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Leishmaniasis is a zoonotic protozoal disease
caused by intracellular parasités, known as Leishmania,
transmitted through the bite of female phlebotomine
sandflies. Apart from human infections the same parasite
species infect other mammals and reptiles. Research on
leishmaniasis has been hampered by the difficulties in
distinguishing between different species of Leishmania

associated with various clinical manifestations.

The traditional classification of the species
and subspecies, based mainly on clinical and
epidemiolégical findings, has led to a lot of confusion.
The taxonomy and identification of Leishmania species,
which has been the subject of intensive studies in the last
two decades, still needs clarification regarding the
biology, epidemiology, immunology and chemosensitivity of
all parasites in this genus. The ability to link
leishmania parasites found in wild animals or in the
sandfly vectors to those found in humans (or other hosts)
is of paramount importance in the epidemiology and clinical

investigations of the disease.

The objectives of this study were, therefore, to
distinguish ILeishmania species using a modern approach.
This involved the examination of the molecular karyotypes

and determination of the taxonomic relationships among
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Leishmania species. Pulsed field gel electrophoresis
techniques were applied to allow the separation of entire
chromosome-sized or large DNA molecules. With these
methods it is possible to localize and identify particular

genes useful for species differentiation.

Investigations carried out here resulted in the
determination and standardization of different parameters
affecting the running of pulsed field gel electrophoresis.
A good separa%ion was obtained by using 1.5X107 parasites
at a pulse frequency of 40 sec, temperature 80C and

electrophoresis was performed for 20 hrs at 300 volts.

Standard chromosome profiles have been
established using six WHO reference strains for species
identification and characterization of leishmania
parasites. The profiles of the six strains could be
divided into three different groups (I, II and III). Group
I had four strains namely, L. 4infantum, L. aethiopica,
L. major (Kenya) and L. donovani. Groups II and III had
one strain each and these were L. adleri and L. major
(Israel) respectively. Chromosomal DNAs have also been
analyzed from 25 cloned new leishmania

isolates and their chromosome profiles compared with those
of the WHO reference strains. The banding patterns of 13
isolates tested were similar to reference strains in Group
I while 3 isolates fitted in Group II. None of the new

isolates fitted in Group III. ©Nine isolates were different .
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from the reference strains and therefore did not fit into

any of the three groups.

The four reference strains which fitted in
Group I could be distinguished from each other by digestion

with restriction endonucleases.

Cloning of a fragment from reference strain L.
major (ICIPE 235) showed both the insert and plasmid bands
after separation by agarose gel electrophoresis.

The work carried out has demonstrated that
orthogonal field alternation gel electrophoresis could be
used for typing new Leishmania isolates. Restriction
endonucleases could be used for intra-species

differentiation.



CHAPTER 1:

LEISHMANIA AND LEISHMANIASES



LEISHMANIA AND LEISHMANIASES:

1. General Introduction

Leishmaniases are closely related diseases caused
by several distinct species, subspecies and strains of
flagellate protozoan parasites, known as Leishmania, which
are transmitted through the bite of female sandflies (Figure
1) . Among protozoal diseases, leishmaniases are second in
importance to malaria (Lainson and Shaw, 1978; Lee et al.,
1985). An estimate by a WHO panel of 400,000 new cases per
year has been reported (UNDP/WORLD BANK/WHO, 1981; Anon,
1984) . Recently, UNDP/WORLD BANK/WHO (1990) reported that
350 million people are at risk of acquiring leishmaniases
and that approximately 12 million are currently infected

(WHO, 1990).

The geographical distribution of leishmaniases is
determined by the composition of the whole parasite-vector-
host system. The diseases have been reported to occur in
over 100 countries (WHO, 1984a). Endemic foci of
leishmaniases are scattered over wide areas of the globe in
tropical and subtropical countries of Africa, Asia, Western
Europe, Central and South America. These include China,
India, Iran, Afghanistan, the Mediterranean region, the
Middle East, Portugal, Mexico, the nothern part of

Argentina, Sudan, Ethiopia, East and West Africa (Mutinga,



Fig.

1.

The sandfly (Diptera, Phlebotominae.

courtesy of Dr.

J.B. Kaddu) .
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1986a; Peters and Killick-Kendrick, 1987). The diseases
strongly associated with occupation are found in isolated,
impoverished rural areas. Not only are the leishmaniases a
problem of the most economically under-developed and
disadvantaged regions of the world, they also tend to be
concentrated in the lowest socio-economic classes. People
engaged in various farming practices, mining and fishing
have a greater risk of being bitten by the sandfly vectors
which transmit the causative agents of leishmaniases. High
incidences of human leishmaniases which occur during
movement of migrants, labourers and displaced people do not
capture the attention of the public health authorities as do
more dramatic outbreaks of "killer" diseases. Treatment for
the diseases is expensive for many resource-poor people.
They therefore forego treatment since the disease is a

silent killer.

1.1 Historical background

Leishmanial amastigotes were first observed by
Cunningham (1885) inside macrophages taken from a "Delhi
boil" in India but he did not name them. Firth, in 1891,
confirmed Cunningham’s work and suggested the name Sporozoa
furunculosa (cited by Wenyon, 1926). In 1903 Leishman
described amastigotes that he had found three years earlier

in a patient infected in Calcutta with "dum-dum fever".



Independently, Donovan (1903) also reported these parasites
in spleen punctures from cases in Madras. Laveran and
Mesnil (1903) saw Donovan’s preparations and named the
parasites Piroplasma donovani. At the same time Ross (1903)
proposed the name Leishmania. A cutaneous lesion was
noticed by Wright (1903) on a child who had come from
Armenia; he proposed the name Helicosoma tropicum and
suggested that the parasite was a protozoan. This name was
modified to Leishmania tropica by Luhe (1906). Subsequently
Nicolle (1908) observed a similar parasite in infants
suffering from "black-disease" in the Mediterranean and
named it Leishmania infantum. Three years later, another
parasite observed in cutaneous lesions in Brazil by Vianna
(1911) was named Leishmania braziliensis. Between 1903 and
1950 the naming of the species was based on geographical
distribution and clinical manifestations in humans.

Gardener (1977) gave a review of the numerous synonyms

attached to parasites of this genus.

The discovery of the insect vector, the sandfly,
was by workers in India (Swaminathan et al., 1942), who
succeeded in transmitting Leishmania donovani to humans by
the bite of experimentally infected Phlebotomus argentipes.
Adler and Ber (1941) transmitted Leishmania tropica to

humans by the bite of Phlebotomus papatasi.



1.2 Parasite
1.2.1. Taxonomy: (Honigberg et al., 1964; Kudo, 1966).
Phylum : Protozoa
Subphylum: Sarcomastigophora
Superclass: Mastigophora
Class: Zoomastigophorea
Order: Kinetoplastida
Suborder: Trypanosomatina
Family: Trypanosomatidae
Genus: Leishmania

The classification of the genus Leishmania is
shown in Figure 2. There are seven species and 11
subspecies of Leishmania infecting humans in the 0ld and New
Worlds (Molyneux and Ashford, 1983; Barker, 1989).
According to Lainson and Shaw (1979) these are L. aethiopica
Bray, Ashford and Bray; L. donovani Leveran and Mensil; L.
major Yakimov and Schokhov; L. tropica Wright; L.
braziliensis Vianna; L. mexicana Biagi; and L. peruviana

Velez.

Leishmania can also be grouped according to their
development in the sandfly vectors. The life cycles in the
sections Hypopylaria, Peripylaria and Suprapylaria vary in

the initial sites of establishment in the sandfly. The
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species in Hypopylaria are restricted to the hindgut.
Peripylaria have retained the hindgut development but also
migrate to an anterior station in the midgut and foregut.
Suprapylaria occupy only the midgut and foregut of the
sandfly vector. Hypopylaria are parasites of reptiles and
include L. agamae David and L. ceramodactyli Adler and
Theodor. Peripylaria include the following parasites of
reptiles and mammals L. adleri, L. braziliensis, L.
peruviana and L. tarentolae (Wenyon, 1926). Suprapylaria,
parasites of mammals are L. aethiopica, L. donovani, L.
major, L. mexicana, L. tropica, L. hertigi Herrer and L.
enrietti Muniz and Medina (all names cited by Lainson and

Shaw, 1979).

Lizard parasites of undefined section include L.
gymnodactyli Khodukin and Sofiev; L. hemidactyli Mackie,
Gupta and Swaminathan and L. hoogstraali McMillan and L.
zmeevi Andrushko (all names cited by Lainson and Shaw,

1979).

1.2.2. Life cycle

There are two phases in the life cycle of the
parasite, namely, the invertebrate (sandfly vector) and the
vertebrate (animals) phases (Figure 3). Leishmania species
multiply as extracellular flagellated, promastigotes (Figure

4) in the midgut of their sandfly vector and as non-.
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flagellated amastigotes (Figure 5) in macrophages of their
vertebrate hosts. The parasites thus exist in two
morphologically distinct forms, namely, promastigotes and

amastigotes.

1.2.2.1. Invertebrate phase

When a susceptible female sandfly feeds on an
infected host, the amastigotes are taken up from the skin or
peripheral blood. These enter the alimentary canal of the
fly through the cibarium pharynx and the oesophagus into the
midgut and become enclosed in a peritrophic membrane. The
membrane gradually ruptures and the parasites lie free in
the midgut. During the first 72 hrs, oval-shaped
amastigotes (width 1.5 to 3.0pm and length 3.0 to 6.5Pm)
elongate within the gut contents, and the rudimentary
flagellum grows out into a long whip-like structure to form
the flagella on promastigotes. The promastigotes undergo
extensive longitudinal binary fission which vary from 16.0
to 40.0 pm long by 1.5 to 3.0 um wide. 1In the life cycle of
most leishmania the promastigotes ultimately migrate to the
anterior parts of the sandfly gut, where they become
attached to the cardial wall, in vast numbers, by the
flagellum. The parasites migrate further to the oesophagus,
the pharynx and by the 5th day they are in the buccal
cavity. It has been demonstrated that promastigotes undergo

sequential development from a non-infective to an infective
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stage during growth within the midgut (Sacks and Perkins,
1984; Sacks and Perkins, 1985). Sandfly saliva and sugar
meals enhance the development of Leishmania within the gut
(WHO, 1990). The time taken for the parasite to undergo its
complete cycle in the sandfly vector depends on both the
species of Leishmania involved and local conditions (for
example, temperature and humidity affect the ability of

sandflies to feed).

