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Described are the susceptibility of the Indian langur (Presbytis entellus) to Leishmania donovani and
the consequent haematological and serum biochemical changes. The host response to antileishmanial
chemotherapy and the immunological profile were also examined. Each langur was inoculated intra-
venously with 1x 10° amastigotes; a spleen biopsy carried out on day 35 post-infection (p.i.) revealed
10-13 L. donovani bodies per 500 cell nuclei, which reached a maximum of 130-195 at death (day
105-110p.i.). The infected monkeys lost body weight, developed severe anaemia, lymphocytosis,
hyperproteinaemia, hypergammaglobulinaemia, hypoalbuminaemia and an increase in the level of alka-
line phosphatase and alanine aminotransferase (AAT).

Treatment with sodium stibogluconate (60 mg Sb%* per kg body weight intramuscularly for 10 days)
reduced the number of spleen parasites (0—1 amastigotes per 500 cell nuclei) but after the therapy the
parasites appeared in the skin, which had previously been free of infection. Relapse occurred on day 30
post-treatment (10-24 amastigotes per 500 cell nuclei) and the parasites were resistant to repeat inten-
sive therapy (120 mg Sb>* per kg per day x 30 days). The stibogluconate treatment caused a propor-
tionate reduction in the haematological and biochemical parameters to normal values except for alkaline
phosphatase and AAT, which remained elevated. The level of IgG antibodies, which rose during
the infection, rapidly fell to the pretreatment value following the first therapeutic schedule and then in-

creased a second time coinciding with relapse.

Our findings suggest that langurs could serve as acceptable models for human visceral leish-

maniasis.

Introduction

Hamsters and mice are frequently used for the prima-
ry screening of potential antileishmanial compounds;
however, the results obtained with these animals are
difficult to extrapolate to humans. Compound(s) that
are active in rodents therefore need to be screened
also in higher animals, such as dogs, cats and non-
human primates. Monkeys, which are phylogeneti-
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cally and physiologically close to humans seem to
offer advantages in this respect (/, 2).

Earlier studies carried out on the susceptibility
of nonhuman primates to Leishmania donovani were
somewhat limited (3—5). More recently the marmoset
(Callithrix jacchus) (6), the owl monkey (Aotus tri-
virgatus) (7), and the squirrel monkey (Saimiri sci-
ureus) (2, 8—10) have been suggested as potentially
useful nonhuman primates for the investigation of
visceral leishmaniasis. The owl monkey develops
fulminating infections with the Khartoum strain of L.
donovani (7), while the squirrel monkey develops
less acute infections; in both these species, the infec-
tion is fatal by day 28 and day 50 post-infection
(p.i.), respectively. Several Old World monkeys such
as Macaca mulatta, M. fasciolaris and M. nemestrina
have also been investigated, but resulted in low and
inconsistent infections (9).

The present article describes the results of a pre-
liminary investigation of the langur (Presbytis entel-
lus) as an experimental model for visceral leish-
maniasis. Attempts were directed at establishing
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L. donovani infection in these monkeys (//), which,
as well as being closely related to humans, are readi-
ly available in India. To establish the relevance of
the model for human visceral leishmaniasis, we
required basic information on the host—parasite rela-
tionship. We therefore gathered data on the haema-
tology, blood chemistry, immunology, chemother-
apy, and histopathology of langurs during the course
of L. donovani infection.

Materials and methods

Animals and inoculation

Young, male wild-caught langur monkeys (3—4 kg)
were bought from an animal contractor. These were
caged individually and housed in an environmentally
controlled primate house. The langurs were quaran-
tined for 45 days before the experiments began, and
were fed on commercially available primate feed
supplemented with seasonal fruits and vegetables.
Water was provided ad libitum.

L. donovani amastigotes (Dd8 strain) were isola-
ted from the spleens of heavily-infected hamsters
(40-60-day-old infection); the inoculum was pre-
pared as described previously (/2). Seven langur
monkeys were each inoculated intravenously in the
forearm with 1 x 10® amastigotes. The general condi-
tion of the animals was kept under constant sur-
veillance during the entire study period.

Susceptibility studies

Assessment of parasites. In vivo: Splenic tissue
from five monkeys, obtained at biopsy on day 35 p.i.
(12), was dab-smeared, stained with Giemsa, and ex-
amined for amastigotes. Subsequent assessment of
parasites was carried out similarly on days 49, 64, and
80 p.i.

