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Abstract

The protective capabilities of three Leishmania recombinant proteins — histone 1 (H1) and hydrophilic acylated surface protein B1 (HASPB1)
immunized singly, or together as a protein cocktail vaccine with Montanide™, and the polyprotein MML immunized with MPL®-SE adjuvant
— were assessed in beagle dogs. Clinical examination of the dogs was carried out periodically under blinded conditions and the condition of
the dogs defined as asymptomatic or symptomatic. At the end of the trial, we were able to confirm that following infection with L. infantum
promastigotes, five out of eight dogs immunized with H1 Montanide™, and four out of eight dogs immunized with either the combination
of HASPB1 with Montanide™ or the combination of Hl + HASPB1 with Montanide™, remained free of clinical signs, compared with
two out of seven dogs immunized with the polyprotein MML and adjuvant MPL®-SE, and two out of eight dogs in the control group. The
results demonstrate that HASPB1 and H1 antigens in combination with Montanide™ were able to induce partial protection against canine
leishmaniasis, even under extreme experimental challenge conditions.

© 2007 Elsevier Ltd. Open access under CC BY license.
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1. Introduction

Leishmania are protozoan parasites that cause a wide
spectrum of human diseases from self-limiting cutaneous
leishmaniasis to potentially fatal visceral infection. Zoonotic
visceral leishmaniasis (ZVL) caused by Leishmania infan-
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tum is an emerging veterinary and public health problem
in endemic areas of the Mediterranean basin, extending to
the middle East, Asia and South America (L. chagasi) [1,2].
Transmission between dogs, or from dogs to man occurs by
the bite of a phlebotomine sand fly. Pet dogs are the princi-
ple reservoir for maintaining the domestic cycle of parasites
whilst stray dogs and wild canids maintain the peridomestic
cycle and appear to spread the disease [3]. Epidemiologi-
cal surveys have demonstrated high infection rates of dogs
in endemic areas (67% in Majorca, Spain), even though
Leishmania infection remains subclinical in most cases
[4,5].

Current strategies to control ZVL are essentially ineffec-
tive. The treatment of dogs with drugs such as antimonials or
amphotericin B has a high cost and low efficacy, with relapses
occurring in the majority of dogs. A significant proportion
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of these dogs, although clinically asymptomatic, are also
able to transmit parasites to the sand fly [6,7]. Furthermore,
successive treatment following relapse could introduce resis-
tant strains of parasites, thus representing a clear risk to
human health [8]. The mass culling of infected dogs has had
mixed results in reducing human leishmaniasis prevalence
in endemic areas and is generally not accepted for ethical
and social reasons [9—12]. Therefore, the development of
a protective vaccine in dogs would be an important tool to
efficiently control canine visceral leishmaniasis (CVL) thus
reducing the chances of infectivity to sand fly vectors and
consequently the transmission to humans.

In recent years, efforts have been made by several differ-
ent groups to develop vaccines against canine leishmaniasis.
Killed Leishmania antigen plus bacillus Calmette-Guérin
(BCG) adjuvant [13] were used in phase I and I clinical trials
in Brazil with high protection rates, however, this formulation
failed to detect any significant differences between vaccine
and placebo groups in phase III field assays [14]. The gly-
coprotein enriched fucose mannose ligand (FML) vaccine of
L. donovani in combination with QuilA adjuvant, was shown
to elicit a protective effect in the field [15] and to further
block transmission by keeping the vaccinated dogs free of
parasites [16]. More recently, an experimental vaccine trial
using L. infantum antigen proteins excreted — secreted from
promastigotes (LIEASAP), together with muramyl dipeptide
(MDP) adjuvant, was successful in preventing L. infantum
infection [17]. The use of a more defined Leishmania anti-
gen as vaccine candidate included such preparations as the
recombinant multi-component antigenic protein, named Q,
which when formulated with BCG led to 90% protection
in immunized dogs under experimental infection conditions.
However, the absence of an adjuvant control group in this
study undermined the significance of antigen specific protec-
tion [18]. Defined antigens in the form of DNA have also been
trialed with some success [19,20]. In the latter study, a cock-
tail consisting of cysteine proteinase type I (CPB) and type II
(CPA) antigens from L. infantum were used in a heterologous
prime-boost (DNA-protein) vaccination against experimental
canine leishmaniasis. However, vaccination with a recom-
binant L.infantum CPA and CPB preparation using canine
IL-12 as adjuvant did not protect dogs from infectious chal-
lenge [21]. The first defined recombinant vaccine antigen to
undergo phase III field assays was recently described [22].
The antigen used was the polyprotein MML, also known
as Leish111f [23,24]. This antigen when used in combina-
tion with either MPL®-SE or Adjuprime adjuvants failed to
protect dogs from natural Leishmania infection or disease
progression.

