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ABSTRACT

Background: The incidence of zoonotic canine visceral leishmaniasis (CVL) would decrease if dogs were
effectively vaccinated; however, additional data on the efficacy of canine vaccines are required for their
approved preventative use.
Purpose: To prospectively evaluate vaccination outcomes using two products commercially available in
Brazil, with respect to adverse reactions (reactogenicity), humoral response, disease signs, parasitism,
and parasite infectiousness in naturally exposed pet dogs in an endemic area of visceral leishmaniasis
(VL).
Methods: From 2010 to 2012, healthy dogs were vaccinated with Leishmune® (50 animals) or Leish-
Tec® (50 animals). Each dog was examined to identify clinical signs during peri- and post-vaccination
procedures every 2 months for 11 months to identify the presence of parasites or parasite DNA in splenic
samples using culturing or PCR, respectively. Levels of anti-Leishmania IgG, IgG1, and IgG2 were quantified
in sera by ELISA and infectiousness was assessed by xenodiagnosis.
Results: Adverse effects occurred in 2.2% (1/45) and 13.0% (6/46) of the animals in the Leishmune® and
Leish-Tec® groups, respectively. IgG levels peaked on the 21st day following the first dose of Leishmune®
and on the 21st day after the second dose of Leish-Tec®. The final seropositivity rate for IgG was 32.5%
(13/40) and 30.9% (13/42) in the Leishmune® and Leish-Tec® groups, respectively. The Leishmune® group
presented higher levels of IgG1 and IgG2 compared to the Leish-Tec® group (p <0.001), and ELISA reac-
tivity in both vaccinated groups was significantly lower (p <0.001) than in infected positive control dogs.
Parasitism was observed in 12.2% (5/41) of the Leishmune® group, and 7.9% (3/38) of the Leish-Tec®
group, with xenodiagnostic transmission rates of Leishmania to Lutzomyia longipalpis of 5.1% (2/39), and
5.4% (2/37), respectively.
Conclusions: No significant differences were observed in dogs vaccinated with Leishmune® or Leish-Tec®,
with respect to LVC clinical aspects, parasitism, IgG seropositivity, or dog infectiousness. The Leishmune®-
vaccinated animals presented higher levels of IgG, IgG1, and IgG2. The animals vaccinated with Leish-Tec®
exhibited adverse reactions with greater frequency and severity.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

In endemic areas of visceral leishmaniasis (VL) the incidence of
the disease has been increasing in the last 10 years, and, despite
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peryear[1]inAsia, Europe, Middle East, Africa,and America[2]. The
main etiological agent of VL in the Americas is Leishmania infantum
whose main vector is the phlebotomine Lutzomyia longipalpis [3].
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In Brazil, 3894 cases of human VL were confirmed in 2011 [4]
and dogs are considered the main reservoir of infection in urban
areas [5]. Government attempts to control VL are mainly based
on the culling of seropositive dogs. In addition to going against
the ethical and philosophical principles of the general population,
this procedure has not been able to contain the spread of the dis-
ease in the country [5,6]. Thus, if immunization is able to prevent
the parasite transmission to the vector, the vaccination of dogs
could be the primary method for disease control in endemic areas
[7.8].

As aresult of research into the development of vaccines against
canine visceral leishmaniasis (CVL), Brazil has become the first
country in the world to offer commercially available vaccines to
immunize dogs. In 2003, the vaccine Leishmune® was licensed
by the Brazilian Ministry of Agriculture. The immunogen of this
vaccine is a fucose-mannose ligand (FML) glycoprotein from Leish-
mania donovani associated with a saponin-based adjuvant [9-11].
In 2007, the Brazilian Ministry of Agriculture licensed the use of
Leish-Tec® vaccine, composed of the A2 antigen, a recombinant
amastigote-stage-specific protein of different Leishmania species
containing saponin as adjuvant [12-14]. Although both vaccines
comply with technical requirements for their registration (2003
and 2007), the inclusion of these vaccines as mass control measure
for VL needs further investigations. It is necessary to: (1) distinguish
between natural infection by L. infantum and vaccinal immune
response by serotests; (2) evaluate whether vaccines reduce the
incidence of infection and disease in dogs; and (3) obtain unequiv-
ocally proof that vaccines are able to block the disease cycle at the
vector-parasite transmission stage [15-18].

In this context, the present study evaluates the outcomes of
dogs living in an endemic area for VL prospectively and compara-
tively in response to either available vaccine protocols. Vaccinated
dogs were followed-up with respect to vaccine reactogenicity,
seroconversion, parasitism, CVL signs, and dog infectiousness by
xenodiagnosis.

2. Methods
2.1. Animals, area and ethics

A total of 180 dogs were pre-selected by being seronegative
for anti-Leishmania antibodies in ELISA tests, which is the crite-
ria to immunize dogs as established by vaccine manufacturers and
the Brazilian Ministry of Agriculture [17]. Further inclusion criteria
were: clinical health status assessed by veterinarians, any age or
gender; household in a VL endemic area under the responsibility
of a guardian (owner), absence of other infections, and no his-
tory of prior vaccination or clinical suspicion for VL. The exclusion
criteria were CVL seropositivity, mobility to non-endemic areas,
historical or clinical evidence of pathologies of any nature, or prior
use of any substance for anti-VL preventive or therapeutic pur-
poses. One hundred out of 180 evaluated dogs were included in the
study: 50 were vaccinated with Leishmune®, and 50 with Leish-
Tec®. Nine dogs were excluded from the study due to their moving
to non-endemic areas (6/100) and to deaths from other causes
(3/100).

