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Abstract

Leishmaniasis, manifesting on its different clinical forms is endemic in different
regions of the Sudan. Diagnosis of the disease in the Sudan is usually done using
simple methods such as microscopical examination of slit smears, histological sections
and cultures. Serological diagnosis using enzyme linked immunosorbent assay
(ELISA)- and direct agglutination test (DAT) are sometimes used as more sensitive
methods. The use of the polymerase chain reaction (PCR) as a molecular diagnostic
tool has thrown light on the epidemiology of the disease in the Sudan.

This study was conducted on 126 subjects to identify the parasites-causing the
different clinical manifestations, to determine the genetic diversity of different isolates
of Leishmania- and to detect parasites in the peripheral blood of subjects from highly
endemic foci. The study population consisted of 7 with suspected VL, 12 with
suspected ML, 14 with suspected PKDL, 2 with suspected sporotrichoid CL and 89
healthy game wardens and army soldiers from highly endemic foci.

Parasites were cultured in biphasic medium and subcultured in liquid medium
until mass production was stabilized. Extraction of DNA was done using three
methods which were phenol / chloroform / isoamylalcohol, K buffer and proteinase K
as well as lysing of the parasite with distilled water

The KDNA was amplified using species namely AJS1 and DeB8. The products
were analyzed on 1.5% agarose gel -and were visualized and photographed with U. V.
transilluminator and camera.

Characteristic bands of 700 and 800 b.p corresponding to the full length of
minicircle of L. major and L. donovani respectively were obtained on amplification of
KDNA from patients with VL and Cl. In some cases lower bands of 400 and 500 bp.
were obtained for amplified VLand CL KDNA. Double bands of 800 and 600 bp for
PKDL and multiple bands for sporotrichoid CL. Leishmania DNA was detected from
the conjuctiva of the eye of a patient with PKDL.

The genetic diversity of Leishmania parasite was determined by digesting PCR
product from PKDL, sporotrichoid CL and VL patients. Different patterns were
produced for each digesting product. This result indicates that there is hetrogenity
among isolates producing products of 800 bp.

The data from the Dinder National Park showed that Leishmanin skin testing
and K39 dipstick may be useful as endemicity marker in these areas. PCR detected L.
donovani on patients peripheral blood who displayed a wide clinical spectrum
including healthy individual of both Leishmanin negative and positive, active Kala-
azar casesas well as previous Kala-azar patients.

The study has shown that diffemt isolates of Leishmania cause the different
clinical forms and there is an indication of hetrogenity among isolates causing VL,
PKDL and sopotrichoid CL.
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CHAPTER ONE

Introduction and Literature Review

1.1. General Introduction:

Leishmaniasis embraces a disperate group of mammalian infections

caused by Kinetoplastids of the genus Leishmania (Molyneux and Killick-Kendrick,

1987). Leishmania are inlracellular, dimorphic, protozoariparasites belonging to the

order Kinetoplastida and family Trypanosomatidae. Among the protozoan diseases

of human, leislvmaniases ranks only second to malaria in medical and economic

importance in endmic regions (Lainson , 1982). Although there are no accurate data

on the incidence and prevalence of the disease, it has been estimated that at least

400,000 new cases of leishmaniasis occur annually (WHO, 1990; Ash ford el al,

1991). This number is considered to be greatly underestimated, and by extrapolation

of the available data , is closer to 1.5 - 2 million cases per year. Because of its

importance, leishmaniasis is one of the six diseases selected by WHO for its special

programme for Research and Training in Tropical Diseases.

In Africa, the Mediterranean Littoral, Middle East and India cutaneous

leishmaniasis(CL) is caused by Leishmania major and tropica, while systemic

infection (visceral leishmaniasis - VL) is caused by Leishmania infantwn. The

vector is a blood sucking sandfly of the genus Phlebolomus - family Psychodidae

and subfamily Phlebotominae, which thrives in an arid or semi arid terrain.

In South and Central America, VL, CL and mucocutaneous (MCL)

forms co-exist; the two subgenera Leishmania (Leishmania) and Leishmania

(Viannia) are transmitted by sandflies of the genus Lulozomyia-forest dwellers.

In the Sudan, the three forms of leishmaniasis: cutaneous (CL),

visceral (VL) and mucosal (ML) coexist. They are caused by L. major and



L.donovani respectively which are transmitted by Phlebotomus papatasi and

Phlebotomus orientalis respectively.

1. 2. Lifecycle :

Leishmania as well as other members of the order Kinetoplastida,

alternates during their life between two mammalian hosts, and presents a digenetic

life cycle. It starts (fig. 1) when a female sandfly is infected by feeding on a blood

meal (required for oviposition) from infected vertebrate host (usually a canine or a

rodent, but occasionally man). While feeding on the blood at the bite site, the

sandfly incidentally ingests monocytes infected with the amastigote stage. The

amastigote form is ovoid or round bodj«i measuring 2 - 3 micrometres and has a

nucleus and kinetoplast that contains the extracellular DNA. It multiplies by binaiy

fission and parasitizes the mononuclear phagocytic cells of the reticuloendothelial

system of mammals including man. The infected monocyte cells, rupture during

feeding of the fly and release cell - free amastigotes into the tnidgut. During the next

several days the amastigote transform to the promastigote stage which are

extracellular, flagellated, elongated cells measuring 1.5 - 3.5 micrometres at their

widest pail and between 12-16 micrometies at their body length. The promastigote

form begins to replicate by binaiy fission and attaches to the gut epithelium, where

it continues to multiply logarithmically. After detachment, the metacyclic

promasigotes move cephalad to the phaiynx and proboscis of the sandfly (Molyneux

and Killick - Kindrick ,1987), where they await transmission via the next meal. The

mechanics of metacyclic promastigote transmission to the host remain controversial.

The Leishmania - infected sandflies have difficulty of feeding. They compensate for

the ability to ingest only small portions of blood by repeated probing of the host.

This phenomenon results from parasite interference with the sensilla of the sandfly

controlling engorgement and probing (Killick - Kindrick and Molyneux, 1981).

Infective metacyclic promastigotes are deposited onto pooled blood at the wound
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site of the host (Sacks and Perkins, 1984). Promastigotes released at the wound site

must overcome barrier defences of the host if they are to infect mononuclear

phagocytes residing in the dermis. The ingested promastigote is enclosed in a

phagosome. (parasitophoms vacoule), which eventually undergoes lysosomal

fusion. Within the phagolysosome, the promastigote transforms into an amastigote

which undergoes replication despite the extremely toxic environment of the

parasitophorus vacoule, which contains oxygen and nitrogen metabolites,

hydiolases, low pH, and cationic proteins. (Bray and Alexander, 1987). Replication

continues untill the initially infected cell ruptures and releases amastigotes that are

phagocytized by other macrophages. Thus, the repetitive cycle of infection and

replication begins. Some species of Leishmania such as L.major and L.tropicci

cause simple cutaneous lesion; they remain localized at the sandfly feeding site and

are transmitted among macrophage within the skin. On the other hand, Leishmania

donovani and infanium that cause visceral disease spreads quickly beyond the initial

infection site. The life cycle is completed when the sandfly ingests Leishmania -

infected monocytes or macrophages during bloodmeal.

1. 3. Classification of Leishmania Parasite

1. 3.1.Systematic of the genus Leishmania (after Levine et al., 1980)

Kingdom :Protista (Haeckel, 1866)

Subkingdom : Protozoa (Goldfuss , 1817)

Phylum : Sarcomastigophora (Honigberg and Balamuth , 1963)

Subphylum : Mastigophora (Deising , 1866)

Class : Zoomastigophora (Calkins , 1909)

Order: Kinetoplastida (Honigberg, 1963 emend . Vickennan , 1976)

Sub - order : Trypanosomatina (Kent, 1880)
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, Family : Trypanosoinatidae (Doflein , 1901 , emend , Grobben , 1905)

Genus: Leishmania (Ross , 1903)

Since the creation of the genus Leishmania (Ross 1903), the number

of species has grown continuosly. Initially, extrinsic criteria such as clinical forms,

epidemiological cycles (zoonosis or anthroponosis), host and vector types,

intravectorial cycles and geographical distribution were used for the identification

and classification of these species. Only after the 1970s intrinsic criteria , such as

immunological and biochemical data began to be used for classification of the

Leishmania (Andrea, el al, 1992). Recently, highly refined methods such as

isoenzyme analysis (LeBlanq, el al., 1987; Rioux el al., 1990 ; Mebrahtu, el al 1992;

Ibrahim, el al., 1995), restriction maps of kinetoplast DNA, polymerase chain

reaction (Rodgers, el al., 1990; deBruijn and Barker, 1992 ; Symth el al., 1992 ;

deBruijn, et al 1993 ., Lopez el al., 1993 ; Eresh, el al, 1994 ; Ibrahim , et al., 1994 ;

Anderson , el al., 1995) , and reactivity with monoclonal antibodies (McMahon , el

al., 1981 ; Eperon , el al., 1989) were used for species identification.

The genus Leishmania can be classified as peripylarian, with

development in the hindgut of the sandfly, or suprapylarian, with no such

development (Lainson & Shaw ,1979). These groups correspond to the subgenera

Viannia and Leishmania. The subgenus Leishmania encompasses several complexes

in both the New and Old World .

The Leishmania (L.) donovani complex :

L.(/.) donovani (Laveran and Mensil, 1903 ; Ross, 1903)[Old World]

L. (L) infantum (Nicolle, 1908) [ Old World ]

/,.(/,) chagasi (Cunha and Chagas, 1937) [ New World ]

L. (/,) archibanldi (Castellani and Chalmers, 1919) Sudan.

L(L) sp. Kenya, Eastern Pyrenees, Italy, Iraq and China.

Other species :

L. (/,) iropica (Wright, 1903 , luhe ,1906).

/,. (L) aethiopica (Bray, Ashford and Bray , 1973).
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L .(/,) gerbill'i (Wang , Qu and Guan , 1964).

/. .(/,) major (Yakimoff and Schokhor , 1914 emend . Bray . Ash ford and Bray,

1973).

/, .(I) sp. Namibia and Ethiopia

The Leishmania mexicana complex (New World)

L .(/,) mexicana (Biagi ,1953 emend .Gamham , 1962).

L .(/,) enriattii (Muniz and Medina , 1948).

/ . . (/,) amazonenesis (Lainson and Shaw , 1972).

