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ABSTRACT 

In the search of vaccines and dmgs for the control of diseases the availability of animal 

models is vital. Cutaneous leishmaniasis, caused by L. aethiopica is an endemic disease in 

Ethiopia. Availability of an animal model for L. aethiopica could be useful for studying the 

different aspects of the disease. In this study, monkeys were infected with an isolate of L. 

aethiopica to develop the primate experimental model of the disease. Twelve grivet 

monkeys (Cercopithecus aethiops) were trapped from cutaneous leishmaniasis (CL) non­

endemic areas. Experimental infections were initiated in these animals after they were 

screened for natural infection. Inoculation of grivet monkeys with L. aethiopica parasite 

resulted either in lesion or symptomless infection. One grivet monkey produced clinical 

lesions following inoculation with promastigotes of diffuse cutaneous leishmaniasis (DCL) 

strain of L. aethiopica. Another grivet monkey produced nodules following inoculation 

with promastigotes of localized cutaneous leishmaniasis (LCL) strain of L. aethiopica. In 

addition to tlus, loss of hair at the infection site was seen in two of these animals after 

inoculation with LCL strain of Eo' aethiopica promastigotes. In order to. assess whether 

grivet monkeys have similar immune responses as humans following infection with 

leishmaniasis, we investigated the ill vivo and ill vitro immune responses of these animals 

to leishmanial antigens. Delayed type hypersensitivity (DTH) response as measured by skin 

testing indicated no significant response in the experimental animals. Monkeys were bled 

and the proliferative response of their peripheral blood mononuclear cells (PBMC) as well 

as IFN-y and interleukin IL-IO production were tested ill vitro in response to leishmanial 

antigens. The finding indicated that ill vitro lymphocyte proliferative response of infected 

animals to live localized cutaneous leishmaniasis strain L. aethiopica promastigotes was 
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significantly higher than controls. However, ill vitro lymphocyte proliferative response of 

infected animals to live DeL strain of L. aethiopica promastigotes and killed parasites was 

not significantly higher compared to controls. Low level of IFN-y was produced after 

stimulation with leishmanial antigen. There was no detectable level ofIL-lO production 

after ill vitro stimulation. 
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1. INTRODUCTION 

Leishmaniasis is an infectious disease caused by different species and sUbspecies protozoan 

parasites belonging to the genus Leishmania. They are obligate intracellular parasites of the 

vertebrate host. The genus Leishmania is comprised of different species and subspecies. 

Previously the taxonomy of the parasite was based on the geographical distribution of the 

parasite, clinical features of the disease, specificity of the parasite to vectors and hosts and 

behavior of the parasite in culture or experimental animals (Gardner, 1974). Recently, 

species specific DNA probes, monoclonal antibodies and isoenzyme pattern are being used 

for the classification of Leishmania parasites. 

Leishmaniasis is present in all continents except Australia and Antarctica. It is reported 

fi'om about 97 countries in the world (Ashford et al., 1992). The estimated numbers of 

leishmniasis cases surpassed 12 million and those at risk about 350 million people 

worldwide (WHO, 1998). The global annual incidence is estimated to be 1.5-2 million 

(Desj eux, 1996). 

Infection with Leishmania parasite causes a spectrum of diseases depending on the host and 

the species of the parasite involved. The cutaneous disease pattern ranges from self-healing 

lesions to disseminated cutaneous disease or highly destructive mucosal lesions. The 

visceral ranges from asymptomatic infection to fatal visceral dissemination. On the whole, 

the disease appears in three clinical fonns: Visceral leishmaniasis (VL) or Kala-azar, 

Mucocutaneous leishmaniasis (MCL) and Cutaneous leishmaniasis (CL). 

Visceralleismaniasis is caused by parasites of the Leishmania donovan; complex in the Old 
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World whereas it is caused by L. chagasi in the New World (WHO, 1981). It affects the 

visceral organs mainly the spleen, the liver and the bone matTOW. 

Mucocutaneous leishmaniasis or espundia is caused by L. braziliensis and L. panamensis. It 

is mainly confined to south and Central America (WHO, 1990). However, a few cases of 

mucocutaneous leishmaniasis due to L. aethiopica were also reported (Belehu, 1982). The 

primary lesions are similar to other types of CL. Metastatic spread to the mucosa of the 

nose, mouth and pharynx may occur during the first infection or several years later. Then, 

ulceration and erosion of the soft tissues occurs. 