Another group of 30 dogs was selected throughout the study
period as positive controls for the diagnostic tests and to demon-
strate the natural occurrence of canine infection in the area at the
same time as of the immunized dogs that were also followed up.
These animals showed clinical signs, positivity in parasitological
and serological tests for CVL, and were domiciled in residences near
the vaccinated dogs.

Since vaccination could achieve high levels of efficacy, we
decided not to keep a group of unvaccinated or placebo-receiving

dogs for ethical and animal welfare reasons. We thought that as
the area was hiperendemic, as stated by local health authorities,
the chance of such a group acquiring infection and developing
the disease would be very high. Since all dogs were kept in their
families, placebo-receiving ones could become infected and thus
transmit Leishmania to people meanwhile being between evalua-
tions. Furthermore, CVL prevalence in the same area was 17% to 18%
in 2003 [19] and reported as 24% to 41% in the same period as our
study, 2010-2011 [20]. The study area included the municipalities
of Lauro de Freitas (12°54'S and 38°19'W) and Camagari (12°42'SE
and 20°38'W), which are located at 22 km and 41 km, respectively,
from the capital of Bahia State, Salvador. Camagari covers an area of
785 km? with a population of 242,970 inhabitants and 60,000 dogs.
Lauro de Freitas covers an area of 49 km? and has a population of
113,543 inhabitants and 28,000 dogs [21].

The study was approved by the UFBA Institutional Review
Board for Animal Experimentation, Protocol No. 19/2011, and was
conducted in accordance with Brazilian Federal Law on Animal
Experimentation (Law no. 11794) [22]. The animals’ guardians
expressed their permission in informed consent forms.

2.2. Commercially available vaccines

The vaccines were purchased from suppliers in the area stud-
ied. The Leishmune® vaccine (Fort Dodge) comes in vials containing
lyophilized FML antigen (1.5 mg) and saponin (0.5 mg) for reconsti-
tution in 1 mL of 0.9% saline solution at the moment of application
[23]. A total of 150 doses were used from lot 004/10.

The Leish-Tec® vaccine (Hertape Calier) comes in ready-to-use
flasks containing 0.10 mg of the antigen A2 and 0.5 mg of saponin
in 0.9% of saline solution (1.0 mL) [24]. A total of 150 doses were
used from lot 011/10.

2.3. Study design

This clinical study was designed to cause minimal interference
on the actual conditions of a potential target population for a pub-
lic vaccination campaign. Thus, the selected animals were pets
and/or guard dogs living in households with natural exposure to
the infection. The vaccine distribution was blinded. However, if the
household had more than one dog, both vaccines were equivalently
distributed: half of the dogs received Leishmune® and the other
half, Leish-Tec®. The vaccination was performed in three injections
at dose intervals of 21 days, subcutaneously, at the scapulae area,
according to manufacturer’s instructions.

Because the study was clinical and prospective, the data con-
cerning all the dogs during 11 months were divided into four
categories for comparative analysis. All dogs were examined and
sampled. Group 1 (G1, n=30) was composed of unvaccinated nat-
urally infected dogs defined as positive controls; Groups 2 (G2,
n=40 dogs) and group 3 (G3, n=42 dogs) were composed of dogs
vaccinated with Leishmune® or Leish-Tec®, respectively.

Group 4 (G4, n=9) was composed of dogs whose data were
analyzed separately, because their ELISA values at the time of the
first vaccine dose injection ranged at borderline levels. Among
them five dogs were vaccinated with Leishmune®, and four with
Leish-Tec®.

Each vaccinated animal was evaluated seven times over 11
months: immediately before the first (Ty), the second (T;) and the
third (T;) doses of vaccine; 21 days after the third dose (T3); and
90 (T4), 180 (T5) and 280 (Tg) days after Ts. In each evaluation, the
dogs were examined and sampled for serotests. The xenodiagno-
sis and collection of splenic aspirates were performed at the last
evaluation (Tg) or earlier, if a dog presented serological or clinical
evidence of active infection during the partial evaluations.
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2.4. Reactogenicity, clinical examination and sampling

The dogs were monitored for the occurrence of post-vaccination
reactions after the first (Tp), second (T;) and third (T, ) dose injec-
tions and up to 21 days after the whole vaccination protocol (T3).
All the animals were clinically evaluated during the first 30 (mini-
mum) and 60 (maximum) minutes following the vaccine injection,
for signs of immediate reaction. Each dog owner was instructed to
carefully observe the animals during the first eight days after each
vaccine dose in order to identify the occurrence of signs of hyper-
sensitivity and other adverse effects, such as edema, localized or
diffuse pain, prostration, loss of appetite, lameness, and idiosyn-
cratic signs. Any sign of late reaction presented by the dogs should
be registered until the next dose was given, on the twentieth first
day after the previous injection.