Impression smears of a skin snip cut from the
site of incision were made and assessed for parasites.
The incisions were sutured with catgut and
adequate amounts of antibiotics (neomycin—bacitra-
cin sulfacetamide powder and nitrofurazone oint-
ment) applied locally. In addition, the animals were
intraperitoneally injected with oxytetracycline
(50 mg per animal) once per day for 5 days.

Since incision of an infected organ promotes
multiplication of leishmanial parasites (/3), for the
remaining two monkeys, which received no surgical
intervention, the parasitic load and longevity were
assessed by autopsy.

In vitro: The presence of parasites in the spleen and
skin of the monkeys was also confirmed by in vitro
culture. Cultures were performed in NNN-medium
vials, with RPMI-1640 as an overlay (/2). After
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7-10 days of incubation at 25 °C the vials were
checked for growth of promastigotes.

Chemotherapeutic studies

After the initial parasite assessment (on day 35 p.i.),
two langurs that had 11-12 parasites per 500 cell
nuclei were treated intramuscularly with sodium sti-
bogluconate at a dose schedule of 60 mg Sb>*/kg per
day for 10days (day 40 to day 50 p.i.). The re-
maining three monkeys served as untreated controls.
The first post-treatment spleen biopsy to evaluate
the parasite burden by the dab-smear method was
carried out 10 days after the last therapeutic dose;
one untreated monkey died at this stage. Twenty
days later (on day 80 p.i.) the two treated and two
untreated monkeys were re-examined for parasites to
verify whether relapse had occurred. Since relapse oc-
curred in both the treated monkeys, a second thera-
peutic schedule at a higher dose (120 mg Sb**/kg)
was initiated on day 90 p.i. and continued till day
120 p.i. (30 days).

Because one animal from the treated group and
the untreated control group died after completion of
the second therapeutic regimen (on day 120 p.i.), the
survivors in both groups (one in each) were autop-
sied on the same day. Dab-smears of the liver,
spleen, bone marrow, skin, kidney, intestine, blood
and lung were also made to determine the parasite
distribution under drug pressure.

The efficacy of sodium stibogluconate was
expressed as the percentage inhibition of parasite
multiplication (/2) and in terms of LDU (L. dono-
vani units), as described by Hanson et al. (/4).

Haematology

The changes in haematology during the infection and
after chemotherapy were studied at different times.
Blood collected from the femoral vein in ethylene-
diaminetetraacetic acid was used to determine the
mean corpuscular volume (MCV), total erythrocyte
(RBC) and leukocyte (TLC) counts, haematocrit
(HCt), and haemoglobin (Hb) level in a semiauto-
mated counter (model HC-555, Boehringer Mann-
heim Diagnostics); platelets were assayed in a Neu-
bauer counting chamber; and differential leukocyte
counts were performed on blood smears that had
been stained with Leishman’s stain.

Blood chemistry

The following levels were determined at various
intervals: blood urea nitrogen (/5), blood glucose
(16), alanine aminotransferase (AAT) (/7), total pro-
tein (/8), albumin (/9), alkaline phosphatase (20),
serum cholesterol (27), serum bilirubin (22), and
serum creatinine (23).
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Immunology

Leishmanin test (DTH). The source of antigen was
L. donovani promastigotes maintained in vitro in
NNN culture-tubes with RPMI-1640 medium as an
overlay. The antigen was prepared by suspending the
promastigotes in 0.5% formalin—saline. Infected and
treated monkeys were each injected intradermally on
the left forearm with 0.1 ml of leishmanial antigen
(1 x 107 per ml). The skin reaction (induration) was
observed for three consecutive days: a wheal of more
than 5-mm diameter was considered positive (10).

Humoral response (gel diffusion). The total concen-
trations of serum IgM and IgG were determined using
the single radial immunodiffusion technique (24),
with commercially available plates? and antisera to
human IgM and IgG. For IgM, neat sera were used
and for IgG, 1:10 reference sera. The incubation time
for IgM was 72 hours and for IgG, 50 hours (10).

Pathology

Gross and microscopic examinations of the major
organs were performed at autopsy following the
death of the animals.

For histology, the tissues were fixed in 10%
formalin—saline, embedded in paraffin, cut into sec-
tions of 5 um thickness, and stained with haematoxy-
lin and eosin. Sections of skin were stained addi-
tionally with Giemsa.

Results

Clinical observations

All the infected langurs became listless and weak
about 2 months after infection; progressive deteriora-
tion in their condition continued till death. Loss of
body weight (about 1 kg) occurred during the course
of the infection. In infected untreated langurs, decol-
oration of the facial skin, which was more prominent
under the eyes, was observed around day 90 p.i. (Fig.
1). The face was also puffy; no such change occurred
in infected treated monkeys.