CL of the Old World is caused by three species of Leishmania: L. tropica, L. major and L. 

aethiopica (WHO, 1981). In addition to this, cutaneous leishmaniasis due to L. in/antum 

have been reported from Afi'ica and the Mediterranean basin (WHO, 1984). L. braziliensis 

andL. mexicana also cause New World CL (WHO, 1981). 

1.1 Life cycle 

Leishmania parasites are transmitted by the bite of female sandflies belonging mainly to the 

Plzlebotomlls and LlIlzomyia species in the Old and New World, respectively. Human 

beings are usually accidental hosts ofleishmaniasis. They get exposed to infected sand flies 

in endemic zones. The reservoir hosts of leishmaniasis include rodents, foxes and dogs. The 

Leishmania parasite is a dimorphic protozoan. The life cycle involves intracellular 

amastigote stage in the macrophage of the vetiebrates and an extracellular promastigote 

stage in the gut of sandflies. The amastigote stage is oval shaped and without flagellum. It 

is also known as Leishman-Donovan (LD) bodies. The promastigote is slender shaped and 

with a flagellum. When an infected sandfly bites a susceptible vertebrate host, it injects the 
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species are zoophilic, feeding mainly on wild or domestic animals and man only as a 

second choice (Humber et al., 1986). 

CL due to L. aethiopica is zoonotic. The disease is maintained by the natural reservoir hosts 

of two species of rock hyraxes: Procavia habessillica and Hetrohyrax brucei. L. aethiopica 

had been also isolated from other animals such as the Giant Rat (Cricetomys sp) (Mutinga, 

1975) and Ground Squin'el (Xe/'lls ralilus) (Abebe, 1990). Mutinga (1989) also reported 

isolation of Leishmania parasite 11'om domestic goat in Kenya, which are known to harbor 

L. aethiopica. 

1.2.1.2 Geographical distribution 

CL is endemic in the highland areas of Ethiopia (Ashford, 1973 and TekleMariam, 1982)). 

Active infections were reported from villages in Shewa (Ashford et al. 1973), Wello 

(Wilkins,. 1972) and Semen Omo zone (Laskay et al., 1991) regions. TekleMariam (1982) 

identified new foci of CL at Basona Warena in Tegulet and Bulga localities, Tulu Kuche in 

Chilalo localities and Goba in Mendayo localities. 

Price and Fitzherbelt (1965) presented the geographical distribution of 22 cases of DCL. 

These patients came from the highlands (2000m above sea level) of the fonner Gonder, 

Gojam, Shoa, Wellega, Keffa and Arssi administrative regions. Most ofthem were fi'om the 

eastern edges of the central plateau of Ethiopia. 

In general, clinical cases ofleishmaniasis have been reported from 28 localities before 1993 

(Hailu and Frommel, 1993) (figure 1). 
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Localities from where cutaneous leishmaniasis cases have been reported: 

Localities Region Localities 
1. Gimbi Region 4 16. Selale 
2. Horo Gudm Region 4 17. Menegesha 
3. Kelem Region 4 18. Yerer and Kereyu 
4. Arjo Region 4 19. Chebo and Gurage 
5. Sor and Geba Region 4 20. Arba Gugu 
6. Gore Region 4 21. Dese Zuria 
7. Jima Region 4 22. Yeju 
8. Gamo Southem Region 23. Raya and Kobo 
9. Sidama Southern Region 24. Inderta 
10. Genale Region 4 25. Adwa 
II. Mendoyu Region 4 26. Agame 
12. Wabe Region 4 27. Simen 
13. Menz and Gish Region 3 28. Libo 
14. Tegilet and Bulga Region 3 
15. Yifat and Timuga Region 3 

Figure 1 Distribution of visceral leishmaniasis and cutaneous leishmaniasis 

(Adopted from Hailu and Frommel, 1993) 
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1.2.1.3 Prevalence 