The search for CVL signs [25] or comorbidities was performed
from Ty to Tg and individually registered. Peripheral blood samples
were obtained and processed for serology. Splenic aspirates were
collected under sedation with 0.1 mg/kg acepromazine as described
previously [26].

2.5. Indirect ELISA

The seropositivity for Leishmania-specific IgG was used to select
dogs for vaccination and for the verification of post-vaccination
seroconversion. IgG, IgG1, and IgG2 reactivity curves for G2, G3,
and G4 were used to monitor the humoral response to Leish-
mania antigens (T; and Tg). The ELISA technique was adapted
as described previously [26,27] by a checkerboard titration using
an antigen extracted from a local L. infantum strain. Reactions
were performed in polystyrene plates (Perkin Elmer®) with sera
dilutions of 1: 500 (IgG and IgG2) and 1:100 (IgG1); secondary
peroxidase conjugated antibodies (Bethyl®) at 1:15,000 (anti-dog
IgG, cat n° A40-123P), 1:20,000 (anti-dog IgG2, cat n° A40-121P),
or 1:2000 (anti-dog IgG1, cat n° A40-120P); and optical density
(OD) measurements at 492 nm (Asys® reader). The cutoff values
(cutoff=mean OD+3 x SD) were determined with sera from 20
healthy dogs from non-endemic areas for CVL; OD readings of 20%
above or below the cutoff point were considered borderlines. To
perform a comparative analysis of the OD values obtained in the
different plates, an interplate correction factor (CF) was used, as
described previously [28]. The CF was determined by the following
formula:

_ mean 0D of the positive control reference plate
" mean OD of the positive control of each plate

Thus, ODc=0D x CF.

2.6. Parasite culture

Spleen samples were cultured in a biphasic blood-agar and
Schneider’s medium (Sigma) supplemented with 20% of fetal
bovine serum (Gibco BRL) and proceeded as previously described
[26].

2.7. Xenodiagnosis

Each dog was evaluated by xenodiagnosis to verify if the Leish-
mania parasites were transmitted from dogs to the phlebotomine
vector and this was defined as infectiousness. L. longipalpis spec-
imens have been captured in endemic areas for VL and kept in
colony for reproduction in the insectary located at the Laboratory
of Infectious Diseases/UFBA. For the xenodiagnosis, insects from F1
offspring were used to guarantee they were free of Leishmania and
other pathogens. Standardized receptacles with a fine mesh at one
end, containing 40 female and 15 male L. longipalpis vectors, were

applied to the inner surface of each dog’s ear for 30 min. After the
feeding, the phlebotomines were maintained under a fructose solu-
tion diet for five days and then killed by low temperature and kept
in sterile tubes at —20 °C until DNA extraction.

2.8. PCR for L. infantum infection

Genomic DNA was extracted from canine spleen sam-
ples (Invitrogen®) and from insects after xenodiagnosis
(Promega®) according to the manufacturer’s instructions.
The samples were measured by digital spectrophotometry
(NanoDrop®). Procedures and primers used were the forward
RV1 (5-CTTTTCTGGTCCCGCGGGTAGG-3’) and the reverse RV2
(5’-CCACCTGGCCTATTTTACACCA-3') for the L. infantum kinetoplast
DNA as described previously [28]. Negative controls were DNAase-
and RNAase-free water, and DNA from spleen and insects fed in
a negative dog. Positive controls of the PCR reaction were DNA
extracted from L. infantum cultures, spleen samples, and insects
fed from an infected dog.

2.9. Data analysis

Gender, race, and age frequencies in the vaccinated groups
were comparatively analyzed by chi-square tests. Nonparamet-
ric Mann-Whitney tests were used to compare serum reactivity
of anti-Leishmania 1gG, I1gG1 and IgG2 between the vaccinated
dog groups and with the control group of naturally infected non-
vaccinated dogs. The differences were considered significant at
p<0.05. All statistics were performed using the SPSS v.19.0 (IBM
Software, USA) and GraphPad Prism v 5.0 for Windows (GraphPad
Software, USA).

3. Results
3.1. Adverse effects and clinical evolution

The characterization of the dogs accordingly to gender, breed,
age, and serological response to Leishmania can be found in Table 1;
there were no significant differences with respect to gender, race,
and age frequencies between groups either before vaccination or
at any points in time. One out of the 45 dogs vaccinated with
Leishmune® (G2/G4) presented local adverse reactions includ-
ing pain, edema, and late formation of nodule at the injection
site (Table 2). The signs were observed after the third vaccine
dose. On the other hand, 6 out of 46 dogs vaccinated with
Leish-Tec® (G3/G4) showed systemic reactions, such as apathy
(66.6%; 4/6), anorexia (33.3%; 2/6), and hyporexia (33.3%; 2/6), as
well as localized reactions, such as pain (50%; 3/6), claudication
(50%; 3/6) and edema (50%; 3/6) associated with local inflamma-
tory nodules (33.3%; 2/6), lasting up to five days after the third
dose.