In this work, we examined the protective capability of
the recombinant histone H1 (H1) and hydrophilic acylated
surface protein B1 (HASPB1) as novel antigens in a vac-
cine against experimental canine leishmaniais. Both H1 and
HASPBI have previously been shown to be protective in the
mouse [25,26] and for H1, in a monkey model [27] of leish-
maniasis. We therefore examined the immunogenicity and

efficacy of L. infantum H1 and L. donovani HASPBI1 anti-
gens in combination with Montanide™ adjuvant singly, or
together as a protein cocktail vaccine, in dogs under high dose
experimental challenge conditions. In addition, the previ-
ously examined MML polyprotein [22] in combination with
MPL®-SE adjuvant was included in this trial. Clinical, par-
asitological and immunological examination of the animals
were carried out for a period of 64 weeks following infection.

2. Materials and methods
2.1. Parasites

The L. infantum strain JPC (MCAN/ES/98/LLM-722)
was isolated from the spleen of a dog with patent canine
leishmaniasis. Parasites were grown in NNN medium for 2
weeks and sub-cultured to complete RPMI-medium (RPMI
1640, Gibco, Paisley, UK) supplemented with 100 Ul/ml of
penicillin, 100 pg/ml of streptomycin, 2mM L-glutamine,
5x 107> M 2-mercaptoethanol and 10% heat inactivated
foetal calf serum (Biological Industries, Israel). Parasites
were further cultured in acidified complete RPMI-medium
(pH 5.5 at27 °C) for 3 days to promote metacyclogenesis. The
virulence and infectiveness of this strain has been confirmed
in dogs by others [28].

2.2. Vaccine antigens

The L. infantum histone H1 (DQ232891) was cloned into
the pGEX-KG vector (Amersham Biosciences), expressed in
Escherichia coli and purified using GST affinity resin (Amer-
sham Biosciences), as previously described [25]. HASPB1
(AJ011810) was cloned into the pET15b vector, expressed
in E. coli and initially purified on a Ni-NTA resin then fur-
ther purified using an Anion exchange column (Amersham
Biosciences). The histone H1 and HASPB1 proteins were
purified from endotoxins under pyrogenic free conditions in
1x PBS on a Superose 12 column (Amersham Biosciences).
Endotoxin levels were determined using a Chromagenic LAL
kit (Bio-Whitttaker) and ensured to be below 5 EU/mg. The
final concentration and purity of proteins was determined
by SDS-PAGE, RP-HPLC (Waters Alliance) and MALDI-
TOF mass spectrometry (Perkin-Elmer Biosystems). One
milligram samples were lyophilized in 1 x PBS + 5% manni-
tol for histone H1. HASPB1 was prepared as 1 mg/ml aliquots
in 1x PBS. The polyprotein MML was prepared by Novartis
Animal Vaccines Ltd. (Braintree, UK) following previously
reported procedures [24].

2.3. Animals

Forty eight beagle dogs were used for this study. Animals
between 8 months and 3 years old were purchased from dog
breeders in different regions of Spain. All dogs had received
routine vaccinations. Absence of Leishmania infection was
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confirmed prior to commencement of the study in all the
animals by lack of specific serum antibodies to L. infan-
tum as measured by indirect immunofluorescent antibody test
(IFAT) as previously described [7] and by ELISA. Culture
and PCR analysis of different tissues (skin, peripheral blood,
bone marrow, and popliteal lymph node) were also negative in
all cases and specific lymphoproliferative response to leish-
manial antigens was not detected following in vitro culture
of peripheral blood mononuclear cells (PBMCs). Dogs were
kept in our own facilities at the National Centre for Micro-
biology, Majadahonda (Madrid), under constant veterinary
care.

2.4. Immunization and experimental infection

Dogs were distributed into seven groups (eight animals
per vaccine and control groups and four animals per adjuvant
group) taking into consideration sex, weight and age. Sex
ratio (m/f) was 4/4 or 2/2 in all groups except for one group
where it was 1/3. Mean age of the animals for each group
varied between 14.7 and 18 months, and the mean weight of
the animals for each group ranged from 9.5 to 11.7kg. No
statistically significant differences exist between the groups
due to mean age or weight (p <0.05).

Dogs received three intradermal doses (dorsum;
1 ml/dose) of each vaccine formulation for a period of 3
months. On day 0, dogs from group HASPBI1 and group
HI received 100 wg of HASPBI1 or histone H1 protein. On
days 30 and 60 the dogs received 45 g of either protein.
Dogs in group HASPB1 + H1 received a cocktail of histone
H1 and HASPB1 (100 g each) at day 0, and 45 pg of each
protein on days 30 and 60. The adjuvant used for dogs in
groups HASPB1, H1 and HASPB1 + H1 was Montanide™
ISA 720 (70% formulation, according to manufacturer’s
instructions, SEPPIC), given on days O and 30. The final
immunization on day 60 for groups HASPBI1, Hl, and
HASPB1 +HI1 was prepared in the absence of adjuvant
to avoid side effects observed following the second dose.
These dogs were thus immunized with proteins formulated
in 1x PBS for the third vaccination. Animals from group
Montanide were inoculated with Montanide™ adjuvant
only on days 0 and 30. On day 60 these dogs were inoculated
with 1 ml of PBS. Dogs from group MML received three
doses of 45 ug of MML plus a 50 wg/dose of MPL®-SE
adjuvant on days 0, 30 and 60. Animals from group
MPL-SE received the MPL®-SE adjuvant preparation only.
Dogs in the positive infection control group received three
doses of 1 ml PBS on days 0, 30 and 60. Forty-five days
following the final immunization, all dogs were infected
intravenously with 1 x 108 virulent L. infantum promasti-
gotes.

