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REVIEW ARTICLE

Leishmania  tropica  (Kinetoplastida:  Trypanosomatidae)
– a  perplexing  parasite

Raymond L. Jacobson
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Abstract. Leishmania tropica is one of the causative agents of cutaneous leishmaniasis (CL), a disfiguring parasitic disease that
recently was found to be viscerotropic. In urban areas it is transmitted from infected individuals by the bite of phlebotomine sand
flies to naïve persons (anthroponotic CL). In rural areas animals are thought to be the reservoir, but the full life cycle is still under
investigation (zoonotic CL). For many years L. tropica was either confused or merely grouped with L. major while Phlebotomus
sergenti was the only proven vector. In recent years new foci have erupted, but few have been investigated. This review describes
some of the history, recent findings, epidemiology, potential vectors, and the search for possible reservoir hosts besides man.

BACKGROUND

Species of Leishmania Ross, 1903 are digenetic (het-
eroxenous) parasitic protozoa of humans and animals
that are found alternatively as flagellated, motile pro-
mastigotes in the alimentary tract of phlebotomine sand
flies, or as obligate intracellular aflagellate amastigotes
in the phagolysosomes of mammalian host macro-
phages. There are over 25 designated species plus sev-
eral unnamed species grouped into two subgenera,
(Lainson and Shaw 1987, Jacobson 1994). The
leishmaniases are now endemic in 88 countries on five
continents – Africa, Asia, Europe, North America, and
South America – with a total of 350 million people at
risk. It is believed that worldwide 12 million people are
affected by leishmaniasis. This often-quoted figure
includes cases with overt disease, as well as those with
no apparent symptoms. Of the 1.5–2 million new cases
of leishmaniasis estimated to occur annually, only
600,000 are officially declared. Nearly 90% of all cases
of CL occur in Afghanistan, Brazil, Iran, Peru, Saudi
Arabia and Syria.

Leishmaniasis presents in four different forms with a
broad range of manifestations: Visceral leishmaniasis
(VL, kala azar) is the most severe form and if untreated
has a mortality rate approaching 100%. This form is
characterized by fever, weight loss, enlargement of the
spleen and liver and anaemia. Mucocutaneous leishman-
iasis (MCL) produces lesions which can lead to exten-
sive and disfiguring destruction of mucous membranes
of the nose, mouth and throat cavities. Cutaneous
leishmaniasis (CL) manifests with sores or ulcers on
exposed parts of the body such as arms, legs and face
which may heal spontaneously, but the diffuse form of
CL does not heal and may relapse after treatment. AIDS
and other immunosuppressive conditions increase the

risk of Leishmania-infected people developing the vis-
ceral illness. In certain areas of the world the risk of co-
infection with HIV is rising due to epidemiological
changes.

In the Old World, cutaneous leishmaniasis can be
caused by four parasites: L. aethiopica Bray, Ashford et
Bray, 1973, which is restricted to East Africa, and L.
major Yakimoff et Schokor, 1914 emend. Bray,
Ashford et Bray, 1973, which is found in desert and
savannah regions from North Africa, the Middle East,
and Central Asia to the Indian subcontinent. The third
parasite is L. infantum Nicolle, 1908, which in most
patients infected causes visceral leishmaniasis, but
asymptomatic, cutaneous, mucocutaneous, diffuse
cutaneous, and post-kala-azar dermal leishmaniasis can
be produced by this parasite (Alvar et al. 1997). The
fourth parasite, L. tropica (Wright, 1903), is the subject
of this review.