Susceptibility studies

All the animals developed infection. By day 35 p.i.
the amastigotes could be quantitated in spleen
imprints. The splenic parasites in five langurs were,
on average, 11.4+ 1.5 per 500 cell nuclei (Table 1,
Fig. 2), and reached a maximum (178 + 24 per 500
cell nuclei) at death (day 110 p.i.). The two langurs

2 Tripartigen, Hoechst AG, Frankfurt am Main, Germany.
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Fig.1. Infected langur (100-day-old infection), depicting
prominent depigmentation of the face around the eyes.

on which no spleen biopsy was performed died on
day 106 * 2; the parasite burden in their spleens
was 137.5 £ 10.6.

The proliferation of promastigotes in culture-
tubes seeded with infected tissue on day 7 after in-
oculation confirmed the in vivo results.

Chemotherapeutic studies -

Use of sodium stibogluconate in the first therapeutic
schedule resulted in 99.1 + 1.2% inhibition of para-
site multiplication on day 10 after administration.
Repeat spleen biopsy on day 30 post-treatment
revealed a slight increase of parasites (% inhibition,
92.3 £ 3.6). The second therapeutic schedule failed
to reduce the parasitic load (% inhibition,
88.25 £ 9.6) (Table 1). Following the therapy, the
parasites appeared in the skin, which had previously
been free of infection (Table 2).

Of the three infected and untreated monkeys,
one died during biopsy on day 60 p.i. (with 46 amas-
tigotes per 500 cell nuclei). The second monkey died
on day 110p.i. and the third, sole survivor was
autopsied on day 120 p.i.; the parasite load in the
spleen of these two monkeys was 161-195 per 500
cell nuclei. The skin was free of parasites.
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Fig. 2. Giemsa-stained dab-smear (x 100) of infected
langur spleen (day 35 post-infection), showing Leish-
mania donovani amastigotes (arrows).

Distribution pattern of parasites following
therapy

At the end of the study the spleen, liver and bone
marrow of the treated animals had a reduced number
of parasites; the kidney, intestine, blood and lungs
were almost free of parasites (Table 2). However,
samples of skin from the dorsum and eyelids of these
animals had considerably more parasites compared
with the untreated controls.

Haematology

The haematological results are shown in Table 3.
The most consistent feature of the infected langurs
was microcytic anaemia; the appreciable fall in red
blood cell count and haemoglobin level occurred
from day 49 p.i. onward. The haematocrit also
decreased during the course of the infection, and was
minimum at the end of the study (day 110 p.i.). The
leukocyte count, although reduced, exhibited a wide
variation. One animal showed a reversal of the poly-
morpholymphocytic ratio during the last phase of
infection (day 90 p.i. onward). The remaining hae-
mogram values were within the normal range.

Sodium  stibogluconate therapy supported
gradual recovery in the red blood cell count, haemo-
globin levels and haematocrit, while the leukocyte
count reached the pre-infection level.

Table 1: Susceptibility of the langurs to Leishmania donovani and their response to chemotherapy?

No. of days post-infection:

35 (biopsy 1) 60 (biopsy 2)

80 (biopsy 3)

110-120 (autopsy)

Body Body Body Body
weight Parasite weight Parasite weight Parasite  weight  Parasite Survival time
(kg) burden ®  (kg) burden (kg) burden ® (k@) burden (days post-infection)
Treated
group
4.2 12.0 4.2 1.0 (98.2)c 5.1 20.0 (89.7) 5.0 38.0 (81.4) 120; dead
4.4 12.0 45 0 (100) 5.2 10.0 (94.9) 5.3 10 (95.1) 120; sacrificed
Untreated
controls 4.7 11.0 4.6 46.0 Dead - - 60; died during
biopsy
41 13.0 4.0 54.0 3.9 190.0 3.6 161 120; sacrificed
4.6 9.0 45 45.0 3.8 160.0 3.0 195 110; dead
3.0 - - - - - 25 130.0 105; dead
3.2 - - - - - 2.8 145.0 108; dead

2 First schedule: sodium stibogluconate (16 mg Sb%* per kg per day for 10 days) from day 40 to day 50 post-infection; second sched-
ule: sodium stibogluconate (120 mg Sb>* per kg per day for 30 days) from day 90 to day 120 post-infection.

b No. of amastigotes per 500 cell nuclei of spleen macrophages.

