Available online at www.sciencedirect.com

sc.ENcs@p.“m \./ ;

e nRlies
ELSEVIER Vaccine 23 (2005) 5245-5251

www.elsevier.com/locate/vaccine

Failure of a multi-subunit recombinant leishmanial vaccine
(MML) to protect dogs from_eishmania infantum infection and to
prevent disease progression in infected animals

L. Gradon?*, V. Foglia Manzillo®, A. Pagan@, D. Piantedodi, R. De Lun&,
M. Gramiccié®, A. Scaloné, T. Di Muccio?, G. OlivaP

 Dipartimento di Malattie Infettive, Parassitarie e Inmunomediate, Istituto Superiore di Sanita, Viale Regina Elena 299, 00161 Roma, Italy
b Dipartimento di Scienze Cliniche Veterinarie, Universita di Napoli ‘Federico II', Via F. Delpino 1, 80137 Napoli, Italy

Received 28 April 2005; accepted 1 July 2005
Available online 18 July 2005

Abstract

We report results of a Phase lll trial of the multi-subunit recombidaiwhmania polyprotein MML for the protection of dogs against
infection byLeishmania infantum. The antigen, also known as Leish-111f, is the first antileishmanial human vaccine entered Phase I clinical
testing. The study was performed in a leishmaniasis endemic area of southern Italy. Three groupsgfiimia-free beagle dogs each,
received 3 monthly injections with vaccines A (MML + MPLSE adjuvant), B (sterile saline = control) and C (MML + Adjuprime adjuvant),
respectively, before transmission season 2002. The surviving dogs received a second three-dose vaccine course 1 year later. The dogs wer
naturally exposed to sandfly bites for 2.5 months in 2002, and for 5 months in 2003. Every 2 months post vaccination, dogs were examined
by clinical and immunological evaluation, and by specific serology, microscopy, culture and PCR. A weak lymphoproliferative response to
MML was seenin A and C groups throughout the study period. One year after the first vaccine course, the cumulative incidence of leishmanial
infections was 40% in group A, 43% in group B and 36% in group C. Two-year post-vaccination (1 year after the second vaccine course)
the cumulative incidence was 87% in group A (with three symptomatic cases), 100% in group B (with no symptomatic cases) and 100%
in group C (with two symptomatic cases). The efficacy of the MML vaccine as an immunotherapeutic agent for the prevention of disease
progression (subpatent infectien asymptomatic patent infectios symptomatic patent infection) was evaluated through follow-up of dogs
found infected prior to the second vaccination. Among 15 infected animals, progression to a subsequent stage of infection was found in 5/6
dogs of group A, 3/6 of group B and 2/3 of group C. We conclude that vaccination with MML is not effective to prevent leishmaniasis infection
and disease progression in dogs under field conditions.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction of viscero-cutaneous signs occurring in less than 50% of
infected animal$2]. On the other hand, both asymptomatic
Zoonatic visceral leishmaniasis (ZVL) is a severe sandfly and symptomatic dogs with detectable antibodies can be

borne disease caused by the protozoan parasitémania infectious to phlebotomine vectof3,4].
infantum and widely distributed in temperate and subtrop- Mass detection of seropositive dogs followed by
ical countries of both the Old and New Wor[d]. The culling and/or drug treatment, or the mass application of

domestic reservoir of ZVL are dogs, which may suffer deltamethrin-impregnated collars, were shown to have an
from a severe disease characterized by chronic evolutionimpact in reducing human and canine ZVL prevalence in
endemic areas of the Old Worl@-7], although the effi-
* Corresponding author. Tel.: +39 06 4990 2309; fax: +39 06 4938 7065, Cacy of eliminating seropositive canines has been debated
E-mail address: gradoni@iss.it (L. Gradoni). in Brazil [8,9]. The above control measures are either not

0264-410X/$ — see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2005.07.001