/,.(/,) venezuelensis (Bonfante- Garrido , 1980).

The Leishmania (/,) hertigi complex (New World)

L. (L) hertigi (Herrer, 1971).

/ , . (L) deanei (Lainson and Shaw .1971)

The subgenus Viannia includes primarily the Leishmania (v) braziliensis complex

in the New World . This species complex includes the following main species.

/,.(/,) braziliensis (Vianna, 1911 emend Matta, 1916).

/..(/,) guyanensis (Floch , 1954).

/, .(L) panamensis (Lainson and Shaw, 1972).

/. .(L) pemviana (Velez, 1913).

1.4. Epidemiology of Leishmaniasis :

The epidemiology of leishmaniasis varies with respect to the different

species of the parasite, and within the same species in different localities

(geographical races). The biology of each sandfly species is unique and complex

covering all aspects of reproduction, feeding, dispersal, and other activities that

have direct bearing on the epidemiology of sandfly and vector control.

Transmission of the disease is highly dependent on the ecology, and, consequently

the condition under which man becomes infected varies with time and place. The



seasonal incidence of new cases is presuinely due (o the interactions of climatic

factors , the sandfly and the parasite (Rees, et al.,\9&7).

The reservoir host may be of some importance in determining the age

group, sex and occupation of infected individuals in a given area. In places where

man is the resevoir host ie. the disease is anthoroponosis, the boundries of an

epidemic may be advanced by the movement of infected individuals.

In the Mediterranean, where dog is the resevoir, the illness was

classically common in infancy though all ages may be attacked. In Kenya kala-azar

has been especially noted in young boys, perhaps particularly those exposed to the

bites of sandflies as they sit in the proximity of termite hills whilst herding cows,

sheep, or goats (Rees, et al. ,1987).

Socieconomic factors such as poor housing and low standards of

hygiene increase the risk of transmission in peridomestic areas. For instances,

organic remnants and piles of bricks and stones constitute potential breeding and

resting sites for sandflies (WHO ,1990).

Outbreaks of /Le/.s/,,H,jn< ? are often associated with the agricultural

development of an area and the introduction of non-immune people in sparsely

areas where the infection is zoonohc. Military activities also increase the incidence

of the disease (WHO ,1990).

In the New World, both CL and MCL are considered as occupational

diseases since they are related to professional activities in enzootic areas especially

in forests, such as forest clearing for road construction, agricultural development

projects, hydroelectric dams construction, mining of timber and oil industries.

1. 4.1. Geographical Distribution of Leishmaniasis:

The geographical distribution of leishmaniasis is a reflection of the

occurrence of the appropriate parasite-vector-host systems(Elassad, 1990). Endemic

foci are scattered all over the globe. Visceral leishmaniasis is widespread and it

occurs in four main epidemiological forms depending on the geographical area.
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These forms are Indian Kala-azar, Mediterranean kala-azar, African kala-aar and

South and Central American kala-azar. The Indian form is known in Bengal, Assam,

Madras, South-east India and Burma. The Mediterranean kala-azar occurs

sporadically in the countries of the Mediterranean Littoral mainly in Iraq, Iran, parts

of Arabian Penninsula, Southern Russia, and in Northern China. The African kala-

azar occurs over a wide area of the semi- arid country across Africa south of the

Sahara, stretching from Senegal to Nigeria in the west, through the Sudan and Chad,

to Somalia and Kenya in the east. South and Central American kala-azar is endemic

in north-east Brazil and Paraguay and occurs sporadically in Mexico, Guatemala

and Venezuela (Maegrith , 1984) .

The strains of Leishmania responsible for visceral leishmaniasis are

Leishmania donovani, Leishmania infanlum and rarely Leishmania iropica in the

Old World and Leishmania chagasi in the New World.

Old World cutaneous leishmaniasis occurs in countries of the

Mediterranean littoral, especially southern Europe and North Africa, In Africa south

of the Sahara, in the Middle East, southern Russia, northwest India and northern

China. It is usually found in arid areas with marked diurnal temperature. The main

species of Leishmania causing CL are /,. Iropica, L. major, L. aeihiopica and rarely

L. donovani.

Classical mucocutaneous leishmaniasis (MCL), due to /,. f-Kixihtn^ is

the commonest form of leishmaniasis from Costa Rica, through Central America,

and in South America, mostly east of the Andes along the Amazon basin and as far

south as Paraguay. It is limited to the hot, moist, low-lying forest regions in which

the vector are abundant.

1. 4. 2. Vectors of Leishmania :

The natural prime vectors of leishmaniasis are small brownish blood

sucking flies(females) of the family Phlebotominae (sandflies) . They are found in

8



the tropics and subtropics, with a few species penetrating into temperate regions in

both the northern (to about 50°N) and southern hemispheres (to about 40°S).

As cited in the WHO report (ANON., 1990), the genera of the

sandflies are Phlebotomm, Sergentomyia and Chinius in the old world and

Lutzomyia, Bmmplomyia and Warileya in the New World. There are about 700

described sandflies species of which 70 species fall in the Phlebotomus and

Lulzomyia genera, are thought to be involved in the transmission of the disease to

man.

1. 5. Clinical Features of Leishmaniasis

Depending mainly on the species of the parasite, and the immune

response of the host, the main clinical forms of leishmaniasis include visceral

leishmaniasis ([VL] - kala -aza), cutaneous leishmaniasis (CL) mucocutaneous

leishmaniasis (MCL). Variant forms of the disease are found within each of these

three types.

Visceral leishmaniasis is a serious health problem causing mortality in

untreated cases. The incubation period is estimated to be between 2 and 6 months

(Napier, 1946). The disease is characterized by irregular fever, low blood pressure,

and high pulse rate. The outstanding physical signs are progressive enlargement of

the spleen and, to lesser extent, of the liver. Other clinical features are enlargement

of the lymph nodes, steady bodily wasting, diy and rough skin and hair and

jaundice. The mortality from untreated disease is very high ; death usually follows

within 2 years of the onset.

Post- kala-azar dermal leishmaniasis (PK.DL) is

charactreized by development of macules, papules, nodules or infiltrative plaques

in the skin usually following treated kala-azar. In some patients there is no history

of kala-azar (El Hassan el al, 1990 and 1992). The condition is most frequent in

India where it develops 1-5 years after apparent cure of kala-azar. PKDL also occur

in the Sudan (El Hassan el a\, 1992 ; Zijlstra , el al. 1995) and Kenya (Rees, el al,

9



1987). African PKDL is less frequent and develops during or shortly after treatment

ofkala-azar (Rees et al, 1987).

Cutaneous leishmaniasis (CL) continues to be a serious health

problem in many countries of the world. Clinical features of cutaneous

leishmaniasis tend to differ between or within species reflecting the different

species of parasite and type of zoonotic cycle concerned, and also perhaps the

genetically determined response of the patient. Cutaneous leishmaniasis of the Old

World is either acute or chronic. The acute cutaneous leishmaniasis includes

anthroponotic or urban cutaneous leishmaniasis, and zoonotic or rural cutaneous

leishmaniasis, while the chronic cutaneous leishmaniasis includes non-healing

cutaneous leishmaniasis, partially healing (leishmaniasis recidivans) cutaneous

leishmaniasis and diffused cutaneous leishmaniasis(DCL). Anthroponotic CL is

characterized by painless liberation of the skin often leading to disfiguring scars.

The diy ulcers may heal spontaneously in about a year, or sometimes longer. The

incubation period is usually 2-8 months. The rural cutaneous leishmaniasis lesion

develops in the same way as the urban type but there is a strong tendency for central

area to necrose and produce a haemorrhagic crust. This soon separates revealing an

irregular , bright red base consisting of slough alternating with papules of

proliferating granuloma. The whole lesion is larger than the urban type.The course

is similar to that of the diy type with gradual flattening of the margins over 6-18

months and healing by fibrosis.

ijon-heafing cutaneous leishmaniasis resembles urban leishmaniasis but,

instead of healing, it persists for many years with alternating periods of activity and

quiescence. It is usually seen in elderly patients. The lesion of leishmaniasis

recidivans develop from an acute lesion after about 12-18 months. Untreated, the

disease is destructive and disfiguring. Diffused cutaneous leishmaniasis is

characterized by development of discrete nodules plaques and papules over the

whole cutaneous surface. There is no ulceration or mucosal involvement. The

disease does not heal spontaneously, and there tend to relapse after treatment.

10



Sporohichoid cutaneous leishmaniasis is due to disseminination of

amastigotes via the lymphatics, leading to the formation of subcutaneous nodules

and thickened lymphatics. The underlying factors causing the dissemination are

poorly understood, but it may be triggered by treatment in some patients (Kubba ,et

al ,1987).

Mucocutaneous leishmaniasis (MCL) is characterized by an

intervening period of 10 -25 days between infecting sandfly and the appearance of

skin lesions in the bitten areas.The primary lesions are itchy papules located on the

exposed parts of the body. Lesions are either ulcerative or non-ulcerative. The

mucosa of the anterior part of the cartilaginuous septum is usually the fust to be

affected. It becomes reddened and thickened, an ulcer forms, spreads and extends

deeply into the surrounding tissues, the cartilage is ultimately destroyed. The

ulcerative process destroys the lips, the soft palate, the face, and the rhine-pharynx,

<ind in due course it extends to the larynx and trachea. Death results from respiratory

involvement or from inability to take or swallow food.

1. 6. Genetics of Leishmania'.

The exploration of the genome of the trypanosomatid protozoan

Leishmania has been difficult until recently owning to a number of obstacles, not

least our ignorance of the ploidy and the number of chromosomes, the uncertainity

of the species concept in these allegedy asexual protozoa and the absence of

classical genetic studies (Bastien, el al ,1992)

FQI from simplifying views on Leishmania species, the surprising

complexity of recently obtained data on these organism genomes, have raised a

number of questions, and some matters, such as ploidy and genetic exchange remain

contraversial. The pulsed field gel electrophoresis (PFGB) has shown the

occunance of extensive polymorphism of homologus chromtsomes among different

strains whether from the same species or not (Vander Ploeg el al, 1984 ; Spithill and

Samaras, 1985; Giannini el a/,1986; Schrollel el al, 1986 ; Comeau el al, 1986;



Samaras and Spithill, 1987 and Bishop and Miles , 1987) reflecting what appears to

be extra-ordinary plastic genome (Bastien, el al ,1992) Moreover,'^chromosomes of

Leishmania ̂  bands may contain one or several homologus or sometimes even

different chromosomes.