1.2.2.2. Vertebrate phase

When an infected sandfly is feeding it pumps
saliva in the wound to prevent the blood from clotting and
in doing so it injects the promastigotes into the skin of a
new vertebrate host. The promastigotes are phagocytosed by
macrophages where they are transformed into amastigotes in
the lysosomal compartment and multiplication occurs by
binary fission. Amastigotes are found mainly in the
reticuloendothelial system of the visceral organs namely,
the liver, spleen, intestinal mucosa, bone marrow and lymph
nodes. The amastigotes may also be localized in the
macrophages in cutaneous tissues. Occasionally, parasites
occur in macrophages in the circulating blood and it is from

here that the sandfly picks them when it is sucking blood.
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1.3 Vectors and Reservoirs

The distribution and incidence of leishmaniases in
various endemic areas is closely related to the distribution
of specific sandflies (Kirk and Lewis, 1955). Most forms of
leishmaniases are zoonotic; human beings are infected only
secondarily. Wild and domestic animals have been
incriminated as reservoirs of the disease. Although the
same parasite species may be found in different geographical
regions the dependence of the parasites on an insect vector
and animal reservoir hosts indicates that each species is
usually associated with specific environmental conditions.
Sandflies are commonly found in the dry semi-arid savannah,
close to termite hills or water holes. Temperature and
humidity have a profound effect on larval development,
breeding cycle, flight range and ability of sandflies to
feed (Adler and Theodore, 1957; Lewis, 1971). Pifano et al.
(1960) noted that Phlebotomus leaves its habitat when the
ambient temperature and humidity approach those of its
microhabitat. The breeding and resting sites of sandflies
are diverse and widespread, and include rodent burrows, tree
trunks, rock crevices, human dwellings, open fields and
organic debris. Sandflies of the Phlebotomus, the
Sergentomyia and Lutzomyia genera are responsible for
transmitting Leishmania to humans and/or to animals in the

01ld and New Worlds. Phlebotomus dubosgi, a vector of
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Leishmania major (Mutinga and Ngoka, 1983; Beach et al.,

1984) rests inside rodent burrows.

The ecological systems maintaining the different
Leishmania species in different areas vary from place to
place. 1In Central Kenya and India man is thought to be the
reservoir host for Leishmania donovani while in North-
Western Africa, South America and southern Europe the dog is
the reservoir (Adler and Theodor, 1932; Chance et al., 1978;
Mutinga et al., 1980). Other reservoirs in various
countries include rats, Rattus rattus (Yugoslavia, Italy);
foxes, Vulpes vulpes (France, Italy, Spain, USSR and the
Islamic Republic of Iran); jackals, Canis aureus (USSR,
Islamic Republic of Iran); wolves, Canis lupus (USSR) and
the racoon dog, Nyctereutes procynoides (China). Leishmania
tropica has been isolated from dogs and rats, Rattus rattus.
All the leishmanias isolated from rodents in Kenya to date
have been identified as Leishmania major (Peters et al.,
1977; Chance et al., 1978; Mutinga and Ngoka, 1983; Githure
et al., 1984; Mutinga et al., 1985; Le Blancg et al., 1986;
Githure et al., 1986; Mutinga, 1986). The normal natural
vertebrate host of Leishmania major in Central Asia is the
great gerbil, Rhombomys optimus. An isolate from a
carnivore (genet cat) was typed to be Leishmania major
(Mutinga et al., 1983; Okot-KotBer et al., 1989). In
Senegal, L. major is maintained by Mastomys erthroleucus,

Tatera gambiana and Arvicanthis niloticus. Leishmania
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aethiopica has been isolated from rock hyraxes, Procavia
capensis, in Ethiopia and Kenya. In Kenya, the tree hyrax
(Dendrohyrax arboreus), the rock hyrax (Procavia johnitoni),
and the giant rat (Cricetomys gambianus), were incriminated
as reservoirs (Mutinga, 1975b). The sloth, Choloepus
hoffmani, is the reservoir host of L.b. panamensis in
Panama, Costa Rica and Brazil. Dogs and rats, Rattus
rattus, have also been found infected in Panama and Brazil.
The reservoir host of L. peruviana is not yet known while a
number of mammals have been found to be naturally infected
with L. mexicana. These are mainly rodents, marsupials,

primates and carnivores.

Experimental studies on Leishmania transmission by
non-sandfly arthropod hosts have demonstrated that
Leishmania donovani can be maintained in Aedes aegypti
mosquito (Mutero et al., 1988). Natural occurence of
Leishmania infestation has been reported in Anopheles
gambiae indicating a possible means of disease transmission

(Mutero et al., 1989).

1.3.1 Non-vectorial methods of parasite transmission

Nosocomial infections may occur through blood
transfusion from infected donors and accidental innoculation
especially in laboratories (by infected flies being squashed

on the skin or being accidentally inhaled; WHO, 1984Db).
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Shortt (1945-1946) claimed that person to person
transmission is theoretically possible. The organism may be
present in a viable state in nasal secretions and in urine
and they can survive for a day or more in moist soil and for
several days in milk. They also appear to withstand

desiccation for a few hours.

Transmission of kala-azar from person to person by
way of the respiratory and alimentary tract could be
possible (Forkener and Zia, 1934). Hendricks et al. (1985)
showed that 52% of Kenyan patients with visceral
leishmaniasis have amastigotes in their nasal and pharyngeal
secretions and in 89% of cases the parasites were viable.
There is experimental evidence of direct non-insect vector
transmission of L. donovani in mice (Nuwayri and Khansa,
1985) . These workers demonstrated vertical transmission of
the parasite from a mother to her offspring. Maternal blood
containing L. donovani parasites can escape into the foetal
circulation through the cut umbilical cord and cause
infection as has been shown by Chulay et al. (1985).

Other possible methods of parasite transmission include
sexual intercourse (Chatterjee, 1975), aerosols (Hendricks
et al., 1985) and transplacental infections (Nyakundi et

al., 1988).
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1.4 Clinical Forms of Leishmaniases

The clinical outcome of infection with Leishmania
depends on the nature and the potential of the infecting
organism. The diseases are widespread in three main forms:
visceral, cutaneous and mucocutaneous (Kirk and Lewis, 1955;

Lainson and Shaw, 1978; Mutinga, 1985).

1.4.1 Visceral leishmaniasis

Visceral leishmaniasis (VL) sometimes called kala-
azar ("black disease", "dum-dum fever" or "ponos") is
endemic in large areas of North, Central and Eastern Africa,
where many cases are reported annually. This form of
disease is caused by Leishmania donovani and its subspecies
and may be endemic, sporadic or epidemic. The parasite 1is
transmitted by phlebotomine sandflies which may also infect
animals (dogs and wild canidae) as secondary hosts. In some
parts of Kenya, Sergentomyia sandflies, S. garnhami and S.
ingrami have been reported as possible vectors of visceral
leishmaniasis (Mutinga and Odhiambo, 1982; Mutinga and Kyai,
1985) . The parasite invades internal organs which include
the spleen, liver, bone marrow, lymph nodes and other
lymphoid tissues. The disease is characterized by
intermittent fever, hepatosplenomegaly, pancytopenia,
anaemia, malnutrition, immune suppression and

hypergammaglobinaemia (Kager, 1983).
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The onset of kala-azar in the victim is slow and
progresses through an incubation period of several months.
Because of this slow development, the disease is not often
diagnosed in time to effect proper cure. Non-indigenous
people of any age, entering an endemic area may contract
visceral leishmaniasis. Children and the productive age
group of the population are susceptible to epidemic visceral
leishmaniasis (Figure 6). Intercurrent infections are
common and mortality rates of at least 70% have been

reported in untreated cases (Gachihi et al., 1987).

1.4.2 Cutaneous leishmaniasis

Cutaneous leishmaniasis (CL) also called dermal
leishmaniasis or oriental sore ("Baghdad boil", "Delhi sore"
or "Aleppo button"), by far the most prevalent form of
leishmaniasis, 1is caused by, among other species, Leishmania
aethiopica, Leishmania major, Leishmania tropica and
Leishmania braziliensis. The parasites are transmitted by
sandflies within the Phlebotomus and Lutzomyia genera and
are found in Africa, Latin America, the Indian sub-
continent, South-west Asia and parts of the Soviet Union
(Adler and Theodor, 1926). Cutaneous leishmaniasis produces
painful sores and lesions on the skin (Figure 7a) reducing
the victim’s ability to work and this can have important

economic consequences. Uncomplicated cutaneous lesions heal






18

Fig. 6. Fig. 7a.

Fig. 7b.
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within nine months in South-west Asia and two years in
Central and South America. However, non-healing lesions
occur as in diffuse cutaneous leishmaniasis (Figure 7b)
found in Ethiopia, and post kala-azar dermal leishmaniasis
(PKDL) in East Africa and India. Post kala-azar dermal
leishmaniasis may cause disfigurement and life-long scarring
on the affected parts. Clinical features of cutaneous
leishmaniasis tend to differ between and within regions,
reflecting the different species of parasite or the type of

zoonotic cycle concerned.

1.4.3 Mucocutaneous leishmaniasis

Mucocutaneous leishmaniasis (MCL) or espundia
found in Central and South America is caused by Leishmania
braziliensis braziliensis. This parasite is transmitted by
sandflies of the Lutzomyia genus. The disease destroys the
soft tissue and cartilage of the oronasal/pharyngeal cavity
and lips. In contrast to cutaneous leishmaniasis, the
lesions do not heal spontaneously; the disease can mutilate
the face so badly that victims become social outcasts

resulting in a life-long psychological impact (Figure 8).
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1.5 Approaches to control of leishmaniases

1.85.1 Diagnosis

The definite diagnosis of leishmaniases is
established by demcnstrating the presence of amastigotes in
splenic and bone marrow aspirates, lymph nodes, liver
biopsy, nasal secretions or peripheral blood in direct
smears, by their growth in cultures or in experimental

animals (Hess, 1930).

The scarcity or absence of the parasites in the
peripheral blood make it difficult to demonstrate the
parasites. In the case of kala-azar, the necessary splenic
or bone marrow punctures and aspirations require expertise
both in the performance and in the interpretation of the
results of the smears which require laboratory facilities.
Culture techniques are of limited value for diagnosis
because of the low success rate in the culturing of certain
species of Leishmania as well as the frequent microbial
contamination of the cultures. Innoculation of susceptible
animals with field material will give a result only after at
least one month and that, only if the innoculum contains a
high number of amastigotes infective to the particular
animal used. Due to the inconsistency and possible

unreliability of these techniques for the demonstration of
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the parasites, many workers are using other, more definitive

biochemical and molecular biological, methods.

1.5.2. Chemotherapy

The treatment objectives are to cure the patient
(who is often malnourished and immunosuppressed) of
intracellular parasitic infection, to prevent relapse and
the development of unresponsiveness of parasites to drugs as
well as keeping hospitalization and treatment costs to a
minimum. To achieve these goals an appropriate drug must be
given for a suitable period of time, at an adequate dose

level and frequency.

