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Summary Seven mixed-breed dogs were challenged with either

promastigotes or amastigotes of Leishmania donovanl infantum strains

recently isolated from naturally infected dogs. Different routes and
numbers of parasites were utilized and each dog was wmonitored for at
least 1 year post-infection. Anti-parasite specific untibody levels were
measured by enzyme-linked immunosorbence, immunofluoresrence, crossed-
immune electrophoresis and western blotting on crude 'antigen. Western
blotting on two pure parasite proteins, dp72 and gp70-2, was also done.
Mitogenic and antigen-specific stimulation of peripheral blood
lymphocytes was monitored; and the haematological, clinical and
parasitological parameters measured. Dogs challenged with amastigotes
exhibited a more pronounced humoral response to leishmanial antigens.
Only in one case was strong antigen-specific proliferation detected.
Clinical signs of disease, including hypergammaglobulinemia, enlarged
lymph nodes and the presence of parasites, were also more apparent 1in
the dogs challenged with amastigotes. None of the seven dogs died. Serum
antibodies to leishmanial antigens were apparent between 1.5 to 3 months
following challenge and correlated with the appearance of enlarged lymph
nodes, hypergammaglobulinemia and Cthe presence of parasites in tissue
biopsies. Serum antibodies remained chronically high in these dogs
throughout the period of the study. Only one dog (1/3) challenged
intravenously with promastigotes and the dog challenged intradermally
with amastigotes produced transient antibody responses to leishmanial

antigen.
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Introduction

Viscoral lolshmaninnls (VL) 18 a fatal human dlsense couged primarily by

the Leishmania donovan{ sensu lato (Pearson et al. 1983, Peters &

Killick-Kendrick 1987), This d{sense is typified by lmmune suppression,
irre jular fevers, hypergammaglobulinemia, hepatosplenomepaly and anemia.
In many areas of the New and 0}d World, dogs and wild canids are the
main reservolr hosts (Peters & Killick-Kendrick 1967). The prevalence of
canine VL in the Mediterranean Region varies between 10'- 37% (Bettini &
Gradoni 1985). Several epldemiolsgical studies of canine VL have been

carried out in this region (Pozio et al. 1981, Abranches et al. 1983,

Abranches et al. 1987). While no direct correlation between the presence
of human VL and the Incidence of canine disease has been demonstrated
(Bettini & Gradoni 198€), the elimination of infected dogs in
hyperendemic areas of Brazil has been correlated with a decreased
prevalence of disease 1in humans (Alencar 19vi). Similar results have
also been reported in China (Zhi-bio 1988). Together, these results
suggest that {infected dJogs represent a medically important active
reservoir for parasite t.-ansmission to humans. Furthermore, the presence
of latent infections of up to a ycar or more in dogs wo: 1d be important
in maintaining long term presence of VL in crecific regions (Bettini &
Gradoni 1986).

Many of the symptoms of canine VL are similar to those of human VL
(Bettini & Gradoni 1986, Peters & Killick-Kendrick 1987). In addition,
depilation, onychogryphosis and emaciation are typical symptoms found in
infected dogs (Adler 1936). Relatively few immunological studies of
canine VL have been undertaken, even though dogs are important reservoir

hosts and may serve as a good experimental model for human VL. Existing
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studies have primarily examined chronically infected dogs collected from
tne field. Common findings 1include circulating immune compleres,
autoantibodies and hypergammaglobulinemia (Vitu, Sanchis & Giauffret
1973, Brendonisio et al. 1985). Pecently, the number of T-cells and
their furction in infected dogs was shown to be reduced compared to
normal dogs (Brandonisic et al. 1989); and monocytes were reported to
display lower phagocytic ability than cells recovered from normal dogs
(Brandonisio et al. 1986).

In this study, we present findings on the establishment of an
experimental model for canine visceral leishmaniasls, caused by' L.d.
infantum. We examined several different protocols for infection, aud
followed the clinical and parasitologizal development of the disease for
up to 17 months following infection. Humoral and cell-mediated
immunological paramcters were also exawnined.

A vaccine against canine VL should help reduce the incidence of human
disease, and would permit greater flexibility than would be acceptable
in developing a similar vaccine for humans. The results presented here

are a groundwork for studies on vaccine development.
Materials and methods

ANIMALS AND PARASITES
Mixed-breed dogs {1 - 2 months old) were obtained from several areas in
Lisbon, Portugal. This region is endemic for canine visceral

leishmaniasis (Abranches et al. 1983). The dogs were maintained under

observation for 6 to 12 months and tested by IFA prior to {inclusion in
the study. At 6 - 12 months of age, seven dogs were challenged, six