The most refined studies identified 22 to 33 bands in different species

of Leishmania (Bard, 1989). The band ranged in size from 150 - 3000 kilo base

pairs. The exact number of chromtsomes in Leishmania remains unknown. The

different chromosomal bands in the same karyotype show non- stoichiometric

staining intensities with ethidium bromide indicating that they are composite (Bard ,

1989 and Bastien, el al, 1992). Differences in chromosomal size falls in two

categories , major and minor. The former one has been thought to be generated by

chromosomal breakage and rearrangement during speciation and the minors are

those of less than 50 kb that can be the product of additions and deletions of highly

repetitive DNA sequences in the telomere (Bard, 1989).

The current general view is to consider Leishmania as a diploid

organism, but the supporting data for this is not abundant. The 2-step inactivation of

adenine phosphoribosyl hansferase gene in mutant lines of Leishmania major can

be interpreted either as diploidy or as a two gene model in a haploid genome. Much

more convincing is the evidence of heterozygosity at the miniexon and at the

dihydrofolate reductase- thymidylate synthase (DHFRTS) gene foci, as well as for

equal levels of chromosome v homologus bearing the latter foci in the Leishmania

major . Also, in a cloned line of Leishmania major, amplification of the miniexon

gene array on one homologue of chromosome II increases the chromosome s1 size to

that of chromosome III in PFGE gels so the staining intensity of chromosomal bands

II and III decreases and increases respectively by half whereas that of chromosome I

stays me same.The latter strongly suggests equivalence of these 3 chromosomes and,

therfore, in view of heterozygosity , dipoidy( ftW'-o, j H j '*•»*•)

The above three studies only involved laboratory - selected mutant or

DNA hansfected lines. They may be not representative of natural unselected strains
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of Leishmania. Further support for diploidy has come from a naturally found hybrid

strain that is heterozygous for 4 isoenzymes and 6 DNA probes.

Additional data from PFGE analysis of unselected strains of

Leishmania throw new light on the diploidy hypothesis. Most importantly, each

chromosome of Leishmania generally appears as a single band in PFGE . If the

parasite is diploid, this means that each band contains two homologus chromasomes

identical in size.

The analysis of all existing data leads to two contrasting hypothesis:

I) that haploidy is the basic state of the parasite, with rare strains being disomic or

polysomic for a few chromosomes; 2) that diploidy in Leishmania generally means

having two sets of almost identical chromasomes, hence a predominant

homozygosity.

A diploid model, the presence of identical hoinologns chromasomes

in the cell can mean either that one copy arises from the other through duplication

or that the cell is derived from 'parents' with identical homologus . This therefore

directly addresses the question of sexuality in Leishmania.

In other trypanosomatids, several observations strongly support the

occurence of sexual and parasexual genetic exchange in Leishmania. Cell fusion

between promastiogotes followed by the production of a synkaryon, has been

recorded by videomicroscopy on many occasions and in several species. Genetic

recombination within the genus Leishmania has been suggested by Maazoun el al

(1981) and Le Blancq el al. (1986) who independently obsei'ved isoenzyme pattern

which could be interpreted as being those of heterozygotes. Evans el al (1987)

suggested the formation of hybrid within the genus Leishmania on observing the

differance of isoenzyme patterns of Leishmanial organisms isolated from desert

rodents and feral dog.

Leishmania, as well as other members of the order kinetoplastida,

possesses a unique DNA structure in their single mitochondria known as

kinetoplast DNA (kDNA). The KDNA comprises of two dimensional disc-shaped
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DNA network, which has remarkable organization and genetic functions (Shlomai,

1994). The network consisted of 5000-10000 copies of minicircles, 600-900 bp in

length and 25 - 50 copies of maxicircles 20-40 kb in length , interlocked in giant

topological catenane. The function of the maxicircle is to encode mitochondrial

ribosomal RNAs and proteins. Their transcripts undergo extensive editing, in which

uridine residues are either added or deleted at many specific sites in the mRNA, to

create translatable open reading frames. The function of minicirles has been a

puzzle for many years . However, recent discoveries have shown that they encode

small guide RNA (gRNA) which is important for RNA editing since it contains the

editing sequence and act as a source of uridine residue. A comparison of

minicircles from different Leishmania species revealed that there is a region of

approximately 200 base pair which is conserved between species, while^remaining

sequence varies among species and subspecies.This characteristics has allowed their

use as diagnostic probes (Wirth, 1982 ; Spithill, 1984). Cloned minicircles

fragments have been used as probes to distinguish organisms at the species,

subspecies and strain levels (Lopes, 1986 ; Rogers, 1987).

Barker and co- workers have extensively analyzed sequences of

kDNA minicircles of different species and have developed synthetic oligonucleotide

primers which combine species-specific and 'universal ' kinetoplastid -specific

sequences . This allowed the entire minicircle to be amplified during polymerase

chain reaction (PCR) (Blackwell ,1992) . Hence, allowing the diagnosis of the

different species of Leishmania since, each species has characteristics diagnostic

band. For example the diagnostic band for Leishmania donovani is around 800 base

pair, that of L.eishmania major is about 700 base pair and that of Leishmania tiopica

is 900 base pair.

Estimates of the genomic size of Leishmania vaiy from 107 to 5x107

base pair in different species. The best characterized nuclear genes are the ones

coding for alpha and beta tubulins (Bard , 1989).
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1. 7. Diagnosis of leishmaniasis :

Diagnosis of leishmaniasis rests upon clinical, parasitological, and

immunological grounds and a proper evaluation of these approaches may be

necessaiy. The essence of the clinical diagnosis of leishmaniasis is suspicion which

is raised on either or both of two grounds, the geographical epidemiological and the

plinical aspects of presentation. (Manson- Bahr, 1987). Numerous techniques have

been used in leishmaniasis diagnosis but none is completely satisfactoiy when used

alone (Piarroux , et al., 1993).

I. 7.1. Parasitological methods of diagnosis of leishmaniasis :

Lishmania parasites may be detected in biological or tissue material

by direct smear, culture or by animal inoculation. Samples of tissue may be obtained

by needle biopsy (spleen, bone marrow , lymph glands and cutaneous leisons) or

biopsy , which may be examined by direct smear , cultures or animal inoculation

and histological examination. Cultures can be done under sterile conditions using

NNN (Nicolle Me Neal Neave Medium) or Schneider' s insect culture

medium(Evans, 1989). The golden hamster is the most suitable animal and is

sensitive to most strains of Lai.shmania so it frequently used for animal inoculation.

The direct methods of visualizing amastigotes in tissue samples by microscopic

smear examination , which is simple and cheap , or by histological stainning of

tissue sections have limited sensitivity especially when the parasites are scarce (de

Bruijn Maarten, et al., 1992 ; Meredith, et al., 1993 and Piarroux , et al., 1993).

Isolation methods such as in vitro culture of Leishmania from punch biopsy

triturates or lesion aspirates can be sensitive but are time consuming , costly and

have variable successful rates (Weigle, et al .,1987 , de Bruijn Maarten ,et a!., 1992

and Piarroux, et al., 1994) .
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I. 7. 2. Immunological methods of diagnosis qf leishmaniasis:

Imunodiagnostic methods are efficient in acute cases which may have

scanty parasite and in rapid epidemiological field studies (El assad, 1990). They

either detect Leishmania specific antibodies or cell mediated immune response

(CMI). The CMI can be demonstrated in vivo by Montenegro test (Monotenegro,

1926) using leishmanin (suspension of promastigote in saline and phenol) as antigen

for delayed hypersensifivity. The in vitro cellular test includes bias! transformation

of blood lymphocytes and macrophage migration inhibition upon exposure to

antigen (Tremonti and Walton, 1970).

The serological assays are common in imiminological diagnosis. The

detection of antigen-antibody complex is performed either by using signals which

may depend on altered biological activity including the complement fixation or by

altered physical properties. Gel precipitation methods examplified by double

diffusion test, immunoeleclrophoresis (IE), counteriinmunoelectrophoresis (CIE),

and electroimmunodiffusion (EID), were reported (Rangue and Quilici 1970;

Abdalla et al. 1977; Kohantib et al. 1980). The agglutination serodiagnostic

techniques comprised direct agglutination test (DAT) which is first used by Allian

& Kagan (1975) and improved by Harith el al.; (1986). A label or a marker in one

of the immunoreactants is used in many serological techniques; immunoflourescent

antibody test (IFAT), Radioimmunoassays (RIA), Enzyme linked immunosorbenl

assay (ELIZA) and monoclonal antibodies (Mab) (Bray and Lainson ,1965; Walton

el al., 1972; Ekins, 1980; Engvall el al., 1971 and Lynch el al., 1986).

Each of these techniques has particular advantage and disadvantage

for example immunoelectrophorsis is highly specific but with low sensitivity

(Kohantib et al., 1984) , indirect imtnunoflouresence is sensitive but detect only

group-specific antigen (Serivastava el al., 1984) , complement fixation is easily

performed but insufficiently specific (Hockemyer et al., 1978). RIA is specific but

has a limitation since it uses radioactive isotpes and short - life labelled

reagants(Hommel etal., 1978).
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Although these methods are sensitive, they are not reliable especially

in endemic areas where Leishmania species coexist with other forms of

trypanosomatids (Lopez, et al., 1993). Crude antigens show cross-reactivities with

sera from individuals infected with Plasmoclium, Brucella, and Mycobactehum

tuberculosis (Hommel, 1987; Manson - Bahr, 1987; Guevara , etal, 1989 and

Lopez, et al., 1993). Furthermore, serological test are not able to establish if the

antibodies levels are result of past or present infections. On the other hand, the lack

of antibodies does not indicate the absence of parasites, as in the case in a

considerable proportion of patients infected with human immunodeficiency virus

who are also infected with Letsinnooid ch.yjvj,,'/ and did not show humoral

responses (Alvar et al ., 1989). Two approaches has been used to improve diagnosis

of visceral leishmaniasis in immunodeficient patients. Mary et al., (1992) proposed

means of diagnosis based on the Western blot technique. The second approach is

the use of DNA - specific probes or amplification of a specific sequence of

Leishmania DNA by the polymerase chain reaction technique.