¢ Figures in parentheses are the % inhibition of parasite multiplication in the spleens of treated monkeys.
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Table 2: Distribution of Leishmania donovani in the langurs on autopsy

No. of amastigotes

No. of amastigotes per 500 cell nuclei in: per 100 fields in:
Day of Bone
observation Spleen Liver marrow  Kidney Intestine Blood Lung Dorsum skin Eyelid
Treated
group
1 120 38 15 3 [4] 6 0 0 40 9
(0.13 x 10%2 (1.4 x 109)
2 120 10 2 5 0 0 0 0 20 4
(0.03 x 10%) (0.2 x 109)
Untreated
controls
1 120 161 30 44 4 1 0 0 0 0
(2.6 x 10°) (1.6 x 10°)
2 110 195 35 66 4 13 0 0 0 0
(3.9 x10% (3.7 x 109)
3 105 130 20 32 1 8 0 0 0 0
(23 x10% (2.5x 109
4 108 145 27 50 3 4 0 0 1 0

(25x 109 (3.1 x 109)

2 Figures in parentheses are the values expressed as LDU (see ref. 14).

Table 3: Haematological changes in the langurs during the course of Leishmania donovani infection and after
therapy

Mean + standard deviation? Leukocyte count (%)
No.
of days TLC Platelet
post- RBC Hcet Hb MCV (cells count
infection  (per mm3) (%) (grdl) (x107'5 1) per mmd) B L E M (per mm?)
Untreated
controls
0 5.77 36.98 12.08 94.0 8420 55.2 428 1.0 1 226 000
+0.31 (5)° +2.64 +0.54 +3.8 +1234 +8.8 +8.9 +0.7 +0.0 +41 442
49 4.75 38.82 12.00 82.6 8240 41.6 56.3 1 1 229 000
0.7 (3) +4.82 +1.31 +2.5 +1378 +3.5 +3.2 +1 +0.0 +19 175
64 4.86 40.55 9.9 83.0 8350 47.0 57.0 0 0 200 000
+0.07 (2 +1.34 +0.99 +28 +2050 +4.3 +11.3 +35 000
90 3.17 33.30 8.75 95.0 10 950 50.0 48.0 1 1 212 500
+0.23 (2) 18.34 +0.92 5.6 +4313 +21.2 +19.7 +1 +0 +17 677
110 271 (1) 15.6 54 72.0 5200 25.0 74.0 0 1 190 000
Treated
group
64 4.07 325 8.25 79:5 9800 42.0 52.5 0 0 207 500
+0.02 (2) +0.42 +0.35 +0.7 +6646 +14.1 +22.0 +24 748
90 4.82 42.00 13.70 90.0 9650 57.0 40.0 20 1.0 357 500
+0.40 (2) +0,85 +0.71 +12.7 +2192 +1.4 0 +1.4 +0 +24 748

2 RBC = total erythrocyte count; Hct = haematocrit; Hb = haemoglobin; MCV = erythrocyte volume; TLC = total leukocyte count.
b B = basophils; L = lymphocytes; E = eosinophils; M = monocytes.
¢ Figures in parentheses are the number of langurs.
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Blood chemistry

The infected animals exhibited a significant reduc-
tion in total protein and albumin levels but an increa-
se in globulin from day 64 p.i. onward. The levels of
AAT and alkaline phosphatase were also elevated by
day 35 p.i., but the cholesterol level declined. These
results indicate liver dysfunction. Following therapy
with sodium stibogluconate both the total protein
level and the albumin:globulin ratio were restored to
pre-infection levels (Table 4).

Immunology

In infected langurs there was a significant increase in
the IgG level by day 50 p.i. (246 mg/ml), which
peaked at >310 mg/ml upon death (Fig. 3). In treat-
ed langurs a steep rise in the IgG level occurred on
day 70 p.i. (after first post-treatment biopsy).

During the course of active infection and fol-
lowing therapy, the monkeys gave inconclusive
skin tests with Leishmania spp.

Pathology

Gross. Splenomegaly and hepatomegaly occurred in
all the infected monkeys. In two monkeys the mean

weight of the spleen increased 7-fold and that of the
liver 1.5-fold (Fig. 4). Sodium stibogluconate therapy
reduced the size of the spleens, but the size of the
livers remained unaffected. Langurs of the same age,
weight, and sex that were sacrificed for other experi-
ments exhibited normal livers and spleens.

Microscopy. Liver. L. donovani bodies were observed
in Kupffer cells. There was fatty degeneration of
parenchymatous cells, and the portal areas were infil-
trated with lymphocytes and macrophages.

Spleen. There was marked congestion, and reticular
cells were proliferated with cytoplasmic L. donovani
bodies. The pulp contained an increased number of
plasma cells and there was hyperplasia of the follicles.
Skin. The skin of infected monkeys appeared normal.
In the infected treated animals, sections of skin
exhibited collections of L.donovani bodies in the
subpapillary zone of the dermis, with a minimum
increase of histiocytes.