Intravenously and nne intradermally, with fresh isolates of Lelshmania
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donovani infantum. The parasites were isolated from infected dogs in the

highly endemic Setubal Peninsula, located south of Lisbon (Abranches et
al. 1986). Virulent strains were maintained either as amastigotes 1in
hamsters or following transformation to promastigotes on NNN medium. The
isolates used 1In these studies, IMT-154 and IMT-167, were typed by
enzymes analysis and shown t» be of the zymodeme MON-1 (LON 49) and

their excreted factor subserotype was By, typizai of all L.d. infantum

strains isolated from this region (Abranches et al. 1986).
Infections by the i.v. route were carried out with either amastigotes

010'11 parasites/kg) or stationary phase promastigotes 1(107'8

(1
parasites/kg). Amastigotes were isolated from the spleens of infected
hamsters (IMT-154) or dogs (IMT-167). Promastigotes were maintained in
culture from no more than 5§ passages after transformation from

amastigotes. The i.d. challenge was carried out with amastigotes (101.1

parasites/kg) isolated from an infected hamster spleen.

CLINICAL AND IMMUNOLOGICAL EXAMINATION

At approximately monthly intervals, each dog was weighed, examined
clinically for signs of disease, including popliteal 1lymph node size,
onychogryphosis, depilation, ulceration and weight loss. Peripheral
blood was taken for hematological and immunological analysis. Total
erythrocytes, leukcocytes and hemoglobin were determined by an automated
counter and hemoglobinometer (Model S5 Coulter Electronics, Hialeah,
F1). Total protein and albumin were measured by the Monarch 2000
Autcanalyser (Instrumentation Laboratory, Lexington, U.5.A.).
Electrophoresis of serum protcins wes carried out on cellulose acetate
in Tris-barital buffer (pH 7.2), using Helena Process 24 equipment

(Beaumunt, TX). Parasite specific antibody titers were determined by
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indirect immunofluorescence (IFA, Abranches, et__al. 1983), direct

enzyme-linked immunosorbent assay (ELISA, Jaffe ¢t _al. 1988c) and
crossed immunoelectrophoresis (CIE, modified from Monjour et al, 1978).
Local strains L,d. infantum were used for both the IFA (MCAN/PT/81/1IMT
82) and CIE (MHOM/PT/88/1IMT 151), and a Sudanese L,donovani
(MHOM/SU/00/Khartoum) for ELISA.

Parasitological examinations on selected dogs were carried out at the
times indicated by popliteal 1lymph node tissue biopsy. Preparations
stained with Glemsa’s stain were examined by microscopy:.and material was

¢

cultured for parasites in NNN medium.

WESTERN BLOTTING

Identification of parasite antigens recognized by the serum antibodies
was carried out following the separatlon of total promastigote antigens
by sodiuwa dodecylsulfate - polyacrylamide gel electrophoresis (SDS-PAGE)
and western blotting (Lammeli 1970, Towbin, Staehelin & Gordon 1979).
Incubation of nitrocellulose paper with the serum samples was ' carried
out using a fixed serum dilution (1/1000), exactly as previously
described (Jaffe et al. 1990b)., Kinetlcs of the appearance of serum
antibodies against two pure L,donovani proteins, dp72 and gp70-2, was
measured by western blotting carried out on the pure proteins. The
proteins were purified and, after SDS-PAGE (0.8ug/gel), transferred to
nitrocellulose paper as already described {(Jaffe & Zalis 1988a). Strips
were 1incubated with different serum samples (1/100 dilution in 0.5%
Tween-20 containing 0.3% fetal calf serum). Following removal of excess
antibody by washing (3 times for 15 minutes) the blots were incubated
together with a protein A - horseradish peroxidase conjugate (1/2600

dilution in 0.5% Tween-20 containing fetal calf serum, 30 min) and
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developed after removal of excess conjugate with the substrate 3,3’-

diaminobenzidene (30mg/ml) .

LYMPHOCYTE PROLIFERATION

Peripheral blood mononuclear cells (PBMC) were separated on Ficoll-
Hypaque by centrifugation for 25 min at 400xg. Blood samples were
routinely kept on ice, while in transit from Portugal to‘Israel. but not
for more than 36 h before separation. Mitogenic stimulation was carried
out in  96-well flat bottom microtiter plates containing 105
cells/well. Several concentrations (10, 5 and 1lug/ml) of Concanavalin A
(Con A) and Phytohemagglutinin (PHA) were examined. After 3 d at 37°C
In a 5% CO, incubator, [’]-thymidine (LuCi/well) was added for 24
h. The plates were harvested, using a PhD cell harvester (Cambridge
Technology, Inc., Cambridge, MA) . Thymidine incorporation was counted
following addition of scintillation fluid in a Tri-carb liquid
scintillation analyzer (Packard Instruments Co., Downers Grove, IL.).
Antigen-specific  stimulation was examined, using total L,donovani

lysates from two different strains, L,d. donovani (Khartoum) and L,d.