2.5. Clinical examination and laboratory analysis

Routine clinical and laboratory evaluation of the animals
was carried out every 4 weeks for a total of 64 weeks. In

each evaluation dogs were weighed and their general health
status was examined. Biological samples were obtained for
laboratory analysis as described below.

2.5.1. Clinical examination for symptoms of CVL

Examination of the dogs for endpoint determination of
CVL was carried out blind by an independent clinical veteri-
narian at weeks 16, 34, 42, 52, 57 and 62 post-challenge.
The condition of the dogs was defined according to the
external signs of canine leishmaniasis as asymptomatic (no
external sign of canine leishmaniasis), or symptomatic when
the dogs showed one or more external clinical signs of
CVL including, lymphadenopathy, onychogryphosis, alope-
cia, cutaneous lesions, weight loss or keratoconjuncti-
vitis.

2.5.2. Haematology and biochemistry

Blood samples taken from the jugular vein were kept in
Ca?*-EDTA tubes and were analyzed for hematocrit, total
erythrocytes, leukocytes, lymphocytes, and platelet counts
by an automated blood cell counter (Vet ABC, Scil, France).
Serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), blood urea nitrogen (BUN), crea-
tinine, alkaline phosphatase (alk. phosph.), globlulines and
total proteins were determined by a biochemistry serum ana-
lyzer (IDDEX, Netherlands).

2.5.3. ELISA

Serum levels of specific antibodies to L. infantum SLA
[29],rK39 [30], HASPBI1, histone H1 or MML were analyzed
by ELISA. Microtiter plate wells were coated with either SLA
(1 pg), rK39 (50 ng), HASPB1 (50 ng), histone H1 (200 ng)
or MML (50ng). Each serum sample was diluted 1/100
and tested in duplicate. Bound antibody was detected with
protein-A-conjugated horseradish peroxidase. The optimum
dilutions for the test sera and conjugates were determined by
checker-board titration. The optical density of the wells was
read at 405 nm.

2.5.4. Cell isolation and proliferation assay

PBMCs were isolated from heparinized blood samples
using standard Ficoll-hypaque gradient centrifugation (Lym-
phocyte Isolation Solution, RAFER, Spain) and washed twice
in 1x PBS. PBMCs at 2.5 x 107 cells/well were cultured in
flat-bottomed 96-well plates at 37 °C for 5 days in complete
medium (RPMI 1640 supplemented with 100 U/ml penicillin,
100 pg/ml streptomycin, 2 mM L-glutamine, 25 mM HEPES
and 10% heat-inactivated foetal calf serum). The cells were
incubated in triplicate with either complete media (blank),
10 pg/ml soluble leishmanial antigen (SLA) or 10 pg/ml con-
canavalin A (ConA). Plates were pulsed during the last 18 h
with 1 wCi of methyl->H thymidine and counted in a scintilla-
tion counter. Results were expressed as stimulation index (net
counts per minute of stimulated cells/net counts per minute
of unstimulated cells).
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2.6. Parasitological analysis

Presence of the parasite was determined by in vitro culture
and PCR of bone marrow and lymph node aspirates taken
every 4 weeks post-challenge. All samples were diluted in
200 .l of PBS.

2.6.1. Invitro culture

One hundred microliters of the diluted samples were
cultured in di-phasic blood-agar NNN medium, maintained
at 27 °C and examined for promastigote forms under light
microscopy every week. The original cultures were subcul-
tured into fresh medium every week for up to 4 weeks. The
sample was considered negative if there were no parasites
observed at the end of this period.