Discussion

The major disadvantage associated with rodent
models is that their metabolism and drug kinetics

Table 4: Blood biochemical changes in the langurs during the course of Leishmania donovani infection and after

therapy?
Mean + standard deviation
No. of Total Alkaline Blood Blood Total
days post- cholesterol  phosphatase  Creatinine AAT? Bilirubins urea glucose protein  Albumin Globulin
infection (mg/dl) (1U/d1) (mg/dl) (urdi) (mg/dl) (mg/dl) (mg/di) (g/dl) (grdl) (g/di)
Untreated
controls
0 167.40 5.14 0.96 19.40 0.52 31.40 97.2 6.90 4.76 3.04
+14.61 (5)° +1.32 10.18 1+5.98 +0.14 +8.47 +17.23 +0.32 - 10.64 +0.61
49 99.20 7.70 1.6 92.00 1.6 26.8 107.0 8.56 2.68 5.62
16.98 (3) +2.28 0.3 1+34.21 0.1 6.3 +28.6 +0.63 +0.33 +0.60
64 133.00 16.00 1.45 68.50 0.95 315 85.5 5.30 1.70 3.70
+8.49 (2) +2.83 0.6 +47.38 +0.9 +12.0 7.8 +0.57 10.14 +0.57
90 66.0 (1) 13.00 1.8 65.00 0.6 40.0 N.Ac 6.0 3.25 25
110 90.0 (1) 27.00 1.8 60.00 1.5 35.0 N.A. 3.8 1.5 23
Treated
groups
64 107.50 5.25 1.1 45.00 0.65 26.0 99.5 5.15 1.55 3.60
19.19 (2) +2.47 +0.9 +0.07 +0.2 8.5 +34.6 +0.21 +0.21 +0.41
90 72.50 16.00 1.25 45.00 0.9 435 N.A. 6.05 3.55 2.50
+6.30 +1.4 +0.25 +7.09 0.1 2.2 +0.49 +0.64 10.14

2 AAT = alanine aminotransferase.
b Figures in parentheses are the number of langurs.
¢ N.A. = not available.
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Fig. 3. Changes in the concentration of serum IgG in
langurs during Leishmania donovani infection and fol-
lowing therapy with sodium stibogluconate (values are
the mean for two monkeys in each group).
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differ markedly from those of humans. The results
obtained from primary screening of drugs must
therefore be confirmed by secondary or tertiary
screening in higher animals. Use of primates for this
purpose would offer enormous advantages.

Efforts have been made to establish leishmania-
sis in dogs (25) and wild-caught opossums
(Didelphis marsupialis) (26). Among primates the
New World monkeys A. strivirgatus (owl monkeys)
(7) and S. sciureus (8) are susceptible to the L. dono-
vani complex. Owl monkeys are susceptible to the
Khartoum strain of L. donovani, developing fulmi-
nating leishmaniasis by day 18-24 p.i. The infection
is highly pathogenic, and the animals develop mor-
bidity even before patency occurs. Chapman et al.
have, however, established the usefulness of this
model for chemotherapy studies (27). S. sciureus is
susceptible to visceral leishmaniasis (8), although the
infection is less acute, and morbidity occurred rela-
tively late (41-52 days p.i.). Madindou et al. have
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Fig. 4. lllustration of the changes in weight of liver and
spleen of langurs during Leishmania donovani infec-
tion and following therapy with sodium stibogluconate
(values are the mean for two monkeys).
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established the therapeutic efficacy of antimony
compounds using S. sciureus (9).

Studies on Old World monkeys have been
very scant, and a working model has not yet been
developed (9). Recently we have observed that the
“intake” of L. donovani by rhesus monkeys varies,
even after triple inoculations (1x10® amastigotes
given at 1-week intervals), and a single inoculum
was to no avail (J.C. Katiyar, unpublished results,
1991). Langurs are phylogenetically and physiologi-
cally similar to humans and in preliminary investiga-
tions have been found to be susceptible to L. dono-
vani infection (/7). This could make them a potential
model for visceral leishmaniasis.

In human leishmaniasis the clinical picture char-
acteristically consists of anaemia, progressive
emaciation, intermittent fever, hepatomegaly,
splenomegaly, lymphadenopathy and hypergamma-
globulinaemia. The infected langurs in the present
study developed anaemia and progressive loss of
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body weight. Upon autopsy, hepatomegaly and sple-
nomegaly were found; these symptoms have also
been observed in squirrel and owl monkeys.
However, the depigmentation of facial skin, particu-
larly of the area around the eyes, was a feature res-
tricted to langurs only.