donovani (MHOM/ET/67/LV9), at 10, 5 and lug/well antigen., PBMC
(105/we11) were stimulated with parasite antigen for 6 d. [3H]-
thymidine {1uCi/well) was added for 24 h. The cells were harvested and

counted as above,

Results

CLINICAL AND HEMATOLOGICAL PARAMETERS IN INFECTED DOGS
Seven dogs were challenged with 1local Portuguese strains of L.d,

Infantum recently isolated from dogs with natural infections. All the
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strains used belonged to zymodeme MON-1 (LON-49) and were typical EF
subserotype 32 strains (Schnur 1982, unpublished data). Intravenous
(1v) Injection was used 1in six dogs, as this route gives highly
reproducible infections in other models of VL, the hamster and mouse.
Only 1/3 of the dogs challenged with promastigotes (No. 10) showed
positive serological conversion for anti-leishmanial antibodies. Dog No.
10 was 12 months old at the ti.. of challenge and received the greatest
number of promastigotes/kg body weight. By the end of the second month
following infection, this dog developed a transient antibody response
against leishmanial antigen, detected by all three techniques (Figure
la). At this point the IFA titer reached 1/512, the ELISA
positive/negative (P/N) ratio was 3.3, and parasite antigen was
immunoprecipitated by CIE. ELISA was carried out at a standard dilution
of 1/1000. Positive reactions for IFA and ELISA are >1/128 and >3.0,

respectively (Abranches et al, 1983, Jaffe et al. 1988). All the

clinical and hematological parameters displayed by dog 10 were within
normal 1limits. This dog remained serologically positive for 6.5 months
by both IFA and ELISA, and was still positive by CIE until the ninth
month. Peak 1IFA titers, 1/512, and ELISA P/N ratios, 7.4, were observed
at 2.5 - 3.5 months and again at 5.5 months post-infection. No clinical
signs of disease were observed at any time and the lymph nodes were
normal. The remaining dogs, challenged at 6 months of age, received 10-
fold fewer parasites/kg, did not convert serologically and showed no
clinical or parasitological signs of infection.

Infections with amastigotes were more successful. The three dogs Nos.
7, 9 and 11 showed anti-leishmanial antibodies within 3 months post-
infection, regardless of the diagnostic method employed (Figure 1b, 1c

and data not shown). CIE consistently pgave the earliest positive
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diagnosis among the three methods employed to measure anti-leishmanial
antibodies. Dog No. 9 (Figure 1b) converted serologically by 1.5 months
post-infection (IFA titer 1/256) and reached a peak titer at 2 months
(1/4096). A similar trend was observed by ELISA with peak reactions at 4
months (P/N >28). Serum antibodies to lelshmanial antigens decreased
dramatically between the fifth to seventh months post-infection, but
remalned positive (IFA citer between 1/128 - 1/512 and ELISA P/N ratio
between 9.0 - 15.8) throughout the course of this study. Dog No. 11
showed a pronounced three peak pattern in antibody titers (data not
shown). The first peak by IFA (1/1024) was apparent at 2.5 months post-
infection and disappeared by 7.5 months. This was followed by a second
peak at 9 months (1/1024) and a third at 16 months (1/4096). A similar
pattern was also seen by ELISA. Dog No. 7 showed the greatest response
to infection by 1leishmanial amastigotes (Figure 1lc). This dog had
converted to seropositive by 3.5 months post-challenge (IFA titer 1/128, .
ELISA P/N ratio >31.6)). The IFA titers remained consistently high
(1/512 to 1/2048) throughout the course of this study, > 17 months. The
ELISA P/N ratlo showed a peak in antibody levels during months 3.5 - 5.5
and then remained stable at 11 * 3 for the rest of the study. This was
the only dog positive by parasitological examination; however dog 11 was
not tested for the presence of parasites. .

Dog No. 13 was the only one infected via the intradermal route,
Amastigotes were used (1011/kg body weight), since this stage of the
parasite 1s more virulent than cultured promastigotes. A transient
appearance of anti-leishmanial antibodies was observed from 3 to 6
months following infection (Figure 1d). However, no clinical signs of
infection were observed.

Clinical and hematological examination of dogs 7, 9 and 11 correlated
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well with anti-leishmanial antibody levels. Lymph node size was largest
during peak antibody titers (Figure 1b-c), but remained abnormal
throughout most of this study. During the first peak in antibody titers,
3 to 6 months post-infection, both the total serum protein (Figure 2a)
and globulins (data not shown) was elevated compared to normal values,
This finding coincided with an inversion in the albumin/globulin ratio
(Figure 2b). During this period abnormalities were also cbserved in the
values found for serum haemoglobin, peripheral blood erythrocytes and
leucocytes, which were low compared to normal values (Figure 3 and data
not shown). Serum protein electrophoretic profiles for each éample
examined also reflect tliis abnormality (data not shown). By eight months
post-infection all of the hematological parameters measured had returned
to mnormal, even though the antibody titers remained positive. Dogs
challenged with promastigotes did not show any clinical or hematological
evidence of disease (Figure 2, 3 and data not shown) .