2.6.2. DNA extraction and diagnostic PCR

One hundred microliters of bone marrow, lymph node,
skin and PBMC samples were used for DNA extraction.
Three hundred microliters of NET10 buffer and 40 pl
of 10% SDS were added to each sample, incubated at
70°C for 1h and purified using phenol/chloroform extrac-
tion and ethanol precipitation. DNA was resuspended in
100 w1 of distilled water. Leishmania specific nested PCR
was performed to detect leishmanial DNA on the dif-
ferent biopsies. Ten microliters of DNA was used as
template. In the first amplification 15 pmol of the Kinetoplas-
tida specific primers R221 (GGTTCCTTTCCTGATTTACG)
and R332 (GGCCGGTAAAGGCCGAATAG), were mixed
with 0.2mM deoxynucleoside triphosphates (Amersham
Pharmacia Biotech, Sweden), 2mM MgCl,, SmM KCl,
75mM Tris—=HCI pH 9.0, 2.0mM (NH4)>SO4, 0.001%
bovine serum albumin and 1.4 units of 7th DNA poly-
merase (Biotools B&M Laboratories, S.A., Madrid, Spain).
The cycling conditions were 94 °C for 5min followed by
35 cycles of 94°C for 30s, 60°C for 30s, 72°C for
30s, followed by a final extension at 72°C for 10 min.
Samples revealing a 603bp PCR product were scored
as positive for Leishmania DNA. Nested PCR (second
amplification) was performed using the amplified prod-
ucts from the first reaction together with above mentioned
master mix and the Leishmania-specific primers (3 pmol
each) R223 (TCCCATCGCAACCTCGGTT) and R333
WUGCGGGCGCGGTGCTG'. Tth DNA polymerase (0.7
units) was added and the annealing temperature raised to
65 °C. Positive samples yielded a PCR product of 358 base
pairs [31].

2.7. Statistical analysis

Differences between the groups using the mean
value &+ S.D. was evaluated by Student’s r-test. Differences
over time for a given group were evaluated by Student’s z-test
with matched data.

3. Results
3.1. Adverse reactions upon vaccination

The different vaccines were well tolerated and only a local
reaction (skin inflammation) at the point of inoculation was
observed after the second injection in some dogs from groups
HASPBI, H1, HASPB1 + H1, and Montanide. Considering
that the adjuvant Montanide™ had been included in the
preparation of immunizations for all these groups, it was not
included in the third inoculation in order to avoid a systemic
reaction. Following the third immunization no local reaction
was observed in the dogs. One animal from group MML
died after the course of immunizations and prior to chal-
lenge. Following autopsy examination, the death was found
to be related to a gut obstruction and not to the vaccination
procedure. The MML group thus had seven animals for the
remainder of the study.

3.2. Clinical manifestations

Following high dose experimental infection, non-
vaccinated control dogs, adjuvant inoculated dogs (groups
Montanide and MPL-SE) and antigen plus adjuvant vacci-
nated dogs (groups HASPB1, H1, HASPB1 + Hl and MML)
were periodically checked by an independent experienced
clinical veterinarian for the appearance of external clini-
cal manifestations of CVL. The number of dogs in each
group that developed patent symptoms of leishmaniasis such
as lymphadenopathy, onychogryphosis, alopecia, cutaneous
lesions, weight loss and keratoconjunctivitis post-challenge
infection is shown in Fig. 1. In the control group, six out
of eight animals (75%) developed patent clinical symptoms
of leishmaniasis. In adjuvant groups Montanide and MPL-
SE, three out of four (75%) and four out of four (100%)
animals, respectively, presented clinical manifestations of
leishmaniasis. Five out of seven (71%) animals from group
MML showed symptoms throughout the trial. In groups
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Fig. 1. Number of asymptomatic dogs in each group following challenge
infection. Clinical examination for symptoms of CVL (lymphoadenopathy,
onychogryphosis, alopecia, cutaneous lesions, weight loss or keratoconjunc-
tivitis) was carried out at weeks 16, 34, 42, 52, 57 and 62 post-challenge
(indicated by arrows). The initial number of animals for all groups was 8
except for the MML group where the initial number was 7, and the Montanide
and MPL-SE groups where the starting number of animals was 4.
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HASPB1 and HASPBI1 + H1, four out of eight dogs (50%)
were symptomatic, and in group H1, only three out of eight
(37.5%) animals developed the disease. Symptoms in the
dogs appeared from week 32 after experimental infection,
except for one dog from group HASPB1 +HI that showed
clinical signs of canine leishmaniasis 16 weeks after chal-
lenge.

Presence or absence of specific symptoms did not correlate
with any specific experimental vaccine group and was inde-
pendent of sex, age and starting weight of the animals. The
frequency of clinical symptoms recorded for each group is
showed in Table 1. The severity and duration of these clinical
manifestations varied between dogs. Some animals presented
a progressive polysymptomatic form of the disease, show-
ing multiple and severe symptoms that required, in some
cases, that the animal be killed. Other dogs presented few
and mild symptoms and remained olygosymptomatic during
the course of the study. At each follow up, the weight of the
dogs was recorded. Weight loss is a characteristic symptom
of CVL. In this study, most of the symptomatic animals lost
weight from week 32 until the end of the trial. Decrease of
the mean weight between week 32 or 48 and week 64 was
observed in groups HASPB1, H1, HASPB1 + H1, Montanide
and control, but differences were only significantin dogs from
groups HASPB1, Montanide and control (Fig. 2).

3.3. Haematology and serum biochemistry
Determination of the haematological values showed that

experimental infection induced a progressive decrease in
the mean number of total white blood cells, lympho-

Kg.