In humans, the course of L. donovani infection
is usually progressive until the patient dies of secon-
dary infections or haemorrhage (28), but ranges from
a mild self-curing to a severe fatal disease (29). The
langurs appeared to simulate the course in humans
and developed mild-to-severe infection, surviving for
104-110 days, followed by death. Compared with
owl and squirrel monkeys, langurs survive sufficient-
ly long to permit ample time for study.

Clinically, sodium stibogluconate is still the
drug of choice; the recommended dose to treat
Indian patients with kala-azar is 20 mg Sb>*/kg given
intramuscularly for at least 40 days (30). In langurs
the requisite amount was calculated using a conver-
sion factor of three (3/), and a 10-day regimen of
60 mg Sb**/kg initiated on day 40 p.i. against estab-
lished infection almost cured the monkeys, eliciting
a response very similar to that in humans. However,
the infection relapsed after a month. Repeat therapy
using a higher dose did not appear to bring about any
improvement, although this observation is based on
the results from only a few animals. Following
sodium stibogluconate therapy, L. donovani parasites
were found in large numbers in the skin of the lan-
gurs, a situation that develops in cases of human
post-kala-azar dermal leishmaniasis (32).

The haematological changes that occur during
the course of visceral leishmaniasis in humans (33),
owl monkeys” and squirrel monkeys (2) are similar,
and are characterized by microcytic anaemia, leuko-
penia and, in some cases, lymphocytosis/lympho-
monocytosis. A similar peripheral blood picture
was observed also in langurs.

Langurs also developed hypergammaglobulinae-
mia, hypoalbuminaemia, hyperprotinaemia, with
reversal of the IgA:IgG ratio on day 35 of the infec-
tion. These changes parallel those of visceral leish-
maniasis in humans. However, during the terminal
phase of infection, the langurs exhibited hypoprotei-
naemia, which could have been due to exhaustion
and their moribund condition. A significant increase
was also observed in the levels of AAT and alkaline
phosphatase, which became more marked before
death, denoting liver disorders. Increasing evidence

b Broderson, J.R. Experimental visceral leishmaniasis in the
owl monkey. Ph.D. Dissertation, University of Georgia, Athens,
GA, 1982, p. 112.
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suggests that cell-mediated immunity plays a major
role in human visceral leishmaniasis, while the
humoral component has only a minor function
(34-36). Skin-test responses to leishmanin occur
only after therapy and may take from a few weeks to
2 years to become positive (10, 37—40). This could
explain the absence of skin reactions in the monkeys.
In humans a significant increase in serum gam-
maglobulins (primarily IgG) during the course of
leishmaniasis has been reported. An increase in the
level of serum IgG was also observed in the langurs,
but this returned to the pretreatment level after
therapy, and upon relapse. The postmortem findings
indicate the similarity of the infection in langurs
and humans and suggest their usefulness as a secon-
dary/tertiary model for visceral leishmaniasis
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Résumé

L’entelle (Presbytis entellus): rapport
préliminaire sur un primate non humain
comme modéle pour la leishmaniose
viscérale

Le kala-azar est une maladie souvent mortelle si
elle est négligée. Il n'existe aucune mesure de
lutte contre cette maladie, et les quelques agents
thérapeutiques dont on dispose sont peu effi-
caces et potentiellement toxiques. La recherche
d’agents prophylactiques ou curatifs se heurte a
'absence de systémes de criblage appropriés.
Bien que les rongeurs puissent convenir pour le
criblage primaire, les résultats obtenus ne sont
pas facilement extrapolables a I'homme. |l est
donc nécessaire de disposer d’'un systéme fiable
de criblage secondaire et tertiaire afin de confir-
mer les résultats obtenus sur les modéles pri-
maires. Les singes, phylogénétiquement et phy-
siologiquement plus proches de [I'homme,
pourraient servir de modéle pour la leishmaniose.

Nous rapportons ici les résultats d’'une étude
préliminaire de la sensibilité de Presbytis entellus
(entelle ou langur) a linfection par Leishmania
donovani. Pour étudier I'acceptabilit¢é de ce
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modeéle, nous avons rassemblé des données sur
’hématologie, la chimie sanguine, I'immunologie,
la chimiothérapie et I'histopathologie des entelles
infectés par L. donovani.