Primary drug treatment is based on two
pentavalent antimonials, namely, sodium stibogluconate and
meglumine antimoniate. Before 1940, sodium antimonyl
tartrate, organic trivalent antimonial, the urea stilbamine
and an organic antimony pentavalent were used in
leishmaniasis treatment (Cole, 1944; WHO, 1984a).
Successful treatment was obtained with high doses of urea
stilbamine as compared to the others. Cole (1942) described
the use of stilbamidine in the treatment of leishmaniasis in
East Africa. The use of the antimony gluconate has
diminished due to its drawbacks which include high cost,
toxicity, lower efficacy and adverse side effects (WHO,

1984a) . Patients treated with this drug tend to relapse.
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The drugs have to be given in daily injections for several
weeks. The duration of treatment varies from one endemic
area to another, but should be continued, in any case, for
two weeks after anticipated paraéitological cure, the exact
length being determined for each country depending on the

parasite responsible for the infection.

Other drugs include the antimicrobials
amphotericin B, pentamidine (for kala-azar), metronidazole
and nifurtimox (WHO, 1984b; Were et al., 1986). Primary
unresponsiveness, defined as no clinical or parasitological
improvement during or after the first course of treatment
with pentavalent antimonials, is found in some of the
patients. For drug resistant cases, allopurinol, in
combination with sodium stibogluconate, has been used (Kager
et al., 1983; Mebrahtu et al., 1990). According to Lainson
and Shaw (1978), the control of leishmaniasis should depend
on eliminating either the reservoirs or the insect vectors,

or both, rather than on treatment with antimonial drugs.

The state of nutrition of the host has a profound
effect on the immune capacity of the host (Bray, 1974).
Bradley et al. (1977 and 1979) and Perez et al. (197%a and
1979b) confirmed that host factors (genetic, physiological
or nutritional) influence the course of Leishmania
infection. Non-specific treatment with high protein,

vitamin-rich diets has been usad. In some countries
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patients with chronic kala-azar have undergone splenectomy,

but with little success.

1.5.3. Control of Vectors and Animal Reservoirs

The main step to be taken in the prevention and
control of leishmaniasis is the breaking of the transmission
cycle: vertebrate reservoir-sandfly-vertebrate host. This
is best effected by the elimination of the insect vector and

the reduction of reservoirs of infection.

Efforts to control leishmaniases are hampered by
the elusive nature of the sandfly vector and the diversity
of animal reservoirs. Control of sandfly vectors 1is
difficult because of the variability and general
inaccessibility of the insects’ breeding and resting sites.
Individual protective measures, such as the use of insect
repellents, bednets and window screens as well as the
avoidance of outdoor activities, at times of greatest
sandfly activity, may be effective. Insecticides have been
used in the control of sandflies but according to Ward
(1977) and Killick-Kendrick (1978), the prolonged exposure
of sandflies to insecticides might lead to development of
resistance. In some parts of the USSR, sandflies showed
resistance to chlorinated insecticides (Killick-Kendrick,
1978) . 1In the Peruvian Andes, Dichloro-Diethyl

Trichloroethane was successfully used in the control of



Lutzomyia verrucarum, a vector of Leishmania peruviana
(Lainson and Shaw, 1978). The use of insecticides on a
large scale in tropical rainforest is highly uneconomical
and may be harmful to man and the general environment. 1In
Kitui, Kenya, limited applications of insecticides were
carried out in houses, thorn bushes and termite hills in
1968 (Zahar, 1981; Mutinga, 1985) as a temporary control
measure. Permethrin-impregnated fabrics (known as MBU
cloth) have been successfully tested to control sandflies
and mosquitos in Marigat, Baringo District by ICIPE (Mutinga
— personal communication). A sticky trap, developed at
ICIPE and consisting of plastic sheets covered with a thin
film of locally produced castor oil (Mutinga, 1981), has
been very effective in reducing the number of sandflies
(Mutinga, 1986). Personal protection can be achieved by the
use of efficient insect repellants such as diethyltoluamide,
dimethylphthalate and trimethylpentanediol or the use of

very fine-mesh nets for protection against sandfly bites.

Other control measures, that can be effective,
include mechanical destruction of the animal reservoir
habitats and poisoning of the animals themselves, especially
rodents, as has been practised with success in the Soviet |
Union. In China, chemotherapy coupled with the elimination

of infected dogs has proved highly effective.
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The composition of plant extracts eaten by the
sandfly has been found to affect the insect's vectorial
capacity for leishmania, a finding which may offer a
potential target for control activities (Schlein, 1986;
Kaddu, 1986). Bacterial, fungal and viral infections
prevent leishmania from developing normally within the
sandfly vector (Schlein et al., 1985; Kaddu and Nyamori,

1891 - in press) and this could be explored as a method of

control.
1.5.4- Vaccination

.Many vaccination trials have been carried out all
over the world (Manson-Bahr et al., 1963). Manson-Bahr and

Southgate (1964) reported that repeated vaccination of
volunteers with a non-virulent L. donovani strain (from a
Kenyan ground squirrel) gave no protection against a natural
infection. Various vaccines against visceral leishmaniasis
are being tried in dogs in Europe as a means of reducing

infection in the reservoir host (WHO, 1990).

Cutaneous leishmaniasis is generally a self-
limiting disease followed by life-long immunity. Maybrink
et al. (1979) used a vaccine containing killed promastigotes
of five strains of Leishmania (polyvalent) on soldiers who
were undergoing their training in an endemic area. They

found a high protection in the soldiers who had shown a
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positive leishmanin skin test three months after
vaccination. The protected individuals had no circulating
antibodies. The vaccine stimulated cell-mediated immunity
rather than antibody production. 1In Israel, a successful
trial of a killed promastigote vaccine against cutaneous
leishmaniasis led to the adoption of the vaccine (Zuckerman,
1975) . The deliberate infection (Leishmanization) of an
individual has been used as a last resort for the control of
cutaneous leishmaniasis in Israel, the Soviet Union
(Greenblatt, 1988) and most recently, the Islamic Republic
of Iran (WHO, 1990). Some individuals undergoing
leishmanization develop large or persistent lesions which
may require treatment. A person who has recovered from

leishmanization is usually immune to natural infection.

Monoclonal antibodies against specific purified
antigens from Leishmania are useful in the diagnosis of
infections (and parasites isolated from vectors and
feservoirs) and in the development of protective immunity.
Cross-protection has been demonstrated between some species
and subspecies in both man and experimental animals (Mauel
and Behin, 1982). Research is being carried out for the
development of killed leishmania vaccines and on parasite

antigens that might be used as future vaccines.
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1.6 Leishmaniga in Reptiles (Sauroleishmania)

Other than in the humans, leishmania Parasites are
also found in reptiles., These include Leishmania adleri ang

Other Species (See Section 1.2.1). The Parasites are

genus Sergentomyia. Although Many leishmania Species are
Capable of infecting a wide range of lMammals, some are much
ore limited ip their host range. The forms which are non-
infective to humans are of little direct economic

significance, but are important S experimental tools,

Species.

1.7 Leishmaniases in Kenya
—————=95€S 1n Kenya

The main interest in leishmaniases, for this

Kenya, Namely Ethiopia, Sudan, Uganda and Tanzania.
Research being conducted at ICIPE, KEMRI, IPR and the

Division of Vector-borne Disease of the Ministry Of Healtnh,
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Government of Kenya, reflects the magnitude of the problems

presented by leishmaniases in Kenya.

1.7.1 History

The first recorded severe outbreaks of human
leishmaniasis in Kenya occurred in the early 1940s (Heisch,
1954) . During the Second World War, troops posted to
Northern Kenya and to the frontier area with Sudan and
Ethiopia contracted the disease and some sporadic cases were
reported in the areas. The endemic and epidemic foci of the
disease were established in mid 1950’s and 1970’s
respectively (Heisch, 1954; Heisch, 1957; Ngoka and Mutinga,
1978) . In 1976 increasing numbers of patients were seen
from new foci (Rees et al., 1977) and in the north of
Machakos district (Wasunna, 1977). At the Kenyatta National
Hospital, Nairobi, only occasional, sporadic cases from the
northern part of the country and from Kitui area had been
seen for several years (Kager and Rees, 1983). The disease
was later reported in other areas which include Embu
(Clarke, 1949), Meru (Southgate and Oriedo, 1962; Wijers,
1963; Wijers, 1971; Mbugua and Arap Siongok, 1981), West
Pokot, Marigat, in Baringo district (McKinnon, 1962a and
1962b; Mutinga and Ngoka, 1983) and Mt. Elgon (Mutinga,
1975a and 1975b). Sporadic cases of visceral and cutaneous

leishmaniasis have been reported in many areas of the
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country below 5000 ft. above sea level where sandflies

responsible for disease transmission reside.

Lo? 2 Geographical distribution

The distribution of the disease in Kenya is shown
in Figure 9. The areas affected include the following
districts: Baringo, Bungoma, Kitui, Machakos, Meru and West

Pokot.

1:7:2.1 Baringo District

The presence of the endemic foci of visceral
leishmaniasis in Baringo was observed in 1955 and 1856.
Forty cases were reported during this period. The number
increased to 104 in 1957 in the eastern foothills of Kamasia
range, Kerio valley, Lake Bogoria (formerly Hannington) area
and North of Lake Baringo (Kager and Rees, 1983). The
disease still occurs at Marigat today and the incidence 1is
around 100 cases per year (WHO, 1990). Cutaneous
leishmaniasis caused by L. major was first confirmed by
isoenzyme characterization of isolates made by Heisch and
Mutinga (Chance et al., 1978). Later the disease was

established to be zoonotic (Mutinga et al., 1986).
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1:.7:.2.2 Kitui District

In 1952/53 there was a major epidemic outbreak
affecting about 3,000 people in Tseikuru area. Control
measures, which included treatment and spraying of termite
hills, reduced the number of cases. A further upsurge of
the disease occured between 1957 and 1960 and was later
brought under control. The disease still occurs at this

focus to date (Mutinga et al., 1986).

1.7.2.3 Machakos District

In Machakos District cases had been reported
between 1942-1950 and it was assumed that the disease had
been introduced by the Wakamba soldiers returning from World
War II. An epidemic broke out in 1972 and 130 cases were
reported mainly in hospitals and clinical centres located in
the Athi River Valley. Between the epidemic foci of
Machakos (Athi River Valley) and the old Kitui focus, cases
were reported after the construction of dams. Fifty cases
in young children were reported between 1978 and 1981 and
this showed the disease was being transmitted in the focus

(Mutinga et al., 1986).
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1.7.2.4 Meru District

An epidemic outbreak occurred in Meru District
between 1960 and 1962 in which 365 cases were reported. The
number increased in 1963/64 by 597 cases and by 140 cases in
1965. By 1968 there were 57 cases in the sublocations of
Tharaka location. The highest incidence of the disease was
found in Kathangacini and Kamaguna which border Tana River.
Few cases are reported sporadically every year (Mutinga et

al., 1986).

1:.7:2.5 West Pokot

The first case in West Pokot was reported in 1956.
There was an outbreak in mid 1970’s and since then more
cases have been reported in Kapenguria and Ortum hospitals

(Mutinga et al., 1986).

