigen. Reac-
tions showing diameters >5 mm were considered positive [17,18].

2.4. Flow cytometry analysis of PBMC

In month 18 after vaccination, PBMC of 15 randomly cho-
sen Leishmune®-vaccinated dogs from Aracatuba and Andradina
were analysed by Flow cytometry. Three milliliters of blood from
the cephalic vein was collected from each dog in Heparin-tubes,
transported at room temperature and processed 48 h after collec-
tion [31]. For the ex vivo analysis, 30 .l of blood was incubated
for 30min at room temperature, with 30 ul of each one of
the following monoclonal antibodies diluted in Facs dil solution
(10% FCS-supplemented PBS buffer): anti-Thy-1 (Rat-IgG2b-
clone YKIX337.217) (1:800), anti-CD5 (Rat-IgG2a-clone YKIX322.3)
(1:800), anti-CD4 (Rat-IgG2a-clone YKIX302.9) (1:12500), and
anti-CD8 (Rat-IgG1-clone YCATES55.9) (1:100). Facs dil solution
was used as negative control. After this period, 2ml of PBS-W
(PBS buffer with 0.5% bovine serum albumin and 0.1% sodium
azide) were added to each tube and the mixture was homogenised,
and centrifuged at 1300rpm, at room temperature, for 7 min.
The supernatants were aspirated and pellets homogenised and
added to 60wl of anti-rat FITC conjugate (1:200) (Serotec, UK)
except for the Facs dil cell control. At this time, 4l of the
FITC-labelled mouse anti-human-CD21 (Mouse-IgG1-clone IOB1a)
monoclonal antibody (Immunotech Co., Marseille, France) was used
in a direct immunofluorescence procedure. All suspensions were
homogenised, incubated for 30 min at room temperature in the
dark and treated with 2 ml of the 1/10 diluted lysis solution during
vortex homogenisation (Becton & Dickinson, USA). The mixtures
were further incubated for 10 min at room temperature in the
dark and further centrifuged at 1300 rpm for 7 min. Supernatants
were discarded and the pellet-containing tubes were inverted on
to absorbent paper. All these procedures were repeated twice after
the addition of 2 ml PBS. The pellets were homogenised carefully
and finally fixed with 300 .l of 2.8% formaldehyde-PBS. The rela-
tive immunofluorescence of cells was counted in a total of 10,000
events measured in a Becton Dickinson Facscalibur apparatus and
further analysed using Windows Multiple Document Interface Flow
Cytometry Application (WinMDI) Version 2.8 software [31]. As con-
trol, FACS analysis of PBMC of nine normal healthy untreated dogs
was also performed.

2.5. Statistical analysis

Comparison of proportions was carried out using the x2-test. To
test the significance of the differences between groups we used the
95% confidence interval of the averages.

3. Results

Five hundred and fifty dogs previously assayed for Leishmune®
safety analysis [32] were also monitored for the vaccine-induced
immunogenicity during a 2-year trial (2003-2005). Another group
of 588 untreated exposed dogs were also studied. The differences
between the two groups after vaccination were highly significant
in all variables (p<0.005) (Table 1). Both the vaccinated and the
untreated groups were seronegative at day 0, but a strong FML-
seroconversion (98%) was detected after complete vaccination on
day 70. By this time, 15% of the untreated controls developed
anti-FML antibodies due to their exposure to natural infection.
The vaccine increased, not only the number of dogs with positive

Table 1

Two-year evolution of immunogenicity and incidence of ZVL in cohorts of Leishmune®-vaccinated and untreated dogs

ZVL confirmed deaths (%)

DTH positive (%)

Symptoms of ZVL/alive (%)

FMLELISA positive (%)

Treatment

D70 DO M7 M9 M13-15 m7 m12 M9 M13-15 M24

DO

0.4 (2/523)

(2/529)
3.6 (15/418)
p<0.005

0.4

0.2 (1/537)
8.1 (37/455)

p<0.005

82.7 (105/127)

ND

58.9 (129/219)

ND

(2/527)
9.7 (28/288)
p<0.005

0.4

0(0/550) 0.4 (2/540) 0.4 (2/536)

98.0 (423/432)
15.6 (92/588)

p<0.005

0(0/550)
0(0/581)
p>0.05

Leishmune®
Untreated

XZ

273 (42/154)
p<0.005

5.5 (25/455)
p<0.005

5.4 (32/588)
p<0.005

0(0/580)
p>0.05

Data obtained from Leishmune®-vaccinated dogs of Aragatuba and Andradina, SP, and from untreated exposed dogs of Jardim Progresso RN, 2 years after vaccination. D, day; M, month; ND, not determined.
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antibody response (cutoff Abs. 492 nm=450) but the absorbency
values in the FMLELISA assay as well. The mean average +S.D.
of sera absorbencies was 0.925+0.201 (n=423), on day 70 and
0.875+0.277 (n=195), in month 12 (p>0.05), indicating a sus-
tained humoral response along time, probably related to the natural
booster of L. chagasi-infected sand flies in the endemic area.