CL is a widespread tropical disease, with major foci in Ethiopia. The disease was estimated 

to affects almost O. 5% of the total population (Belehu, 1980). In Ethiopia CL has been 

documented by authors from results of field surveys and from hospitals as self-reported 

cases. Bryceson and Nichol (1966) conducted a small field-study in Dembidolo district, 

Region 4. They found a total of 14 active CL cases and other 12 with old scars. Lemma et 

al. (1969) conducted an epidemiological study of CL in 3 highland areas and in the lake 

region of the Ethiopian Rift Valley. According to these studies skin-test positivity ranged 

from 25.5% to 44.2% in Dessie and Karakore towns. Among schoolchildren in Aleku and 

Shashemene towns, the positivity was 6.7% and 5.5% respectively. Prevalence rates of 

active infection between 5.5 and 40 per 1000 population were repolted fi'om villages in 

Region 3 and Region 4 (Ashford et al. 1973) Wello (Wilkins et al. 1972) Semen Omo zone 

(Laskay et al., 1991) with highest rates in Semen Omo zone. 

Wilkins (1972) made an epidemiological study ofCL in Meta Abo, about 25 km south-west 

of Addis Ababa. He found 9 active cases of oriental sore and a prevalence of active 

infection to be 9/1000. 

Ashford et al. (1973) conducted a survey of CL in highland areas over the central plateau of 

Ethiopia. The areas studied included Kutaber in Wello, Aleku in Region 4 and Ocholo in 

Semen Omo zone. In Kutaber the prevalence of active infection was 9/1000 and in Ocholo, 

the prevalence was 107/1 000. 

Eleven active cases of CL were seen in Adigrat Hospital (Northern Ethiopia) alone 

(Desta, 1982). Four histologically proven cases of CL, from the Sirba area of Blue Nile 
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Blue Nile Valley, West Ethiopia, were repOited (Gundersen, 1982). Nine DCL patients 

were recorded in ALERT hospital (Sarojini et al., 1984). 

1.2.2 The disease 

1.2.2.1 Clinical manifestations 

L. aethiopica is taxonomically distinct from other Leishmania species. It differs from all 

other Leishmania species by isoenzyme profile (Le Blancq, 1986) by kinetoplastid DNA 

buoyancy and excreted factor serotype (Chance et al., 1978). It is also clinically unique 

among the Old World Leishmania (Le Blancq, 1986). L. aethiopica infection can be similar 

to leprosy where there is a spectrum of clinical presentations (Barnetson, 1978a; Convit, 

1974; Bryceson, 1969). It induces three clinical fonns of disease: Localized Cutaneous 

Leishmaniasis (LCL), Diffuse Cutaneous Leishmaniasis (DCL) and Mucocutaneous 

Leishmaniasis (MCL). The first form is mostly seen as single lesions which are self-healing 

over time and localized in areas uncovered by clothing like the face, anus or legs (Belihu, 

1982). The parasite load in the lesion is minimal (Nilson, 1987). DCL shows multiple 

lesions on the face, trunk and extremities and is usually not self-healing. The parasite load 

in the lesion is velY high. There is often considerable similarity between DCL and 

multibacillmy leprosy. MCL affects the mucous membrane of the nose and the mouth. This 

form may occur or spread to mucous membranes. However, it does not cOiTespond to the 

metastatic form ofMCL found in South America (Barnetson, 1978b). 

1.2.2.2 Pathology 

The histological changes in simple CL are dominated by evidence of delayed type 

hypersensitivity to parasite antigens. The histological response must be considered under 

two headings: Firstly, cellular immune response, which reflects the host immunity. In early 
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stages of the diseases in patients with persistently low levels of antibodies, there are large 

numbers of parasite-laden macrophages, some of which are vacuolated and cany numerous 

parasites. The infiltrate of lymphocytes and plasma cells increases progressively as the 

lesion evolves. Parasite elimination usually follows destruction of host macrophages, either 

at the center of circumscribed clusters in the dermis, with the release of amastigotes, or in 

the subepidermal zone, causing liquefaction of the basal layer and ulceration. Polymorphs 

are dominant in the necrotic centers followed by Langhans' giant cells and few epithelioid 

cells. Cytochemical studies suggested that immune complexes might play an essential role 

in necrosis. Lesions that fail to undergo necrosis become chronic and develop a tuberculoid 

histology with only a few parasites (WHO, 1990). 