The post-immunization clinical follow-up showed that 92.5%
(37/40) of the animals in G2, 92.8% (39/42) in G3, and 89% in G4
(8/9) remained healthy throughout the 11-month period. Clinical
signs of active VL were observed in six (3/G2 and 3/G3) out of seven
dogs that became infected during the follow up period after vac-
cination in these two groups (Table 3). In the group of nine dogs
that were formerly borderlines (G4), one (11%) became clinically
ill (Table 5). All G1 control animals displayed active CVL, including
dermopathy (hyperkeratosis, alopecia, scaling, ulcers, or formation
of pustules), mucosal (pallor or congestion), ophthalmopathy (con-
junctivitis, uveitis or keratoconjunctivitis sicca), onychogryphosis,
weight loss, lethargy, splenomegaly, and/or lymphadenopathy evi-
dence.



1290

Table 1

C.B. Fernandes et al. / Vaccine 32 (2014) 1287-1295

Dog characterization accordingly to gender, breed, age and serological response to Leishmania: group 1 (G1=30 positive control group for VL)—non-immunized, naturally
Leishmania infected dogs; group 2 (G2 =40)—dogs immunized with Leishmune®; group 3 (G3 =42)—dogs immunized with Leish-Tec®; and group 4 (G4 =9)—healthy dogs
with borderline results to the ELISA cut off values by indirect ELISA (OD between 0.224 and 0.336) at the time of the first vaccine injection.

Character G130 (100%) G2 40 (100%) G3 42 (100%) G4 9 (100%)
Gender
Male 13(43.3) 17 (42.5) 17 (40.5) 1(11.1)
Female 17 (56.6) 23(57.5) 5(59.5) 8(88.8)
Breeds
Mixed breeds’ 16 (53.3) 19 (47.5) 20 (47.6) 9(100)
Rottweiler 3(10.0) 6(15.0) 10(23.8) 0
German Shepherd 3(10.0) 2 (5.0) 6(14.2) 0
Poodle 4(13.4) 4(10.0) 2(4.8) 0
Boxer 2(6.7) 2(5.0) 2(4.8) 0
Labrador 1(3.3) 2(5.0) 1(24) 0
Shepherd Malinois 0 2(5.0) 1(2.4) 0
Doberman 1(3.3) 1(2.5) 0 0
Golden Retriever 0 1(2.5) 0 0
Shih-Tzu 0 1(2.5) 0 0
Age (years)
1-5 14 (46.7) 19 (47.5) 17 (52.4) 3(33.3)
6-10 16 (53.3) 21 (52.5) 20 (47.6) 6 (66.6)
ELISA serology (mean of OD readings) (a) (b) (c) (d)
IgG 1.760 0.341 0.291 0.580
IgG1 1.453 0.342 0.203 0.312
1gG2 1.446 0.285 0.187 0.459
Ratio IgG1/I1gG2 1.00 1.20 1.09 0.68
Ratio IgG/IgG1 1.21 0.99 1.43 1.86
Ratio IgG/IgG2 1.21 1.19 1.56 1.26

" Dogs with not defined breed.
(a) Mean OD reading in a single assessment, ((b)-(d)) Mean OD readings from T;-Tg.

Table 2

Post-immunization adverse reactions in dogs immunized with Leishmune® or Leish-Tec® during the peri-immunization periods: To—first vaccine dose; T; —second vaccine

dose 21 days after the first dose; T, —third dose 21 days after the second dose.

Reactions First dose (Tp) Second dose (Ty) Third dose (T)
Leishmune® (n=45) Leish-Tec® (n=46) Leishmune® (n=45) Leish-Tec® (n=46) (a) Leishmune® (n=45) (b) Leish-Tec®(n=46) (c)
0/45 0/46 0/45 1/46° 1/45 5/46

Apathy 0 0 0 1 0 3

Local pain 0 0 0 1 1 2

Local edema 0 0 0 1 1 2

Claudication 0 0 0 1 0 2

Anorexia 0 0 0 1 0 1

Hyporexia 0 0 0 0 0 2

Nodule 0 0 0 0 1 2

" The results shown are cumulative; the dogs exhibited more than one reaction per vaccine dose.
(a) Duration of reactions: 1 day, (b) Duration of reactions: 2 days, (c) Duration of reactions: 1-5 days.

3.2. Humoral response

The cutoff values for serum anti-Leishmania total IgG, IgG1, and
IgG2 by indirect ELISA were 0.280, 0.180, and 0.128, respectively.

The dogs from G2 (Leishmune®), G3 (Leish-Tec®) and G4 (former
borderlines that received Leishmune® or Leish-Tec®) showed sim-
ilar median curves for total IgG (Fig. 1A). Peak OD reactivity was

Table 3

observed 21 days after the first vaccine dose (T;) in the dogs vacci-
nated with Leishmune®. This reactivity was maintained up to 21
days after the three-dose immunization protocols (Fig. 1A). The
peak occurred later in the dogs vaccinated with Leish-Tec®, at 21
days after the first vaccine booster (T,) (Fig. 1A). At T; and T, the
rate of IgG seroconversion in the Leishmune® group was 57.5%
(23/40) and 77.5% (31/40) of the dogs, and in the Leish-Tec®’s it

Clinical signs, optical density (OD) values by indirect ELISA for IgG, IgG1, and IgG2, splenic parasitism and xenodiagnosis of animals that became naturally infected by
Leishmania during the follow up period after immunization with Leishmune® or Leish-Tec®. Results observed at 11 months post-immunization.