1.7. 3. DNA methods of diagnosis of leishmaniasis :

DNA based methods of diagnosis of leishmaniasis have been

attempted since the early 1980s . Several DNA hybridization procedures have been

reported (Kennedy, 1984). Inspite of their considerable sensitivity (detecting as few

as 50 - 100 parasite) (Wirth, et al., 1986 ; Lopez , et al, 1988) and the incorporation

of nonradioactive detection system(Lopez, el al .,1988 ; Barker, 1989), their

potential use in routine diagnosis has been hampered by the multiple step nature of

hybridization procedures (Lopez, et al., 1993). The advent of amplification of

minute amount of DNA using the polymerase chain reaction (PCR) (Saiki el

al., 1988 ) has great potential in application to the diagnosis of Lvihrwiij infection.

!>.V< ̂ roj. groups have developed PCR assays for the diagnosis of leishmaniasis.

Uliana" and V > ,%'developed an assay for leishmaniasis(mainly mucocutaneous and
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cutaneous using a ribosomal DNA sequence. Rodgers,d^iir bna/Vj^v-

amplification of kDNA.

PCR diagnosis has proven extremely useful in both the field and

laboratory. Rodgers el al, 1990 demonstrated how the PCR can be used to increase

the sensitivity of detection of Leishmania parasite by DNA hybridization method.

kDNA from a single parasite was detected. The sensitivity of the PCR allowed the

use of non-radioactive hybridization methods for detection, de Bruijn et al, 1992

developed oligonucleotide primers which are highly specific to L. braziliensis

copmlex and found that less than one fentogram of kDNA can be detected. Symth,

et al, 1992 used PCR for detection of Leishmania parasite from spleen and blood

samples of kala-azar patients and obtained product with DNA from the equivalent of

2.5 -25ul of splenic aspirates or 50 -500 ul of blood from infected patients. Lopez,

et al, 1993 used PCR to diagnose L. braziliensis in the field from fresh skin

biopsies. Meredith et al, 1993 developed Leishmania specific PCR assay based on

the SSurRNA gene to detect Leishmania parasite in different clinical samples

including blood spotted on filter paper. The result found indicated that PCR on a

filter paper is a sensitive and simple mean of detecting active VL. Eresh et al., 1994

used PCR to identify and diagnose L.mexicana complex and was able to distinguish

between L.(L.) mexicana and /..(A.) amazonensis. Ibrahiim et al, 1994 used PCR to

detect cases of mixed infection in 4 cases out of 19 and found that three cases

harboured /,. donovani and L. major and one case L. aethiopica and /.. donovani.

Nuzum et al., 1995 diagnosed symptomatic VL from peripheral blood using PCR.

He found that PCR had a sensitivity of 90% and a specificity of 100%.

Comparisons of PCR with conventional methods for diagnosis of Leishmania

infection showed that PCR has greater sensitivty and specificity.

1. 8. Treatment and Control of leishmaniasis :

Infection with Leishmania vaiy in site, extent, severity and prognosis,

from subclinical, through self limiting fulminating, to acute and chronic. From

localized to generalized and from skin to mucosa to viscera . They may incapacitate,
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mutilate or kill (Bryceson, 1987). Until more is known of the features of parasites

and host which contribute to these differences and which might be amenable to

selective therapeutic approaches, treatment remains largely empirical. The differing

features of various clinical conditions require different effects from treatment and

impose different limits of acceptable toxicity.

Different types of drugs have been used to treat visceral leishmaniasis

since the 1920s . These include sodium stibogluconate (pentavalent antimonials),

amphotericin B etc. The mode of action of these compounds against \j&shri&oia

spp. includes inhibition of purine nucleotide triphosate and macromolecular

synthesis (Berman, et al.t 1985 ; Berman, 1988). In cutaneous leishmaniasis,

physical techniques (curettage, irradiation, local heat, and freezing) and topical

agents such as berberine acid phosphate have been used with effect (El- On, Jacobs

&Weinrauch, 1988).

Several factors apart from the regimen used, influence the outcome of

chemotherapy. These factors are cell-mediated immunity, nutritional status, parasite

being intracellular, severity of disease, intercurrent diseases such as malaria and

pneumonia and suitability of choice of treatment (Bryceson, 1987 ; Cook, 1993).

Several newer approaches to chemotherapy have recently been tested.

Immunotherapy previously shown to be effective experimentally

(Haidaris & Bonventre, 1983), has also been applied both to VL and CL.

Approaches to the control of the leishmaniases are determined by the

ecology of these transmissible diseases. According to their ecology they can be

divided into two main types - anthroponotic leishmaniasis and zoonotic

leishmaniasis.

As in any communicable disease, control of leishmaniasis can be

achieved through a complete break in the transmission cycle of an agent as well as

through complete isolation of man from this cycle (Vioukov, 1987). Four groups of

measures may be considered for the control of zoonotic vector-borne diseases; they

can be used separetely or in integrated form. These groups are control of vector
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using insecticides or by biological agents, control of the disease agent, control of the

source of infection and protection of people from becoming infected. For the proper

organizaion and sandfly control precise knowledge of their biology, ecology and

medical importance is crucial.

The control of communicable diseases can be achieved not only

through control of vectors, parasites and/ or resevoirs, but also by protecting people

from being infected . Such protection can be achieved by two means, by vaccination

and by mechanical and / or chemical protection against vector bites.

1. 9. Leishmaniasis in the Sudan :

The Sudan is recognized as one of the world 's most endemic

countries of visceral leishmaniasis or kala, - azar. The histoiy of visceral

leishmaniasis goes back to 1904 wht/V it was discovered by Neave',It was then

confirmed by Leishman to whom spleen smears had been sent from a boy from

Mushrea el Rek in Bahr el Ghazal province . In 1907 and 1909 , two Englishmen

died from the disease (Sqiures,1958 ,cited by Satti, 1982). It was soon recognized

that the cases originated mainly from the part of the Sudan bordering with Ethiopia ,

since cases were reported from Kassala and Blue Nile province (Hoogstraal and

Heyneman , 1969). Until 1940 , there were no major epidemics of kala-azar, only a

few small outbreaks from time to time . In 1940 a severe outbreak was reported in

Melut and Kaka, spreading eastwards to Ethiopia . In 1942 the frontier of Gallabat

was evacuated because of high kala-azar incidence among troops, officials and

residence in the town . In 1953, kala-azar was reported in all province except Bahr

el Ghazal and Northern province, but 80 % of the cases were recorded in

Gedaref.Singa and Sennar hospitals in the north eastern part of the country . The

area of the south north of Khartoum had long been free from all forms of

leismaniasis but in 1962 a case of kala-azar appeared . About the same time a case

of VL was reported from Abydia in the Nile province . A few years later i.e in

1975-1976 a cluster of cases was encountered at the Khogaleb ( Hamza, et. al.,
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1977) . Inl983- 1985, an epidemic of VL occurred in western Upper Nile region in

southern Sudan, with massive displacement of people towards Khartoum , and

numerous cases were reported among displaced people in the Khartoum area .

Recently , an epidemic of visceral leishmaniasis has been reported in Southern

Sudan (Perea , et al., 1989 , Perea , et al., 1991 ; Zijlsha , et al, 1991).

VL is associated with Acacia balanites and deeply cracked black clay

soil . The main endemic area for kala-azar is traditionally in the eastern and central

Sudan stretching from Malakal in the south to Kassala in the north-east; later new

foci were noticed in the west (El Fasher and El Nahud) and Kapoeta in the

south(Desjeux , 1991). The parasite causing VL in the Sudan has been typed as L.

donovani s.l. zymodeme LON 46 , LON 48 and LON 50 (Le Blanco and Peters ,

1986 ; Ashford , et al., 1992 and Ibrahim, et al., 1995) and the proven vector is P.

orientalis in southern Sudan (Kirk and Lewis , 1955;and Schorder and Goris, 1992).

In Kapoeta focus of the disease where no P. orientalis was observed , kala -azar is

thought to be transmitted by P. martini (Hoogshaal and Heynyman , 1969) .The

reservoir hosts were rodents and carnivores (Hoogstraal and Heyneman ,1969).

Clinically , VL has the same features as in other countries .

Cutaneous leishmaniasis was reported for the first time in the

Sudan by Thompson and Balford but the two patients involved had contracted the

disease in Egypt . The first case originating in the Sudan was discovered by

Archibald in 1911 in the Nuba mountain of Kordofan province .The patient was an

adult male,Three years later Christopherson reported two cases of oriental sore . In

1938 Kirk and Drew reported 5 similar cases , one from the Blue Nile and four

from Darfur province.In 1973 , Abdalla et al reported 21 cases of CL, 19 from

central Sudan where kala-azar occurs. An epidemic of CL broke out in the Nile

province around Shendi in 1977. It spreads northwards to the North province and

southwards to Khartoum. In the beginning of 1985 an epidemic of CL appeared at

El Garrasa , a village between El Deuim and Gebal Awalia and in October 1985 at
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Tuti island at the junction between the White and Blue Niles with a population of

20,000 (Desjeux , 1991) .

Cutaneous leishmaniasis is common in the northern Sudan . The

parasite causing it is Leishmania major 2ymodemeLON 1(E1 Safi, elal, 1991) .

The vector is P. papatasi (El Amin , 1987) and rodents such as Arvicanthus

niloticus were found to be the reservoir hosts in Khartoum proy|nce(El Safi, etal.,

1991). Clinically , CL showj* different features from other countries . The lesions are

either ulcerative , non - ulcerative and nodulo-ulcerative (Abdallah ,et al, 1973).

Mucosal leishmamiasis is the least common form and was reported in

the Sudan in 1914 by Christopherson in a patient 40 years old living near Sennar.

Humphreys and Mayne (1935), reported three cases of oronasal leishmaniasis, one

of which is not from a kala-azar endemic area. The epidemiology , clinical

manifestations and management of ML have been described in several publications

(Milsov , et al., 1969 ; Abdalla, et al., 1975 ; Ghalib, el al, 1992 and El Hassan, et

al., 1995) .The disease is wide spread in central, nothern and western desert areas of

the Sudan. Most of the patients were adult male . The disease was characterized by

lesions in the nasal and / or oral mucosa and was not accompanied or preceded by

cutaneous lesions (El Hassan , et ah, 1995). The larynx may be the only site of

infection (Satti., 1963) .The parasites causing ML have been typed as Leishmania

donovani and Leishmania major (Ghalib et al, 1992). The former being more

common .