The delayed type of hypersensitivity response (DTH) against the
leishmanial lysate was positive in 59% of the vaccinated dogs, in
month 7, and increased along time (Table 1) disclosing that, as
desired for a protective vaccine against CVL, Leishmune® prophy-
lactic vaccine enhances not only the humoral response but also
triggers the cellular immune response against the parasite as well.
The size of skin test reactions can be used as a measure of potency
of a vaccine. The mean 4 S.D. diameter of the skin tests at month 7
was 7.39 4+ 2.33 mm (n = 129). The skin tests diameters significantly
increased until month 12 to 8.24+2.62 (n=105, p<0.005), when
DTH reactions were positive in 82.7% of the vaccines. These results
confirm that the natural booster in an endemic area, while sus-
taining the humoral response of Leishmune® vaccines, contributes
to enhance the specific anti-L. chagasi cellular immune response
which is known to be responsible for protection against CVL.

While both vaccinated and untreated dogs were both healthy
at the beginning of the study, the untreated dog group developed
a greater number of ZVL symptoms along time reaching 20.6% of
the cohort by the end of the first year. Meanwhile, clinical signs
were detected in only 1.2% of the vaccines during the same period
(Table 1). Accordingly, while the cumulative proportions of deaths
due to confirmed ZVL in the untreated dogs reached 39% of the
cohort, only 1% of the vaccinated dogs died of ZVL during the trial.
Our results indicate the strong protective prophylactic effect of
Leishmune® in seronegative dogs of endemic areas.

Table 2 summarizes the results of the immunophenotype anal-
ysis of PBMC of a randomly selected sample of 15 dogs, collected

Table 2
Lymphocyte phenotypes in peripheral blood mononuclear cells of dogs with visceral
leishmaniasis subjected to immunotherapy with Leishmune®

Treatment Dog CD4% CD8% CD21%
1 38.81 32.52 4.59
2 55.65 31.26 18.85
3 32.78 21.10 11.69
4 50.13 19.16 18.54
5 20.35 53.79 17.37
6 33.10 22.28 13.42
7 48.61 23.59 17.25
8 23.29 52.99 9.70

Leishmune® 9 40.13 17.42 4.01
10 35.68 56.24 3.45
1 54.86 19.24 4.27
12 40.03 16.61 9.46
13 85.37 12.63 9.81
14 80.47 12.19 3.06
15 29.83 9.28 12.51
Average 44.61 26.69 10.53
1C95% 34.79-54.41 18.48-34.87 7.52-13.54
1 36.09 20.85 4.35
2 43.59 25.90 5.58
3 37.07 16.08 6.37
4 47.94 17.10 3.33
5 35.17 16.48 9.43

Normal 6 23.68 24.75 0
7 41.71 33.46 5.46
8 36.07 25.44 0.44
9 35.38 14.89 4.6
Average 44.07 19.45 6.07
1C95% 21.40-51.28 11.27-22.50 3.01-7.98

Data of Leishmune®-vaccinated dogs of Aracatuba and Andradina, 2 years after
vaccination and of healthy normal dogs.

Table 3
Comparison of the canine ZVL incidence in Aragatuba and Belo Horizonte and in the
Leishmune®-vaccinated dog cohorts (2003-2005)

Canine incidence Method

2003-2005

Dog population

7.97+0.52%
(10,208/116,684)
2.70% (6/222)

BH total dog population Seroprevalence and
euthanasia
Clinical signs, PCR,

parasitological assays

BH vaccinated dogs

Aracatuba total dog 29.67 £6.12% Seroprevalence and
population (8901/30,000) euthanasia
Aragatuba vaccinated dogs 5.88% (5/85) Clinical signs, PCR,

parasitological assays
Clinical signs, PCR,
parasitological assays

Total dog population
vaccinated with
Leishmune® and exposed

3.04 (16/527)

among Leishmune® vaccines, 18 months after vaccination, and of
9 normal and healthy untreated control dogs. We observed that
the mean average of CD4+ lymphocytes of normal Leishmune®-
vaccinated dogs (44.61%) fell inside the 95% confidence interval of
the normal dogs (44.07%, CI 95% 21.4-51.28). The proportions of
CD8+ (26.69%) and of CD21+ (10.53%) lymphocytes in Leishmune®
vaccines are, on the other hand, increased, falling outside the
respective confidence intervals (19.45%, CI 95% 11.27-22.50 and
6.07%, C195% 3.01-7.98) of the normal dogs, indicating the modula-
tion of the cellularimmune response due to Leishmune® treatment.
The average increase in proportions was 27.1% for the CD8+ T cells
and 42.3% for the CD21+ B lymphocytes.

