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The International Development Research Centre is a public corporation created 
by the Parliament of Canada in 1970 to support research designed to adapt science 
and technology to the needs of developing countries. The ('entres activity is 
concentrated in six sectors: agriculture, food and nutrition sciences; health sciences; 
information sciences; social sciences; earth and engineering sciences; and com- 
munications. IDRC is financed solely by the Parliament of Canada; its policies, 
however, are set by an international Board of Governors. The Centre's headquarters 
are in Ottawa, Canada. Regional offices are located in Africa, Asia, Latin America, 
and the !N/liddle East. 

Le Centre de recherches pour le développement international, societe publique 
créée en 1970 par une loi du Parlement canadien, a pour mission d'appuyer des 
recherches visant à adapter la science et la technologie aux besoins des pays en 
developpement; il concentre son activité dans six secteurs : agriculture, alimenta- 
tion et nutrition; information; santé; sciences sociales; sciences de la terre et du 
eénie et communications. Le CRD1 est finance entierement par le Parlernent cana- 
dien, mais c'est un Conseil des gouverneurs international qui en determine l'orien- 
tation et les politiques. Établi à Ottawa (Canada), il a des bureaux régionaux en 
.Afrique, en Asie, en Amérique latine et au Nloven-Orient. 

El Centro Internacional de Investigaciones para el Desarrollo es una corporación 
pública creada en 1970 por el Parlamento de Canadá con el objeto de apoyar la 
investigación destinada a adaptar la ciencia y la tecnología a las necesidades de 
los paises en desarrollo. Su actividad se concentra en seis sectores: ciencias agrí- 
colas, alimentos y nutrición; ciencias de la salud; ciencias de la información; ciencias 
sociales; ciencias de la tierra e ingeniería; y comunicaciones. El Centro es finan- 
ciado exclusivamente por el Parlamento de Canadá; sin embargo, sus políticas 
son trazadas por un Consejo de Gobernadores de carácter internacional. La sede 
del Centro está en Ottawa, Canadá, y sus oficinas regionales en América Latina, 
Africa, Asia y el Medio Oriente. 

This series includes meeting documents, internal reports, and preliminary. technical 
documents that may later form the basis of a formal publication. A Manuscript Report 
is given a small distribution to a highly specialized audience. 

Ea presente serie est réservée aux documents issus de colloques, aux rapports internes 
et aux documents techniques susceptibles d'être publies plus tard dans une serie de publi- 
cations plus soignées. D'un tirage restreint, le rapport manuscrit est destine a un public 
tres spécialise. 

Esta serie incluye ponencias de reuniones, informes internos y documentos técnicos que 
pueden posteriormente conformar la base de una publicación formal. El informe recibe 
distribución limitada entre una audiencia altamente especializada. 
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Geographic Distribution and Ecological Risk Factors 
Associated with the Transmission of Cutaneous 

Leishmaniasis in Jordan 

S. Khoury', E. Saliba' and O.Y. Oumeish3 

Introduction 

For several decades cutaneous leishmaniasis (CL) has been known to occur in 
most of the Near East area, including Jordan. However, recently the disease has become 
an important public health problem in Jordan. The first documented Jordanian cases 
occurred in the seventies when 524 patients were seen at the King Hussein Medical 
Center during the period from 1973 to 1978. Of those cases, 259 (49%) came from the 
Jordan Valley (Oumeish, Saliba and Allawi 1982). 

In the mid 1970s, Jordan experienced an economic boom. Land reclamation and 
agricultural development and modernization were intensified and urban and semi-urban 
areas extended into previously arid land leading to the settling of many bedouin tribes, 
primarily in these reclaimed and developed areas. 

The magnitude of the problem of CL in Jordan is not yet determined with 
certainty. It is worthwhile to recall that in most of the developing countries, reporting 
in general is incomplete and rather inaccurate. Reporting of infectious and parasitic 
diseases is the first to suffer. 

Our research project aims to address many of the unanswered questions 
surrounding the problem of CL in Jordan. Most important are the actual prevalence and 
annual incidence, the socio-economic, behavioral and ecological determinants of disease 
spread and geographic propagation. However, because the project is still in its early 
phase of implementation, we shall present in this paper the major objectives of the 
research proposal as well as the methodology to be employed. Preliminary findings 
obtained recently will also be highlighted. 