Animal Vaccine Clinical signs Total IgG ELISA IgG1 (OD)P 1gG2 Splenic parasitism Xenodiagnosis
(OD)  Result? (OD)°>  Culture PCR

1 Leishmune®  Sores on the tips of the ears, pale mucous 1.811 Positive 1.309 1.333 Positive Positive ~ Negative

2 Leishmune®  Splenomegaly, lymphadenomegaly 0.319 Positive 0.203 0.240  Negative  Positive  Positive

3 Leishmune®  Absent 0.269 Borderline  0.235 0.142  Negative  Positive  Negative

4 Leishmune®  Sores on the tips of the ears, pale mucous 0.282 Borderline  0.682 0.287 Negative  Positive  Negative

5 Leish-Tec® Lymphadenomegaly, weight loss, pale mucous ~ 0.906 Positive 0.224 0399  Positive Positive  Positive

6 Leish-Tec® Lymphadenomegaly hyperkeratosis, alopecia 0.218 Negative 0.113 0.108  Negative Positive  Negative

7 Leish-Tec® Splenomegaly, lymphadenomegaly 0.203 Negative 0.111 0.075 Negative  Positive  Positive

2 IgG cutoff value of 0.280 was considered for serological diagnosis.
b Cutoff values: 0.180 (IgG1); 0.128 (IgG2).
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Fig. 1. Median values of the optical densities (ODs) for total IgG, 1gG1, and 1gG2
((A), (B) and (C), respectively) measured by indirect ELISA from 75 dogs that were
subjected to the complete vaccination protocol against visceral leishmaniasis with
Leishmune® (G2, n=36) or Leish-Tec® (G3, n=39) vaccines, and remained unin-
fected after 11 months of follow-up. To—immediately before the first vaccine dose;
T —immediately before the second dose (21 days); T,—immediately before the third
dose (42 days); Ts—21 days after the third dose; T,—90 days after T3; Ts—180 days
after Ts; and Ts—270 days after Ts. Cut off value = 0.280. The asterisks indicate signifi-
cant differences between vaccine outcomes (p < 0.05, Mann-Whitney test). Graphics
by GraphPad Prism v 5.0 for Windows (GraphPad Software, USA).

was 59.5% (25/42) and 54.8% (23/42), respectively. During follow-
up, the dogs that received Leishmune® had higher total IgG values
than those vaccinated with Leish-Tec®, with significant differences
at T3 (p=0.023) and T4 (p=0.005), respectively at 21 and 90 days
after the immunization protocols had been completed (Fig. 1A). The
ELISA OD values of IgG1 and IgG2 in the Leishmune® group were
higher than those of Leish-Tec® dogs; statistically significant differ-
ences were found for both the reactivity of IgG1 at T, (p = 0.003) and

T3 (p<0.001), and of IgG2 at T, and T3 (p<0.001) between groups
(Fig. 1B and C).

The distribution of individual OD values for serum IgG, IgG1land
IgG2 in the dogs vaccinated with Leishmune® or Leish-Tec® are
shown in Fig. 2. The OD values of total IgG were similar between
dogs vaccinated with either vaccine, increasing from the first dose
up to 21 days after the third dose (T3 ) (Fig. 2A). There was a marked
dispersion in serum IgG1 and IgG2 OD values of Leishmune® vac-
cinated dogs at T3, which characterized the peak reactivity of these
subclasses (Fig. 2B and C).

In the last evaluation in the 11th month of follow-up (Tg), 32.5%
(13/40) and 30.9% (13/42) of the dogs vaccinated with Leishmune®
and Leish-Tec®, respectively, showed OD values above the cutoff
value of the ELISA for total IgG detection (Table 4). Of the nine dogs
that formerly presented with borderline IgG values (OD=0.224
to 0.336), four (2/5 Leishmune®’s and 2/4 Leish-Tec®’s) became
seropositive at Tg, whereas four (3/5 Leishmune®’s and 1/4 Leish-
Tec®’s) remained borderlines, and one (1/4 Leish-Tec®’s) became
seronegative (Table 5).

All naturally infected control dogs (G1) presented high antibody
reactivity, reaching average OD values of 1.760, 1.446, and 1.453
for total IgG, IgG1, and IgG2, respectively, and significantly differ-
ent (p<0.001) from those of vaccinated dogs in every evaluation
(Table 1).

The serology results of seven vaccinated dogs that became pos-
itive in spleen culture or PCR during follow-up are listed in Table 3,
showing that three dogs were seropositive, two remained seroneg-
ative and two were borderlines for IgG values.