Only in dog No. 7 were parasites demonstrated in tissue biopsies.
Amastigotes were seen in smears, and promastigotes in cultures of lymph

nodes on three separate occasions between 4 - 8 months post-infection.

LYMPHOCYTE PROLIFERATION

Mitogenic and antigen specific proliferation of PBMC from normal and
infected dogs was examined twice, Infected dogs were hetween 7 and 18
months post-challenge when tested. Concentrations of 1, 5 and 10 pug
protein/ml were used for mitogenic proliferation with Con A and/or PlHA;
and for parasite specific proliferation with particulate antigen from

either L.d. donovani or L.d. infantum. The results with Con A at 10 - 15

months post-infection are summarized in Table 1. Similar results were

obtained with PHA (data not shown). Compared to normal dogs, none of the
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infected dogs showed suppression of mitogenic stimulation by either
concanavalin A or PHA at any time examined (Table and data not shown).
Even at eight or nine months post-infection, the earliest time examined
for the amastigote-challengad dogs (nos. 9 and 11), the stimulation
indexes (SI) were normal or elevated (31.0 and 129.2, respectively)
compared to the control dogs (average - 29.9, n=4), This may mean that
these dogs are clinically normal at eight months for many parameters,
but not for anti-parasite antibody titers, popliteal lymph node size and
the electrophoretic profiles of serum gamma globulins,

Antigen-specific proliferation was also examined using two different

subspecies of Leishmania donovani. The results obtained with both

strains were essentially the same and are shown in Figure 4 for L.d.
donovani (10pg protein). The dogs challenged 1.v. with amastigotes had
the highest SI, with dog 9 responding the strongest to leishmanial
antigen (SI = 7.6). Dogs, 7 and 11, showed a wenk proliferative
responses (SI = 2.3 and 2.45), Dogs challenged with efther promastipgotes
or amastigotes, {.d., showed very weak or no proliferation compared to
the four control dogs examined, Interestingly, dog 10 which had a
transitory anti-parasite antibody  response showed no lymphocyte
proliferation when tested with the same antigen. No change in the SI to
promastigote antigen was observed over the three month interval between

the two tests. The strongest SI was found with 10pg parasite antigen,

PARASITE ANTIGENS RECOGNIZED BY SERUM ANTIBODIES FROM INFECTED DOGS

Western blotting, using post-infection dog serum obtalned at different
times, was wused to identify the parasite antigens recognized by serum
antibodies. Three parasite antigens were used: crude promastigote

membranes, pure dp72 and pure gp70-2. The 1last two antigenas proved
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useful for the diagnosis of human VL and one of them, dp72, was shown to

protect BALB/c mice against a challenge by L.d. donovani (ref). Results

are shown for dogs No. 7, 10 and 13. IFA, ELISA, 1lymph node size and
tissue blopsy results for these dogs are given in Figure 1. Wheun
antibody reaction (1/1000 dilution) on crude promastigote antigen was
examined, multiple bands were recognized by each serum, ranging in
molecular weight from less than 26,000 to over 116,000. As might be
expected, maximum reactivity was directly correlated with peak antibody
titers observed by IFA and ELISA (Figure 1). Reactions with bands at 30
kDa, 45 kDa, between 58-84 kDa and at the tracking dye are strogg and
appear early in the course of infection. Serum from all dogs examined
with  anti-leishwanial antibodies recognize these antigens. The
disappearance of antibodies against these antigens parallels the IFA and
ELISA results. The pure proteins dp72 and gp70-2 are recognized very
eavly in the course of infection. By using a 1/100 serum dilution
antibodies to these proteins can be detected one to two months prior to
serum antibodies against crude antigens. Crude antigen can not be
examined at a 1/100 serum dilution. At this concentration a high
background due to non-specific binding and cross-reactions with sera
from other diseases is observed with crude antigen (Jaffe & Zalis 1988b,
data not shown). Disappearance of anti-dp72 and -gp70-2 antibodies
parallels the disappearance of anti-leishmanial antibodies seen by the

other assays.
Discussion

Successful vaccination against canine leishmaniasis would reduce the

incidence of human visceral disease, in regions where human and canine
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disease are prevalent and where infected dogs serve as a reservoir of
human disease. To date, only one study on the vaccination of dogs
against visceral leishmaniasis has been carried out (Dunan et al. 1989),.
That field study, done in southern France, employed LiF2, an L, donovani
antigen shown to protect inbred mouse strains against a challenge with
L, major, a cause of human and rodent cutaneous leishmaniasis.
Immunization with LiF2 resulted in a significantly higher 1incidence of
disease in the wvaccinated group, compatred to the control group which
recelved a placebo. This demonstrates the importance of screening
candidate antigens in a laboratory dog model, 1if possible, prior to
field testing.