5246 L. Gradoni et al. / Vaccine 23 (2005) 5245-5251

acceptable, expensive or not very effective. Mathematical 2. Materials and methods

models used to compare the effectiveness of various tools

for controlling ZVL, suggest that a dog vaccine may be 2.1. Study area and dogs

the most practical and effective methdd®]. Therefore, the

development of vaccines able to protect dogs from leish-  The study was performed in a rural setting of the Naples

manial infections and/or to prevent disease progression inprovince, southern Italy. This area has long been under inves-

infected animals, is highly desirable for the implementa- tigation due to a high incidence of human and canine ZVL.

tion of ZVL control programs as well as for the veterinary An average of about 40 human cases is reported annually

community. from a cluster of villages and towns surrounding Vesuvius
A few Phase I/ll vaccine trials have been performed in [24], whereas canine leishmaniasis seroprevalence averages

dogs, using killed_eishmania promastigotes, purified leish-  23% [6]. Adult females of the local phlebotomine vector,

manial fractions or recombinant DNAL1,12] Recently, a Phlebotomus perniciosus, are usually active from the end of

fucose-mannose-ligand (FML) enriched fraction Iefish- May through to October. In the study area, this species was

mania donovani entered a Phase |l vaccine trial against found to be naturally infected at high rates withinfanrum

symptomatic canine leishmaniasis, with about 80% clinical zymodemes known to cause disease in man and2fig

efficacy[13,14] The same antigen conferred 90% protection  Forty-five beagle dogs (23 males) born in January 2002,

from disease progression when used for the immunotherapypurchased by a local dog breeder from a laboratory animal

of asymptomatic animald 5]. company located in a non-endemic area of northern ltaly
In this paper, we report results of a Phase Il trial of the (Green Hill 2001, Montichiari, Brescia), were enrolled in the
multi-subunit recombinanLeishmania polyprotein MML, vaccine study. The dogs had received routine vaccinations

also known as Leish-111f16,17], for the protection of against leptospirosis, distemper, adenovirosis-2, hepatitis,
dogs against infection bi. infantum. This chimeric antigen  parainfluenza and parvovirus (CEPPIL, Merial, France), and
was generated from three recombinaatshmania antigens were negative for antieishmania antibodies by immunofiu-
screened for their ability to elicit human and murine cellular orescent antibody test (IFAT).

immune responses. Recombinant TSA (=MAPS), obtained The first two doses of the vaccines under study were
from an Leishmania major amastigote cDNA expression administered at the facilities of the laboratory animal com-
library, elicited strong T-cell immune responses in mice pany, while the third dose was given after the animals were
and conferred protective immunity agairistmajor when moved to the study area in July 2002. Here, the dogs were
administered with IL-12. This antigen also stimulated placed inthree contiguous open kennels and kept under con-
proliferative responses in peripheral blood mononuclear stant veterinary care during the study period. The use of
cells (PBMC) from human leishmaniasis patierjis3]. topical or environmental insecticides was avoided to allow
Recombinant LmSTI1 (=M15) was also selected from an natural exposure of dogs to sandfly bites. Tick control was
L. major amastigote cDNA expression library. Both cellular affected by mechanical measures. The collection of biologi-
and humoral responses against this antigen were shown incal samples from the dogs was performed in accordance with
infected BALB/c mice and in human leishmaniasis patients. the national guidelines for animal welfare, under the super-
In particular, recombinant LmSTI1 was demonstrated to vision of the veterinary services of the Local Health Unit.

be capable of shifting these toward a Thl-type cellular

response in mice with advancédmajor infection[19]. A 2.2. Vaccine and vaccination