1. 10. Objectives of the study:

The objectives of this study are :

1) To use the Polymerase chain reaction (PCR) to identify the different isolates of

Leishmania parasite from patients showing different clinical manifestations from

different geographical regions of the Sudan.
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2)To determine the genetic diversity of kDNA minicircles of isolates of Lci.shmania

from patients showing different clinical symptoms using restriction endonuclease

digestion.

3)To use (he PCR to detect infection with Leishmania parasite in a population from

a highly endemic area.
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CHAPTER TWO

MATERIALS AND METHODS

2.1. Samples' Collection :

2.1.1. Samples of Patients with suspected Leishmaniasis :

Random samples of patients with suspected Leishmaniasis were collected

from endemic areas of the Sudan. They were cateogorized according to their type

into:

2.1.1.1 Blood samples: 1ml of peripheral blood were collected in EDTA rubes from

5 patients who were clinically diagnosed as having either visceral leishmaniasis(VL)

or cutaneous leishmaniasis(CL).

2.1.1. 2. Biopsy Samples : 11 biopsies were collected from patients suspected to

have Mucosal leishmaniasis(ML) in 1.8 ml tubes containing 300-500 microlihe of

liquid medium RPMT 1640( Biological industries).

2.1.1. 3. Bone marrow aspirates : 5 bone marrow aspirates were collected from

patients suspected to have visceral leishmaniasis in red top vacutainers containing

300-500 microlitres of liquid medium RPMI 1640.

2.1. 1.4. Tissues : 10 samples were collected from patients suspected to have either

Post Kala-azar Dermal Leishmaniasis[PKDL](one sample); Sporohichoid (one

samples); Post Kala-azar Mucosal Leishmaniasis (one sample) and skin lesions (

nine samples ) in 1.5 ml tube containing 300-500 microlitre RPMI 1640 liquid

medium.
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2.1. 1. 5. Tissue impressions on whatman no. 2 filter paper : 2 tissue impressions

on whatman no. 2 filter papers were collected from patients suspected to have ML

(I sample) ;and sporotrichoid cutaneous leishmaniasis (1 sample).

2.1. 1. 6. Spleen of hamster : Cultured parasites of spleen biopsy from a sacrificed

hamster were collected in a 1.5ml tube containing liquid medium RPMI 1640.

2.2. Cultivation of the Leishmania parasite:

2.2.1. Preparation of solid medium NNN (Nicolle McNeal Neave Medium ):

Ingredients :

3.2 g Brain Heart Infusion Agar ( Difco )

100 ml of sterile distilled water .

Method:

3.2 g of Brain heart infusion agar were mixed with 100 ml of triple

distilled water in 500ml bottle. They were melted and autoclaved at 121 oC for 1

hour.The mixture was allowed to cool to 45-50 oc . While cooling, 10 ml of rabbit

blood were collected aspecticaly by heart puncturing with a needle and a red top

vacutainer. On the hood, the blood was transferred to a 50 ml sterile flask with

glass beads. The flask was shaken gently to defibrinate the blood which was then

added to the molten agar. 2 ml of the blood agar was dispensed in sterile 5 ml

bottles , which were tightly closed and were placed in a slopey position until the

agar solidifies. The bottles were then stored at 40 C until used.

2.2.2 Primary isolation of Leishmania parasites from lesions:

One ml of liquid medium RPMI 1640 was injected with a needle of lml

syringe under the subcutaneous tissues of a young lesion . The medium as well as
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the parasite were aspirated back in the syringe. They were injected through the

rubber top of the solid medium tube .which had been rubbed with 70% alcohol. 100

ug/ml of gentamycin were added to the biphasic medium to inhibit bacterial growth.

The cultures were incubated at 24 -26 oC until the parasites grow.

2.2.3. Subculturing the parasite into liquid medium:

One ml of the cultured parasites were transferred into tissue culturing

flask 25 cm2(Sigma) containing 100 ml of liquid medium RPMI 1640 supplemented

with 10% fetal calf serum (FCS) and 100 ug/ml of gentamycin .The cultures were

incubated at 24 -26 °C and were observed frequently using an inverted microscope

for parasite growth. Continuous subculturing was done until stablized culture was

obtained.

2.2.4. Primary isolation of the parasite from biopsies:

Using sterile punch and under local anaethesia biopsies were taken into

tube containing liquid medium RPMI 1640. In the hood, the biopsies were washed

two times in sterile RPMI 1640, and were cut into pieces approximately 2mm in

size.They were transferred into tissue culture flasks 25cm2 (Sigma) containing

100ml of RPMI 1640 supplemented with 10% FCS and 100 ug/ml of

gentamycin.The cultures were kept at 24 -26 oC until the parasites grow.

2.3. Extraction of DNA

2.3.1. Equilibration of phenol:

Solid phenol was melted on a water bath at 60 oC . An equal volume

of 0.5 M Tris.HCL was added to the molten phenol. The mixture was stirred on a
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magnetic stirrer for 15 minutes . When two phases have separated, as much as

possible of the aqueous phase (upper layer) was removed . An equal volume of 0.1

MTris.HCL( pH 8.0) was added to the phenol. The mixture was shaken for another

15 minutes until two phases had separated .The aqueous layer was removed. The

above steps were repeated until the pH of the phenolic phase was greater than 7.8.

This mark the end of equilibration. The phenol may be stored in this form under 100

mM Tris.HCL( pH8.0) in a light -tight bottle at 4<C for 1 month.

2.3.2. Preparation of Phenol -Chloroform -Isoamylalcohol (PCI) (25:24:1):

Twenty four ml of chloroform and 1 ml of isoamylalcohol were added to

25 ml of the equilibrated phenol. They were mixed togather and the mixture was

allowed to stay on the bench until two phases had separated. The lower layer is the

organic layer and it was the one used in DNA extraction. The PCI mixture can be

stored at 4oC until used.

2.3.3. Extraction of DNA using phenol -chloroform -isoamylalcohol method:

Five hundred \L\ of lysing bufferlO x NET (0.1M Nacl, 0.05M Tris.HCL

pH 7.4 and 0.001M EDTA) [ Appendix 1 ] were added to bone marrow aspirates,

lymph nodes, biopsies, tissues and 4 mm punches of whatman no.2 filter papers

containing tissue impressions. SDS{ Appendixl] to final concentration of 1%

and 8 ul of proteinase K lOug/ml were added to each sample. The samples were

incubated either overnight at 37oC or for 2 hours at 60oC. An equal volume of PCI

was added to each lysed sample. The mixtures were vortexed for a minute followed

by centrifugation at 5000 rpm for 3 minutes. The supernatents containing the DNA

were transferred into a clean 1.5 ml eppendorf tubes and to each sample an equal

volume of chloroform was added. Again the samples were vortexed, centiruged and

the supernatents were transferred as above. Two volumes of absolute alcohol and 1
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tenth volume of 3M sodium acetate pH 5.8{ Appendix 1} were added to each

sample. The samples were incubated at -20oc overnight to precipitate the DNA.

They were centrifuged at 14000 rpm for 10 minutes and the alcohol was discarded

off. The DNA was washed with 70% alcohol. The tubes were inverted upside down

over a clean filter paper until all the alcohol had evaporated. The DNA was

resuspended in 20 ^1 of TE.(0.01 Tris. HCLand 0.001 EDTA) pH 7.4 (Appendix 1)

and was stored at- 20oC.

2.3.4. Extraction of DNA using K buffer and proteinase K:

A simpler method of DNA extraction without the use of PCI was done

using K buffer (50mM KC1.1.5 mM MgC12, 1.5 mM Tris, 0.5 % Tween ) and

proteinase K.

2.3.4.1. Extraction of DNA from blood:

Four hundred ul of T.E. buffer were added to 100 m\ of blood in a 1.5

ml eppendorf tube. The mixture was spun at 12000 rpm for 2 minutes .The

supernatent was discard off and to the pellet another 400 |il of T.E. were added .

The above steps were repeated . This was continued until all the haemoglobin was

almost removed. Finally, the pellet was resuspended in 50 (il of K buffer and 2 \i\ of

proteinase K and was incubated at 55oCfor 2 hours. The DNA was stored at-20O£

until used.

•2.3.4.2. Extraction of DNA from biopsies , tissues , and lymph nodes:

Fifty ^1 of K buffer and 2 jil proteinase K were added to the above

patients, samples. The mixture was incubated at 55OC for 2 hours. The DNA was

stored at 20QC until used.
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2.3.5. Lysing of parasite with distilled water:

Two hundred \i\ of nice growing culture were spun ^12000 rpm for 5

minutes. The supematent wasdiscard off and to the pellet 25 fil of sterile distilled

water was added. 0.5 (il of the DNA from culture can be used as positive controls in

polymerase chain reaction (PCR).

2.4. Polymerase Chain Reacion ( PCR):

The oligonucleotide primes used in this study were AJSl ( 18 mer 5'
GGG GTT GGT GTA AAA TAG 3' ) and DeB8 ( 16 mer 5' CCA GTT TCC CGC
CCC A 3 ' ) . They were synthesized by Audra Symth - Cambridge University from
sequences often minicircles from all sorts of L. infantum and L. donovani isolates
(Fig. 2 )

5" universal primers 3"

CGGGGCGGGAAACTGGGGGTTGGTGTAAAATAG

GCCCCGCCCTTTGTCCCCCAACCACATTTTATC
4

3' donovani' primers 5'

Fig. 2. Schematic diagram of thePeking DNA
minicircle showing the position of primers used.
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PCR amplifications were carried out in 20 [i\ reaction volumes in 0.5 ml

PCR tubes (Gene Amp Reaction tubes - Perkin Elmer) containing 9.2 ul of sterile

distilled water ,10 mM Tris HCL, pH 8.3 ,50 mM KC1 (Gibco) , 1.5 mM

Magnesium chloride (Sigma), 0.2 mM of each deoxyribonucleotide (dNTP) (Sigma

), 20 picomole of each primer, 0.5 ml of positive control DNA and 1 |il of target

DNA. Each sample was overlaid with 20 jil of mineral oil (Sigma). Samples were

initially incubated at 94<>C for 5 minutes before 5 ^1 of sterile distilled water and

0.2 nl (1 unit )of Taq DNA polymerase( Perkin Elmer) were added to each sample.