1.7.2.6 Bungoma District

In 1969 the first autochthonous case of L.
aethiopica was reported (Mutinga and Ngoka, 1970; Kungu et
al., 1972). Later an endemic focus of the disease was
established in the eastern slopes of Mt. Elgon in Bungoma
District and a sandfly, Phlebotomus longipes, was
incriminated as the vector of this parasite (Mutinga, 1971

and 1975a). The disease in this area 1s transmitted as a
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zoonosis with the hyrax being the main animal reservoir and

the giant rat (Cricetomys) serving as secondary animal

reservoir.

1.7.3 Species of Leishmania in Kenya

Four species of Leishmania have been confirmed in
Kenya, namely, Leishmania adleri, Leishmania donovani,
Leishmania aethiopica and Leishmania major. Recently, the
presence of Leishmania tropica was also reported (Mebrahtu

et al. 1988; Mebrahtu et al., 1989).

Heisch (1958) isolated L. adleri from lacertid
lizards which live in the deserted burrows of gerbils.
Human volunteers from Kitui district of Kenya were
inoculated intradermally and subcutaneously with L. adleri
promastigotes (Mansor-Bahr and Heisch, 1961). The parasites
were isolated in culture from the nodule a week later.
Scanty Leishmania were seen in smears up to the fifth day
post-inoculation. No amastigotes of L. adleri were observed
in organ smears from infected lizard blood smears. Since

then, many isolates of lizard leishmania have been found.

Leishmania major was first reported in Kenya in a
ground squirrel and gerbils (Heisch, 1963). This parasite
remained unknown until 1977, when Mutinga and Ngoka (1983)

isolated parasites from a gerbil in the same area and sent



34

it to Liverpool School of Tropical Medicine where they were
identified together with those of Heisch as L. major (Chance
et al., 1978). Later studies have shown other animals to be
involved as reservoirs of the disease (Mutinga et al., 1983;
Githure et al., 1984; Githure et al., 1986). The parasites
were recently isolated from man (Muigai et al., 1987) as
well as a naturally infected vervet monkey, Cercopithecus
aethiops (Binhazim et al., 1987). The vectors of the
disease were subsequently studied in detail (Mutinga et al.,

1983; Beach et al., 1984; Mutinga et al., 1989).

1.7.4 Clinical Forms of leishmaniases found in Kenya

Visceral leishmaniasis, the most important form in
Kenya, was first diagnozed in 1933 in a patient from Elgeyo,
although apparently clinical cases had been reported before.
Wright (1943) and Fendall (1953) reported the first cases
from Machakos and Kituil districts in 1942 and 1946
respectively. The disease had also been found in Baringo
district, Kerio valley and Perkerra Irrigation scheme in
Marigat (McKinnol and Fendall, 1956; Heisch, 1963; Chance et
al., 1978; Mutinga et al., 1980; Mutinga and Ngoka, 1983)
and West Pokot (Mutinga et al., 1984; Mutinga, 1985). The
incriminated vector of visceral leishmaniasis is Phlebotomus
martini (Minter et al., 1962; Mutinga and Ngoka, 1978b;
Perkins et al., 1988). The wild maintainance hosts of L.

donovani remain to be fully established although Mutinga et
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al. (1980) found two out of 288 dogs naturally infected with
L. donovani, one of which had the same enzymatic and
serological characteristics as those found in the human L.

donovani.

Acquisition of kala-azar has been connected with
herdsmen and their association with termite hills where P.
martini are found (Manson-Bahr and Southgate, 1964). Solid
immunity against re-infection with Kenya L. donovani is
acquired after effective chemotherapy (Hoogstraal and
Heyneman, 1969). Sergentomyia garnhami has been shown to be
a .potential vector in the Machakos focus of visceral

leishmaniasis (Mutinga and Odhiambo, 1982).

Cutaneous leishmaniasis caused by Leishmania major
has been reported in wild animals and, although the disease
had not been found in humans (Kaddu, 1986; Mutinga, 1986),
some cases have been reported recently (Muigai et al.,
1987). Several cases of cutaneous leishmaniasis caused, Dby
Leishmania aethiopica, have been reported from around Mount
Elgon, the Aberdare mountain range near Solai, Elmentaita
and Nakuru areas of Kenya (Mutinga and Ngoka, 1970; Mutinga,
1975a; Mutinga et al., 1980; Molyneux and Ashford, 1983;
Mutinga, 1986). This species is taxonomically unique among
0l1d World Leishmania in causing both localized and diffuse

cutaneous leishmaniasis (Le Blancg et al., 1986a). Solid
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immunity against a homologous strain has been reported after

healing.

1.8. The Importance of Leishmania Identification and

Characterization

Control of leishmaniases depends mainly on the
demonstration of parasites in the host, appropriate
treatment and vector elimination. In order to do this

effectively the parasite, Leishmania, has to be identified.

Research on leishmaniases dates from the discovery
of the leishmanial parasite in 1903 (Garnham, 1987). Basic
work has been conducted on vectors and reservoirs as
important elements of the epidemiology. To establish that
an animal is either a vector or a reservoir host in the
epidemiology of human infections, the identity of the
parasites it harbours and transmits has to be established.
Identification of Leishmania species is a world health
problem of increasing importance, in view of the resurgence
of the disease, following the widespread ban on the use of
the insecticide, Dichloro-Diethyl Trichloroethane (DDT) in
the early 1960’s (Killick-Kendrick, 1978; Seal, 1977;
Kusaoimi, 1979; Bhattacharya, 1981). This has led to the
reappearance of human leishmaniasis in countries where it
had been controlled. Thus the disease re-appeared in Zaire

(Gigase et al., 1978), ZzZambia (Naik et al., 1976), Namibia
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(Grove, 1970; Grove, 1978; Rutherford and Uys, 1978),
Honduras (Nuernberger et al., 1975), Japan (Okano et al.,
1977) and the United States (Stewart and Pilcher, 1945;

Anderson et al., 1980).

International business and recreational travel can
result in the introduction of human and animal leishmaniases
into non-endemic regions and different forms of clinical
disease into endemic regions (Price and Silvers, 1977;
Garett, 1978; Jones, 1979; Schalm, 1979; Al-Tagi and
Behbehani, 1980; Geracci et al., 1980). These situations
pose serious diagnostic and chemotherapeutic problems to the
physician. In a non-endemic region the clinician,
unfamiliar with disease symptoms, may not diagnose
leishmaniasis at an early stage. In endemic areas,
inadequate or over-treatment may result when the physician
makes a disease prognosis and initiates chemotherapy based
upon experience with the local leishmanial species.
Identification is thus essential in deciding on the course
of treatment (Molyneux and Ashford, 1983). The drug of
choice will depend on the type of leishmania responsible for
the infection and it is necessary to identify the parasite

so that international control programmes can be planned.

Accurate taxonomic knowledge is of great practical
importance since the expansion of information concerning the

parasite and the disease is possible only when new facts can
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be related to organisms that have been adequately
characterized. Correct characterization of the parasites in
animals is vital in determining the role of the animals as
potential reservoir hosts. Considerable progress could be
made in planning control campaigns, if highly sensitive and
specific tests could be developed for identifying the
leishmania parasites infective to humans, from batches of
sandflies found in different ecological situations.
Additionally, different vaccines may be required against
leishmanial infections caused by different parasites, which

must therefore be identified as precisely as possible.

In the New World, each Leishmania species
represents a complex of strains with different biological
properties (Lainson, 1983; WHO, 1984a; Lainson and Shaw,
1987). In Africa, very little is known about the Leishmania
parasite characteristics such as infectivity and capacity to
survive in humans. However, it is clear that the various
species of Leishmania express these characteristics to
different degrees. The species and subspecies of the
parasite and immunogenetic background of the host affect
disease development. Only certain species of Leishmania may
cause a given clinical syndrome. For this reason, it is
vital to elucidate the genetics of Leishmania and to
classify the causative organism for epidemiological studies

and clinical investigations of the disease (Godfrey, 1978).
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The early history, nomenclature, characterization
and classification of strains by morphology, culture
characteristics, clinical and epidemiological aspects of
infections in human and other natural hosts, infections and
behaviour in animals, cross-immunity and serological tests
were described by Kirk in 1949. The identification and
taxonomy of Leishmania parasites has been described by
different workers (Adler, 1964; Bray, 1974; Gardener, 1977;
Zuckerman and Lainson, 1977; Hommel, 1978; Lainson and Shaw,
1979). Identification of Leishmania has been hampered by
deficiencies in the classical criteria used, such as
morphology (Marsden, 1979; Lainson, 1982) and clinical
manifestations (Chance et al., 1974). Therefore, different
biological, biochemical and molecular biological methods
have been introduced for identifying and studying leishmania
parasites (Schnur and Chance, 1976; Gardener, 1977; Chance,

1979; Peters, 1981; Chance and Walton, 1982; Godfrey, 1984).

1.8.1. Methods for the characterization of Leishmania

Several methods for identification and characte-
rization of leishmania have been developed and utilized.
Currently, the most common method of parasite identification
is by isoenzyme electrophoresis using cellulose acetate or
polyacrylamide gels (Gardener et al., 1974; Kreutzer et al.,
1983). Other methods for parasite identification are

restriction enzyme digestion of kinetoplast DNA (Decker-
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Jackson et al., 1977; Arnot and Barker, 1981; Wirth and
McMahon Pratt, 1982; Barker and Butcher, 1983; Jackson et
al., 1984; Kennedy, 1984; Spithill and Grumont, 1984; Lawrie
et al., 1985; Barker et al., 1986; Lopez and Wirth, 1986;
Barker, 1987), DNA buoyant density analyses (Chance et al.,
1974), the excreted factor assay (Schnur et al., 1972;
Schnur and Zuckerman, 1977; El1-On et al., 1979),
radiospirometry (Decker-Jackson et al., 1977) and on
reactivity with monoclonal antibodies (McMahon Pratt et al.,
1981; Mcmahon-Pratt and David, 1982; Greenblatt et al.,
1983). DNA analysis, using restriction enzymes followed by
hybridization with DNA probes is being used to identify
parasites and study the relationships between parasites and
the clinical forms of diseases (Barker and Butcher, 1983;
Kennedy, 1984; Massamba and Williams, 1984; Lawrie et al.,
1985; Barker et al., 1986; Jackson et al., 1986; Barker,
1987; Van Eys et al., 1987; Van Eys et al., 1989; Majiwa,

1989) .

Identification of Leishmania, or any other
parasite by isoenzyme analysis should be based on data from
many different enzymes rather than just a few (Kreutzer et
al., 1983). The greater the number of enzymes included in
the identification the greater the likelihood of classifying

the isolates into the correct groups.
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Restriction endonucleases are used for specific
cleavage and fragmentation of DNA. The set of DNA fragments
produced by a particular restriction enzyme is
characteristic of a given DNA, and the electrophoretic
pattern of these can be used for taxonomic purposes (Rivkin,
1982) . Analysis of kDNA seems to stress dissimilarities
between strains rather than relationships since patterns of
isolates belonging to the same species show differences (Van

Eys et al., 1989).