mixture of TSA and LmSTI1 antigens, administered with

IL-12 and alum, was found to protect from experimental Two vaccine preparations, differing in adjuvant com-
cutaneous leishmaniasis in a non-human primate modelposition, consisted of 4ag/dose MML plus 5Q.g/dose
[20]. Recombinant LelF, originating from &cishmania MPL®-SE (vaccine A), or 4ng/dose MML plus 1 mg/dose
braziliensis expression library, was found to stimulate the Adjuprime (Pierce Chemical, IL, USA) (vaccine C), respec-
production of IFNy and IL-2, but not IL-4 or IL-10, in tively, to give a final volume of 1 mil/dose. A third preparation
PBMC from human leishmaniasis patients, and IL-12 in consisted of 1 ml/dose sterile saline (vaccine control, B). The
PBMC from both patients and uninfected individuf24]. study was blinded, as the vaccine doses were prepared by
The ability of LelF to influence an early Thl cytokine profile Novartis Animal Vaccines Ltd. (Braintree, UK) following

by IL-12-dependent mechanisms was shown in a SCID procedures reported by Skeiky et fl7], and neither the
mouse moddP2]. Since LelF confers only partial protection veterinarian in charge nor the scientific staff were informed
againstL. major in BALB/c mice when used alone, it may of the identity of the vaccine batches and compositions.
have a potential role as a Thl-type adjuvant when used in  Dogs were randomized by sex and assigned to three groups
combination with other leishmanial antigens. A candidate of 15 animals each, to receive three subcutaneous injections
vaccine consisting of Leish-111f formulated in monophos- with A, B and C vaccines, respectively, at 28-day intervals
phoryl lipid A stable emulsion (MPP - SE) entered Phase  starting from 3rd June 2002. The surviving dogs (15 of group

I clinical testing in healthy volunteers in January 2003 A, 14 of group B and 13 of group C) received a second three-
[23]. dose vaccine course 1 year later, starting from 1st July 2003.
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2.3. Follow-up and laboratory procedures

Approximately every 2-month post-vaccination, the fol-
lowing biological samples were obtained from each dog:
(a) peripheral blood (PB) for specific serology, immunology
and clinical evaluation; (b) bone marrow (BM) aspirate for
microscopy and leishmanial DNA detection by polymerase
chain reaction (PCR); (c) popliteal lymph node (LN) aspirate
for parasite culture.

Detection of antileishmanial 1gG antibodies was per-
formed by IFAT and ELISA-K39 techniques. The in-house
antigen for IFAT consisted of promastigotes of the WHO Ref-
erence Strain fok. infantum (MHOM/TN/80/IPT1), and the
assay procedure followed the OIE protof28]. The thresh-
old titre for positivity was set at 1:80. ELISA plates sensitized
with the recombinanteishmania antigen K39 were obtained
from Heska Corp. (Fort Collins, CO, USA). The test proce-

5247

CGGTAAAGGCCGAATAG)[29]. For the second amplifica-
tion, 3l of the first PCR product were added to2tbf PCR
Master Mix (Promega) containing 3 pmol of theishmania-
specific primers R223 (TCCCATCGCAACCTCGGTT) and
R333 (AAAGCGGGCGCGGTGCTGERY]. The amplifica-

tion products were analysed by 1.5% agarose gel and visu-
alized under UV light. Positive samples yielded a predicted
nested-PCR product of 358 bp.

LN aspirate material was cultured in Evans’ Modified
Tobie’s medium at 22C. Cultures were examined for pro-
mastigote growth during 1 month.

Clinical assessment was performed by accurate inspec-
tion of dogs for the presence of seven signs attributable
to Leishmania infection (dermatitis, skin ulcers, alopecia,
ocular lesions, lymph adenopathy, onychogryphosis, weight
loss) and by the evaluation of laboratory data (full blood
count, total proteins and albumin/globulin ratio). Animals

dure and cut-off (absorbance [A]: 0.400) were those reported were scored for clinical and laboratory signs on a scale from

by Scalone et a[27].

Detection of serum IgG antibodies against MML anti-
gen was performed by an ELISA technique. Briefly, 96-well
plates were sensitized overnight witp.g/well MML in car-

0 to 2/3, and the scores added up to give a clinical score.