The great difference in the incidence of ZVL disclosed in vaccines
and controls (Table 1) could be partially due to the different infec-
tive pressure of the towns where Leishmune®-vaccinated dogs and
untreated controls were located. However, when we compared the
incidence of ZVL in Leishmune®-vaccinated dogs to the incidence
of the total dog population of the same town, the vaccine-induced
protection was also evident. Table 3 shows the official data mean
values of canine incidence of ZVL during the period 2003-2005.
We show that the ZVL incidence in Belo Horizonte, decreased
from 7.97% in the total population [35] to 2.70% (p<0.005) in the
Leishmune®-vaccinated dogs, in the first 2 years of the vaccine use.
The more striking effect of the prophylactic vaccination was seen
in Aracatuba, where the incidence of ZVL decreased from 29.67%
of the total population to 5.88% in vaccines (p <0.005), leading to
an 80.2% reduction in the ZVL incidence and thus confirming the
strong protective effect of Leishmune®.

4. Discussion

The cohort of vaccinated dogs analysed in this investigation
was the same previously used for the safety analysis of the
Leishmune® vaccine [32], which confirmed that the formula-
tion was tolerable and safe. In this investigation, we confirmed
the strong immunogenicity of Leishmune® vaccine, previously
shown for the FML-saponin vaccine in the field [17,18] indicat-
ing that the commercial formulation maintains the characteristics
of the laboratory-prepared vaccine. Soon after complete vaccina-
tion, the percent of seropositivity to FML in dogs treated with
the FML-saponin vaccine was 62% [17], while it reached 98% in
Leishmune® vaccines. This indicates the earlier achievement of
humoral response induced by the commercial formulation, which
is an important indicator of the vaccine potency. The humoral
response was also sustained at high levels for 12 months after
vaccination, probably due to the natural booster effect of L. chagasi-
infected sand flies of the endemic area. Conversely, a previous
kennel experiment in a non-endemic area, showed in Leishmune®-
vaccinated unexposed dogs, a decrease in absorbencies from day
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70 (1.017 £0.250) to month 12 after vaccination (0.673 4+ 0.160)
(unpublished results).

Twelve months after vaccination, a positive DTH response
to leishmanial antigen was present in 91% of the FML-saponin-
vaccinated dogs (7.79 mm average skin test diameter) [17], and
in 82.7% of Leishmune®-vaccinated dogs which showed slightly
larger diameters of skin tests (8.2 mm), indicating that beside the
antibody response, the induction of the cellular immune response
against Leishmania lysate was also preserved in the commercial
formulation.

Leishmune® vaccination induced an increase in CD8+ total
lymphocytes population in blood, also observed after dog
immunotherapy with the FML-saponin vaccine [28]. This was
expected for a vaccine containing the QS21 saponin adjuvant of Q.
saponaria Molina and it was related to its hydrophobic normonoter-
pene moiety [36,37] but also present in the deacylated saponins of
Q. saponaria Molina [36] and the deacylated saponins of Calliandra
pulcherrima [38] which lack the hydrophobic moieties.

Evidence of the involvement of CD8+ lymphocytes in protection
against intracellular parasitic infection has increased recently [39].
CD8-defficient mice failed to control Leishmania parasite growth
[40]. Also, CD8 specific cells are primed during natural infection or
human vaccination and secrete IFN-v, when re-stimulated in vitro
with Leishmania antigens [41-43]. In naturally infected asymp-
tomatic dogs, increased levels of CD8+ lymphocytes appeared as
the major phenotypic feature, as well as in dogs bearing a lower
parasite load [44], indicating a correlation with natural protection.
While no effect was observed after L. infantum lysate vaccination
[45], anincrease in CD8+T cells was observed after vaccination with
the Q. saponaria saponin-containing vaccines: FML-QuilA (56.02%),
FML-saponin R (38.18%) [28], Leishmune® (6.00%) [46] and the
L. brasilensis lysate-saponin vaccine (4.00%) [47]. The intense cell
proliferation and increased nitric oxide production during in vitro
stimulation by L. chagasi soluble antigens, suggests the induction
of a potential resistant profile [47].