Although monoclonal antibodies are useful in the
taxonomic identification of different species of Leishmania,
they are specific and bind to one antigen, resulting in a
battery of several antibodies being required to identify a
particular organism (McMahon-Pratt and David, 1981).
Different stages in the life cycle of the organisms produce
different surface antigens (Fong and Chang, 1982) and cross-
reactions have been reported between ’specific’ monoclonal
antibodies and other unrelated cells (De Ibarra et al.,

1982} .

Other identification methods, which include
geographical distribution, clinical outcome of the disease
in humans, response of the parasite to drugs, differing
characteristic growth patterns of the parasite in culture
and the behaviour of the parasite in sandfly and laboratory

animals, are not accurate. There is thus an urgent need to
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establish a rapid and accurate means of identification to
aid both clinicians and epidemiologists, particularly with
Leishmania isolates, which are difficult or impossible to

passage in laboratory animals or to grow in culture.

Methods based on proteins (such as isoenzymes) and
lipids are subject to phenotypic variation and can be
affected qualitatively and quantitatively by gene expression
or rearrangements. Genetic heterogeneity of leishmania that
has not been detected by these methods may be responsible
for some of the diversity seen 1in clinical infections
(Scholler et al., 1986). Methods which utilize DNA
represent the most direct analysis of the genetic material
that is possible and, as such, are highly unlikely to show
any life-stage or environmentally mediated variation. The
same DNA is present in the parasite whether it is in a free-
living stage, in an invertebrate vector or in a vertebrate

host.
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1.9 Aims of the present Work

The present study was undertaken with the

following objectives:

- to distinguish Leishmania species by examination of

their molecular karyotypes.

- to study the taxonomic (phylogenetic)

relationships amongst leishmania species.

1.10 Pulsed Field Gradient Gel Electrophoresis

An electrophoretic technique has been used to
analyse chromosome organization in the protozoa. The
technique, pulsed field gradient gel electrophoresis (PFG)
is capable of separating intact chromosomal DNA molecules
in the size range 50 kilobases up to several million base
pairs which is well above the resolving power of
conventional gel electrophoresis (Schwartz et al., 1983).
Conventional gel electrophoretic techniques for DNA analysis
are effectively limited to molecules less than 20,000 base
pairs in size. Above this size all DNA molecules have such
similar mobilities in ordinary agarose gels that no

separations can be achieved (Fangman, 1978; Serwer, 1980).
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The PFG technique was based on the consideration
that the native structure of long-chained molecules
undergoes conformational changes in an electrical field,
showing a length dependent relaxation behaviour. As a
result, corresponding differences in mobility in the gel
were observed. Hence DNA separation is primarily dependent
on the change of direction of the electrical field and the
interval that the molecule needs to alter its direction of
motion (Holzwarth et al., 1987). 1In traditional agarose gel
techniques such as submarine gels, molecules larger than 50
kilobases undergo a conformational change and move through
the gel as a broad, unresolved band. 1In PFG gel
electrophoresis large molecules of DNA obtained from the
lysed organisms are subjected to alternate electrical pulses
at an angle of 909 or more. Because these molecules are
larger than the pore size of the agarose gel, they are
forced to stretch out and align with the field in order to
migrate through the gel. The net movement of the molecule
will be in the direction resulting between the two applied
fields. The time required for this molecular reorientation
is dependent on the DNA size, so that large molecules spend
proportionally more of each pulse cycle reorientating and
less time in foward migration. This results in very large
DNA molecules remaining near the loading slot while smaller
molecules migrate fowards because they can turn corners in
the gel matrix more rapidly. The DNA thus separated can be

visualized by staining the gel with ethidium bromide and
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blotting on nitrocellulose filter membranes and the genes

located by hybridization techniques.

1.10.1 Applications of Pulsed Field Gradient Gel

electrophoresis

The PFG technique has enabled several groups not
only to enumerate chromosomes but also to separate and
identify them as well as elucidate some of their functions.
DNA insertions, deletions and reciprocal translocations can
all be visualized directly by changes in the sizes of
chromosomal DNAs and confirmed by observing a shift in the
size of known chromosome-specific DNA probes. Chromosome
length polymorphisms and rearrangements have been found
among closely related strains of parasitic protozoa. In
some parasitic organisms these DNA rearrangements are
exploited to generate antigenic diversity that is valuable
to the survival of the parasite against the hostile
environment of the immune defence system of the host (Van
der Ploeg et al., 1984c). Since useful genes for species
differentiation can be localized and identified with these
methods, it should be possible to distinguish between genes
encoding antigens important in protection and those used by
parasites to evade the host immune response. It might also
be possible to distinguish between virulent and avirulent

strains of parasites and to pinpoint the basis of drug



resistance, if the genes responsible for such phenotypes can

be identified.

The technique was first applied to the analysis of
yeast chromosomes (Schwartz and Cantor, 1984; Carle and
Olson, 1985). Since the yeast genetic map was already
known, it was possible to show that the high molecular
weight DNA bands were really intact chromosomal DNA
molecules. Genes that code for various proteins could be
localized to specific bands in the gels. The technigue has
also been applied to the study of antigenic variation in
trypanosomes (Van der Ploeg et al., 1984a;b;c) and has shown
that there is more than one expression site for variant
surface glycoprotein (VSG) genes in Trypanosoma brucei (Van
der Ploeg'et al., 1984c) and that transcription of VSG genes
is discontinuos (Van der Ploeg et al., 1984b; Guyaux et al.,
1985). The VSG genes are seen most readily in the

minichromosomes (Cox, 1985).

The technique has demonstrated that, at the
molecular level, Trypanosoma (Nannomonas) congolense and
Trypanosoma (Nannomonas) simiae differ significantly from
each other, and can be distinguished by molecular
hybridization using appropriate DNA hybridization probes
(Majiwa et al., 1985; Majiwa and Webster, 1987).

Characterization and identification.of Trypanosoma
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congolense by molecular karyotyping has been described by

Majiwa et al. (1986) and Masake et al. (1988).

Direct comparisons of the molecular karyotypes
(the patterns of chromosomal DNA bands seen with ethidium
bromide fluorescence) of different species provide useful
information for the evolutionary relationships. For example,
Trypanosoma vivax and Trypanosoma cruzi differ from
Trypanosoma brucei in having no minichromosomes visible by
ethidium bromide staining of their chromosomal DNA (Van der
Ploeg et al., 1984a; Gibson and Miles, 198%6), whereas the
chromosémal organization of Trypanosoma congolense and
Trypanosoma brucei is similar (Gibson and Borst, 1986). In
contrast to Trypanosoma brucei, Trypanosoma equiperdum has
fewer minichromosomes (Van der Ploeg et al., 1984a). Since
all the trypanosomes undergo antigenic variation it seems

that minichromosomes are not essential for this process.

The technigue has also been used in distinguishing
different isolates of Plasmodium falciparum (Kemp et al.,
1985; Van der Ploeg et al., 1985) and to compare the
karyotypes of Plasmodium falciparum and Plasmodium chabaudi
(Langsley et al., 1987). The sequence analyses of
chromosomes of Plasmodium falciparum have revealed short
repeats of amino acids that constitute important antigens.
The genes for these repetitive antigens are distributed

among several chromosomes (Cox, 1985). The molecular
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karyotypes of the rodent malaria parasites have been

characterized by similar methods (Sheppard et al., 1889).

Modifications of this technique have been used in
the typing of leishmania isolates (Van der Ploeg et al.,
1984a; Spithill and Samaras, 1985; Comeau et al., 1986;
Giannini et al., 1986; Scholler et al., 1986; Bishop and
Miles, 1987; Galindo and Ochoa, 1989) and has shown that the
DNA karyotype is useful for stock identification, taxonomy
and localization of specific genes of leishmania (Scholler

et al., 1986).

Apart from separating whole chromosomes, PFG is
useful in the large scale restriction mapping of chromosome
regions as well as DNA fragment purification for cloning
(Stewart et al., 1988). Chromosomal DNAs of some organisms
are too large to be handled as intact molecules. For this
reason, intact chromosomal DNAs are cut by restriction
nucleases with relatively rare cutting sites, into well
defined fragments that fall in the size range separable only
by PFG. There are two restriction nucleases commercially
available that have eight base pair recognition sites.
These enzymes, Not I and Sfi I, have been used to cleave
Escherichia coli DNA , mouse and human DNA into large
fragments. There are a number of restriction enzymes that
have six base pair recognition sites but these sites are

relatively rare in particular genomes and include Mlu I and
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Sac II among others. 1Individual fragments can be identified
by Southern blotting and hybridization with cloned single
copy DNA probes. It is possible to tell whether two genes
believed to be closely linked appear in the same size DNA
fragment. Physical maps of complete genomes of organisms
can be developed by the generation of the large fragments

using restriction nucleases.

1.10.2 Pulsed Field Gradient Gel Electrophoresis

techniques

Four different PFG techniques have been described
up to date. The first method for pulse field separations
was described by Carle and Olson, (1984) as well as Schwartz
and Cantor, (1984). Orthogonal Field Alternation Gel
Electrophoresis (OFAGE) formed the basis for the first
commercially produced instruments. This consists of four
electrodes placed at the corners of the gel where two non-
uniform electric fields are switched on and off (Figure 10).
After electrophoresis a series of bands are formed in
curvillinear lanes. The advantage of this method lay in the
size of the agarose gel which could conveniently be used for
further processing or treatment of separated material. In
the OFAGE apparatus, different parts of the gel are
subjected to different reorientation angles, mostly between

1200 and 1500 (Chu et al., 1986). The technique is suited
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Fig. 10. The Principle of Orthogonal Field Alternation Gel

Electrophoresis. (The arrow indicates one of the electrical
field directions. A and B are electrodes).
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for resolving chromosomes greater than one million base

pairs.

Towards the end of 1985, Carle et al. (1986)
developed Field Inversion Gel Electrophoresis (FIGE),
featuring linear and logarithmic changes in current
direction by reversal of electrode polarity. The electric
field is periodically inverted so that a single pair of
electrodes can be used to generate homogenous electric
fields. The system resolves large DNA with a pattern of
separation independent of its position across the gel. The
fact that the migration of the DNA is not a monotonic
function of size leads to the unexpected comigration of
molecules that differ greatly in size. The problem can be
avoided only by choosing an appropriate range of pulse times
during electrophoresis. The apparatus which consists of a
single field reverses direction through a 1809 angle every
one to thirty seconds (Carle et al., 1986; Larson et al.,
1987). The range of molecular weights that can be resolved
by FIGE is limited to about one million base pairs with
satisfactory resolution only up to 800,000 base pairs.
Although straight lanes of bands are formed after
electrophoresis, the mobilities of molecules separated Dby
the technique are not a simple function of molecular weight
(Ellis et al., 1987). Size determination is thus difficult

since larger DNAs can migrate faster than smaller ones.