Few attempts have been made to establish a model for canine
leishmaniasis (Mansour, Stauber & McCoy 1970, Keenan et al. 1984a,
1984b; Dubreuil, Vidor & Moreau 1990). We found that amastigotes were
more infective than promastigotes, corroborating a recent report by
Dubreuil et al. (1990). Here we show that dogs infected with
amastigotes, intravenously, exhibit many of the same symptoms observed
In chronic canine leishmaniasis. These dogs had elevated total serum
proteins and gamma-globulins, and an inverted albumin/globulin ratio,
All the dogs developed a moderate leukopenia and a normochromic,
normocytic anemia. High 1levels of anti-leishmanial antibodies were
present and the serum protein electrophoretic pattern was typlcal of
visceral leishmaniasis, showing elevated oy, ay-, B- and gamma-
globulin fractions. Many of these symptoms are similar to those found in
human visceral leishmaniasis.

None of the dogs infected artificially 1in this study died, even
though death from infection is common under natural conditions, where

88% of dogs with symptoms of disease die (Pozio et al. 1981). Allusions
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exist In the literature to a connection between diet and severity of the
disease (Adler, 1936). Furthermore, approximately 50 - 60% of the
seropositive dopgs in epldemiological studies ave nepative when tissue
biopsies are examined for the presence of parasites microscopy by and

culturing (Pozlo et al. 1981, Abranches et al. 1983). Amastigotes have

been identified in parasite ‘negative’ dogs by hybridization with
kinetoplast DNA probes (Evans et al. 1990), which might be more
sensitive than examining Giemsa stained slides and culturing. These
seropositive, but parasite ‘negative' dogs represeht a poql of
asymptomatic carriers, of which 30 - 40% eventually progress to active
infections (Pozio et _al. 1981). The reasons for tHis dichotomy of
response are unclear, but probably reflect genetic  background,
nutritional and immunological status of hosts; degree of repeated
Introduction of promastigotes by vectors, sandfly vector factors and
leishmanial parasite virulence. In fact, more consistent infections were
achieved in inbred dogs, German Shepherds (Keenan et al. 1984a, 1984b) .

In our study the ‘acute phase’ of the disease lasted several months,
after which, many of the clinical symptoms, including albumin/globulin
ratio, returned to normal. However, the anti-leishmanial antibody levels
and serum prutein electrophorectic pattern remained abnormal through out
the course of the study suggesting a persistent latent infection. Return
to overt clinical normality (Monsour et al. 1970, Kontos 1986), but
persistence of immunological abnormality (Dubreutl et al. 1990) have
been recorded. In drug treated human patients, anti-leishmanial titers
return to normal with in 3 - 12 months following cure (Jahn & Diesfeld
1983 and unpublished data).

Immunosuppression of mitogenic proliferation in the infected dogs,

compared to the uninfected controls, was not observed. This is similar
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to what has been observed 1in patients with active human visceral
leishmaniasis (Peters & Killick-Kendrick 1987). Likewise, the antigen-
specific responses 1In the dogs infected with either promastigotes or
amastigotes appear to be depressed, similar to active human disease,
Only one dog challenged with amastipgotes showed strong proliferation, SI
= 7.8. All of the other infected dogs demonstrated efther very weak or
no antigen-specific proliferation. In the case of the proma:.:igote-
infected dogs, especially those where no antibody response was observed,
this may be due to the lack of sensitization and/or loss of memory cells
over the long period, 10 to 15 months, which passed between the initial
infection and the proliferative assay. For amastipote-infected dogs,
suppression may be a result of a persistent latent infection, which is
also reflected in the other abnormal responses observed. In humans with
active visceral leishmaniasis, weak antigen-specific proliferative
responses were only detected 2 to 6 months following cure (Sacks et al.
1987).

The pattern of parasite antigens recognized by serum antibodies from
the infected dops 1s simlilar to that seen with sora obtained from
naturally infected dogs (unpublished data). The primary antibody
response is directed against antigens whose molecular welphts fall into
four categorles (tracking dye, 30.000, 45.000 and 58 - 84.000). These
antigens are the major parasite components recognized and that elicit
the strongest reactions, regardless of the stape or route used for
Infection. In all cases, an antibody response to parasite challenge s
already apparent by 2.5 to 3 months post-challenge.