Cycles consisted of denaturation at 94°C for 30 seconds, annealing at 60oC for a

minute and extansion at 72<>C for a minute. Programs were run for 35 cycles on

Perkin Elmer Thermal Cycler. The cycling procedure was terminated by an

extension at 72«C for 10 minutes.The PCR products were stored at 4<>C until used.

2.5. Analysis of PCR products:

2.5.1. Preparation of 1.5 % Agarose gel:

0.9 g of agarose ( Sigma) were mixed with 60 ml of distilled water (59.4

ml) and 10 x TBE (0.89M Tris base, 0.89M boric acid and 0.01M disodium EDTA)

buffer (600 jil) on 100ml flask. The mouth of the flask was covered with an

aluminium foil to prevent evaporation . They were heated for 15 minutes until a

homogeneous mixture was formed.The molten agarose was poured on horizontal

electrophoresis mould fitted with the sample well-fonning comb.The agarose was

allowed to stay for 30-40 minutes until it polymerizes.
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2.5.2. Preparation of running buffer :

3.5 ml of the stock 10 x TBE buffer were added to 696.5 ml of distilled

water in a 1000ml beaker.

2.5.3. Preparation of loading solution :

50 [i\ of distilled water were mixed with 40 (al of 99 % glycerol and 10

j.il of 1% bromophenol blue (Sigma) in a 1.5 eppendorf tube. The loading solution

can be stored at 4«C until used.

2.5.4. Method of analysis of PCR products:

Prior to the loading of the PCR products the combs were removed and

the gel was placed on the electrophoresis tank. Sufficient amount of running buffer

was added to fill the electrode chamber and cover the gel with a depth of lmm. 8 /.il

of PCR product were mixed with 1 tenth volume loading solution They were

loaded in 1.5% agarose gel wells togather with 3 j.d of DNA marker ( O X 174 RF

DNA / Hae III Fragments ) . The samples were elechophorsed at 80 Volts for 1 hour

and 30 minutes.

2.5.5. Staining and destaining of agarose gel:

2 |il of Ethidium bromide were added to a tank containing 100 ml of

running buffer and the agarose gel The staining of the gel was performed for 25

minutes on a slow moving shaker. Destaining of the gel was done by shaking the gel

in 200 ml of distilled water for 10 minutes.

2.5.6. Visualization and photographing of the gel :
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The gel was visualized using ultraviolet illuminator ( Sigma ) and was

photographed using ultraviolet camera.

2.6. Study of genetic diversity of Leishmania from patients showing different

clinical symptoms:

2.6.1. Restriction endonuclease digestion:

10 nl of PCR product DNA were digested with 3 units (0.3 jil) of //ae

\ll (Gibco BRL) restriction enzyme in 2 jil of reaction buffer and 7.7 îl of sterile

distilled water.The mixture was incubated overnight at 37<>C.

2.6.2. Analysis of digested products:

8 jil of digested DNA were stained with 2 pi of loading solution and

y were fractioned by electrophoresis togather with undigested PCR products on 2%

{1.2g agarose molten in 60ml of water (59.4 ml) and 1 Ox TBE (0.6 ml)} stained

£garose gel . The gel was visualized and photographed using ultraviolet illuminator

and camera respectively.

2.7. Samples from highly endemic foci:

2.7.1. Study area :

2.7.1.1 Dinder National Park :

The Dinder National Park is located on the Eastern province 12O361

North Dinder province on the eastern bank of the Dinders River about 500 km

south-east of Khartoum and 100 km from the Sudanese-Ethiopian border . The park

has three vegetation ecosystems namely the Acacia seyal, Balanites ecosystem and
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Teverine ecosystem and a large variety of wild mammals and beautiful birds ( Ernst

and Elwasila ,1985).

2.7.2. Study population :

The study populations were fifty eight game wardens who were semi

permenant residents of the park and thirty one army soldiers who moved recently in

the park.

2.7.3. Samples collection :

89 blood spot finger pricks were collected on Whatman No.3 from game

wardens and soldiers after clinical examinations.

2.7.4. Extraction of DNA from blood spotted on whatman no.2 filter paper using

phenol / chloroform:

Blood spots on wharman no.3 filter paper were punched out with a 4mm

punch and were dropped in eppendorf tubes containing 200 ul of 1 Ox NET

SDS to the final volume of 1% and 8 \i\ of proteinaseK were added to each

sample which were incubated at 37<>C overnight. An equal volume of PCI was

added to each sample. They were vortexed for a minute followed by centrifugation

at 5000rpm for 3 minues. The supernatents containing the DNA were transferred to

clean eppendorf tubes. Equal volumes of chloroform were added to each sample.

They were then vortexed for 1 minute followed by centrifugation at 5000 rpm for 3

minutes. The supernatents were transferred to clean eppendorf tubesTTu^volumes of

absolute ethanol and one tenth volume 3M sodium acetate were added to each tube

which were kept at -20oC to precipitate the DNA. They were centrifuged at 14000

rpm for ten minutes.The tubes were inverted over diy tissue paper and were allowed
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to stay until all the alcohol discard off. The DNA was washed with 70% alcohol and

.suspended on 20 |il TE. and stored at -20oC until used.

2.7.5. Detection of Leishmania infection using PCR :

PCR amplifications were earned out in 20 \x\ reaction volumes in 0.5 ml

PCR tubes (Gene Amp Reaction tubes - Perkin Elmer) containing 9.2 jxl of sterile

distilled water ,10 mM Tris HCL, pH 8.3 ,50 mM KC1 (Gibco) , 1.5 mM

' Magnesium chloride (Sigma) , 0.2 mM of each deoxyribonucleotide (dNTP) (Sigma

), 20 picomole of each primer , 0.5 îl of positive control DNA and 1 \i\ of target

DNA. Each sample was overlaid with 20 \i\ of mineral oil (Sigma). Samples were

initially incubated at 94°C for 5 minutes before 5 \x\ of sterile distilled water and

0.2 jil (1 unit )of Taq DNA polymerase( Perkin Elmer) were added to each sample.

Cycles consist of denaturation at 94<>c for 1 minute, annealing at 640c for 1 minute

and extension at 72<>c for 2 minutes for 40 cycles. The PCR products were analyzed

on 1.5% agarose gel and were visualized and photographed using U.V

transilluminator and camera respectively.

2.7.6. Leishmanin skin test:

Leishmanin skin test was performed by interdennal injection of 0. lml of

L. infcmtum antigen (Dr. Grammicia, Instituto superiore di sanita, Rome Italy) on

the volar aspect of the right forearm. Control consisted of 0.1 ml diluent only

injected at least 10 cm away from the test antigen. The injection site was examined

after 48-72 hours and induration was assessed using the ball pen method. Reaction

with an induration of 5 mm or more was regarded as positive.
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2.7.7. ELIZA:

Detection of presence of antileishmanial antibodies was carried out by

standard Elba technique using K39 a cloned L. donovani anrigen(Prepared in the

laboratory of Dr. Steve Reed , in Seatle USA) on elutes of blood collected on

Whatman No.3 filter paper. This work was done by my colleague Nada Suliman ,

Institute of Endemic Diseases.
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CHAPTER THREE

RESULTS

Using the polymerase chain reaction (PCR) molecular diagnosis of

infection with Leishmania parasite was done in individuals from different regions of

the Sudan. The study was conducted on 126 individuals of which 7 were suspected

of having visceral leishmaniasis,12 have mucosal leishmaniasis and 14 have

cutaneous leishmaniasis, 2 have sporotrichoid cutaneous leishmaniasis, 2 post kala-

azar dermal leishmaniasis and 89 game wardens and army soldiers from Dinder

National Park who inhabit an area of hyperendemic VL. Besides the PCR, other

parametes such as leishmanin skin test and antlileishmanial antibodies had been

assessed for samples from the Dinder National Park.

Table (1) summerizes the general data of the patients. It was shown

that 6 out of 7, 7out of 14, 7 out of 12, 2 out of 2, 1 out of 2 and 20 out of 89 were

PCR positive for VL, CL, ML, PKDL, sporotrichoid CLand VL from h ighly

endemic foci respectively. Positive VL cases gave diagnostic bands of 800bp and

400bp , while positive CL cases gave 700bp and 500bp.

3.1. Identification of different isolates of Leishmania using PCR:

Amplification of kDNA minicircles from different species of

Leishmania was carried out using the species specific primers AJS1 ( 18mer5'

GGG GTT GGT GTA AAA TAG 3') and DeB8 (16 mer 5' CCA GTT TCC CGC

CCC A 3') to identify isolates of Leishmania from patients showing different

clinical manifestations.

Fig.(3) shows the PCR products produced on amplification of kDNA from patients

with suspected VL, CL.PKDL and sporotrichoid CL. Characteristic bands of 800bp.
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Suspected

form of

leishmaniasis

VL

CL

ML

PKDL

Sporotrichoid

CL

VL (Dinder's

samples)

Total no.

of samples

7

14

12

2

2

89

Type of

sample

Bone marrow

and lymph

node.

Blood and

tissue

aspirate.

Biopsy and

nasal aspirate

Smear of eye

conjuctiva

and spleen of

hamster.

Subcutaneous

nobule

Blood spotted

on whalman

filter paper.

No. Of

PCR

positive

6

7

7

2

1

20

Size of

fragment (bp)

800

2

700

5

8oo

soo

800

400

4

500

2

6oo

-

Species

identified by

PCR

L.donvcmi

L. Major

L. donovani

L. donovani?

L. donovani?

L donovani

Table (1): General data of patients with suspected leishmaniasis.
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310.