2.4. Definition of infection

bonate.buffer. Serawerg assayed.atthe dilutiqn ofl:lOO_O, and By the comparative analysis of serological, parasitologi-
the anti-dog 1gG peroxidase-conjugated antiserum (Sigma) 5| and clinical findings from longitudinal samples, the stage

was used at the 1:200 dilution. The cut-off value was set at
the mean +5S.D. of the A values of sera obtained from the 45
beagles before they were moved to the field. A pool of sera

of Leishmania infection detected at each assessment was
assigned to one of the following categories:

from dogs with canine leishmaniasis was used as positive (i) Subpatent infection: detection of parasite DNA in BM

control.

For the evaluation of cellular immune responses, a
lymphocyte proliferation assay was performed using a
whole-blood micro assay techniqye8]. Briefly, dupli-
cate cultures of PB diluted 1:15 in RPMI medium were
cultivated at 37C in 24-well culture plates for 3 days in
presence of concanavalin A (ConA) (1.5 op§/ml), and
for 5 days in presence of MML (20g/ml) or Leishmania
soluble antigen (LSA, 50.g/ml). Twenty-four hours before
harvesting, cells were pulsed with 5-bromee2oxyuridine
(BrdU) (Boheringer/Roche, Mannheim, Germany) and
BrdU incorporation was recognized using a specific
monoclonal antibody. To enhance sensitivity of BrdU

samples, and/or low positive IFAT titre (1:80) followed
by occasional conversion to negative in subsequent
assessment(s); negative BM microscopy, ELISA-K39
and LN culture; clinical score:3;
(i) Asymptomatic patent infection: steady detection of par-
asite DNA in BM sample; steady or increasing IFAT
titre (>1:160); positive LN culture; positive ELISA-
K39 and/or positive BM smear; clinical scofeS;
Symptomatic patent infection: laboratory findings as
above; clinical score >3.

(iii)

3. Results

measurement by a peroxidase-conjugated second antibody,
p-iodophenol-luminol was used as substrate and the resulting3.1. Adverse events

chemoluminescence was measured with the aid of a lumi-

nometer at 405 nm. Proliferative response was expressed as The two MML vaccine preparations were well tolerated

stimulation index (Sl), i.e. the ratio of counts per second
(cps) of stimulated cultures to the cps of untreated cultures.

BM aspirate material was partly smeared onto slides and
stained with Giemsa'’s stain, and partly examined by nested-

PCR assay, as follows. DNA was extracted from g56f BM
sample using the Easy—DNTQ& Kit (Invitrogen, San Diego,
CA, USA) and stored at-20°C until use. The first PCR
amplification was carried out in a %0 volume contain-
ing 10! BM DNA plus 40l PCR Master Mix (Promega)
containing 50 pmol of the kinetoplastid-specific primers
R221 (GGTTCCTTTCCTGATTTACG) and R332 (GGC-

and no local or systemic adverse reactions were recorded
during or in the period after vaccine injection.

There were no deaths in group A; one dog of group B,
and five dogs of group C died in the period from September
2002 to October 2003. All deaths were attributed to acute
haemorrhagic disease of probable infectious origin.

3.2. Exposure to sandfly bites and tick infestation

The duration of dog’s exposure to bites Bfpernicio-
sus sandflies was estimated through routine entomological
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data obtained from sandfly collecting stations sited in vil- 3.4. Lymphoproliferative responses

lages of continental southern lItaly in years 2002 and 2003

(Maroli, personal communication). In the transmission sea-  Lymphoproliferative responses against ConA, MML and

son 2002, the vector was present at low density from JuneLSA were determined on eight consecutive PB samples

through September, due to unfavourable climatic conditions. obtained from each dog in the period August 2002—May

In 2003, high densities at perniciosus were recorded from  2004.

the end of May through to October, with two peaks in July As shown inFig. 2 a weak proliferative response to

and September, respectively. Hence, we assume that the dog®IML was seen in A and C groups in October 2002, after

were exposed to sandfly bites for about 2.5 months in 2002, the first vaccine course. A more robust response to MML

and for about 5 months in 2003. (but never exceeding the ConA response) appeared again in
Despite mechanical control measures, in July 2002 andthese groups from April to June 2003, concomitantly with