3.3. Infection and transmission rates

Splenic biopsies were performed in 36 out of the 45 dogs from
G2, in 34 out of 46 dogs from G3, and in all 9 dogs from G4. Xeno-
diagnosis was performed in 34 out of 45 dogs from G2, in 33 out
of 46 dogs from G3, and all 9 dogs from G4. The aggressive behav-
ior of some animals prevented the performance of such lengthier
procedures in field conditions. Parasites were detected in splenic
cultures and/or PCR from 11.1% of G2 (4/36), 8.8% of G3 (3/34), and
11.1% of G4 animals (1/9) (Tables 3 and 5).

The xenodiagnosis was positive in one dog from G2 (1/34), two
dogs from G3 (2/33), and one from G4 (1/9). This mean that 5.1%
(2/39) of dogs vaccinated with Leishmune® and 5.4% (2/37) of dogs
vaccinated with Leish-Tec® became infectious to the phlebotomine
vector of LVC (Tables 3 and 5).

The naturally infected control dogs (G1) exhibited infectious-
ness of 36.6% (11/30) and a positive correlation between parasitic
detection, signs of CVL, and infectivity to phlebotomines.

4. Discussion

Our prospective clinical study performed in field conditions
shows that vaccination of dogs with Leishmune® or Leish-Tec®
accomplished in similar results with respect to clinical aspects, par-
asitism, IgG seropositivity and dog infectiousness. However, in the
present study the frequency and severity of adverse reactions were
quite different from those reported in the literature for either prod-
uct [11,14]. Although both Leishmune® and Leish-Tec® induced
adverse reactions in immunized animals, the dogs that received
Leish-Tec® had more and stronger local and systemic adverse reac-
tions compared with dogs from the Leishmune®-vaccinated group,
in which only one animal presented mild local reactions. Differ-
ently, other authors have described reactions including local pain,
anorexia, lethargy, local edema, vomiting, and diarrhea, in dogs
vaccinated with Leishmune® [11]. Our results also contradict at
least one study that described the absence of adverse reactions
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Quantitative data from clinical and laboratory evaluations of dogs from four experimental groups after 11 months of follow-up: G1—positive control; G2—vaccinated with
Leishmune®; G3—vaccinated with Leish-Tec®; and G4—dogs with borderline results to the ELISA cut off values (OD between 0.224 and 0.336) at the time of the first vaccine

injection.
Leishmune® Leish-Tec® Positive control
G2n=40 G4n=5 Total n=45 G3n=42 G4n=4 Total n=46 G1n=30

Adverse reactions 1 0 1 6 0 6 -

Clinical signs 3 1 4 3 0 3 30
Seroconversion (Tg) 13 2 15 13 2 15 30°

Parasitism in spleen (culture and/or PCR) 4/36" 1/5 5/41° 3/34° 0/4 3/38° 30
Xenodiagnosis 1/34b 1/5 2/39° 2/33° 0/4 2/37° 11

2 G1 was not monitored, and all results are from a single evaluation.
b Number of positive animals/number of evaluated animals.

in dogs vaccinated with Leish-Tec® [14]. Adverse reactions have
been attributed to adjuvants. Saponin-dependent toxic effects are
known to vary depending on the purity of the compound and the
dosage used. Despite the fact that both vaccines contains the same
dose of saponin in their composition, Leishmune® is formulated
with the purified fraction QS21 [29], which induces milder toxic
effects [30,31] and is known to be extracted from the Riedel de
Haen, the saponin that composes the Leish-Tec® vaccine [14]. In
general we observed that either, occurrence and severity of adverse
reactions increased according to the number of vaccine booster
injections. Because vaccine components act as immune potentia-
tors, it is possible that a higher frequency of vaccine exposure
results in greater systemic and/or local adverse effects [32]. Nev-
ertheless, no significant differences were found between vaccine
reactogenicity related to gender, breed or age in the present study.

A virtually identical proportion of dogs immunized with
Leishmune® or Leish-Tec® remained clinically healthy through to
the end of the 44 weeks of follow-up in the CVL endemic area. Sim-
ilar rates of clinical outcome in dogs immunized with Leishmune®,
such as 92% [9], 95% [10], and 83.3% [33] have been reported in
other studies. Results of clinical follow up in dogs after Leish-Tec®
vaccination reported in the literature cannot be compared to those
obtained in our study, because the number of dogs was smaller,
they were challenged by experimental infection with living para-
sites and placed in laboratory cages [14]. Thus, the finding that
92.8% of the dogs that continued healthy for 11 months after being
vaccinated with Leish-Tec® in our study is unprecedented, because
the animals were maintained at home in the endemic area, thus
exposed to parasite transmission by phlebotomines in natural con-
ditions.

Infected dogs can remain healthy [25], but the laboratory tech-
niques used to detect infection might define them as possible
reservoirs [34]. However, in our study, animals without clini-
cal signs of CVL were not capable of transmitting parasites to

Table 5

phlebotomines by xenodiagnosis. This finding corroborates the
results of other authors, which have demonstrated that clinically
healthy dogs also present an efficient immune response against
the parasite, characterized by discrete or absent antibody detec-
tion values, low parasitic loads, and little or no ability to transmit
Leishmania to the vector [35,36].