LCL lesion show a distinct pattem of cell organization consisting of macrophage 

granulomas which may also contain epithelioid cells and surrounded by lymphocytes with a 

mixture of plasma cells (Acherman, 1978). 

Secondly, tissue response, which may reflect the effect of released antigen during the 

period of active destruction of parasites, one or more of the following acute changes are 

usually seen. There is oedema in the superficial delmis and damage to collagen and elastin 

with an increase in reticulin, followed by fibrosis. In some cases, there is necrosis of 

collagen or epidermis, and pseudo epitheliomatous hyperplasia is often severe. At this stage 

the small capillaries may show endothelial swelling or proliferation, or there may be 

vasculitis. In the later tuberculoid phase, some vessels may be broken (Ridely, 1979). 

The histopathology of DCL reflects the absence of cell-mediated immunity and is 

remarkable for the enonnous numbers of vacuolated, parasite-laden macrophages ("foam 
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cells"), scarcity oflymphocytes, and absence of necrosis and ulceration (Ridely, 1987). 

1.2.3 Diagnostic pl'ocedlll'es 

The diagnosis of leishmaniasis depends upon clinical, parasitological and serological 

grounds. There is no simple, sensitive and specific diagnostic method for leishmaniasis. 

a). Clinical aspects 

In endemic areas, health workers recognize cases of CL and the diagnosis may be based on 

the observation of the disease presentation like lesions on exposed areas, presence for 

several months, resistance to all types of attempted treatments and usually no pain or 

itching. However, it is not reliable because the disease resembles many other skin diseases 

like lepromatous leprosy (Belihu, 1980; Sarojini, 1984). 

B). Demonstration of parasites 

Confilmation ofthe diagnosis of CL is based on demonstration of the parasite. The Parasite 

may be detected by direct smear or culture. Smears are simple and inexpensive but they 

have low sensitivity (Kirsten et aI., 1987). Culture was found to be the most sensitive 

diagnostic method for diagnosis of CL (Mengistu et al .• 1992). Samples of tissue can be 

obtained by biopsy. However, these methods have limitations. Isolation in culture depends 

on the presence of sufficient numbers of viable amastigotes and need longer time. There is 

also a possibility of contamination and the cost is relatively high. The parasitological 

diagnosis of the disease is also based on the presence of viable amastigotes. However, in 

chronic LCL lesions due to L. aethiopica intact parasites are scarce. Therefore, it is difficult 

to detect by ill vitro culture and or direct microscopy (Kristen et al., 1987). In addition, the 

use of culture as a routine diagnostic procedure may be limited. 
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c). Skin test 

The type of test applied for the diagnosis of previous Leishmania infection is the 

leishmanin or Montenegro test. Leislunanin is a suspension of washed promastigotes in 

phenol saline, which is injected intradermally. The reaction is read after 48-72 hours. This 

test also has limitations. It is only useful in non-endemic areas as a diagnostic tool and in 

endemic areas as a test for survey because it becomes positive early in the infection and 

remains positive for life (Reed et al., 1986). 

d). Serological diagnosis 

Serological assays have also been found to be of limited use for the diagnosis of LCL 

because differences in antibody titers and fine specificity occur between patients at similar 

stages of clinical presentation (Jaffe, 1990; Mengistu, 1990). In previous studies, enzyme­

linked immunosorbent assay (ELISA) and direct agglutination test (DAT) were evaluated 

for the diagnosis of leishmaniasis. DAT is the most simple method (Harith et al., 1986). 

However, it shows low sensitivity (EI Safi, 1989). ELISA was used to establish the final 

diagnosis (Mengistu et al., 1992). Overall, the serological assays were not sensitive enough 

to diagnose all parasitologically confirmed cases of localized cutaneous leishmaniasis. 

Therefore, they serve only as supportive methods. 

e). DNA hybridization 

Leishmania species have also been identified by DNA hybridization probes (Laskay, 1991). 

Leishmania can also be identified in tissue or culture by polymerase chain reaction (PCR) 

using the genus or species specific probes (Laskay et al., 1995). Although this approach is 

currently available in only few research laboratories, it may become the method of choice 

for diagnosis in the future. However its application for widespread routine diagnosis wonld 
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