Responses to pure L. donovan{ proteins, dp72 and pgp70-2, were also
examined. Both proteins are specifically recognized by sera from

patients with human visceral leishmaniasis and are also diagnostic of
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canine visceral leishmaniasis (Jaffe & Zalis 1988b and wunpuablished
data). Reactions against these proteins could be detected up to two
months earlier than specific reactions with crude antigen. This was due
the fact that false crossreactions at high serum concentrations on the
pure proteins were minimal (Jaffe & Zalis 1988b and data unpublished).
Peak titers against these proteins coincided with the peak total anti-
parasite antibody response. However, anti-dp72 antibodies disappeared,
in the case of dogs challenged with amastigotes i.v, at a faster rate
than either anti-gp70-2 or total anti-leishmanial antibodies.
Immunization with one of these proteins, dp72, partially protects mice
against a challenge by L. d. donovani. These mice have antibodies to
dp72 and show antigen specific T-cell proliferation (Jaffe, Rachamim &
Sarfstein 1990a, Jaffe, Rachamim & Sarfstein 1991). The mechanism of
protection in mice has not been elucidated, but the transfer to naive
mice of antigen-specific T-cell blasts reduces liver parasite burden by
50% (unpublished data). However, host-specific immunological responses
will require that putative vaccine candidates be tested in natural host
models of visceral leishmaniasis, such as the dog, before their true

efficacy can be ascertained.

Acknowledgements

Supported by the U.S.-Israel CDR Program Grant No. DPE-5544-G-SS-6020-
00, Office of the Science Advisor, U.S. Agency for International
Development, the John and Catherine T. MacArthur Foundation and the
Instituto Nacional de Investigacao cientifica - CDIP, Portugal. CLJ
would like to thank Dalia Goldenberg for her expert technical

assistance.



page 17

References

ABRANCHES P., LOPES F.J., SILVA F.M.C., RIBEIRO M.M.S. & PIRES C.A.
(1983) Le kala-azar au Portugal. 111. Resultats d’une enquete sur la
leishmaniose canine realisee dans les environs de Lisbonme.

Comparison des zones urbaines et ruraies. Annales de Parasitologie

Humaine et Compare¢ 58, 307
ABRANCHES P., CONCEICAO-SILVA F.M. & SILVA-PEREIRA M.C.D. (1986) La

leishmaniose viscerale dans la region de Lisbonne. Identification
enzymatique. Interpretation structurale du foyer. In 'Leishmania,

Taxonomie et Phylogenese, Applicatlons eco-epicemiologiques, ed. J.A.

Rioux, p 427, Institut Mediterranivan d'Estudes Epidemiologiques.
Montpellier

ABRANCHES P., PIRES C.A., CONCEICAO-SILVA F.M., SILVA-PEREIRA M.C.D. &
GOMES G.M.S. (1987) O Kala-azar em Portugal - VI. Inquerito
epidemiologico realizado na regiao metropolitana de Lisboa:

Interpretacao da estructura e dinamica do foco endemico. Journal das

Cienclas Medicas 151, 364
ADLER S. (1936) Canine viseral leishmaniasis with special reference to
its relationship to human visceral leishmaniasis. In: 3° Congress

International de Pathologie Comparee, Section Medicine Humaine p. 99,

Eleftheroudakis, Co., Athens

ALENCAR J.E. (1961) Profilaxia do calazar no Ceara, Brazil. Revista do
Instituto de Mediclna Tropical de Sao Paulo 3, 175°

BETTINI S. & GRADONI 1.. (1986) Canine leishmaniasis in the Mediterranean

area and its Implications for human leishmaniasis. Insect Science_and

its Applications 7, 241




page 18

BRANDONISIO O., CECI L., BUFG P., ANTONAC1 S. & JIRILLO E. (1985)
Immunological profile of Leishmania infection. Spontaneous canine
leishmaniasis: a useful model for studying the immune response in

human lefshmannlsla, FOS - Rlvista di Immunolopla ed

Immunofarmacologia 5, 176

BRANDONTSIO O., CECI L., CEDOLA M.C., CARETTC G., ANTONAGI S. & JIRILLO

E. (1986) Phagocytosis of Leishmania infantum promastigotes by

monocytes isolated from Leishmania-infected dogs. Microbiologica 9,
173

BRANDONISTO O., ALTAMURA M., CARELLI G., CECI L., ANTONACI S. & JIRILLO

E. (1989) Lymphocyte functions :a Leishmania infantum-infected dogs.

EOS-Journal of Immunology and Immunopharmacolopy 9, 37

DUBREUIL N., VIDOR E. & MOREAU Y. (1990) Experimental canine
leishmaniasis: A clinical and immunological study. Bulletin de la

Societe Francaise de Parasitologie 8, Supp. 1, p 522

DUNAN S., FROMMEL D., MONJOUR L., OGUNKOLADE B.W., CRUZ A., QUILICI M. &
THE PHOCEAN VETERINARY STUDY GROUP ON VISCERAL LEISHMANIASIS (1989)
Vaccination trial against canine visceral leishmaniasis. Parasite
Immunolopgy 11, 397