Aprés inoculation intraveineuse de 1 x 108
amastigotes aux singes, une biopsie de la rate
réalisée le 35e jour suivant l'inoculation a montré
la présence de 10-13 leishmanies (L. donovani)
par 500 noyaux cellulaires, et jusqu’a un maximum
de 130-195 leishmanies par 500 noyaux au
moment de la mort des animaux 105 a 110 jours
aprés linoculation. Les singes infectés présen-
taient une perte de poids, une dépigmentation de
la peau de la face, avec oedéme périoculaire, une
anémie séveére, une lymphocytose, une hyperpro-
téinémie, une hypergammaglobulinémie, une
hypoalbuminémie et une augmentation des taux
de phosphatase alcaline et d’alanine-aminotransfé-
rase révélant une atteinte hépatique. Un traitement
intramusculaire par le stibogluconate de sodium
(20 mg Sb5+ par kg de poids corporel pendant 10
jours) réduisait la charge parasitaire dans la rate
(0-1 amastigote par 500 noyaux cellulaires).
Toutefois, aprés le traitement, les parasites réap-
paraissaient dans la peau, qui avait été jusqu’alors
indemne d’infection. La rechute survenait 30 jours
aprés le traitement (10-24 amastigotes par 500
noyaux de cellules spléniques) et était rebelle au
traitement, méme répété et intensif (40mg Sb5+
par kg de poids corporel par jour pendant 30
jours). Le traitement par le stibogluconate de
sodium entrainait un retour des parameétres héma-
tologiques et biochimiques a la normale, sauf pour
la phosphatase alcaline et I'alanine-aminotransfé-
rase, qui restaient élevées. Les IgG, qui avaient
augmenté au cours de l'infection et lors de la pre-
miére étape du traitement, retombaient rapidement
aux niveaux précédant le traitement et remontaient
lors de la rechute.

Ces résultats préliminaires indiquent que
'entelle pourrait servir de modéle acceptable
pour la leishmaniose viscérale.

References
1. Cooper, R.W. Small species of primates in bio-
medical research. Laboratory animal care, 18: 267—
279 (1968).

. Dennis, V.A. et al. Leishmania donovani: clinical,
hematologic and hepatic changes in squirrel mon-
keys (Saimiri sciureus). Journal of parasitology, 71:
576-582 (1985).

. Row, R. Experimental leishmaniasis in the monkey
and mouse induced by parasites in culture. Indian
Journal of medical research, 1: 617—621 (1914).

. Shortt, H.E. The pathology of acute experimental
kala-azar in monkeys. Indian journal of medical
research, 11: 186-195 (1923).

WHO Bulletin OMS. Vol 70 1992

The Indian langur: a primate host for visceral leishmaniasis

10.

11.

12.

13.

14.

15.
16.
17.

- L-aspartate 2-oxoglutarate aminotransferase in se-

18.
19.

20.

21.
22.
23.

24.

. Sati, M.H. A new experimental host of L. donovani.

Experimental parasitology, 14: 52-53 (1963).

. Marsden, P.D. et al. Experimental L. chagasi infec-

tions in the marmoset, Callithrix facchus jacchus.
Transactions of the Royal Society of Tropical
Medicine and Hygiene, 75: 314-315 (1981).

. Chapman, W.L. et al. L. donovani in the owl mon-

key (Aotus trivirgatus). Transactions of the Royal
Society of Tropical Medicine and Hygiene, 75: 124
(1981).

. Chapman, W.L. & Hanson, W.L. Visceral leish-

maniasis in the squirrel monkey (Saimiri sciureus).
Journal of parasitology, 67: 740-741 (1981).

. Madindou, T. et al. Chemotherapy of visceral leish-

maniasis (L. donovani) in the squirrel monkey
(Saimiri sciureus). Annals of tropical medicine and
parasitology, 79: 13—19 (1985).

Dennis, V.A. et al. Leishmania donovani: cellular
and humoral immune response after primary and
challenge infections in squirrel monkeys, Saimiri
sciureus. Experimental parasitology, 81: 319-334
(1988).

Anuradha et al. Successful transmission of
Leishmania donovani in Indian langurs (Presbytis
entellus). Current science, 59: 612-615 (1990).

Pal, R. et al. Leishmania donovani in hamster:
migration of amastigotes to unusual sites following
drug therapy. Medical science research, 1T:
579-581 (1989).

Beveridge, E. Chemotherapy of leishmaniasis. In:
Schnitzer, R.J. & Hawking, F., ed. Experimental
chemotherapy, vol. 1. New York, Academic Press,
1963, p. 257.

Hanson, W.L. et al. Testing of drugs for antileish-
manial activity in golden hamsters infected with
L. donovani. International journal for parasitology, 7:
443-447 (1977).