Serology evaluation of positive control dogs with clinical evi-
dence of CVL showed that IgG and subclasses of IgG OD values were
significantly higher than those of the vaccinated groups, even the
dogs that became naturally infected during the follow-up. How-
ever, the majority of dogs vaccinated with either product showed
anti-Leishmania 1gG positivity by ELISA during and up to 21 days
after receiving the three-dose protocol in our study. Similarly,
seroconversion has been reported after vaccination of dogs with
Leishmune® [37]. Nevertheless, our seropositivity findings indicate
that immunized animals with either vaccine may become serolog-
ically diagnosed CVL positive. Culling of seropositive dogs is one of
the main recommendations of public health authorities to control
VL in endemic areas in Brazil. Consequently, vaccinated animals
that become serologically positive can be unnecessarily eutha-
nized. Therefore, a major problem with vaccination is the potential
of vaccines to induce antibody responses that react with Leish-
mania antigens. This issue has motivated studies using different
antigens, such as FML [9,10,38,39] or different soluble Leishmania
antigen [33,37] for distinguishable serology. The conclusions drawn
in these reference studies emphasize that so far it is not possi-
ble to distinguish vaccinated dogs from naturally infected ones by
the routine protocols [40]. The rates of seroconversion that we
found in the dogs during the different points of follow-up after
immunization with Leish-Tec® are also unprecedented as there is
no study reporting similar findings in the literature, as far as we
know. By contrast, in a study using seven dogs immunized with
Leish-Tec®, no seroconversion post-immunization was observed
by the authors [14], probably due to the small number of tested

Clinical signs, optical densities (OD) values by indirect ELISA for IgG and IgG1/IgG2 subclasses, splenic parasitism and xenodiagnosis of animals in group G4—healthy dogs
with borderline results to the ELISA cut off values (OD between 0.224 and 0.336) at the time of the first vaccine injection. Results observed at 11 months post-immunization.

Animal Vaccine Clinical Signs IgG (OD) Result? IgG1 (OD)P IgG2 (OD)" Splenic parasitism Xenodiagnosis
Culture PCR
1 Leishmune® Skin lesions, pale 1.103 Positive 0.385 0.792 Positive Positive Positive
mucous, splenomegaly

2 Leishmune® Absent 0.308 Borderline 0.273 0.255 Negative Negative Negative
3 Leishmune® Absent 0.322 Borderline 0.165 0.099 Negative Negative Negative
4 Leishmune® Absent 0.330 Borderline 0.210 0.157 Negative Negative Negative
5 Leishmune® Absent 0.473 Positive 0.673 0.769 Negative Negative Negative
6 Leish-Tec® Absent 0.674 Positive 0.278 0.367 Negative Negative Negative
7 Leish-Tec® Absent 0.312 Borderline 0.074 0.094 Negative Negative Negative
8 Leish-Tec® Absent 0.391 Positive 0.118 0.099 Negative Negative Negative
9 Leish-Tec® Absent 0.216 Negative 0.137 0.333 Negative Negative Negative

2 Total IgG cut off of 0.280 was considered for serological diagnosis.
b Cut off values: 0.180 (IgG1); 0.128 (IgG2).



C.B. Fernandes et al. / Vaccine 32 (2014) 1287-1295 1293

[ole]

(A) Total IgG
2.0+
L]
L] L
— 1.59
£
g .
g . <)
2 o
= o .
[=] [} *
-_— 0g? o (3
© < o .
'.% [ cpoo : e
8- ... O§o o
o

®o

b Db
B2 27
XS
¥P.
&3 -
|
ol
D

§%§§?

L] OOO
0.0 T T T
T T2 T3 T4 T5 T6
Evaluations
e Individuals of group 2 o Individuals of group 3
(B) lgG1
2.01
L]
® .
— 1.5
[ .
£
g . . ]
= . .
-.->‘ o a.
g 1.0
E o * o ° .
é . : o e 0u0 ¢ :.' -: : °
S o5l o e o 3k : é-. g g -
DT e e 1& ot %
*§§§ agg s
LB % % %
T0 T1 Te
Evaluations
e Individuals of group 2 o Individuals of group 3
(©) I9G2
2.01
E 15 . .
g .
.
2 .
g 1.0 '.
[a) °® [
. %
© © . .
'ag g o * .:.: o .
o _ .
o 054 o .' x; o Cee o o o, 882
$&a%£%§%§§§@$§
0.0
T3 T¢ T5 T6
Evaluations
e Individuals of group 2 o Individuals of group 3

Fig. 2. Individual optical density (OD) values by indirect ELISA for total IgG, IgG1,
and IgG2 ((A), (B) and (C), respectively) from 82 dogs immunized with Leishmune®
(G2, n=40) or Leish-Tec® (G3, n=42) vaccines. To—day of the first vaccine dose;
T;—immediately before the second dose (21 days); T,—immediately before the third
dose (42 days); T3—21 days after the third dose; T4,—90 days after Ts; Ts—180 days
after Ts; and Tg—270 days after Ts. Graphics by GraphPad Prism v 5.0 for Windows
(GraphPad Software, USA).

dogs. Our findings of lower antibody reactivity of the Leish-Tec®
group compared to the Leishmune® dogs may be attributed to the
different antigenic composition between vaccines. Probably the rA2
antigen of Leish-Tec® may induce a less strong humoral response
[12-14] in comparison with the response triggered by FML antigen
of Leishmune® in dogs [ 18]. Nevertheless, in our study, the outcome
of 32.5% and 30.9% of vaccinated dogs that exhibited seroconversion
at the end of our follow-up falls within the range of seropositivity
results reported by other authors in dogs in the same endemic area
during the same period [20,41].