20

18
[m}]
g 1] I

a i I 2Tx

j 16 ] i o a :»115:’51
£ l [13[]7] @
<@ 14 R MM
= mwt—s&
c 12 T IT B Control
1]
D
=

—
o

Week-16 Week 0 Week 16 Week 32 Weekdia Week 64

Fig. 2. Mean weight of each group of dogs during the study. Data are shown
as mean weight = S.D. in kg. Weights at preimmunization (week —16), pos-
timmunization pre-challenge (week 0), and post-challenge (weeks 16, 32,48
and 64) are shown. Error bars represent the standard deviation for each group.
No statistically significant differences were observed between the groups at
the different time points. Statistical analysis using the Student’s ¢-test with
matched data indicated that there was a decrease of the mean weights for a
particular group at the end of the study (week 64) when compared with the
mean weight recorded in previous weeks. (a) Significant (p <0.05) decrease
of the mean weight in comparison to week 32, (b) significant (p <0.05)
decrease of the mean weight in comparison to week 48, and (c) significant
(p <0.05) decrease of the mean weight in comparison to week 32 and 48.

cytes, erythrocytes and platelets (Table 2). Differences in
these cell counts between pre-challenge and the end of the
dog trial were statistically significant in groups HASPBI,
HASPBI1 +H1, MML and control. Group HI showed sig-
nificant differences only in the case of leucocytes and
erythrocytes. Both groups (Montanide and MPL-SE) inoc-
ulated with adjuvant only, also showed a decrease in the
levels of the different cell counts. Differences between pre-
challenge and the last follow up were only significant,

Table 1
Frequency of clinical symptoms
Clinical symptoms of CVL HASPB1 Hl1 HASPBI1 + H1 Montanide MML MPL Control
Lymphadenopathy 37.5 25 50 50 43 50 62.5
Alopecia 37.5 50 62.5 25 71.4 100 87.5
Cutaneous lesions 37.5 25 37.5 25 28.5 75 62.5
Onychogryphosis 50 25 37.5 50 57 50 62.5
Keratoconjuctivitis 37.5 37.5 50 50 43 75 50
Weight loss 37.5 25 25 50 28.5 50 62.5
Values represent the percentage of animals in each group that showed the specific symptom of CVL at week 64.
Table 2
Haematological analysis
Group Haematological values

Leucocytes Lymphocytes Erythrocytes Platelets

Week 0 Week 64 Week 0 Week 64 Week 0 Week 64 Week 0 Week 64
HASPBI 143 + 32 10.0 + 4.7° 2.10 £ 0.82 1.09 & 0.45 7.08 + 0.37 468 + 1.02" 301 + 62 203 + 94°
H1 137 £ 23 9.7 + 3.8 1.80 £ 0.39 1.55 £ 0.82 6.35 £ 0.52 5.01 &+ 1.01" 295 + 97 216 £+ 188
HASPBI +H1 113+ 19 6.8 + 3.3 2.54 + 0.52 1.19 & 0.75 7.62 + 1.88 427 + 1.38" 367 + 51 172 + 92"
Montanide 120 £ 44 6.8 +£3.2 2.02 £ 1.28 0.78 + 0.32 6.63 + 0.48 4.51 £+ 1.88 274 + 89 169 + 417
MML 11.6 £ 2.6 55426 1.94 + 0.72 0.78 & 0.32" 6.94 + 0.17 3.59 + 0.92" 353 + 89 181 + 80"
MPL-SE 10.5 £ 1.0 8.0+ 4.0 1.57 £ 0.58 1.8 £ 043 7.08 £ 0.43 5.16 &+ 1.23" 316 £+ 25 244 4+ 162
Control 135+ 24 72435 2.26 + 0.69 0.98 & 0.60" 6.91 + 0.85 421 £+ 1.07" 273 £+ 66 171 £ 59"

Values are shown for each group at pre-challenge (week 0) and at the end of the study (week 64).
* Statistically significant (p <0.05) differences between the value at pre-challenge (Week 0) and at the end of the trial (Week 64).
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Table 3
Biochemical analysis

HASPB1 H1 HASPBI1 +Hl1 Montanide MML MPL Control
AST 37.5 50 75 75 57.1 50 62.5
ALT 12.5 12.5 0 25 14.2 0 0
Alkaline phosphatase 12.5 12.5 0 25 14.2 0 0
BUN 0 12.5 12.5 0 14.2 0 12.5
Creatinine 0 0 0 0 0 0 12.5
Globulins 50 62.5 62.5 75 57.1 75 50
Total proteins 37.5 37.5 37.5 75 14.2 75 12.5

Values represent the percentage of animals in each group that showed serum levels of the different biochemical parameters that exceeded the normal level.

however, for platelet (group Montanide) and erythrocyte
counts (group MPL-SE). This lack of difference in cell counts
for the adjuvant groups is likely due to the small number of
animals in these groups.