2003 all dogs showed heavy infestations with the common specific responses to LSA antigen. From January 2004, also

dog tick, Rhipicephalus sanguineus, which required single-  dogs from group B responded to MML antigen, suggesting

dose ivermectin (Ivomec, Merial, France) treatment, as well a general response of dogs to natdra@khmania infections.

as chemoprophylactic control dhrlichia infections with Notably, there was a significant progressive decrease in the

100 mg/kg doxycycline (Bassado, Pharmacia Italia) for 10 non-specific response to ConA in all animals, starting from

days. Despite drug treatment, all dogs developed specific anti-

bodies againsEhrlichia canis during the study period.

Group A
3.3. Antibody response of dogs to MML antigen

»

Sera samples collected before each vaccine dose and 35§
days after the last vaccine dose in 2002, and before the sec-¢
ond vaccination in 2003, were examined for anti-MML 1gG
antibodies. The mean A value for all dog sera before the 2002
vaccination was 0.046 (S.D.: 0.055), whereas the A value of
positive control serum was 1.622. After the first vaccine dose,
2/15 dogs of group A and none of groups B and C were pos-
itive to the antigen. After the second vaccine dose, 13/15 of
group A, none of group B and 5/15 of group C were positive.
After the third vaccine dose, 15/15 of group A, 1/15of group  &- Ceaup B —TConA
B (a weak response) and 8/15 of group C had antibodies —ILsA
against MML. r——

One year after the first vaccine course, 15/15 of group
A, 13/14 of group B and 8/14 of group C were positive to
MML antigen. The high prevalence of MML reactors in the
B control group indicated that responses to vaccine antigen
overlapped with responses to MML epitopes from natural

2-
Leishmania infections occurred in the 2002 seaséig( 1). . L 1 y]H ﬁ ﬁ;l; ﬁi&

1
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Fig. 2. Lymphoproliferative responses to ConA, MML and LSA, in dogs
Fig. 1. Mean levels of anti-MML antibodies measured by ELISA in dogs vaccinated with MML (A and C) or saline (B) and exposed to natleal:-
that received three doses (V) of MML vaccines (groups A and C) or saline mania transmission in 2002 and 2003. Bars represent the me&sh(.)
(group B) and were exposed to natutalshmania transmission in 2002. stimulation index of whole blood cultures from each dog group.
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Table 1
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Serological and parasitological positive findings in dogs vaccinated with MML antigen (A and C) or saline (B) and exposed tbeigtitealia transmission

in 2002 and 2003

Dog group (no.) May 2003

IFAT ELISA-K39 BM n-PCR BM smear LN culture
A (15) 4(27%) 2(13%) 6 (40%) 2 (13%) 2 (13%)
B (14) 1(7%) 1(7%) 6 (43%) 0 0
C(14) 1(7%) 1(7%) 5(36%) 1(7%) 1 (7%)
Dog group (no.) May 2004

IFAT ELISA-K39 BM n-PCR BM smear LN culture
A (15) 11 (73%) 6 (40%) 13(87%) 6 (40%) 7 (47%)
B (14) 8(57%) 4(29%) 14 (100%) 4 (29%) 6 (40%)
C (10) 6 (60%) 3(30%) 10(100%) 2 (20%) 3 (30%)

BM: bone marrow; LN: popliteal lymph node.

April 2003 (p =0.0001), indicating a generalized decrease in
cellular immune reactivity.

3.5. Incidence of leishmanial infections

None of the 11 dogs that developed asymptomatic patent
leishmaniasis showed spontaneous conversion to a subpatent
condition, suggesting the progressive nature of the disease in
these animals. Similarly, none of the five dogs with symp-

tomatic disease showed spontaneous resolution of clinical

Results of serological and parasitological data on samplessigns. On the other hand, animals with subpatent infections
obtained through May 2003 and 2004, respectively, were usedshowed, by definition, occasional conversion to negative in
to estimate the cumulative incidencd efshmania infections one or more assessments.
after the 2002 transmission season — to evaluate the efficacy Cumulative incidence rates and the relative proportion of
of the first vaccination and after the 2003 transmission seasonanimals found at different infection stages did not differ sig-
— to evaluate the combined efficacy of the two vaccinations nificantly between the three groups for any of the periods
(Table 1. considered.