EVANS T.G., VASCONCELOS I.A.B., LIMA J.W., TEIXEIRA J.M., McAULLIFE
I.T., LOPES U.G., PEARSON R.D. & VASCONCELOS A.W. (1990) Canine
visceral leishmaniasis in northeast Brazil: Assessment of

serodiagnostic methods. The American Soclety of Tropical Medicine

Hygiene 42, 118
JAFFE C.L. & ZALIS M. (1988a) Purification of two Leishmania donovani
membrane proteins recognized by sera from patients with visceral

leishmaniasis. Molecular and Biochemical Parasitology 27, 53




page 19

JAFFE C.L. & ZALIS M. (1988b) Use of puriiied parasite proteins from

Leishmania donovani for the rapid serodiagnosis of visceral

leishmaniasis. The Journal of Infectious Diseases 157, 1212

JAFFE C.L., KEREN E., NAHARY O., RACHAMIM N. & SCHNUR L. (1988c) Canine
visceral leishmaniasis at Wad{ Hamam, in Israel. Transactions of the

Roval Society of Tropical Medicine and Hygiene 82, 859

JAFFE, C.L., RACHAMIM N. & SARFSTEIN R. (1990a) Characterization of two

proteins from Leishmania donovani and _helr use for vaccination

against visceral leishmaniasis. Journal of Immunology} 144, 699
JAFFE C.L., SHOR R., TRAU H. & PASSWELL J.H. (1990b) Parasite antigens

recognized by patients with cutaneous leishmaniasis. Clinical and

Experimental Immunology 80, 77

JAFFE C.L., RACHAMIM N. & SARFSTEIN R. (1991) Vaccination against
visceral leishmaniasis using proteins from Leishmania donovani,

Israel Journal of Medical Sciences In Press.

JAHN A. & DIESFELD H.J. (1983) Evaluation of a visually read ELISA for
serodiagnosis and sero-epidemiological studies of kala-azar in the

Baringo District, Kenya. Transactions of the Royal Society of

Tropical Medicine and Hypiene 77, 451

KEENAN C.M., HENDRICKS L.D., LIGHTNEZR L., WEBSTER H.K. & JOHNSON A.J.
(1984a) Visceral leishmaniasis in the German Shepherd dog. I.
Infection, clinical disease, and clinical pathology. Veterinary

Parasitolopgy 21, 74

KEENAN C.M., HENDRICKS L.D., LIGHINER L. & JOHNSCN A.J. (1984b) Visceral
leishmaninsis in the German Shepherd dog. 11. Pathology. Veterinary

Parasitology 21, 80




page 20

KONTOS V.I. (1986) A contribution to the study of canine leishmaniasis:
A clluical, serologlcal and experimental investigatfon. PhD. Theslis.
Aristotelian University of Thessaloniki.

LAMMELI U.K. (1970) Cleavage of structural proteins during the assembly

of the head of bacteriophage T4. Nature 227, 680

MANSOUR N.S., STAUBER L.A. & McCOY J.R. (1970) Leishmaniasis in the
Sudan Republic. 29. Comparison and epidemiological implications of
experimental canine infections with Sudanese, Mediterranean, and

Kenyan strains of Leishmania donovani. Journal of Parasitology 56,

468

MONJOUR L., MILLE C., DRUILHE P. & GENTILINI M, (1978) Application de
L’ immunoelectrodifusion, sur membrane d'acetate de cellulose, Au
dlagnostic de la leishmaniose visceral humaine et cannine. Annals de

la Soclete Belpe de Medecine Tropicale 58, 293

PEARSON R.D., WHEELER D.A., HARRISON L.H. & KAY H.D. (1983) The

immunobiology of leishmariasis. Review of Infectious Diseases 5, 907

PETERS W. & KILLICK-KENDRICK R., eds. (1987) The lLeishmaniasis in

Biology and Medicine, Volumes 1 & II. p 941, Academic Press, New

York.
POZIO E., GRADONNI L., BETTINI S. & GRAMICCIA M. (1981) Leishmaniasis in
Tuscany (Italy): VI. Canine leishmanliasis in the focus of Monte

Argentario (Grosseto). Acta Tropica 38, 383

SACKS D.L., LAL S.L., SHRIVASTAVA S.N., BLACKWELL J. & NEVA F.A. (1987)
An analysis of T cell responsiveness in Indian kala-azar. Journal of

Immunology 138, 908



page 21

SCHNUR L.F. (1982) The immunological identification and characterization
of leishmanial stocks and strains with speclal reference to excreted

factor serotyping. In Biochemical Characterization of leishmania, eds

M.L. Chance & B.C. Walton, p 25, UNDP/World Bank/WHO, Geneva
TOWBIN H., STAEHELIN T. & GORDON J. (1979) Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets: Procedure

and some applications. Proceedings of the National Academy of
Sclences USA 76, 4350

VITU C., SANCHIS R. & GIAUFFRET A. (1973) Evolution deg proteines

seriques dans la leishmaniose canine. Comptes rendus des seances de

la Soclete de Biologie 167, 513

ZINT-BTAO X, (1988) Pronont slituntion of Kala azar In China, Tn Rogenrcl

on Control Stratepies for the Leishmaniasis, eds B.C. Walton, P.M.