Fig.(3): PCR products obtained on amplification of kDNA minicircles from patients

showing different clinical symptoms. Lane 1,OX 174 Hae III Standard size marker;

Lane 2, negative control (no DNA); Lane 3, visceral leishmaniasis; Lane 4,

visceral leishmaniasis; Lane 5, visceral leishmaniasis; Lane 6, cutaneous

leishmaniasis; Lane 7, cutaneous leishmaniasis; Lane 8, cutaneous leishmaniasis;

I^ane 9, PKDL; Lane 10,visceral leishmaniasis; Lane 11, cutaneous leishmaniasis;

Lane 12, sporotrichoid CL.
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corresponding to the size of Leishmania donovani were obtained for patients with

suspected VL (Lanes, 3, 4 & 10). Lower bands of about 500 bp. were obtained for

patients with CL(Lanes, 6&7). This was unusual for L major whose characteristic

band is about 700 corresponding to the full length of minicircles. Amplified kDNA

from patients with PKDL produced two bands, a sharp one 800bp. and a fainter one

600bp. below it ( Lane, 9). Multiple bands with the diagnostic prominent one being

800bp. were obtained for sample from sporotrichoid CL (Lane, 12). The size of the

diagnostic band corresponds with that of L. donovani. No amplification was

obtained for three cases,one visceral and two cutaneous leishmaniasis( Lanes,5,8 &

11 respectively)

Amplification of kDNA minicircles from parasitologically confirmed

cases of patients with VL and ML was shown in fig. (4 ). The products obtained

were 400bp. i.e. half the normal size for L. donovani.

3.2 Amplification of DNA extracted from different types of tissues:

Fig. (3) lane, (12) and fig. (5) lanes ( 4, 8 &10 ) show PCR products

obtained on amplification of kDNA minicircles of samples extracted from

sporotrichoid CL.conjucti va of the eye smear of patient with PKDL, post kala-azar

mucosal leishmaniasis( PKML), and dermis of skin of patient with CL. Multiple

bands with the diagnostic prominent one being 800bp. were obtained for sample

from sporotrichoid CL. The size of the diagnostic band corresponds with that of /,.

donovani. Double bands of sizes 800bp. and 600 bp. were obtained for DNA of

sample extracted from smear of conjuctiva of eye from a PKDL patient (Lane, 4).

Diagnostic bands of 800 bp. i.e L .donovani size were obtained for PKML(Lane, 7).

Characteristic bands of 700 bp. corresponding to the size of L major was obtained

for CL (Lane, 9). Lane (6) shows positive control for L. major. No amplification

was shown for two mucosal cases and one CL.( Lanes, 3, 5 & 8 respectively
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Fig.(4): PCR products obtained on amplification of kDNA tuinicircles from
parasitologic^Uy confirmed cases of visceral and inucosal leisiimaniasis. Lane 1,
OX 174//ae 111 Standard size marker; Lane 2, visceral leishmaniasis; Lane 3,
visceral leishmaniasis; Lane 4 visceral leishmaniasis; Lane 5, visceral
leishmaniasis; Lane 6 mucosal leishmaniasis.
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t 2 3 5 6 7 8

Fig.(5): Amplification of kDNA from different tissues. Lane t, O X 174 //ae III

Standard size marker. Lane 2, visceral leishmaniasis, Lane 3, mucosal leishmaniasis;

Lane 4, smear from conjucliva of the eye of patient with PKDL; Lane 5 Mucosal

Leishmaniasis; Lane 6, cutaneous leislunaniasis; Lane 7, post kala-azar mucosal

leishmaniasis; Lane 8, cutaneous lcishmaniasis, Lane 9, cutaneous leishmaniasis.
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3. 3 Geographical distribution of leishmaniasis in Sudan according to PCR

results :

The geographical distribution of leishmaniasis in the Sudan according

to PCR results was shown in fig (6). Most cases identified matches with previous

reports. L. donovani has been identified as the causative parasite responsible for VL

in all cases studied from eastern, western (Nuba mountains) Sudan and Khartoum

north province mainly Al Khabashi. The two cases of PKDL identified were from

eastern Sudan but the causative parasite is still unknown. L major has been

identified as the causative parasite of CL in Khartoum province.The single case of

sporotrichoid CL is from Khartoum province. The size of its diagnostic prominent

band suggests that it could be due to /,. donovani. L. donovani has been indentified

in all cases of mucosal leishmaniasis from eastern, western, southern, and northern

(Darner) Sudan . A single case has been found in Khartoum province.

3. 4. Determination of genetic diversity of Leish mania isolates using restriction

endonuclease digestion of PCR products:

To determine the genetic diversity of isolates of Leishmania from

patients with VL, PKDL, and sporotrichoid CL restriction endonuclease enzyme

//ae III was used to digest positive PCR products. Figures ( 7, 8 & 9 ) show the

digestion of positive PCR products from patients with VL, PKDL and sporotrichoid

CL by //ae III. Different pattern of fragments of digested kDNA was generated by

the enzyme. Several fragments were obtained on digestion of PCR products of

PKDL and sporotrichoid CL (Figs. 8 & 9, [Lanes, 3 and 6] and fig. 9 [ Lane, 4]).

Single fragment was obtained on digestion of PCR product from patients with VL

whose diagnostic bands were 800bp. (figs 7 & 8 [ Lanes 5 & 8] and 400bp (fig.9 [

42



, / ' .
0 F^

"GHARB DAR6aUR"

I "JANUB DARFOUR-

\
"CH

JR

l''' 1
ASH SHIMALIYYA" I

"SHIMAL WRDOFAN] /^

J ^ ^ "ANNliVk

\RB KUpDOFAN" ': ^ T T
V 1, ' "JftNUB KURDOFiWN

W A^GpMfcWIHDA" ^ ^ \

"AL BUHAYRA ;̂

%RB AL ISTiWAIYYA) \ 1

VAi (JAHAR AL AHMWi"

^^ ( . "KASSLA" /

NltALAZRAQ"

o
«
X

u

Cu

vu

PKML

••
0

cases
.j-SP^-oW-rchoKJcL

Miles
^ 1
^^M 1

100 200

Fig. (6) : Geographical distribution of leishmaniasis in theSudan accordin g to PCR
result.
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1 2 3 4 5 6

Fig.(7): Restriction endonuclcase digestion of PCR products from different Isolates
otLeishmania using Hae III. Lane 1, digested I.major kDNA (CL); Lane 2,
undigested Lwa/or kDNA (CL); Lane 3, digested kDNA (PKDL); Lane 4,'
undigested kDNA(PKDL); Lane 5, digested Ldonovani kDNA (VL)>uCiKfrgested
Ldonovani kDNA ( VL). 7
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Fig ( 8 ): Restriction endonuclease digestion of PCR products from different isolates
of Lcishmania using //aclfi. Lane 1, O X 174 //aelll standard size marker; Lane
2, L. major kDNA (CL), Lane, 2 undigested L major kDNA ( CL); Lane 3,
digested kDNA ( sporotridioul CL); Laae 4, digested kDNA sporotrichoid CL;
Lane 5, digested kDNA (PKDL); Lane 6, digested kDNA ( PRDL); Lane 7,
undigested kDNA (PKDL); Lane 8, digested Ldonovani ( VI.,); Lane 9, undigested
L, dunovani (VL).
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Fig.( 9): Restriction endonuclease digestion of PCR products using //ae 111 . L ane
1OX 174 //ae ill slandard size imilker. Lane 1. digested kDNA (VL); Lane 2,
undigested kDNA (VL); Lane 3, digested kDNA (VL); Lane 4, undigested kDNA(
V); Lane 5, digested (VL); Lane 6, digested kDNA (VL); Lane 7, undigested
kDNA (VL); Lane 8, digested kDNA (VL); Lane 9, undigested kDNA (VL); Lane
10, digested kDNA (ML); Lane 11, undigested kDNA (ML).
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Lane 6 ]) respectively. The initial comparison showed that there were differences in

the kDNA sequences of these isolate.

3. 5. Results of samples from endemic foci:

3.5.1. Detection of Leishmania parasite in a population from highly endemic

foci:

To detect Leishmania parasite in a population from highly endemic

foci kDNA extracted from peripheral blood of apparently healthy and previous kala-

azar game wardens was amplified using the species specific primers AJSl and

DeB8. Linearized diagnostic bands of about 800 b.p. in some of the patients (fig. 10,

Lanes, 2-6 & 8) and about 600 b.p. in others ( fig. 10, Lanes ,9-12) were obtained.

Lane 7 shows positive control for Ldonovani..

3. 5. 2. Comparison of PCR with serodiagnostic methods of diagnosis among

game wardens and army soldiers :

Serodiagnostic methods such as leishmanin skin test and ELISA using

the recombinant antigen k39 were compared with PCR for game wardens and

army soldiers.

Table ( shows 2) the positive leishmanin skin test (LST), k39 and

PCR for both game wardens and army soldiers. It was shown that the positive

leishmanin skin tests among game wardens was 74.4% irrespective of their stay in

the park . However, the percentage of leishmanin positive individuals among those

who stayed for a year or less was more than 20%(fig. 12) . The percentage of

positive leishmanin tests among army soldiers was 54%. The antileishmanial

antibodies against k-39 a cloned Leishmania antigen as measured by ELIZA were

44.4% and 29% in game wardens and army soldiers respectively. Using PCR
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Fig( 10) : PCR products obtained on amplification of kDNA of subjects from highlj
domic foci. Lanes 2-6 & 8 show diagnostic bands of 800 b.p., Lanes 9-11 show bands oj
0 b.p. and lane 7 show positive control for Leishmania donovani
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Fig. 12 Comparison of duration of stay and LST, k39 & PCR for Game wardens
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Leishmania donovani had been detected in the peripheral blood of 28.6% and

35.5% of game wardens and army soldiers respectively.

Patient's type

Game wardens

Army soldiers

LST

74.4%

54%

K39

44.4%

29%

PCR

28.6%

35.5%

Table(2) : Shows the percentage of positive leishmanin skin test (LST), K39 and

PCR.

Comparisons of leishmanin skin test, K-39 and PCR between game

wardes and army soldiers (fig. 11) showed that the former had high percentages of

LST and K39 and a lower PCR positive .

The duration of stay of the game warden in the of park affected the

result. It has been found that those who had been in the park for more than a year-m

the-park had high LST and K39 and low PCR percentages (fig. 12).
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CHAPTER FOUR
Discussion

Leishmaniasis is a serious health problem in endemic areas of the Sudan, and

epidemics are frequently reported. Depending mainly on the host immune response

and on the infecting species the disease manifests, itself in different clinical forms

which are mainly self healing cutaneous lesions, destructive mucosal ulcers, severe

infections of the reticuloendothelial system, sporotrichoid CL, PKDL, and PKML.

Diagnosis of leishmaniasis Hsing conventional methods such as microscopical

examination of slit smear, histological sections and cultures do not differentiate

between the different isolates of Leishmania since their promastigotes and

amastigotes are morphologically indistinguishable. Symptomatic diagnosis confuses

leishmaniasis with unrelated disorders such as tropical ulcers, malaria leprosy,

sporotichosis syphilis, yaws and some forms of tuberculosis (Manson-Dahr, 1987 ).