Coloumbe, J.J. & Favrean, L. A new simple semi-
micro method for colorimetric determination of urea.
Clinical chemistry, 9: 102 (1967).

Trinder, P. Glucose GOD-PAP: enzymatic colori-
metric method. Annals of clinical biochemistry, 6:
24 (1969).

Trinder, P. & Kirkland, J.R. The determination of

rum. Clinical chimica acta, 16: 287 (1967).

Henry, R.J. et al. Clinical chemistry: principles and
techniques, 2nd ed. London, Harper & Row, 1974.
Doumas, B.S. et al. Albumin standards and the
measurement of serum albumin with bromcresol-
green. Clinical chimica acta, 31: 87 (1971).

Bowers, G.N. -Jr & McComb, R.B. Measurement
of total alkaline phosphatase activity in human
serum. Clinical chemistry, 21: 1988-1995 (1976).
Webster, D. Total cholesterol in serum. Clinical
chimica acta, 7: 277 (1962).

Baran, D.N. A short textbook of chemical pathology,
3rd ed. London, Hodder & Stoughton, 1979.

Tietz, N.W. Fundamentals of clinical chemistry, 2nd
ed. Philadelphia, Saunders, 1976, pp.47-51 and
p. 113.

Mancini, G. et al. Immunochemical quantitation of
antigens by single radial immunodiffusion. Immuno-
chemistry, 2: 235-256 (1965).

Il



Anuradha et al.

25.

26.

27.

28.

29.

30.

31.

32.

72

Chapman, W.L. et al. Antileishmanial activity of
selected compounds in dogs experimentally infected
with Leishmania donovani. Revista do Instituto de
Medicina Tropical de S&o Paulo, 21: 189-193
(1979).

Hanson, W.L. et al. Leishmania donovani in the
opossum (Didelphis marsupialis). Journal of para-
sitology, 66: 700—701 (1980).

Chapman, W.L. et al. Toxicity and efficacy of the
antileishmanial drug meglumine antimoniate in the
owl monkey (Aotus trivirgatus). Journal of parasit-
ology, 69: 1176-1177 (1983).

Marsden, P.D. & Jones, T.C. Clinical manifesta-
tions, diagnosis and treatment of leishmaniasis. In:
Chang, K.P. & Bray, R.S., ed. Leishmaniasis. New
York, Elsevier, 1985, pp. 183-198.

Zuckerman, A. & Lainson, R. Leishmania. In:
Kreier, J.R., ed. Parasitic protozoa, vol.1. New
York, Academic Press, 1977, pp. 92-112.

Thakur, C.P. et al. Rationalisation of regimens of
treatment of kala-azar with sodium stibogluconate in
India: a randomised study. British medical journal,
296: 1557-1561 (1988).

Freireich, E.J. et al. Quantitative comparison of
toxicity of anti-cancer agents in mouse, rat, dog,
monkey and man. Cancer chemotherapeutic reports,
50: 219-244 (1966).
Cheesebrough, M.

Leishmanial parasites. In:

33.

34.

35.

36.

37.
38.

39.

40.

Medical laboratory manual for tropical countries, vol.
1. 1988, pp. 272-287.

Cartwright, G.D. et al. Studies on the pancytopenia
of kala-azar. Blood, 3: 249-275 (1948).

Preston, P.M. & Dumonde, D.C. Immunology of cli-
nical and experimental leishmaniasis. In: Cohen, G.
& Sadun, E., ed. Immunology of parasitic infections.
Oxford, Blackwell, 1977, pp. 167-202.

Poulter, L.W. Mechanisms of immunity to leishma-
niasis. African journal of clinical and experimental
immunology, 1: 121-130 (1980).

Reed, S.G. Immunology of Leishmania infections. In
Manfield, J.M., ed. Parasitic diseases: the im-
munology, vol. 1. New York, Marcel Dekker, 1981,
pp. 291-314.

Manson-Bahr, P.E.C. Leishmaniasis. International
review of tropical medicine, 4: 123-140 (1971).
Wyler, D.T. et al. Characterization of in vitro prolif-
erative responses of human lymphocytes to leish-
manial antigens. Journal of infectious diseases, 140:
215-222 (1979).

Haldar, J.P. et al. Cell-mediated immune response
in Indian kala-azar and post-kala-azar dermal leish-
maniasis. Infection and immunity, 42: 702-707
(1983).

Ho, M. et al. Immunosuppression in Kenyan visceral
leishmaniasis. Clinical and experimental immu-
nology, 51: 207-214 (1983).

WHO Bulletin OMS. Vol 70 1992