Serum biochemistry analysis throughout the experiment
revealed that serum levels of creatinine and BUN remained
within normal levels (0.5-1.8mg/dl and 7.0-27.0 mg/dl,
respectively) in most of the animals (Table 3). Serum lev-
els of alkaline phosphatase (normal range 23-212 U/l) and
ALT (normal range 10-100 U/l) were both increased in one
symptomatic dog from groups HASPB1, H1, Montanide and
MML. Alterations in the serum levels of AST (normal range
0-50U/), globulins (normal range 2.5-4.5 g/dl) and total
proteins (normal range 5.2-8.2 g/dl) were observed in those
animals with multiple patent clinical symptoms of leishmani-
asis, independent of the group. Levels of AST were increased
over 50 U/l in 84% of the symptomatic animals, while serum
globulin levels exceeded the normal range in 92.4% of the
symptomatic cases.

3.4. Parasite detection

The presence of L. infantum parasites was confirmed in
bone marrow and lymph node aspirates by culture in NNN
biphasic medium and by PCR. Both techniques confirmed the
presence of parasites in these target organs from week 4 after
challenge. The percentage of L. infantum-positive animals in
the different groups of dogs throughout the study is shown in
Table 4.

For groups HASPB1, Montanide, MML and MPL-SE, the
percentage of bone marrow parasite positive animals was sim-
ilar to that of the control group for the duration of the study.
Group HASPBI1 + H1 presented higher percentages than the
control group, whilst group H1 showed a lower percentage.
There were no clear differences in the percentage of animals
that were lymph node parasite positive by PCR. In the case
of cultured lymph nodes, group MML showed higher per-
centages than the control group, while group H1 presented a
lower proportion of animals that were positive.

Table 4

In vitro parasite detection
Week HASPB1 H1 HASPBI1 +Hl1 Montanide MML MPL-SE Control

Bone marrow

Culture 0 0 0 0 0 0 0 0

16 50 375 87.5 50 42.8 75 75
32 75 50 75 75 57.1 50 75
48 375 25 375 50 57.1 50 37.5
64 37.5 375 62.5 100 42.8 50 375

PCR 0 0 0 0 0 0 0 0
16 75 50 87.5 75 57.1 75 75
32 75 50 75 50 42.8 50 62.5
48 75 25 75 25 57.1 75 375
64 62.5 375 75 75 57.1 50 25

Lymph node

Culture 0 0 0 0 0 0 0 0

16 62.5 375 75 50 85.7 75 62.5
32 62.5 62.5 87.5 75 85.7 50 75
48 75 50 62.5 50 71.4 100 62.5
64 75 50 37.5 25 71.4 50 62.5

PCR 0 0 0 0 0 0 0 0
16 62.5 75 75 75 85.7 75 75
32 50 375 50 50 57.1 50 50
48 25 375 50 50 28.5 50 25
64 62.5 62.5 62.5 50 71.4 75 25

Values represent the percentage of animals in each group that presented positive parasite detection by PCR and culture for bone marrow and lymph node
samples prior to the experimental infection (week 0) and at weeks 16, 32, 48 and 64 post-challenge.
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3.5. Immunological response

Specific antibody responses to the antigens used as vac-
cines was also assessed. Levels of specific serum antibodies
to HASPB1, Hl and MML were determined from the
pre-immunization stage to the end of the study (Fig. 3).
After immunization, total IgG titers against the different
antigens were detectable in all antigen immunized groups
(HASPB1, H1, HASPB1+H1 and MML). In the case of
groups HASPB1, H1 and HASPB1 + H1, the first immuniza-
tion induced high levels of specific antibodies against the
antigens that decreased after the second and third immuniza-
tion (Fig. 3C and D). The group vaccinated with the MML
antigen, presented a progressive increase in levels of specific
antibodies following each immunization (Fig. 3E).

Immunoglobulin titers against crude soluble leishmania
antigens (SLA) were detectable in all seven groups of dogs
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from the time of the second follow up. Mean antibody levels
for each group increased gradually until weeks 32-36, and
then remained high until the end of the study. No significant
differences were observed between the mean absorbance of
the groups (Fig. 3A). In all experimental groups, symptomatic
animals showed the highest levels of anti-SLA serum antibod-
ies while in asymptomatic dogs these levels were moderate.
Similar results were obtained for antibodies to the recombi-
nant protein K39 from L. chagasi (Fig. 3B).