The total levels of CD4+ and CD21+ lymphocytes are expected
to decrease in advanced canine visceral leishmaniasis [31,45,48,49]
with the specific decrease of CD4+ cells being correlated with dog
infectivity to sand flies [45]. Indeed, the average percent value of
CD4 lymphocytes in naturally infected dogs with visceral leish-
maniasis was 20.47% [45]. On the other hand, vaccination against
ZVL is expected to expand or sustain the CD4+ T cell levels. The
expansion or sustention of CD4+ T cell levels of dogs treated with
L. infantum vaccine immunochemotherapy was 35% [50], with the
FML-QuilA vaccine it was 43.30%, with FML-saponin R 44.94% [28]
and with the Leishmune® vaccine was 35.00% [46]. Sustained CD4+
T cell were found also in this investigation in dogs vaccinated
with Leishmune®, and sustained L. chagasi-specific CD4+ T cell
proportions were found before in dogs treated with Leishmune®
after infection [31] indicating that the commercial formulation
maintains the immunogenicity and potency demonstrated by the
FML-saponin vaccine in the prophylaxis [17] and immunotherapy
[28] against ZVL. Both the Leishmune® prophylactic vaccine, which
contains 0.5 mg of [23] and the Leishmune® immunotherapeutic
[31] or the L. brasiliensis [47] vaccines, that contain 1mg of the Riedel
de Haen saponin, maintain the normal levels of CD4+ lymphocytes
in vaccinated unexposed [47], exposed [28] or challenged [31] dogs.

Higher proportions of CD21 cells were detected in this investiga-
tion in the Leishmune®-vaccinated dogs. The levels of CD21+ cells
were higher in vaccinees, with a mean average that fell outside the
CI95% interval of the normal dogs. Increased CD21+ B cell levels
were also found in dogs vaccinated with the L. brasiliensis-saponin
vaccine that uses the same adjuvant included in Leishmune® [47]
and in unexposed dogs vaccinated with Leishmune® [46]. The
increase in total and in Leishmania-specific CD21+ B circulating

lymphocytes was synchronous with the induction of an intense
humoral response [47]. Also, a positive correlation was found
between PBMC proliferation in response to L. chagasi antigen and
CD21+ B cells. This was considered an indication of the major APC
function of the CD21+ cells [47]. On the other hand, decreased
CD21+ B cell proportions are expected to occur in untreated
infected dogs with advanced ZVL [45,48], which also exhibit hyper-
gammaglobulinemia, a hallmark of human and canine visceral
leishmaniasis [51]. These facts suggest that the CD21+ B lymphocyte
population, which increased after vaccination with Leishmune® is
involved not merely in the expansion of the total humoral response
but in the increase of the specific synthesis of the IgG2 anti-FML
antibodies that are related to protection [52-56] and blockage of
the transmission of VL in the field [30].

In this investigation, we have demonstrated the strong immuno-
genicity of Leishmune® in healthy exposed dogs in epidemic areas,
which consequently exhibit a strong and sustained humoral and
cellular immune response against the parasite. A classic Phase III
trial, with random double-blind selected controls could not be per-
formed because of the ethical restrictions of the veterinarians from
these epidemic areas, who refused to include untreated healthy
dogs as exposed controls. Leishmune®-induced protection against
ZVL, is however suggested by the results of 98.8% of asymptomatic
dogs (at the end of first year) and 99% healthy survivors (at the end
of the second year) among vaccinated dogs, compared to the 79.4%
of asymptomatic and 61% survivor dogs monitored in an untreated
exposed cohortin another endemic area. Although a vaccine against
ZVL is considered an efficient tool for eradication of human and
canine visceral leishmaniasis [4] and Leishmune® is the first vac-
cine in the world to be licensed against ZVL[16], its vaccine coverage
in Brazil is still very low. In spite of this the incidence of ZVL among
vaccinated dogs in Belo Horizonte suffered a significant reduction
of 66.1% (p<0.005), and there was an 80.2% (p <0.005) significant
decline in Aracatuba, when compared to the global incidence of
ZVL of both towns, respectively. Thus our preliminary results then
support the potential use of Leishmune® for the prevention of ZVL
epidemics.