Through May 2003, leishmanial infections were detected
in 6/15 dogs of group A (40%), 4 of which being subpatent 3.6. Effect of the second vaccination on disease
and 2 asymptomatic patent infections. In group B, 6/14 dogs progression
showed subpatent infection only (43%). In group C, 5/14
animals were found positive (36%), 4 with subpatentand 1  The efficacy of the MML vaccine as an immunothera-
with asymptomatic patent infections. No dogs from the three peutic agents for the prevention of disease progression, was
groups developed clinical signs of canine leishmaniasis. evaluated through follow-up of dogs found infected prior

Through May 2004, 13/15 dogs of group A were found to the second vaccination performed in July—August 2003.
infected (87%), 6 with subpatent, 4 with asymptomatic patent Immunotherapeutic efficacy was defined as the ability of
and 3 with symptomatic patent infections. 14/14 dogs of the vaccines to control the following progression ‘subpatent
group B were detected positive (100%), 8 of them with infection— asymptomatic patent infectieh symptomatic
subpatent and 6 with asymptomatic patent infections. No patentinfection’, inwhatever infection stage the animals were
symptomatic cases have occurred in this group. In group Cfound at time of re-vaccination.
there were 10/10 infected dogs (100%), 7 with subpatent, Of the 17 dogs found infected before re-vaccination, 15
1 with asymptomatic patent and 2 with symptomatic patent could be evaluated through May 2004. From the initial con-

infections. dition and at three time-points shownTiable 2 several dogs
Table 2
Effect of re-vaccination with MML antigen (A and C) or saline (B) on disease progression in dogs naturally infectédiwhithunia
Group (no.) Before re-vaccination (May 2003) October 2003 February 2004 May 2004