The use of serological assays in diagnosis is not reliable especially in endemic cases

where Leishmania species coexist with other forms of trypanosomatids . This is due

to the cross reactivity of Leishmania antigen with sera from individuals with

Plasmodium, Brucella and Mycobacterium tuberculosis ( Hommel, 1987, Manson-

Bahr, 1987 and Lopes el al., 1993). Furthermore serological tests are not able to

differentiate between past and present infections. TheuseofPCR in this study has

thrown light on aspects of molecular epidemiology of leishmaniasis in the Sudan and"

opened some, avenues on the evaluation of the parasite. The study was conducted on

126 subjects from different geographical regions. The results showed that 6 out of 7,

7 out of 12, 7 out of 14, 2 out of 2 and 1 out of 2 were PCR positive for VL, ML, CL,

PKDL, and sporotrichoid CL respectively. Diagnostic bands of 800bp. and 700 bp.



corresponding to the full length of L.danovani and L.major respectively were

obtained on amplification of kDNA from two cases of VL and five cases of CL.

Similar results were obtained by Symth, et al, 1992, Ibrahim, et al, 1994 and

Andresen et al., 1995 using the same primers to amplify kDNA from Indian and

Sudanese patient. On the other hand, diagnostic band of approximately 650 bp. were

obtained for L. donovani on amplification of DNA using small subunit ribosomal

gene (Uliana, et al, 1991; Van Eys etal.,\992\ El Hassan et al, 1993; Meredith et

al., 1993 and Schaefer e/a/., 1995). The difference in size of the PCR product for

L.donovani indicates that the length of band depends on the type of primer used. In

addition to the characteristic diagnostic bands, lower ones of about 400 and 500 bp.

were obtained for L. donovani and L major respectively. The nature of thisebands 3 »•«

not known. Symth et al., 1992 showed that this lower bands hybridized to some

extent to total kDNA from L donovani, but as yet it has not been irrevocably

proven to be of Leishmania origin.

The iftVeÂ l-j of diagnostic bands depends on the quality of DNA as well

as on the parasite load. There are two factors affecting the quality of DNA; these are

its extraction and storage. Extraction of DNA using phenol - chloroform

isoamylalcohol method is the best method compared to the other two. The use of

chloroform only following phenol/chloroform step is essential to remove the excess

phenol which may hinder the PCR. Although, the use of k buffer for extraction of

DNA is easy and rapid, it has the disadvantage that the DNA undergoes degradation

after a short period of time. DNA extracted by lysing of the parasite by distilled

water produces sharp bands on the first PCR runs and could be used as positive

controls but it requires culturing of the parasite which is a time consuming and

often unsucessfui process and the DNA will also lose its quality by time.

Leishmania DNA should be stored in an appropriate volume of T.E. buffer at -

20oC. The use of large volumes of the buffer hinders the PCR due to the formation

of chelates between the EDTA of the buffer and magnesium ions of the magnesium
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chloride. The appearance of smears in some results could be attributed to the

degradation of DNA which is either due to the death of the parasite or storage of

DNA.

Denaturing the DNA at 94 °C for 5 minutes prior to the start of the

thermal cycling may be necessary to minimize the chances of non specific

annealing. The extension of the DNA at 72°C for 10 minutes enables the enzyme to

complete the synthesis of the complementary strand.

...- Diagnosis of ML in" Sudan is done either clinically or parasitologically.

Culturing of the parasite is difficult due to its contamination by secondary bacterial

infection. Inoculation of tissues to hamster or bush babies has been sucessfully used

even in patients with negative smears or biopsies ( El Hassan etal., 1995). Using

southern blot analysis Ghalib el al, 1992 showed that ML could be caused by either

L. donovani ancĴ L. major. In this study ML was found to be c>. related to the

presence of L. donovani in all samples analyzed. The use of PCR in this study has

improved the diagnostic potential of both ML and PKML. The size of band obtained

on amplification of DNA from PKML indicates that it is due to infection by L.

donovani since the samples were obtained from kala-azar -endemic area. Two

suspected ML patients from kala-azar non-endemic areas like Damer and Ak*tD\e\ag

gave bands of 800 corresponding to that of L donovani. Both patients had never

travelled to kala-azar endemic area. Thus it may be necessary to reconsider the

borders of the kala-azar endemic area as PCR has shown irrevocably that the

distribution of Ldonovani extends beyond the presently known areas of

distribution.

The use of PCR for identification of Leishmania species from patients in

different geographical areas confirms previous reports about the distribution of the

disease whose diagnosis had depended mainly on clinical and parasitological
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grounds. Khogalab may be considered as an endemic area of cutaneous

leishmaniasis since we are able to isolate and culture parasite from a patient who

had spent a single night there. The identification of Leishmcmia donovani on VL

and ML samples from Khabashi, New Haifa and AbuTfalinj ( Khartoum province )

indicates that these are low endemic area. Previously, a single case of VL has been

reported in Ailafoon (Zijilsra et al, 1995). No previous report on the identification

of L donovani in the DNA of patients from northern Sudan although Abdallah et

al, 1975 reported a case of ML from the former.

The data from the Dinder national park does not only show that there is

high transmission in the retrospect of VL but also points to the presence of an

ongoing active transmission as indicated both by serology and the presence of active

kala-azar cases. An indirect evidence of oft going transmission could be deduced

from the higher percentage of the leishmanin positive game wardens who stayed

less than a year in the park as compared to those who stayed for more than a year(

fig.W). Using PCR Leishmania DNA was detected in the peripheral blood of game

wardens who displayed a wide clinical spectrum including healthy individuals of

both leishmanin negative and positive, active kala-azar cases as well as previous

kala-azar patients several months post sucessful tieatment. This contrasts the results ' >

obtained by Nuzum etai, 1995 who observed total clearance of parasitemia l-6*posts'

treatment. However, under conditions of high transmission the possibility of re-

infection could not be ruled out. Such possibility should invite us to develop

methods for differentiation between present and past infection

Detection of low levels of parasite DNA extracted from blood sported
i

filter paper of kala - azar patients indicates that PCR on a filter paper could be a

sensitive and simple means of detecting active VL( Meredith etal, 1993 ). In a

longitudinal study in Baringo district, Kenya , Schaefer et. al., 1995, reported that

Leishmania DNA was detectable 10.50 months before diagnosis and apparently
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successful treatment. Subclinical cases can be a reservoir and formerly treated VL

patients can as well remain a reservoir host for a long time.

The presence of circulating parasites is a biological necessity for vector

transmission through ^ blood meal, and for transport of parasite from infection sites

to the spleen, liver and bone marrow. Circulating levels may be affected by factors

such as diurnal variation and blood transfusion to severely anaemic patients.

Answers to these and other questions will be available through application of the

PCR method under controlled conditions to experimental leishmaniasis models and

clinical samples.

Amplification of kDNA from PKDL has resulted in two bands, a shaip

diagnostic one about 800bp. and a fainter one below it. The two bands could be

either due to the formation of heteroduplexes or mixed infection . Mixed infection

had been described before in the Sudan by (Ibrahim,e/tf/., 1994 ) in four Sudanese

patients. The appearance of the cutaneous lesion may be due to treatment of kala-

azar which depresses the immune response of the host. The identification of

Ldonovani from the conjuctiva of the eye of PKDL patient shows that there is

ocular manifestation of leishmaniasis. The reason why the normally viscerotropic

Ldonovani disseminates to the skin, eye mucosa is not known ( El Hassan etal.,

1995).

Multiple bands were obtained on amplification dFkDNA from the

subcutaneous nodule of patient with sporotrichoid CL. This may be due to the

amplification of different minicircle classes within the same organism (Symth et al.,

1992). The size of the sharp band ie 800bp. corresponds to L. donovani. This

contrasts with previous report (Gaafar et al, 1994 )and raises a question about the

nature of the causative organism. Multiple bands are often obtained on amplification

of kDNA using primers specific for L. mfantum (Lambson personal
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communication). The only answer to this question is to hybridize the PCR product

with species specific probe. Sporotricoid CL has been described before as the

dissemination of parasites through the lymphatics causing lesions on the
r

subcutaneous nodule (AlGindan e/a/.,1989; Gaafar etal.,1994). It occurs with a ° /.

frequency of 23% in patients with CL in the Sudan ( Gaafar etal.,1994 ). Diagnosis

of spororrichoid CL was done either parasitologically or clinically. No previous

> y, work was done in the Sudan b\) the use of PCR in the identifiction of causative

species of Leishmania.

Genetic polymorphism of isolates of Leishmania from cases of VL, PKDL

and sporotrichoid CL had been studied by digesting kDNA minicircles from the

these isolates using the endonuclease enzyme Hae Til. The result indicated .

presence of recognition site in the parasite minicircle since several fragments were

produced. The patterns produced showed that there is polymorphism between

the isolates although there are shared sequences between isolates from PKDL and

sporotrichoid CL. The size of the single fragment produced on digestion of PCR

product of VL may indicate that the enzyme had cut the DN A near one end of the

minicircle. The minicircle can be considered as a good target to study genetic

polymorphism since within any given organism they do not have identical DNA

sequences; instead it falls into different sequence classes whose number is species

dependent. Using the same enzyme on total kDNA from Sudanese isolates it has

been found that there is marked heterogenity among L. danovani (Ibrahim, Personal

communications). Andresen el al, 1996 studied the genetic polymorphism between

'isolates of Leishmania from VL patients in different geographical area of the Sudan

using random amplified polymorphic DNA and found that there are shared

sequences between isolates of Leishmania in the same and from different

geographical areas.
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Conclusion:

This work is devoted to the use of PCR for molecular diagnosis of

leishmaniasis in the Sudan as well as to study the genetic diversity of Leishmania

isolates by digesting PCR products by restriction endonuclease . The study has

shown that the PCR is a powerful diagnostic tool for leishmaniasis because of its

sensitivity, rapidity and specificity. Diagnostic bands of the characteristic sizes for

L.chnovani and L. major were characterized.The appearance of unusual PCR

products make the use of species specific probe essential. The DNA sequence of

PKDL should be studied to identify the causative parasites so as to complete the

picture. Attempets to determine the genetic diversity of Leishmania isolates have

revealed partial success.
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