General objective 

The general objective or purpose of the project is to study the epidemiology and 
the physical and human ecology of CL so that appropriate preventive and control 
measures can be suggested. 

Department of Community Medicine, Faculty of Medicine, University of Jordan, Amman, Jordan. 
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The specific objectives of the project are as follows: 

To determine the current magnitude of the problem (the period 
prevalence of CL in Jordan 1980-1989). 

To identify the geographic distribution of the disease (currently endemic 
areas). 

To identify community and ecological factors involved in disease 
dissemination. 

To determine the incidence of CL in Jordan for the year 1992. 

The expected outcome of the project is: (i) identification of routes of recent 
spread of CL; (ii) identification of currently disease-free areas where a future spread of 
CL may be probable (areas at risk); and (iii) identification of intervention targets that 
may be effective in prevention, control and possible eradication of CL in Jordan. 

Study Design and Methodology 

In order to determine the current magnitude of the problem (the period 
prevalence of CL in Jordan 1980-1989) a case of CL should satisfy the following criteria: 
clinical diagnosis confirmed by positive laboratory tests (i.e. a positive smear and/or a 
positive culture. In some confirmed cases other laboratory studies may be required to 
ascertain the species of the parasites. 

Two types of patients may be seen. The first are those with both clinical and 
laboratory confirmation and the second with clinical diagnosis only where no laboratory 
tests were ever made or are available. These two groups will be treated separately when 
results are finally analyzed. Cases shall be collected through the attached questionnaire. 

Case finding shall be carried out by personal contact with institutions and persons 
all over Jordan. These are: a) The Royal Medical Services; b) The Ministry of Health 
with its hospitals, primary health care centers, school health services and laboratory 
services; c) The private sector: general practitioners, dermatologists, and private 
hospitals; d) The United Nations Relief and Work Agency (UNRWA) for Palestinian 
Refugees and displaced persons; e) voluntary agencies providing health services in 
endemic areas (Save the Children Fund, etc.). 

Initially it may be sufficient to identify the geographic location of the patient 
which is of prime importance to determine areas of disease concentration (endemic 
areas). During initial contacts, project staff shall endeavour to establish a communication 
network to be utilized in the following phases of the study. Attempts shall be made by 
project staff to locate and interview each and every case detected, especially those 
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diagnosed in the late 1980s. When located, an individual questionnaire shall be 
completed. In this step the high mobility of the population will be taken into 
consideration. 

The total number of cases identified for 1980-1989 will determine the magnitude 
or the period prevalence. This prevalence may be calculated according to the following 
formula: 

Period Prevalence == Number of existing cases during a period x 100,000 
Average population 

In order to identify the geographic distribution of CL (currently endemic areas) 
cases identified by completed individual questionnaires (specific objective 1) shall be 
grouped by geographic areas, according to the address given by the patient. This 
mapping by districts, the smaller administrative divisions, will indicate the areas of high 
disease concentration or currently endemic areas. A map of Jordan will illustrate this 
distribution. 

In this context, it is important to note that an apparent increase in disease 
prevalence in a given area may not necessarily be the result of a real increase in the 
occurrence of CL but merely the effect of an increase of available health services or in 
the awareness of medical and health staff or both. 

To implement the objective of identifying the community and ecological factors 
involved in disease dissemination a special instrument is needed. It is intended to 
explore the following topics: 

Community factors or social ecology: land reclamation projects, human migration 
and pattern of population movements, old and new settlements, place of origin 
of settlers, patterns of relationship of humans with domestic and wild animals. 

Physical ecology: including physical, geographic, agricultural and vegetation 
characteristics of the area. 