SP AP S SP AP S SP AP S SP AP S
A (6) 4 2 0 4 1 1 1 3 2 1 2 3
B (6) 6 0 0 6 0 0 5 1 0 3 3 0
c@3p 2 1 0 2 0 1 2 0 1 1 0 2

SP: subpatent infection; AP: asymptomatic patent infection; S: symptomatic patent infection.
@ Further two dogs found infected before re-vaccination were lost at follow-up.
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showed progression to a subsequent stage of infection: 5/6 inand IL-10 cytokines expressed by their unstimulated or
group A, 3/6 in group B and 2/3 in group C. antigen-stimulated PBMC, which strengthens the evidence
for the absence of a polarized Th1/Th2 response to natural or
experimentaleishmania infection in canine$11,12,30,31]
4. Discussion The outcome of present study also stresses the dramatic
differences that may exist between Phase I/l trials with
At the end of the 2-year study, 37/39 dogs that could be canine vaccines following single-dose experimental chal-
evaluated showed a leishmanial infection (95%), confirm- lenge with L. infantum amastigotes or promastigotes and
ing the extremely highi. infantum infection pressure in the  Phase lll trials in vaccinated dogs naturally exposed to par-
study site. Results have demonstrated that the MML antigen,asite transmission in endemic areas. From data available
at the dose employed and in combination with MPL-SE or on naturallLeishmania infection rates of phlebotomine vec-
Adjuprime as adjuvants, failed to confer protection on the tors and sandfly biting rates on dogs in rural settings of the
dogs, neither from naturdleishmania infection nor from Mediterranean area, it can be inferred that, under optimal
disease progression. It is noteworthy that the only animals vector conditions, canines may receive up to one infectious
scored symptomatic by the end of the study were from the bite/hour/night during warm montH82]. Although it was
MML-vaccinated groups. These findings are somewhat unex- demonstrated that a single infection of dogs can lead to
pected, since previous small-scale studies on dogs performed long prepatent phase characterized by low expression of
in the same study area, using a mixture ofutbeach/dose  cytokines, including those associated with a Th2 phenotype
of recombinant TSA, LmSTI1 and LelF, plus Adjuprime as [31], the overlap of several and prolonged immunogenic
adjuvant, had provided encouraging results (Gradoni et al., stimuli may result in a variable immunological background.
unpublished). In afirst study, none of three naive beagles vac-Furthermore, under field conditions, other pathogenic agents
cinated with the antigen cocktail showed evidence of infec- may contribute to an increased immunological susceptibil-
tion as compared to 7/7 control beagles that became positiveity to Leishmania. During the present trial, all dogs showed
by serology and BM culture within 14 months from natu- evidence ofEhrlichia co-infection, and it has been recently
ral exposure to sandflies. When two of the vaccinated dogsdemonstrated that this pathogen can downregulate canine
were re-exposed to a second sandfly season, they acquireMHC class Il receptors and, hence, impair cellular immune
clinical leishmaniasis within 2—6 months, but vaccine re- response$33]. In this respect, it is worth mentioning that
treatmentinduced rapid improvement of the animals’ clinical a few months after field exposure, all dogs included in
conditions. In a second study, none of 7 young stray dogs vac-the present study showed a significantly decreased non-
cinated with the antigen mixture showed a patent infection, specific lymphoproliferative response to ConA mitogen, as
in contrast with 5/12 unvaccinated animals which became was previously reported from another study in beagle dogs
infected within 12 months after natural infantum expo- [34].
sure. The contrasting results obtained in the present study as
opposed to the previous investigations may reflect differences
in the presentation of the immunogenic epitopes between A cknowledgements
the mixture of the individual recombinant antigens and the
chimeric trifusion protein, although the immune responsesto  Thijs investigation was approved by the UNDP/World
the individual components appear to have been maintainedBank/WHO Special Programme for Research and Training
in the latter case, as shown in a Balb/c mouse modél of  in Tropical Diseases (TDR) and funded by Novartis Animal

major [17]. Vaccines Ltd., Braintree, UK.
The low ability of MML to elicit cellular immune
responses in dogs was evidenced by the scarce lymphocyte
proliferative responses to the antigen detected in the periodgferences
following the first vaccination, despite a high level of anti-
MML IgG produced by the animals. After a high proportion 1] pesjeux P. The increase in risk factors for leishmaniasis worldwide.
of vaccinated dogs have been infectedlleyshmania, the Trans R Soc Trop Med Hyg 2001;95:239-43.
levels of proliferative response to MML increased in parallel [2] Lanotte G, Rioux JA, Pegres J, Vollhardt Y. Ecologie des leish-
with those to LSA, and this occurred also in unvaccinated ~ Manioses dans le sud de la France. 10. Les formes evolutives
. . . de la leishmaniose vigcale canine. Ann Parasitol Hum Comp
animals. Furthermore, the length of the periods devoid of an 1079:54:277-95.
infection or with a subpatent infection did not correlate with 3} molina R, Amela C, Nieto J, San-Anés M, Gonales F, Castillo JA,
the response levels to MML. et al. Infectivity of dogs naturally infected witheishmania infantum
Preliminary results of an on-going analysis of cytokines to colonizedPhlebotomus perniciosus. Trans R Soc Trop Med Hyg
expressed longitudinally by the dogs enrolled in the 1994:88:491-3.
. . . [4] Courtenay O, Quinnell RJ, Garcez LM, Shaw JJ, Dye C. Infec-
present Stl’_jdy (data not Showr_])_ indicate that an_lmals \_Nlth tiousness in a cohort of brazilian dogs: why culling fails to control
a long-lasting subpatent condition and those with rapidly visceral leishmaniasis in areas of high transmission. J Infect Dis

progressing disease, both exhibit elevated levels of IL-4 2002;186:1314-20.
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