Acknowledgements

The authors are grateful to Drs. D Bruder, MY Higuchi, A Abdel-
nour; FAA Trivellato, AC Costa, JKA Kawasaki, TSM Castro, FS
Nogueira, EZ de Azevedo, EL de Campos, CS Stevanato, A Aradjo-
Filho, CS Baccialli, OA Volpato, CE Meirelles, MAMA de Souza,
MA Silvério, T Candido, MCCD Lima, SAS Peixoto, CAD Alencar, M
Werkhauser, LF Ferreira, D Silva, JGG Lasmara, MEL Leal, P Dinardi, T
Cruvinel, CB Carvalho, JBC Amaral, P Silveira, PF Oliveira, D Oliveira,
S Paulino, VM Ribeiro, veterinarians from the veterinary clinics of
the states of Sdo Paulo and Minas Gerais, for animal care and gath-
ering symptomatology and survival data. This work was financially
supported by Fort Dodge Animal Health Brazil, Conselho Nacional
de Desenvolvimento Cientifico e Tecnolégico (CNPq, Edital Uni-
versal and fellowships), Recursos Humanos em Areas Estratégicas
(RHAE/CNPq), Fundagdo de Amparo a Pesquisa do Estado do Rio de
Janeiro (FAPERJ-PRONEX, CNE fellowship, TCT fellowship, FAPER]-
Pensa Rio and FAPERJ-Infra), Ministério da Ciéncia e Tecnologia
(MCT/PRONEX). The authors are grateful to David Straker for the
English revision.

References

[1] http://www.who.int/vaccine_research/diseases/soa_parasitic/en/index3.html.

[2] World Health Organization-TDR. The TDR fifteenth programme
report. Research Progress 1999-2000. New and Improved Tools 2003.
www.who.int/tdr/research/progress 9900/tools/vdr.html.


http://www.who.int/tdr/research/progress%209900/tools/vdr.html

4996 G.P. Borja-Cabrera et al. / Vaccine 26 (2008) 4991-4997

[3] Tesh R. Control of zoonotic visceral leishmaniasis. Is it time to change strate-

gies? Am ] Trop Med Hyg 1995;52:287-92.

[4] Dye C. The logic of visceral leishmaniasis control. Am ] Trop Med Hyg

1996;55:125-30.

Khalil EAG, El Hassan AM, Zijlstra EE, Mukhter MM, Ghalib HW, Musa B, et

al. Autoclaved Leishmania major vaccine for prevention of visceral leishma-

niasis: a randomised, doubled-blind, BCG-controlled trial in Sudan. Lancet
2000;356:1565-9.

Mohebali M, Khamesipour A, Mobedi I, Zarei Z, Fesharki RH. Double-blind ran-

domized efficacy field trial of alum precipitated autoclaved Leishmania major

vaccine mixed with BCG against canine visceral leishmaniasis in Meshkin-

Shahr district. I R Iran Vaccine 2004;22:4097-100.

Genaro O, Pinto JA, Da Costa CA, Franca-Silva JC, Costa RT, Silva JC, et al. Phase

1l randomized double blind clinical trial on the efficacy of a vaccine against

canine visceral leishmaniasis in urban area of Montes Claros, MG, Brazil. Mem

Ins Osw Cruz 1996;91:116.

Lemesre JL, Holzmuller P, Cavaleyra M, Gongalves RB, Hottin G, Papierok

G. Protection against experimental visceral leishmaniasis infection in dogs

immunized with purified excreted secreted antigens of Leishmania infantum

promastigotes. Vaccine 2005;23:2825-40.

Fujiwara RT, Vale AM, Franca da SilvaJC, da Costa RT, Quetz Jda S, Martins Filho

AO, et al. Immunogenicity in dogs of three recombinant antigens (TSA, LelF and

LmSTI1) potential vaccine candidates for canine visceral leishmaniasis. Vet Res

2005;36:827-38.

[10] Moreno J, Nieto ], Masina S, Caiiavate C, Cruz I, Chicharro C, et al. Immuniza-
tion with H1, HASPB1 and MML Leishmania proteins in a vaccine trial against
experimental canine leishmaniasis. Vaccine 2007;25:5290-300.

[11] Gradoni L, Foglia Manzillo V, Pagano A, Piantedosi D, De Luna R, et al. Failure of
a multi-subunit recombinant leishmanial vaccine (MML) to protect dogs from
Leishmania infantum infection and to prevent disease progression in infected
animals. Vaccine 2005;23:5245-51.

[12] Rafati S, Nakhaee A, Taheri T, Taslimi Y, Darabi H, Eravani D, et al. Protective
vaccination against canine visceral leishmaniasis using a combination of DNA
and protein immunization with cysteine proteinases type I and type II of L.
infantum. Vaccine 2005;23:3716-25.