After challenge, mean antibody titres against histone H1
increased slightly in those groups vaccinated with this anti-
gen (groups H1 and HASPB1 + H1) and around week 24,
decreased to remain low until the end of the study. The serum
levels of anti-H1 antibodies were higher in those animals
immunized with histone H1 that became symptomatic for
leishmaniasis than in those that remained asymptomatic. The
control group and Montanide adjuvant groups, showed low
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Fig. 3. Mean serum levels of specific antibodies. Serum levels of specific antibodies to the antigens SLA (A), rK39 (B), histone H1 (C), HASPB1 (D), and
MML (E) were measured during the study by ELISA. Week —14 corresponds to serum levels prior to the immunization process. Weeks —10, —6 and 0,
correspond to serum antibody levels after the first, second and third immunization. Week 0 also corresponds to the time of experimental infection. OD readings
were measured at 405 nm. Error bars represent the standard deviation for each group.
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Table 5
Lymphoproliferative response
HASPB1 H1 HASPBI1 +H1 Montanide MML MPL Control
Week 0
SLA 1.12 £ 0.8 1.24 £ 0.3 097 £ 0.3 1.16 £ 0.4 1.22 £ 0.6 098 £ 0.2 127 £ 04
ConA 732 £ 3.6 7.67 £ 2.7 8.17 £3.2 8.18 £ 1.8 7.62 £ 2.0 7.42 £2.28 8.50 £ 2.8
Week 8
SLA 0.97 £ 0.1 1.39 £ 0.4 1.00 £ 0.4 1.30 £ 0.3 1.33 £ 04 1.18 £ 0.4 1.07 £ 0.33
ConA 6.51 £4.0 7.20 £2.8 12.12 £ 10.5 1473 £ 11.7 10.97 £99 18.0 £5.8 102 £ 6.1
Week 48
SLA 1.00 £ 0.3 1.02 £ 0.5 132 £09 1.12 £ 0.39 0.94 £ 0.5 1.13 £ 0.3 128 £0.2
ConA 259 +£ 1.0 497 +£29 2.88 £ 1.16 6.31 £23 39+ 1.1 3.81 £0.1 345 £ 09

The results are expressed as the mean stimulation index + S.D. Lymphoproliferative assays were carried out following immunization (week 0) and at weeks 8

and 48 after experimental infection.

levels of H1 specific antibodies throughout the experiment
(Fig. 30).

HASPBI1 vaccinated groups (HASPB1 and HASPBI +
H1) showed a sharp increase in mean antigen specific anti-
body levels following challenge and these remained elevated
until the end of the study. High titres of anti-HASPB1 anti-
bodies were found in both symptomatic and asymptomatic
dogs. This increase in specific antibodies for HASPB1 was
also observed in the control and Montanide groups, which
confirmed that the effect was due to the experimental infec-
tion (Fig. 3D).

Anti-MML titres in the MML group were on average
high, and steadily increased after experimental infection to
reach a peak level at week 32. No differences were found
between the levels of anti-MML antibodies in symptomatic
and asymptomatic animals from group MML. The control
and MPL-SE groups presented titers 12 weeks post-challenge
against MML that were induced by the parasite, but such
levels were lower compared to that of group MML (Fig. 3E).

A lymphoproliferative response specific to SLA was not
observed in any of the animals following immunization, nor
after challenge (Table 5).

4. Discussion

Increasing awareness that the dog represents a key target
in the control of parasite transmission to humans has pro-
moted interest in development of a vaccine against canine
leishmaniasis. This is theoretically feasible, based on the fact
that there are a large number of infected dogs in endemic
areas amongst whom only a small proportion develop the dis-
ease [32,33], together with evidence that naturally infected
dogs in endemic areas exhibit lymphoproliferative responses
and develop a positive skin test against Leishmania antigens
[34,35]. Furthermore, recent reports on the immunogenic-
ity and efficacy of several vaccines confirm that protection
against CVL is possible.

In the present investigation, we tested vaccines against
CVL consisting of the recombinant histone H1 [25,27],
HASPBI1 [26,36] or MML antigens [22,37]. The histone H1

and HASPBI1 antigens were examined individually, or as a
cocktail in combination with the adjuvant Montanide™-ISA
720. The MML polyprotein antigen was formulated with the
MPL®-SE adjuvant. The use of an adequate adjuvant nor-
mally constitutes a major aspect in obtaining an efficient
protocol of immunization. Montanide™ISA 720 is a min-
eral oil based adjuvant that has been used in our previous
studies in primates [27] and in other trials in dogs [20], with-
out production of severe adverse reactions. In the present
study, all dog groups immunized with Montanide ™ISA 720
produced local skin reactions. Therefore, a more appropri-
ate adjuvant such as Montanide™-ISA563, which does not
contain mineral oil and is easier to inject, may be safer
for use in veterinary studies. In the case of HASPB1, pro-
tection in mice was achieved in the absence of exogenous
adjuvant [26]. However, this unusual attribute of HASPB1
was not tested in the current study. The adjuvant MPL®-SE
used for the MML vaccine formulation showed no observ-
able adverse reactions in this study nor in previous studies in
dogs [22].