Animal ecology: areas from which cases of CL are reported will be visited and 
surveyed. The survey will include: 

Signs for the presence of rodents (i.e. burrows) in zones extending up to 
2 km around the human settlement. 
Characteristics of burrows, number of openings, diameter of opening, 
orientation, distance between burrow systems, etc. 
Species of vegetation present close to burrows. Evidence of feeding on 
plant species. 
Chemical and physical characteristics of the soil where burrows are found 
(e.g. soil composition, sizes of particles, salinity, etc.). 
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Climatic characteristics including temperature, rainfall and humidity. 
Species of rodents present. For this purpose, flooding of burrows, trapping 
and digging of burrows will be employed. 
Isolation of Leishmania parasite from collected animals vvill be attempted. 
Smears and cultures from skin lesions (ears), livers and spleens will be 
carried out. Schneider's medium or equivalent will be used for culturing 
the parasite. The isolated parasite will be typed enzymatically through the 
use of cellulose acetate electrophoresis as described by Saliba et al. 1988. 

Attempts to collect sandflies from dwellings, animal barns and rodent burrows in 
the areas from which cases are reported will be made. Caster oil coated papers and light 
traps will be employed and the collected insects will be identified with the help of Dr. 
Kamhawi at Yarmouk University and WHO Collaborating Centers. 

Information needed to complete the questionnaire shall be collected by field or 
site observation, interviews with administrative, health and social personnel and 
community activists and by reviewing pertinent reports and statistical data. 

To complete the investigation two study districts from endemic areas will be 
selected as follows. Once the cases diagnosed in the period 1980-1989 are determined 
their addresses shall be plotted by districts and the districts stratified by the order of 
cases detected from the lowest to the highest. This frequency shall be divided into three 
groups: the highest, the middle and the lowest. The lowest frequency districts are those 
where less than twenty cases were detected, the middle from 20 to 50 and the highest 
with 50 and above. Two districts from the middle group shall be selected as the study 
districts. 

Two disease-free districts similar to the two study districts in human and physical 
ecology shall be selected as controls and subjected to the same human, animal and 
physical ecological studies. Results will be compared to those obtained from the two 
study districts and analyzed accordingly. 

It is suspected that animal-human transmission of CL may be the predominant 
pattern, but the human-human transmission should not be ruled out a priori. 

Although L. major has been identified as the agent, L. tropica should not be 
definitely excluded, especially in the center of old cities or settlements. Laboratory 
studies shall be performed to assess the type of the agent involved in rural and urban 
areas. 

To determine the incidence rate of CL in Jordan for the year 1992, individual 
questionnaires should be completed for all newly discovered cases. Diagnosing facilities 
or physicians contacted during the previous phase will be requested to fill individual 
questionnaires distributed to them. 
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If it is felt that this may not provide the necessary completeness and accuracy of 
information, another approach could be used: one person in the facility (a nurse or an 
employee in the administration) and the sole physician will be asked to keep a list of 
patients by name and address. These designated persons will be contacted personally 
or by telephone by project staff at regular intervals. A staff member will then contact 
the patient and complete the individual and area questionnaires. Collection of data in 
this phase should be very flexible and adaptable to each situation. The most important 
goal should be to identify and locate each and every patient diagnosed. The project 
team will be available to complete the task there after. 

If the newly detected patient is clinically diagnosed, a smear and culture will be 
prepared either by the physician or the project team. All smears shall be examined or 
re-examined at the University of Jordan. All bio-chemical studies will be performed at 
the University of Jordan laboratories. 

With this information network it is expected that the number of new cases missed 
shall be reduced to a minimum. Between the physicians, the laboratories, the facilities 
(hospitals and health centers) and the school teams all newly detected cases should be 
known. The project follow up and periodic checks shall provide a unique and efficient 
reporting channel. By the end of the year 1992 a complete list of newly diagnosed cases 
shall be available. 

Incidence can be calculated as a rate per 100,000 midyear population. The 
formula used is: 

Incidence rate = number of new cases/year x 100,000 
population at midyear 

It is expected that through this investigation it will be possible to identify areas 
which are currently disease free and where CL may be expected to appear in the future 
(area at risk). 

Disease-free areas where significant community and ecological risk factors are 
found could be suspected as areas at risk where CL may appear if no preventive 
measures are taken. A map of Jordan shall be used to illustrate these findings. 