[13] Rodriguez-Cortés A, Ojeda A, Lopez-Fuertes L, Timén M, Atlet L, Solano-Gallego
L, et al. Vaccination with plasmid DNA encoding KMP11, TRYP, LACK, and GP63
does not protect dogs against Leishmania infantum experimental challenge.
Vaccine 2007;25:7962-71.

[14] Ramiro M], Zarate J], Hanke T, Rodriguez D, Rodriguez JR, Esteban M, et al.
Protection in dogs against visceral leishmaniasis caused by Leishmania infan-
tum is achieved by immunization with a heterologous prime-boost regime
using DNA vaccine and vaccinia recombinant vectors expressing LACK. Vaccine
2003;21:2474-84.

[15] Borja Cabrera GP, Santos FN, Miyashiro LM, Santos FB, Palatnik de Sousa CB
S.Vaccine congress on nucleoside hydrolase DNA vaccine against visceral leish-
maniasis. vol. 1. Celebrating 25 years of publication. 2007. p. pp. 167.

[16] Palatnik-de-Sousa CB. Vaccines for leishmaniasis in the fore coming 25 years.
Review. Vaccine 2008;26:1709-24.

[17] da Silva VO, Borja-Cabrera GP, Correia Pontes NN, Paraguai de Souza E, Luz KG,
Palatnik M, et al. A Phase III trial of efficacy of the FML-vaccine against canine
kala-azar in an endemic area of Brazil (Sdo Gongalo do Amarante, RN). Vaccine
2001;19:1068-81.

[18] Borja-Cabrera GP, Correia Pontes NN, da Silva VO, Paraguai de Souza E, Santos
WR, Gomes EM, et al. Long lasting protection against canine kala-azar using
the FML-QuilA saponin vaccine in an endemic area of Brazil (Sdo Gongalo do
Amarante). Vaccine 2002;20:3277-84.

[19] Lemesre JL, Holzmuller P, Gongalves RB, Bourdoiseau G, Hugnet C, Cavaleyra
M, et al. Long-lasting protection against canine visceral leishmaniasis using
the LIESAp-MDP vaccine in endemic areas of France: double-blind randomised
efficacy field trial. Vaccine 2007;25:4223-34.

[20] Palatnik CB, Borojevic R, Previato JO, Mendonga-Previato L. Inhibition of Leish-
mania donovani promastigote internalization into murine macrophages by
chemically defined parasite glycoconjugate. Infect Immun 1989;57:754-63.

[21] Palatnik de Sousa CB, Gomes EM, Paraguai de Souza E, Luz K, Palatnik M, Boro-
jevic R. Leishmania donovani: titration of antibodies to the Fucose Mannose
Ligand as an aid in diagnosis and prognosis of Visceral Leishmaniasis. Trans
Roy Soc Trop Med Hyg 1995;89:390-3.

[22] Borja Cabrera GP, da Silva VO, da Costa RT, Barbosa Reis A, Mayrink W, Genaro
O, et al. The FML-ELISA assay in diagnosis and prognosis of canine visceral
leishmaniasis. Am ] Trop Med 1999;6:296-301.

[23] Nogueira FS, Moreira MAB, Borja Cabrera GP, Santos FN, Menz I, Parra LE, et al.
Leishmune® vaccine blocks the transmission of canine visceral leishmaniasis.
Absence of Leishmania parasites in blood, skin and lymph nodes of vaccinated
exposed dogs. Vaccine 2005;23:4805-10.

[24] Borja-Cabrera GP. PhD Thesis. Anélise do potencial diagnéstico, prognéstico e
imunoprotetor do antigeno FML (Ligante de Fucose Manose) de Leishmania (L.)
donovani, no calazar canino experimental e de area endémica. Universidade
Federal Fluminense; 2000. pp. 81-98.

[25] Santos WR, de Lima VMF, Paraguai de Souza E, Bernardo RR, Palatnik M, Palatnik
de Sousa CB. Saponins, IL12 and BCG adjuvant in the FML-vaccine formulation
against murine visceral leishmaniasis. Vaccine 2002;21:30-43.

[26] Palatnik de Sousa CB, Paraguai de Sousa E, Gomes EM, Borojevic R. The FML
vaccine (fucose-manosse ligand) protects hamsters from experimental kala-
azar. Ciéncia e Cultura (J Braz Assoc Adv Sci) 1994;46:290-6.