52

Wells
/

4 -@ 7

DDD(ﬁDD

O——O—©

Agarose gel

Fig. 11. The Principle of Contour-clamped Homogenous |
Electric Field Electrophoresis. (The arrow indicates
one of the electrical field directions. A and B are
electrodes). |
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DNA molecules as large as 2 megabases can be well
separated with Contour-clamped Homogeneous Electric Field
(CHEF; Chu et al., 198%) between two orientations 1200 apart
(Figure 11). Small gels of 12xl4cm are used and the pattern
of separation is independent of position in the gel thus
giving bands in straight lanes. The electric field is
generated by a method in which multiple electrodes are
arranged along a polygdnal contour and clamped to
predetermined electric potentials. A homogenous electric
field is generated by two parallel, infinitely long
electrodes. Compared to FIGE, the CHEF system alternating
with a single pulse time can produce excellent resolution of
large DNA. In addition, the simple relation between
migration and molecular weight seems to be generally
preserved (Carle and Olson, 1984; Schwartz and Cantor,
1984) . Contour-clamping can also be used for
electrophoresis in non-uniform fields (Chu et al., 19806) .
Contour-clamped fields can be used in identification of

secondary structures in DNA as well as other macromolecules.

Transverse Alternating Field Electrophoresis
(TAFE), a simple, high resolution technique providing a
straight lane geometry was first described by Gardiner et
al. (1986). The gel (10xl1l0Ocm) is placed vertically in a
buffer chamber so that both faces are exposed to electrolyte
while electrodes are positioned so that the alternating

fields pass through the thickness of the gel, rather than
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Fig.12. The Principle of Transverse Alternating Field Electrophoresis.

(The arrow indicates one of the electrical field directions. A and
B are electrodes). — '
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down its length. This ensures that all gel lanes are
exposed to equivalent fields so that there is no distortion
of the DNA banding pattern. There is a fixed separation
angle of 1159 between the alternating fields (Figure 12).
The techniques can separate very large DNA molecules up to 9
million base pairs (Stewart et al., 1988). An additional
advantage of this system is that it can be used to perform
direct electrophoretic transfers by placing the
nitrocellulose blotting membrane next to the gel. The
electrodes are designed to provide a graded field: stronger
near the top of the gel where the larger DNA fragments are
found, to ensure efficient transfer; weaker near the gel
bottom, to prevent the smaller fragments from being driven
through the nitrocellulose membrane. The traditional
blotting procedures require fragmentation of large DNA
molecules by depurination / hydrolysis, a procedure which is
difficult to control and can result in significant loss of

signal.

In this study, the orthogonal field alternation
gel electrophoresis technique was used to analyse chromosome
size DNA molecules from new leishmania isolates using WHO

Leishmania reference strains for comparison.



CHAPTER 2:

MATERIALS AND METHODS
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MATERIALS AND METHODS

.1 MATERIALS I

1.1 Leishmania Promastigote Cultivation Medium

.1.1.1 N,N,N- MEDIUM

(1) Liquid phase (Lock’s solution)

Sodium chloride 8g

Potassium chloride 0.2g
Calcium chloride 0.2g
Potassium monophosphate 0.3g
Glucose/Dextrose 2.5g
Distilled water 1 litre
Penicillin 200 units/ml
Streptomycin 200 mg/ml

(1ii) Solid phase

Nutrient agar 20g
Peptone 20g
Beef extracts 259
Sodium chloride 5g
Distilled water 1 litre

Fresh rabbit blood 1 to 5%
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2.1.1.2 RPMI MEDIUM

RPMI 1640 (Gibco) 10.43g/1
Sodium bicarbonate 25mM
Sodium chloride 30mM
Hepes 20mM
Penicillin 200 units/ml
Streptomycin 200mg/ml.
Foetal calf serum 20%

2:1.2 10xXTBE buffer (stock solution).
0.9M Tris

0.9M Boric Acid
25mM Ethylenediaminetetraacetate, disodium salt.

Working solution is 0.5xTBE buffer.
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TABLE 1
WHO REFERENCE STRAINS
ICIPE WHO SPECIES ORIGIN HOST CLINICAL
REF. NO.REF. NO. MANIFEST-
ATION
227 MHOM/FR/ 62 L. infantum France Man VL
(LRC-L47)
228 MHOM/ET/72/ L. aethiopica Ethiopia Man CL
(L100. LRC-L147)
235 MHOM/IL/67/ L. major Israel Man CL
JERICHO- II
(LRC-L137)
236 LRC-L119 L. major Kenya Rat CL
244 LRC-L123 L. adleri Kenya Lizard -
245 MHOM/IN/80/ L. donovani India Man VL
DD8
CL = Cutaneous leishmaniasis

VL

Visceral leishmaniasis



NEW LEISHMANIA

ISOLATES

ICIPE REF. NO.

47
51
60
70
74
79
80
81
82
140
73
126
261
262
263

264

HOST

Lizard

59

TABLE 2

ORIGIN

West Pokot

Machakos
Baringo

West Pokot

DATE COLLECTED

1975
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TABLE 2 continued:

265 " Trans Mara
269 " Baringo
268 " West Pokot
271 " 2 "
274 " " "
281 " " "
283 " " "
277 Sheep " "

267 Rat Baringo

1988

1987

1988
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2.2 METHODS I

2.2.1 Cultivation of Leishmania parasites

Parasites from the cryobank were grown at 25°C in
RPMI 1640 culture medium (2.1.1.2.). The culture-adapted
Leishmania isolates were then mass-cultured, pelleted by
centrifugation at 600xg for 10 min at 4°c. Some of these
parasites were cryopreserved in 2ml plastic tubes in RPMI
1640 culture medium containing 10% glycerol and stored in
liquid nitrogen for future use. The remaining parasites
were used in cloning while others were stored in sealed
tubes at -20°C after washing twice in normal saline. The

latter were used for DNA extraction.

2:242 Cloning of Leishmania

Serial dilutions of the parasites from culture
were made starting from 1:10 to about 1:100,000. These were
examined under a light microscope using a x40 eyepiece and
counted. The dilution showing 10 parasites per ml was used
for cloning. Droplets of the diluted parasite suspension
were spotted onto sterile microscope slides and examined.
Drops which contained a single parasite were transferred to
sterile eppendorf tubes containing 5001 RPMI 1640 culture
medium and grown. One hundred tubes were required for each

isolate. These tubes were transferred to an incubator
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maintained at 25°C. A drop of media from each tube was
examined after 6 to 8 days to determine if there were
parasites growing therein. The tubes that showed growth
were treated as follows: 250ul of the parasite suspension
were transferred to clean tubes containing 750pl1 of fresh
RPMI 1640 culture medium. An equal volume of medium (750nl)
was added to the original tube of the clone so that the
parasites would continue growing. The parasites were then
subcultured into clean 50ml culture flasks containing 5ml

RPMI 1640 culture medium and left to grow.

2.2.3 Mass cultivation of Leishmania parasites

The parasites from the 50ml flasks were mass-
cultured in 200ml culture flasks. After growth these
parasites were pelleted by centrifugation at 600xg for 10
min at 4°C and washed twice in normal saline (0.85% sodium
chloride). Some of these parasites were then cryopreserved
as described earlier while the rest were used in the
preparation of agarose blocks for orthogonal field

alternation gel electrophoresis (OFAGE).

2.2.4 Preparation of chromosome-sized DNA molecules

The parasite pellet obtained after washing in
normal saline was resuspended in the same solution and

warmed in a 37°C water bath. These were added to an equal
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volume of pre-cooled molten 1.3% low melting point agarose
in 0.5%XTBE buffer (2.1.2) in a final concentration of 3x108
parasites per ml. One hundred microlitres of this mixture
was poured in each well of dimensions 10x6x2 mm and allowed
to set on ice. The agarose blocks were then placed in lysis
buffer (0.5M EDTA pH 9, 1% SDS and lmg/ml pronase) and
incubated in a water bath at 50°C for 36-48 hrs. On
completion of incubation, the blocks were washed extensively
with 0.5xXTBE buffer. They were then stored in the same

buffer at 4°C until use.

2.2.5 Orthogonal Field Alternation Gel Electrophoresis

The conditions suitable for separation of
chromosome-sized DNA molecules from Leishmania by the OFAGE
technique were first determined. These included the number
of parasites per ml (concentration}, pulse frequency,
temperature of the buffer and the total electrophoresis
time. The method which gave the best separation is

described below.

Electrophoretic fractionation was carried out by
slicing agarose blocks in halves and placing them in slots
(7x3 mm) of agarose gel measuring 14x14 cm. The gel was
placed in an electrophoresis tank containing 2.8 litres of
0.5xTBE buffer maintained at 13°C by recirculating through

tubing immersed in a controlled temperature water bath at
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8°C. Electrophoresis was carried out at 300v for 20 hrs
with a pulse frequency of 40 sec. Upon completion of the
electrophoresis the gel was stained with 0.5ug/ml ethidium
bromide in distilled water and photographed using a C667

high speed polaroid film (ISO 3000/360) under ultraviolet

light.
2.3 MATERIALS II
2.3.1 Restriction endonucleases (from Serva

Feinbiochemica, Heidelberg, Germany) .

2.3.1.1 BssH II

2:3.1.2 Mlu I

2.3.1.3 Not I

2.3.1.4 Sfi I
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TABLE 3

Restriction nucleases useful for generating large DNA

fragments (Smith et al., 1987).

Source of DNA

Enzyme Sequence Phages Bacteria Viruses Mammals Others

Not I GC/GGCCGC 0 1 1 1 1
Sfi I GGCCN,/NGGCC 1 2 3 11
pvu I  CGAT/CG 3 13 4 1 2
sal I  G/TCGAC 2 7 6 2 4
Mlu I  A/CGCGT 4 14 4 1 2
Sac I  GAGCT/C 4 5 1 4 6
Nru I  TCG/CGA 5 12 7 1 3

The numbers represent the source of DNA for enzymes.

The source of DNA for enzymes that especially cut rarely are
indicated by underlined numbers.