No proportional relationships in the IgG/IgG1/IgG2 reactivity
observed in our study would distinguish the groups of vaccinated
dogs, neither the dogs that had been vaccinated from dogs with
natural active infection. The literature also indicates that there is
no proportional correlation between the IgG subclasses reactivity
and the clinical status of the animal [42-47]. Besides, attempts to
use IgG1/1gG2 proportions to distinguish vaccinated from infected
dogs [33,39] have been contradictory.

Our reason for selecting the spleen for parasite detection
was based on the greater diagnostic sensitivity of such approach
[48-51]. Although parasite isolation in culture is considered the
reference standard for diagnosing Leishmania infection, the sensi-
tivity of this method is variable [52] and proportional to the host
parasitic load [51,53]. In order to assure a trustful evaluation of
possible infections with lower parasite loads, we also subjected
spleen samples to analysis by the more sensitive PCR technique
[34,54]. We found only two Leishmune®-vaccined and one Leish-
Tec®-vaccinated dog positive in cultures. These three dogs had
the highest IgG reactivities within their respective vaccine-group,
and in comparison to the remaining six vaccinated dogs that were
positive only by PCR. According to different authors, there is a cor-
relation between higher parasite loads and greater IgG reactivity
[55,56]. Thus, we assumed that the greater sensitivity of the PCR
method allowed the detection of infection in animals that certainly
harbored lower parasite loads.

After xenodiagnosis, the detection of Leishmania in phle-
botomines was performed in the present study by PCR, a more
sensitive method comparing with optical microscopy for parasite
detecting [50]. Still, the CVL positive group showed a parasite to
phlebotomine transmission rate of only 36.6% by xenodiagnosis.
This result indicates that even with the confirmed presence of para-
sites in the body, a dog will not always be an effective transmitter of
parasites to L. longipalpis. Yet, the infectiousness was far lower and
similar between Leishmune®- and Leish-Tec®-vaccinated dogs in
our study. Thus, both vaccines seem to have induced an appreciable
degree of protection for infectiousness, considering that the immu-
nized dogs stayed in an area which is considered highly endemic
[57].

It should be emphasized that this study is the first report that
used xenodiagnosis to evaluate vaccine efficacy in a prospective
study using domiciled dogs maintained under natural infection
exposure in endemic areas of VL. Previously, the transmission
rate has been evaluated for the Leishmune®, but based on skin
immunohistochemistry [58], or the feeding of phlebotomines in
artifacts composed of bird skin [18]. Another study also evaluated
Leishmune® efficacy assessed by xenodiagnosis in dogs, but cap-
tive in experimental kennels in endemic areas [33]. As far as we
know, this is the first report that evaluated Leish-Tec® efficacy
using xenodiagnosis.

The nine formerly borderline dogs may have been infected dur-
ing the 3-4 weeks lapse between the screening and the first vaccine
injection, due to operational difficulties inherent to field work.
Studies show that naturally resistant dogs may present serology
results in the ‘gray zone’ [59]. Our data indicate that even with the
possibility of previous contact with Leishmania at the beginning
of vaccination, most of these dogs remained healthy and did not
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transmit parasites to the vector as assessed by negativity results in
xenodiagnosis. Additionally, one of them became seronegative at
the end of the monitoring. Consistent with descriptions that have
been stressed by several authors, the only former borderline dog
that transmitted Leishmania to the vector assessed by xenodia-
gnosis also presented clinical signs of CVL, presence of parasites
in the splenic aspirate culture, and yet the highest IgG reactivity
within the group. The rate of splenic parasitism in the formerly
borderline group was within the range of that of both groups of
formerly negative dogs, end even equal to the positivity of the
Leishmune® vaccinated dogs. Thus, the outcome of Leishmune®
or Leish-Tec® vaccination of borderline and seronegative dogs was
similar.

It is important to take into account that all vaccinated dogs
were studied in natural conditions, living in households in the
endemic area, thus, possible differences in the nutritional state of
the animals housed in the different places could have influenced
the greater or lesser susceptibility and/or resistance to Leishmania
infection.

5. Conclusions

There were no significant differences in the rates of serocon-
version, clinical signs, parasitism, and parasite transmission to
the vector by xenodiagnosis among the dogs immunized with
the Leishmune® or Leish-Tec® vaccines during natural exposure
to infection for eleven months in a VL endemic area. Animals
immunized with Leishmune® presented higher IgG, IgG1 and
[gG2 humoral reactivity by ELISA. The dogs immunized with
Leish-Tec® exhibited higher frequency and intensity of adverse
reactions.
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