(5

(6

(7

(8

[9

[27] Santos WR, Aguiar IA, Paraguai de Souza E, de Lima VFM, Palatnik M,
Palatnik-de-Sousa CB. Immunotherapy against murine experimental visceral
leishmaniasis with the FML-vaccine. Vaccine 2003;21:4668-76.

[28] Borja-Cabrera GP, Cruz Mendes A, Paraguai de Souza W, Okada LYH, Trivel-
lato FAA, Kawasaki JKA, et al. Effective immunotherapy against canine visceral
leishmaniasis with the FML-vaccine. Vaccine 2004;22:2234-43.

[29] UNDP/World Bank/WHO Special Programme for Research and Training in Trop-
ical Diseases (TDR). Guidelines for the evaluation of Plasmodium falciparum
vaccines in populations exposed to natural infections. TDR/MAL/VAC/97. World
Health Organization, Geneva, Switzerland.

[30] Saraiva EM, Mendes-Aguiar CO, Paraguai de Souza E, Borja-Cabrera GP, Fampa
P, Parra LE, et al. The FML-vaccine (Leishmune®) against canine visceral leish-
maniasis: a transmission blocking vaccine. Vaccine 2006;24:2423-31.

[31] Santos FN, Borja-Cabrera GP, Miyashiro LM, Grechi ], Reis AB, Moreira MAB,
et al. Inmunotherapy against experimental canine visceral leishmaniasis with
the saponin enriched-Leishmune® vaccine. Vaccine 2007;25:6176-90.

[32] Parra LE, Borja-Cabrera GP, Santos FN, Souza LOP, Palatnik-de-Sousa CB, Menz 1.
Safety trial using the Leishmune® vaccine against canine visceral leishmaniasis
in Brazil. Vaccine 2007;25:2180-6.

[33] Ministério da Satde-SINAN-Secretaria de Vigilancia em Satide. Manual de
Vigilancia e Controle da Leishmaniose Visceral. Editora Ministério da Satde.
Brasilia-DF; 2003. 120 pp.

[34] Palatnik-de-Sousa CB, Melo LMB, Borja-Cabrera GP, Palatnik M, Lavor CC.
Improving methods for epidemiological control of canine visceral leishmania-
sis based on a mathematical model. Impact on the incidence of the canine and
human disease. Ann Braz Acad Sci 2004;76:583-93.

[35] Prefeitura de Belo Horizonte/Portal Internet. Satdde, leishmaniose.
http://portall.pbh.gov.br.

[36] Oliveira-Freitas E, Casas CP, Borja-Cabrera GP, Santos FN, Nico D, Souza LOP, et
al. Acylated and deacylated saponins of Quillaja saponaria mixture as adjuvants
for the FML-vaccine against visceral leishmaniasis. Vaccine 2006;24:3909-20.

[37] Marciani DJ. Vaccine adjuvants: role and mechanisms of action in vaccine
immunogenicity. Drug Discov Today 2003;8:934-43.

[38] Silva BP, Soares JBRC, Paraguai de Souza E, Palatnik M, Palatnik de Sousa CB.
Pulcherrima saponin, from the leaves of Calliandra pulcherrima, as adjuvant for
visceral leishmaniasis. Vaccine 2005;23:1061-71.

[39] Rodrigues MM, Boscardin SB, Vasconcelos JR, Hiyane MI, Salay G, Soares IS.
Importance of CD8 T cell-mediated immune response during intracellular par-
asitic infections and its implications for the development of effective vaccines.
Ann Acad Bras Cienc 2003;75:443-68.

[40] Belkaid Y, Von Stebut E, Mendez S, Lira R, Caler E, Bertholet S, et al. CD8+
T cells are required for primary immunity in C57BL/6 mice following low-
dose, intradermal challenge with Leishmania major. ] Immunol 2002;168:
3992-4000.

[41] De Luca PM, Mayrink W, Alves CR, Coutinho SG, Oliveira MP, Bertho AL, et al.
Evaluation of the stability and immunogenicity of autoclaved and nonauto-
claved preparations of a vaccine against American tegumentary leishmaniasis.
Vaccine 1999;17:1179-85.

[42] Bottrel RL, Dutra WO, Martins FA, Gontijo B, Carvalho E, Barral-Netto M, et
al. Flow cytometric determination of cellular sources and frequencies of key
cytokine-producing lymphocytes directed against recombinant LACK and sol-
uble Leishmania antigen in human cutaneous leishmaniasis. Infect Immun
2001;69:3232-9.