The position where the enzymes cut the sequence specifically

is shown by the line drawn in the brackets (/).
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2.4 METHODS II

Table 3 shows a list of restriction enzymes useful
for generating large DNA fragments. Chromosome samples from
WHO reference strains 227, 228, 236 and 245 were digested
with restriction enzymes BssH II, Mlu I, Not I and Sfi I
according to the Manufacturer’s instructions (Serva
Feinbiochemica, Heidelberg, Germany). For each sample, 20
units of the enzyme were added in a final volume of 250ul in
an eppendorf tube. The tubes were then incubated in a water
path at 370C (for Mlu I and Not I) or 509C (BssH II and Sfi
I) overnight. Twenty five microlitres of 1M EDTA, pH 9 were
added to each sample to stop the reaction and the tubes
incubated again for lhr at the same temperature. The
samples were then washed extensively with TE buffer (10mM
Tris; 0.1M EDTA) before performing OFAGE as described in
2.2.5. Electrophoresis of BssH II, Not I and Sfi I was
carried out for 20 hrs while Mlu I was 10 hrs. A control of

the intact undigested blocks was included in the gel.
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2.5 MATERIALS IIT
2.5.1 SOLUTIONS AND BUFFERS
2.5.1.1 L-BROTH (1 litre).
Trypton or NZ-Amine
Yeast extract
Sodium chloride
Agar
4N Sodium hydroxide
Magnesium sulphate (hydrated)
2.5.1.2 Pre-hybridization solution
Volume
20xSsC 3.3 ml
50xDenhardt 1.1 ml
10% SDS 0.1 ml
10% Na PPi 0.1 ml
Sterile distilled water 6.4 ml
2.5.1.3 Hybridization solution

Final concentration

o0x

5x

(@)
.—I
o

()
l—l
o\

Pre-hybridization solution plus one tenth volume

of competitor sonicated calf thymus DNA (10ug/ml) and probe

(0.5x10 cpm/ml) .



68

2:.8.1.4 20xSSC stock solution (per litre)

175.3g sodium chloride and 88.2g sodium citrate;

pH 7.

2.5.1.5 Washing buffer

Stock solution Working solution
20xSSC 0.1xSSC
10% SDS 1% SDS

2.5.1.6 50xDenhardt's solution (stock solution)

1% Bovine serum albumin
1% Ficoll 400

1% Polyvinylpyrrolidone

Stir for about six hours at room temperature and sterilize

by filtration.

2.5.1.7 10xTAE buffer, pH 7.6 (stock solution).

0.4M Tris base
0.05M Sodium acetate
0.01M EDTA

Working solution is 1xTAE buffer.

2.5.1.8 TCM buffer

10mM Tris-HCl (pH 7.4)
10mM Calcium chloride

10mM Magnesium chloride
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2.5.1.10

69

10xNick translation buffer

500mM Tris-HCl pH 7.8
100mM Magnesium chloride
70mM 2-mercaptoethanol

lmg/ml Bovine serum albumin

10xIigation buffer

500mM Tris-HCl (pH 7.5)
100mM Magnesium chloride
100mM 2-mercaptoethanol

10mM Adenosine triphosphate
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2.6 METHODS III
2.6.1 Preparation of chromosomal DNA fragment from OFAGE
gel

Isolation of the fragment of interest from WHO
reference strain 235 (L. major, Israel) chromosome blocks
was carried out by using three different techniques.  1In
order to isolate the required fragment OFAGE was perfomed on
many chromosome samples of strain 235 using low melting
point agarose. After electrophoresis the fragments were cut
from the agarose gel and kept at 40¢ in 0.5xTBE buffer until

use. Several samples were collected and then pooled.

2.6.1.1 Technique 1

The pooled samples in agarose were sliced to long
narrow portions and placed in a piece of dialysis tubing
containing 0.5xTBE buffer. The dialysis tubing and contents
were then placed in the OFAGE gel tank containing 0.5xTBE
buffer and electroelution carried out overnight under the
standardized conditions. The samples were centrifuged at
7,000xg for 30 min at 49c. The volume of the supernatant
was reduced to 10ml by extractions with equal volumes of n-
butyl alcohol. The lower layer was kept after each
addition. The sample was then extracted twice with an equal
volume of phenol and ether respectively. The upper and

lower layers were kept after the two extractions
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respectively. The sample volume was then reduced to 2ml
using n-butyl alcohol before adding 200pl of 3M sodium
acetate pH 5.2 and 5ml absolute ethanol. The sample was
left to precipitate overnight at -200¢c. 1t was then
centrifuged at 7,000xg for 30 min at 40c and the precipitate
cleaned with 5ml of 75% ethanol before drying in a
lyophilizer for 20 min. The dried sample (labelled I) was
resuspended in 200pl of TE buffer (10mM Tris; 0.1M EDTA) and

kept at -200c until used for cloning.

2.6.1.2. Technique 2

The pooled samples in agarose were melted in a
water bath at 650C and transfered at 370c. The melted
sample was diluted three times with 5xTE buffer (pre-warmed
in a 379C water bath). The sample was then extracted twice
with an equal volume of phenol (pre-warmed in a water bath
at 370C) as described previously before mixing with an equal
volume of chloroform. After ten minutes the upper layer was
extracted three times with ether as already described and
the sample volume reduced to 5ml by adding n-butyl alcohol.
Precipitation was then carried out overnight after adding
500p1 of 3M sodium acetate, pH 5.2 and 12ml absolute
ethanol. The precipitate obtained after centrifugation at
7,000xg for 30 min at 40c was washed with 5ml of 75%
ethanol, lyophilized for 20 min and then resuspended in

200ul1 TE buffer. A mini DEAE-52 column was used to clean
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the sample further by eluting with 0.5M Tris, pH 8
containing 1.5M sodium acetate. The sample was precipitated
by adding 750ul absolute ethanol and leaving it at -700¢c for
one hour. Centrifugation was carried out at 7,000xg for 30
min at 49C and the precipitate lyophilized for 20 min. The
dried precipitate (labelled II) was resuspended in 100upl TE

buffer and kept at -200c until use.

2.6.1.3. Technique 3

The pooled samples in agarose were sliced
lengthwise into narrow portions and placed in a piece of
dialysis tubing containing 1xTAE buffer. As control the
agarose gel left after cutting out the reguired fragments
was placed in a different dialysis tubing. The dialysis
bags were placed in a normal submarine electrophoresis tank
containing 1xTAE buffer. Electroelution of the DNA from
agarose was perfomed at 400 volts and 300mA in the cold room
at 40c. After 1 hr the control tube was examined under UV
illumination for the presence of DNA bands. Since the bands
in the gel could still be seen electroelution was continued
until there were no DNA bands observed with a UV
transilluminator. Buffer containing the electroeluted
fragment of DNA was then pipetted from the dialysis bag into
a centrifuge tube. The volume of the sample was reduced to
5ml with butanol and extracted twice with an equal volume of

phenol and ether respectively. 3M sodium acetate diluted to
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a final concentration of 0.3M and 2.5 volumes of cold
absolute ethanol were then added to the sample and left at -
200¢c overnight. The sample was centrifuged at 7,000xg for
30 min at 40c before lyophilizing for 20 min. It was then
resuspended in 2504l TE buffer. Since the sample was not
clear it was left to dialyse overnight in one litre of TE
buffer in a 'finger tip' dialysis tube at 40¢c.
Electrophoresis was carried out before and after dialysis so
as to determine the size of DNA present in order to select
the vector to be used in cloning. The sample (labelled I1I)

was then kept at -209¢c until use.

2.6.2 Cloning of Isolated Chromosomal DNA Fragment

Chromosomal DNA samples I, II and III were
digested separately with Pst I. The total volume of the
samples were made up to 100ul and 200p1 respectively by
adding sterile distilled water. These were left overnight
in a 370Cc water bath. 10ul of each digested sample was then
used for electrophoresis. The rest of the samples I, II and
III were extracted once with phenol and three times with
diethyl ether. Precipitation was then carried out for 4 hrs
at -709¢ by adding 3M sodium acetate, pH 5.2 to a final
concentration of 0.3M and 2.5 volumes of cold absolute
ethanol. The precipitate was collected by centrifugation at
7,000xg for 30 min at 40c and then dried for 20 min in a

lyophilizer before resuspending in 20ul TE buffer. 10ml of
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each sample was used in the ligation step while the

remaining was kept at -200c.

2.6.3 Ligation.

10pl of each sample was ligated to 100ng of pUC18
vector (which had been digested with Pst I restriction
endonuclease) in the presence of T4 DNA ligase and 2ul of
10xligation buffer (2.5.1.10). The total volume was made
up to 20pl with sterile distilled water before incubating

overnight in a water bath at 140c.

2.6.4 Preculture of E. coli JM 83 bacterial cells

Ten microlitres of E. coli JM 83 cells were added
to a tube containing 10ml L-broth (without antibiotics).
The tube was placed in a cooled orbital incubator with a
shaker at 37°C and left overnight. The following morning
Iml was transferred to a flask containing 100ml L-broth
(without antibiotics) and left in the incubator at 37°C with
a shaker for 3-4hrs. The cells were then centrifuged at
600xg for 10 min at 4°C and the pellet resuspended in 5ml of
S0mM calcium chloride. These were left on ice for 20 min
before spinning at 600xg for 10 min at 4°C. The pellet was
then resuspended in 10ml of 50mM calcium chloride and left

on ice to be used for transformation.
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2.6.5 Transformation

Each sample (10pl) was mixed with 50pl TCM buffer
(2.5.1.8) in sterile tubes. 100pl JM 83 competent bacteria
cells were added to the DNA-TCM mixture and incubated on ice
for 15 min. The tubes were transferred to a water bath at
429c for 2 min, left on ice for 5 min and then 800ul L-broth
was added. The samples were then incubated in a water bath
at 370C for 45 min before carrying out the plating

operation.

2.6.6 - Preparation of L-Broth plates

One litre of freshly prepared L-broth and agar
(2.5.1.1) was cooled to 459¢c before adding 10ml Ampicillin
(10mg/ml) . The L-broth was then poured onto Petri dishes
and left overnight upside down at 370c. The mixture
containing the sample was poured onto the agar plates and
spread evenly by using a glass L-shaped loop. After 15 min
the plates were incubated overnight at 370c. The
transformed bacteria colonies were transferred to new agar
plates in duplicate, one covered with nitrocellulose filter
and the other free (master plate). The colonies to be
tested were stabbed using sterile tooth picks onto the two
plates. The colonies were transferred in a grid pattern and
on identical positions on both plates. The plates were then

incubated overnight at 379C. The master plate was kept at



chloride for 190 min witph the Ccolony sigde up. The filters
were then transferrred to 1M Tris—HCl, PH 7.4 containing 3M
sodium chloride and 10mM EDTA for 10 min before Soaking them
in 4xssc Solution (2.5.1.4). The filtersg Were drieqd by
blotting with 3MM filter Paper angd baked under Vacuum at
8OOC for 2hrg, The filters Were immerseq in pre-
hybridization Solution (2.5.1.2) in 3 Sealed Plastic bag ang

left Overnight at 6SOC. The filters Were then transferred

with Carrier (2.5.1.3) added intg it for hybridization at
650C Overnight . This wasg Carried oyt in a Sealed Plastic

bag. The filters Were washed with 0.1xSsc containing 1% spbs



9lycerol and kept at —2OOC. The rest were Ceéntrifugeqg at

l,lOOxg for 5 min. The Supernatant was discardeq while the

cold Solutipnp (50mM glucose, 10mM EDTa, 25mM Tris—HCl, PH 8,

4mg/m1 lysozyme). The tubeg were left at room temperature

mixed before adding 1.5m1 of an ice-colqg Solution of



CHAPTER 3

MOLEcuLAR KARYOTYPE ANALYSTIS OF LEISHMANIA



3.1.1.1 Concentration
—————-Tation



Fig. 13. The Chromoscme Profiles of one isolate at different

/9

concentrations:

Lane 1:

1.25x107

6.0x108
3.0x108
1.5x108

7.5x107

parasites per ml.
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parasites per ml (lanes 1 and 2 respectively). Bands in the
upper region were not resolved (lanes 1 and 2). The best
resolution of bands in all the regions was obtained using
3x108 parasites per ml (lane 3). At the lower
concentrations, the bands in the lower region could not bé
seen clearly. Therefore, the selected working concentration
for performing electrophoresis was 3x108 parasites per ml.
Since half of the 100pnl parasite-agarose block was used, the

actual concentration was 1.5x107 parasites per slot.