Clinical follow up of the animals during the study, together
with laboratory analysis allowed the classification of dogs as
asymptomatic or symptomatic and hence defined the differ-
ential protection capabilities of the vaccine candidates tested.
In terms of clinical manifestations, the percentages of animals
scored symptomatic by the end of the study were lower in the
antigen immunized groups of dogs (ranging from 37 to 70%
for groups HASPB1, H1, HASPB1 + H1 and MML), than in
control groups immunized with adjuvant only or PBS (from
75 to 100% for groups Montanide, MPL-SE and control).
These results indicate that the vaccines containing antigen
were able to induce a variable partial protection against
Leishmania infection, although, due to the low number of
animals per group, it was difficult to establish whether such
differences were statistically significant. The highest levels
of protection were obtained in the group of dogs immunized
with histone H1 alone (group B), with 62.5% showing no clin-
ical symptoms. Half (50%) of the animals immunized with
HASPBI, either alone or in combination with H1, were pro-
tected, and 29% of the animals vaccinated with MML showed
no signs of CVL. The vaccine formulation with MML was
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identical to that used in a previous study in dogs [22], where
it was also observed not to confer protection upon natural
challenge.

Several physiological, biochemical and haematological
alterations such as weight loss, increased serum globu-
lins, anaemia, leucopenia or lymphopenia, are commonly
observed in dogs naturally and experimentally infected by
L. infantum [38]. In this study, we were able to demonstrate
that vaccine-induced protection was associated with a reduc-
tion of such parameters. An effective vaccine against CVL
should allow a normal gain of weight. Significant differ-
ences in weight loss between week 32 and the end of the
study were only observed in the control group and the group
immunized with a mixture of histone Hl and HASPBI1 pro-
teins, while significant differences in weight loss between
week 48 and the end of the study were observed in the Mon-
tanide group. The remainder of the animals did not show
significant variations of weight over time. Moreover, exper-
imental challenge was able to induce significant decreases
in the levels of leucocytes, lymphocytes, erythrocytes and
platelets in most of the groups, although such alterations
were not significant in the group of animals immunized
with histone H1, which supports the higher percentage of
overall protection induced by this antigen. On the other
hand, biochemical analysis showed that increased serum
component levels are related to the symptomatic condi-
tions of the animal and not to the particular experimental
group.

It has been demonstrated that the intensity of tissue para-
sitism parallels the development of the clinical manifestations
of CVL [38-40]. In the case of animals immunized with
histone H1, fewer had detectable parasites in the bone mar-
row and lymph node compared with control group, early
after challenge. The other groups of dogs did not show
this trend. It was previously indicated that polysymptomatic
dogs are more infectious to sand flies than oligosymptomatic
dogs [41]. Thus, the reduction of the parasite burden in the
canine reservoir through vaccination, even if only partial, as
demonstrated here for the histone Hl immunized group, is
of interest as it could potentially lead to reduced zoonotic
transmission and control of this disease within an endemic
area.

Immune recognition of the different recombinant proteins
was confirmed by the detection of antigen specific serum anti-
bodies. Serological analysis demonstrated that experimental
infection induced a strong humoral response against the para-
site antigens SLA and rK39. Interestingly, challenge infection
also induced an increase in the serum levels of HASPB1
and MML specific antibodies but not histone H1 specific
antibodies. Low anti-histone antibody responses have been
observed in other studies [42]. It is claimed that the best
predictors of infectiousness for CVL are IgG antibody titres
and clinical disease, demonstrated by a positive correlation
between anti-leishmania 1gG, parasite detection by PCR,
clinical disease and infectiousness to sand flies [4,38,43,44].
Thus, the low levels of specific antibodies observed in his-

tone H1 immunized animals may be related to their protective
capability.

Interestingly, the humoral response against “pathoanti-
gens” which includes cytoplasmic and nuclear parasite
antigens such as histones and the proteins that make up the
MML vaccine antigen, namely, LmSTII, LelF and TSA [45],
is directly related to the pathological alterations observed in
VL patients. Presentation of the intracellular molecules is
suggested to occur via cytolysis of amastigotes with the epi-
topes being localized to a region in each specific sequence
that is unique to Leishmania, but different or absent in the
host homologous protein [45,46].

Recent results in mice indicate that vaccination against
Leishmania is improved when several distinct antigens are
co-administered [23,42,47-51]. However, the results in dogs
using multi-component antigens appears to have mixed
results with partial protection observed in some instances
[18,20] and no protection in others [21,22]. In the present
study the cocktail vaccine consisting of HASPB1 and his-
tone H1 antigens or the polyprotein MML vaccine produced
a lesser protective effect in dogs than the histone HI antigen
alone.

The high-dose intra-venous challenge infection used in
this study proved to be a good method to induce patent
CVL in 13 out of 16 control animals (including PBS and
adjuvant inoculated animals). However, such strong chal-
lenge conditions may have overpowered a protective response
present in the vaccinated animals as previously described in
other dog vaccine trials [20,21]. When taking into consid-
eration previous attempts of vaccination against CVL, the
prevention of severe disease in the majority of animals is
clearly difficult to achieve. Dogs are a good model for human
visceral leishmaniasis because the symptoms in dogs are
similar to those developed in humans [52]. The partial pro-
tection obtained in the present study confirms the capacity of
recombinant protein vaccination to restrict parasite replica-
tion and control infection even under high dose experimental
challenge infection. The efficiency of a vaccine against
CVL could now be evaluated in natural infection conditions
which are likely to be less extreme than those used in this
study.
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