Data collected through individual and area instruments shall be transferred to the 
computer as soon as each questionnaire is checked, verified and deemed to be final, 
complete and accurate. Computer analysis may be started on sample numbers of the 
questionnaires, but the final results will not be released until after data collection is 
finished. 

Data analysis will investigate the variables explored in the questionnaires, their 
intrinsic importance and their relationship. Correlation of community and ecological 
factors, and their variations with disease causation will be emphasized. 
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Among important variables to be tested and correlated to disease causation are: 
age, sex, education, occupation, location (urban-central or suburbs-rural), altitude, season, 
development projects and migration, household income, dwelling structure and sanitary 
conditions, crowding, human relation to domestic animals, attitudes, beliefs, values and 
practices regarding: health and disease, CL, wild animals and rodents, vector, sanitation, 
personal hygiene, health facilities, health education and health messages. 

Several statistical methods will be used: tabulation, cross tabulation, significance 
tests, correlation, multiple regression, and other statistical procedures whenever needed. 
Models, computerized or others, may be constructed to clarify the process of disease 
occurrence. A qualified statistician from the University of Jordan will help to design 
instruments and analyze data. 

The final report of the project will attempt to explain in detail the epidemiology 
of CL in Jordan, with emphasis on risk factors, socio-economic, community, behavioral 
and ecological factors involved. Finally, a special section will be devoted to suggesting 
a broad set of interventions, geared toward enhancing or establishing preventive 
measures for complete control. 

Results of this project and suggested intervention measures shall be disseminated 
locally, regionally and internationally through: 

Seminars and workshops for target groups such as personnel in health, 
social, voluntary, community action and administrative fields who are 
decision-makers in the process of prevention, detection, diagnosis, 
treatment and control of CL. Participants will be selected from Jordan 
and the Arab region. International facilitators may be invited. Topics will 
center on the project objectives, methodology and results, and on 
recommendations for control. It is anticipated that two such seminars will 
be held; one in year II and one in year III of the project. 

Papers based on the project will be published in local, regional and 
international medical and health journals. 

Papers will be presented to local, regional and international conferences 
and seminars. 

Contact with regional and international workers in the field of CL through 
attendance at conferences and other relevant scientific gatherings. 

Preliminary Results 

Data obtained on cases diagnosed between 1980 and 1989 is being compiled. 
Although the figures are not yet final, they clearly indicate that the Jordan Valley, 
specifically the strip of land which lies between Deir Alla and Sweimeh (30 km long) and 
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which extends from 3-5 km to the East of the River Jordan, is the major endemic area 
in the country. This strip represents the upper limit of the Sudanian region but it also 
incorporates elements of the Irano-Turanian region .(Al-Eisawi 1985). Many succulent 
plants are present including Atriplex, Seidlitzia, Suaeda and others. Burrows of rodents 
which were located were predominantly associated with Atriplex. 

The data available show that outbreaks have occurred in areas considered free 
of the disease earlier. Two of these areas are worth noting; Al-Mowaqqar and Al-Hasa. 
Between 1982 and 1983, more than 193 cases were reported from Al-Mowaqqar area 
some 15-20 km to the East of Amman (Saliba et al. 1985). The area is Irano-Turanian 
with the succulent plant, Anabsis Syriaca, predominating (Amr and Saliba 1986). 
Colonies of the fat jird, Psammomys obesus were collected from the vicinity of the 
villages in the area and even from burrows located 50-100 metres from houses. The 
parasites isolated from humans and jirds were enzymatically identical to Leishmania 
major (Saliba et al. 1988). 

In 1988-1989, more than 100 cases occurred in Al-Hasa village, some 165 km 
south of Amman, on the main highway to Ma'an and Aqaba. The village has expanded 
in the last few years due to the establishment of phosphate mining facilities in the area. 
Again, Al-Hasa area is Irano-Turanian with A. syriaca predominating (Al-Eisawi 1985). 
Because the water used in washing phospate flowed westward in the direction of the 
village, A. syriaca flourished east of the village. Colonies of P. obesus and Meriones 
libycus rodents were located few hundred meters to the east of the village and active 
burrows from which infected P. obesus were collected were less than 100-500 meters 
from houses or bedouin tents. So far, only P. obesus was found infected in Al-Hasa area. 
Furthermore, Phlebotomus papatasi sandflies have been collected from burrows as will 
be mentioned later. 