3.1.1.2 Pulse Frequency

The electrophoretic mobility of DNA subjected to
OFAGE depends strongly on the pulse time (duration of
applied field). Different isolates at a fixed concentration
of 3x108 parasites per ml were used. Electrophoresis waé
carried out at pulse frequencies of 20, 40, 60, 80 and 100
sec at 80C for 22 hrs. At 20 sec chromosome-sized DNA bands
stayed between the loading slots and medium molecular weight
regions (Figure 14a). A pulse frequency of 40 sec was
suitable since bands could be clearly seen in all the
regions (i.e. low, medium and high molecular weight regions)
as compared to the others which had bands in specific areas
(Figure 14b). The bands at 60 sec were scattered between
the loading slots and the medium region while those at the
lower region were squeezed together (Figure 14c). There was

a smear from the high to the medium molecular weight region



Fig. l4a. The Chromosome Profiles of isolates at a pulse

frequency of 20 sec.

Lanes 1 to ¢ have different isolates.

Fig. 14b. The Chromosome Profiles of isolates at 2 pulse

frequency of 40 sec.

Lanes 1 to ¢ have different isolates

Fig. 14c. The Chromosome Profiles of isolates at g pulse
frequency of 60 sec.

Lanes 1 to ¢ have different isolates.

Fig. 14d. The Chromosome Profiles of isolates at a pulse
frequency of 80 sec.

Lanes 1 to ¢ have different isolates.,
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at 80 and 100 sec and bands were seen only at the lower

region (Figure 14d).

3.1.1.3. Temperature

A cooling system was set at the following
temperatures: 4° , 6° , 8° , 10° and 12°C respectively. One
isolate at a fixed concentration of 3x108 parasites per ml
was used. Electrophoresis was carried out at a pulse
frequency of 40 sec for 22 hrs. The pattern of bands seen
at 4°C and 6°C appeared blurred while those at 8°s, 10° ,
and 12°C were clear (Figures 15a, b, ¢ and d). The
temperature appropriate for the electrophoresis was the
lowest of the last three, which is 8°C, since the high
voltage of 300v used in the technique requires rapid and
efficient cooling. There is also less disintegration of the
DNA at the lower temperature. The temperature difference
between the water bath and buffer in the gel tank was 5°C.
Thus the temperature in the gel tank was 13°C at the

selected water bath temperature of 8°9C.

3.1.1.4. Duration of running the electrophoresis

Electrophoresis of one isolate containing 3x108
parasites per ml was carried out for different durations
(from 16 to 24 hrs) at a pulse frequency of 40 sec and 80c.

The separation of bands at 16 and 18 hrs was not very
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distinct and the bands were closer to each other (Figures
16a and 16b). The pattern of bands at 20, 22 and 24 hrs
were the same (Figures 16c and 16d). Electrophoresis of all

the isolates was thus carried out for 20 hrs.

3.1.2 Analysis of Molecular Karyotypes of the WHO

Leishmania Reference Strains

Studies were carried out to analyse by OFAGE the
chromosomal DNAs from WHO reference strains and to determine

the relationships amongst themselves.

The Materials I and Methods I used have been
described in Chapter 2. The WHO Leishmania reference
strains for this work were obtained from the ICIPE cryobank
(Table 1). These reference strains were used to study the

taxonomic relationships among new leishmania isolates.

The chromosome profiles of the WHO reference
strains is shown in Figure 17. The chromosome-sized DNA
banding patterns in the medium and low molecular weight
regions of these marker strains could be divided into three

groups as shown below:



Group I 227
228
236
245
Group II 244
Group IIT 235

(L.

(L.

(L.

(L.

(L.
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infantum)

aethiopica)

. major, Kenya)

donovani)

adleri)

major, Israel)

All the chromosome profiles had the megabase band

which represents large DNA molecules that only just enter

the gel about lcm from the loading slot. Most of the bands

were spread 1.5-5cm from the origin which is the medium-

sized range between 200-500 kilo base pairs. No mini-

chromosomes were present except in strain 235 (L. major,

Israel). Apart from these, very large DNA molecules

remained in or near the loading slot.

3.1.3 Analysis of Mdlecular Karyotypes of New

Leishmania Isolates collected from the disease

endemic areas in Kenya

The OFAGE technique was used to analyse

chromosomal DNAs from twenty five cloned new leishmania

isolates as described in Materials I and Methods I in

Chapter 2.
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Fig.17
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The new leishmania isolates were from humans and
other animals (Table 2). These were obtained from the liver
or spleen of the host and grown in in vitro culture in N,N,N

media (2.1.1.1) before preserving in liquid nitrogen.

. Electrophoresis of the twenty five cloned new
leishmania isolates (Table 2) was performed and their
chromosome profiles were compared to those of the reference
strains (Figures 18 to 26). The banding patterns of
thirteen isolates tested were similar to reference strains
in Group I while three fitted in Group II (Table 4a). None
of the isolates were similar to the reference strain in
Group III (Table 4a). The remaining nine isolates were
different from the reference strains and therefore did not

fit in any of the three Groups (Table 4Db).

3.Y.3:1 New Leishmania Isolates that were similar

to reference strains

The grouping of the chromosome profiles of new
leishmania isolates that were similar to reference strains

is shown in Table 4a.

3.1.3.1.1 Leishmania isolates that fitted in Group I

One of the isolates which fell under Group I

(isolate 140) was run on the same gel with reference strains
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from Groups I, II and III. The results of the chromosomal
DNA bands in Figure 18 show that 140 (lane 2) is similar to
reference strains in Group I in the low and medium molecular

weight regions (lane 1 - 228 fitted in Group I).

The chromosomal DNA molecules of isolates 73, 74,
80, 81 and 82 were similar to each other (Figure 19). The
chromosome profiles of isolates 60, 70, 140, 79, and 265
were similar to each other (Figure 20). All the isolates in

the two figures (19 and 20) fitted in Group I.

Isolates 283, 274, 281, 47 and 51 were run
against reference strain 245 (L. donovani) in Group I. The
banding patterns of isolates 281, 47 and 51 were similar to

that of reference strain 245 (Figure 21).

3.1.3.1.2 Leishmania isolates that fitted in Group II

In Figure 22, reference strains 244 and 493
(both L. adleri) in Group II have the same banding patterns

as isolates 268, 269 and 271 (Table 4a).

3.1.3.2 New Leishmania Isolates that were different

from reference strains

The banding patterns of nine isolates that did

not fit in any of the three groups could be divided into
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Fig.22
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five separate groups shown in Table 4b. The five groups
had three, two, two, one and one isolates respectively.
Isolate 126 was run on the same gel with reference strains
in Groups I, II and III. The results in Figure 23 show that
the chromosome profile of fhis isolate is different from

that of all the three Groups.

In Figures 24 and 25 the chromosomal banding
patterns of isolates 262, 263 and 264 are shown to be
similar. 1Isolates 261 and 267 have the same chromosome
profiles as shown in Figures 24 and 26 while 126 is
different. Isolates 283 and 274 had similar banding
patterns (Table 4b) as shown in Figure 21. Isolate 277 had
fewer chromosomes compared to all the isolates tested (Table

4b) . No small chromosomes were observed in this isolate

(Figure 22).
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Fig.26
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TABLE 4

(a) GROUPING OF THE CHROMOSOME PROFILES OF NEW LEISHMANIA

ISOLATES THAT WERE SIMILAR TO REFERENCE STRAINS

GROUP I GROUP II GROUP III
47, 51, 60, 70, 73, 268 ' =
74, 79, 80, 81, 82, 269 -
140, 265, 281. 271 =

(b) GROUPING OF THE CHROMOSOME PROFILES OF NEW LEISHMANIA

ISOLATES THAT WERE DIFFERENT FROM REFERENCE STRAINS

A B c D E
262 , 261 274 277 126
263 267 283

264
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3.2 Discussion and Conclusions

The chromosomal banding patterns of the six
WHO reference strains could be divided into three groups.
Four strains namely, L. infantum, L. aethiopica, L. major
(Kenya) and L. donovani fitted in Group I. L. adleri and L.
major (Israel) were in Groups II and III respectively. The
chromosome profile of L. major (Israel) had a unique small

fragment (Figure 17).

The results have demonstrated that, as can be
revealed by comparison of chromosomes separated by OFAGE, L.
major (Kenya) is different from L. major (Israel) although
both cause cutaneous leishmaniasis (Figure 17). A study in
Israel showed a variation in isoenzyme patterns between L.
major isolates obtained from different areas (Le Blancqg et
al., 1985). Massamba et al. (in preparation) using
isoenzyme analysis and molecular hybridization techniques
found that L. major (Kenya) and L. major (Isrzel) were
different Leishmania species. Surface carbochydrates of L.
major isolates have also been found to be different as
demonstrated by the variation in excreted factor serotypes
(Schnur, 1982; Schnur and Jacobson, 1989). Thus the results
have shown that species which originate from different
geographical regions and show a similar clinical picture can
have different molecular karyotypes. The four strains in

Group I could not be distinguished by OFAGE.
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The chromosome profiles of the new leishmania
isolates were analysed using WHO reference strains for
comparison. Thirteen isolates fell under Group I while
three fitted in Group II. None of the isolates fitted in
Group III. Nine isolates were different from all the
reference strains tested and therefore did not fit into any

of the three groups.

All the isolates collected from West Pokot
did not fit in the same genetic group. This indicates that
different Leishmania species are present in the same focus,
whose vectors are yet to be established. Parasites isolated
from ten lizards, a goat and one human in West Pokot as well
as a goat from Trans Mara fitted in the same group (Group
I). The goats and human isolates which fitted in Group I
could belong to one of the three species, that is, L.
aethiopica, L. major or L. donovani. An isolate from a goat
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