[43] Pompeu MM, Brodskyn C, Teixeira M], Claréncio ], Van Weyenberg ], Coelho IC,
et al. Differences in gamma interferon production in vitro predict the pace of
the in vivo response to Leishmania amazonensis in healthy volunteers. Infect
Immun 2001;69:7453-60.

[44] Reis AB, Teixeira-Carvalho A, Giunchetti RC, Guerra LL, Carvalho MG, Mayrink W,
et al. Phenotypic features of circulating leucocytes as immunological markers
for clinical status and bone marrow parasite density in dogs naturally infected
by Leishmania chagasi. Clin Exp Immunol 2006;146:303-11.

[45] Guarga JL, Moreno ], Lucientes ], Gracia MJ, Peribafiez MA, Alvar J, et al. Canine
leishmaniasis transmission: higher infectivity amongst naturally infected dogs
to sand flies is associated with lower proportions of T helper cells. Res Vet Sci
2000;69:249-53.

[46] Aradjo MS, de Andrade RA, Vianna LR, Mayrink W, Reis AB, Sathler-Avelar R,
et al. Despite Leishvaccine and Leishmune trigger distinct immune profiles,
their ability to activate phagocytes and CD8+ T-cells support their high-
quality immunogenic potential against canine visceral leishmaniasis. Vaccine
2008;26:2211-24.

[47] Giunchetti RC, Corréa-Oliveira R, Martins-Filho OA, Teixeira-Carvalho A, Roatt
BM, de Oliveira Aguiar-Soares RD, et al. Inmunogenicity of a killed Leishmania
vaccine with saponin adjuvant in dogs. Vaccine 2007;25:7674-86.

[48] Bourdoiseau G, Bonnefont C, Magnol JP, Saint-André I, Chabanne L. Lympho-
cyte subset abnormalities in canine leishmaniasis. Vet Immunol Immunopathol
1997;56:345-51.

[49] Moreno ], Nieto J, Chamizo C, Gonzalez F, Blanco F, Barker DC, et al. The immune
response and PBMC subsets in canine visceral leishmaniasis before, and after,
chemotherapy. Vet Immunol Immunopathol 1999;71:181-95.

[50] Guarga JL, Moreno J, Lucientes |, Gracia MJ, Peribafiez MA, Castillo JA. Evalu-
ation of a specific immunochemotherapy for the treatment of canine visceral
leishmaniasis. Vet Immunol Immunopathol 2002;88:13-20.

[51] Keenan CM, Hendricks LD, Lightner L, Webster HK, Johnson AJ. Visceral leish-
maniasis in the German shepherd dog. I. Infection, clinical disease, and clinical
pathology. Vet Pathol 1984;21:74-9.


http://portal1.pbh.gov.br/

G.P. Borja-Cabrera et al. / Vaccine 26 (2008) 4991-4997 4997

[52] Mendes CO, Paraguai de Souza E, Borja-Cabrera GP, Melo Batista LM, San-
tos MA, Parra LE, et al. IgG1/IgG2 antibody dichotomy in sera of vaccinated
or naturally infected dogs with visceral leishmaniasis. Vaccine 2003;21:
2589-97.

[53] Deplazes P, Smith NC, Arnold P, Lutz H, Eckert J. Specific IgG1 and IgG2 antibody
responses of dogs to Leishmania infantum and other parasites. Parasite Immunol
1995;17:451-8.

[54] Nieto CG, Garcia Alonso M, Requena JM, Miron C, Soto M, Alonso C, et al. Analysis
of the humoral response against total and recombinant antigens of Leishmania

[55]

[56]

infantum: correlation with disease progression in canine experimental leish-
maniasis. Vet Immunol Immunopathol 1999;67:117-30.

Solano-Gallego L, Riera C, Roura X, Inieste L, Gallego M, Valladares JE, et al.
Leishmania infantum-specific IgG, IgG1 and IgG2 antibody responses in healthy
and ill dogs from endemic areas. Evolution in the course of infection and after
treatment. Vet Parasitol 2001;96:265-76.

Courtenay O, Quinnell R], Garcez LM, Shaw ]], Dye C. Infectiousness in a Cohort
of Brazilian dogs: why culling fails to control visceral leishmaniasis in areas of
high transmission. ] Inf Dis 2002;186:1314-20.



	Immunogenicity assay of the Leishmune vaccine against canine visceral leishmaniasis in Brazil
	Introduction
	Materials and methods
	Animals and study design
	Vaccine preparation
	Delayed-type hypersensitivity (intradermal reaction to promastigote lysate)
	Flow cytometry analysis of PBMC
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