Sporadic cases have recently been reported from areas thought to be free of CL. 
The areas include Malka area in the north, Al-Salt area, Al-Karak area and Al-Disi area 
in the south. The first two foci are peculiar since they are considered, 
pytogeopgraphically, as Mediterranean and do not match the known habitats of ZCL 
encountered in other parts of Jordan. The nature of the disease in these new areas is 
being investigated. 

The factors that have contributed to the appearance of cases in new areas as well 
as to the increase in the number of cases are also being investigated. We speculate that 
the following are important factors: 

1. The considerable rehousing and construction of new houses in endemic 
areas recently. 

2. Development of previously uninhabited areas where the reservoir and 
vector were present. 
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Environmental and ecological changes that favoured an increase in the 
population of both the animal reservoirs and the insect vector. 

Awareness on the part of dermatologists and other practitioners. 

Public and general concern over environmental impact of mass spraying 
with insecticides especially in the Jordan Valley in the course of the 
malaria eradication campaign. 

To date, several rodent species have been collected from endemic areas either by 
flooding burrows or by trapping. However, only the fat jird, P. obesus, have been found 
infected with Leishmania major (Mon. 26 and 103). Of the 162 P. obesus collected, 36 
were infected (Table 1). Meiriones libycus, M. crassus and M. tristrami have not been 
incriminated as reservoirs, so far (Table 2). 

A summary of other results obtained thus far include: 

Experimental infection of M. Libycus showed that laboratory-bred animals 
inoculated in the foot pad with 103, 105 and 10 promastigotes of L. major 
developed thickened areas and the parasite was re-isolated within 3 to 6 weeks 
post inoculation (Table 3). 

The following plant species or genera have been found associated with burrows 
of rodents: Atriplex, Seidlitzia, Suaeda and Mesembryanthemum (Jordan Valley), 
Anabasis syriaca, Hammada and Noea (Irano-Turanian strip) and Haloxylon, 
Atriplex, Anabasis, Suaeda, Traganum and Zygophyllum (Wadi Araba). 

Attempts to collect sandflies from active burrows of rodents in two endemic areas 
(Al-Hasa and Central Jordan Valley) were carried out during the months of June 
to October 1991. The burrows were located at distance about 50-600 metres from 
houses or tents. CDC light traps modified to collect insects flying out of rodent 
burrows were used as well as caster oil coated papers. The only Phlebotomus 
species collected so far by the CDC traps was Ph. papatasi. In the Jordan Valley, 
350 females were collected of which 200 were dissected as described by Rioux et 
al. 1986. On the other hand, 61 females were collected in Al-Hasa and all were 
dissected. Flagellated organisms were inoculated into semi-solid medium and into 
Schneider's Drosophila medium containing 30% fetal calf serum and antibiotics. 
However, the cultures were contaminated and the isolates were lost. Bacterial or 
fungal contamination of culture media inoculated with sandfly guts is not 
uncommon (WHO Expert Committee 1990). 
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Table 1: Number and Sex of Infected Psammomys obesus Collected from Different Parts 
of Jordan 

Table 2: Species of Rodents Examined for Infection with Leishmania Amastigotes 

NUMBER OF ANIMALS 

Species Examined Infected 

Psammomys obesus 162 36 

Meriones libycus 65 -- 

Meriones crassus 12 -- 

Meriones tristrami 7 -- 

Allactaga euphratica 12 -- 

Gerbillus dasyurus 3 

3 

-- 
-- Gerbillus nanus 

Area 

Number of Animals 

I 

Females Males 

E I E 

Mowaqqar 30 7 31 3 
Al-Hallabat 41 5 20 5 

Um-Rasas 11 5 2 1 

Qatrana 3 3 1 1 

Khaldieh 10 0 2 0 
Ma'an 4 0 
Wadi Araba/Gharandal 2 1 

Hasa 4 4 1 1 

Total 105 25 57 11 



* The eighth rodent was positive in culture 
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Table 3: Isolation of Leishmania parasites from experimentally-infected Meriones 
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