Wijeyaratme & F. Modabber, p 16, IDRC/CRDI/CIID Manuscript Report

184e, Ottawa, Canada,



LEGENDS TO FIGURES.

Figure 1. Progress of visceral leishmaniasis 1in dogs infected with

Leishmania donovani jinfantum. Dogs were infected with either amastigotes
or promastigotes from recently isolated Portuguese strains as described in
Materials and Methods. At each time point indicated a sample of peripheral
blood was taken to measure anti-parasite antibodies by an
immunofluorescence assay (IFA, o--0--0) and an enzyme-linked immunosorbent
assay (ELISA, -0—DO—0— ). For IFA and ELISA, titers >1/128 or
Positive/Negative (P/N) serum ratios >3 respectively, are consider;d
positive. The negative cut off P/N = 3 for ELISA 1is iIndicated on the
graphs. At selected points, biopsy samples were taken from the popliteal
lymph nodes for parasitological diagnosis. The size of the popliteal lymph
node is indicated on the graph: N - normal (0-3 mm), M - medium (4-7 mm)
and L - large (>7 mm). Panels a. Dog No. 10, infected with promastigotes
by the intravenous route; b. Dog No. 9, infected with amastipotes by the
intravenous route; c. Dog No. 7, {infected with amastipotes by the
intravenous route and d. Dog No. 13, infected with amastigotes by the

intradermal route.

Figure 2. Changes in canine serum protein and albumin/globulin ratio,
following infection with Leishmania donovani infantum. Dogs were Infected
intravenously with either promastigotes (o) or amastigotes ® as described
in the section on Material and Methods. Average value for infected dogs (n
= 3) recelving promastigotes or amastigotes is given. Dotted 1lines show
the fluctuation range found for normal dogs over the course of this study.

Panel A. Total protein. Panel B. Albumin / gamma-globulin ratio.
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Figure 3. Change 1in canine peripheral blood leucocytes following in
infection with Leishmania donovani infantum. Dogs were infected
intravenously with either promastigotes (o) or amastigotes (A) as
described in the Materials and Methcds. The average value for infected
dogs (n =3 * gtandard error) is given. The dotted lines represent the

range of fluctuation found for control dogs over the course of thig study,

Figure 4. Antigen - specific proliferation of peripheral blood‘mononuclear
cells (PMBC) to particulate leishmanial antigen. PMBC were stimulated in
the presence or absence of L, donovani donovani (10pg/ml protein) antigen
and the incorporation of 3ll-thymidine was determined as described in
Material and Methods. Experiments were carried out in quadruplicate, The
delta cpm (cpm in the presence of antigen - cpm in the absence of antigen)
for each dog is presented. The number of the dog followed by the month
assayed in brackets (# M) {is given for each point, Negative - control dogs
(n = 4), Amas - amastigote challenged dogs, and Pro - promastigote

challenged dogs.



Figure 5. Recognition of leishmanial antigens by antibodies from dogs
challenged with Leishmania donovani Infantum. Western blots following SDS-

PAGE were probed with infected dogs sera taken at monthly intervals over
the period of this study. Either crude L, donovani membranes (350 ug/gel),
pure dp72 (0.8ug/gel) or pure gp70-2 (0.8ug/gel) were wused as antigen,
Sera were diluted to 1/1000 for the crude and 1/100 for the pure protein
antigens. Panel A. Dog No. 7, amastigotes via the intravenous route and
negative control dog sera. Panel B. Dog No. 10, promastigotes via the

intravenous route and dog No. 13, amastigotes via the intradermal route,
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Table 1. Mitogenic Proliferation to Concanavalin A of PBMC

from Normal and Infected Dogs

Months Concanavalin A (SI*)
Dog # Infected postinfection 10pg Spg lpg
3 - n.a, n.t, 32.1 n.t.
5 Pro 15 22.0 21.0 10.4
6 - n.a. 70.1 71.2 33.1
7 Amas 12 44 .5 50.6 13.1
9 Amas 11 42.0 33.3 12.0
10 Pro 10 n.t. 62.3 23.6
11 Amas 12 80.2 70.6 34.9
12 Pro 15 85.4 83.1 37.7
13 Amas, 1.d. 11 49.4 49.5 19.5
14 - n.a. 29.9 24.8 7.7
17 - n.a, 15,7 12.3 4,9
*SI - stimulation index, n.a. - not applicable, n.t. - not tested, Pro

- promatigote, Amas - amastigote, i.d. - intradermal.
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