HISTORY

The human protozoan parasite that we now know as
Leishmania tropica has undergone several name
changes since it was first described. One hundred years
ago, Wright (1903) working in Boston, described the
parasites taken from a lesion of an Armenian girl and
identified them as Helcosoma tropicum. His description
and pictures of the amastigotes in macrophages are as
relevant today as a century ago. He was perhaps
unaware that Ross (1903) had already designated the
genus Leishmania, and so the taxonomy was emended
three years later in a German textbook on tropical
medicine (Lühe 1906). To add to the confusion there
appeared to be two forms of the parasite causing
cutaneous leishmaniasis, one with larger amastigotes
and one with smaller amastigotes. Two Russian authors,
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while describing parasites taken from a lesion of a dog
in Tashkent, Uzbekistan decided that the parasites
should be known as L. tropica minor (small amasti-
gotes, as seen in Bukhara) and L. tropica major (large
amastigotes, as seen in Termes, now Termiz) (Yakimoff
and Schokhor 1914). Although this became the standard
designation for the next 60 years, the authors were
simply trying to describe a new species, in just over a
page of text, L. tropica var. canina, isolated from a dog.
The new species name was never accepted. A long list
of invalid names suggested for this parasite was re-
ported by Lainson and Shaw (1987), including the inap-
propriately named Plasmosoma jerichoense Hunte-
mueller, 1914 nec P. jerichaense Kirk, 1949. This ambi-
guity over the correct name of the parasite led to even
more confusion in the literature as later researchers were
forever unsure which of the two L. tropica subspecies
was the subject of the earlier research papers.

In 1973, Bray et al. described a new species causing
cutaneous leishmaniasis in Ethiopia which they desig-
nated L. aethiopica. In reviewing the literature these
authors then raised L. major to a specific rank for the
parasite causing zoonotic cutaneous leishmaniasis
(ZCL) in Central Asia. They left the L. tropica of the
Middle East and Africa as previously described, little
knowing that the L. major of Central Asia was much
closer to the parasite causing CL in Africa, the Middle
East and India. The term L. tropica minor was slowly
phased as new biochemical techniques were applied to
characterisation, and two distinct parasites were finally
recognised, L. tropica causing anthroponotic urban CL
(ACL) and L. major causing ZCL.

GEOGRAPHICAL DISTRIBUTION

Some of the vernacular names of CL also describe
the geography; Aleppo button or boil (Syria), Delhi boil
(India), Baghdad boil (Iraq), Bouton de Crete (Greek
island), Ashkhabad sore (Turkmenistan), Bouton de
Biskra (Algeria), Balkh sore (Afghanistan), tropical
sore, etc. Although some of the names may refer to
sores caused by L. major rather than L. tropica, geo-
graphically the distribution of both parasites often
overlaps, though not contiguously.

The western limit of L. tropica appears to be the
Greek Island of Zakynthos, and foci have occurred in
other Middle Eastern countries, Turkey, Syria, Jordan,
Israel, and countries bordering the Mediterranean litto-
ral, such as Morocco and Tunisia. Looking eastward
from the Mediterranean foci, the disease is found in
Saudi Arabia, Yemen, Iran and Iraq, where it is a very
old disease, the Central Asian foci in Afghanistan and
Turkmenistan and then at its eastern limit in the north-
western states of India, Punjab and Rajasthan. In Africa,
south of the Sahara, new foci have been discovered in
Kenya, while in Namibia an atypical form has been
described.

URBAN FOCI
The famous Iraqi focus in Baghdad was intensively

investigated and according to Adler and Theodor
(1929), there are some quarters where “scarcely anyone
escapes infection”. In Kabul, Afghanistan, in 2001, it
has been estimated that 270,000 people were infected in
a population of less than 2 million (compared to 2,000
in 1984 and 14,153 between 1994/95), (Ashford et al.
1992, Hewitt et al. 1998, Desjeux 2001). In 1997, in a
long-term Afghan refugee settlement in Pakistan, an
outbreak of ACL occurred and a survey showed that
38% of the 9,200 inhabitants bore leishmanial lesions
(Rowland et al. 1999). The source of the outbreak was
thought to be visitors from Kabul, demonstrating that
cross-border movement can be a major risk factor. In
other urban centres, the number of cases are also
increasing, such as in Aleppo, Syria, 3,664 in 1988 to
4,700 in 1999 (Tayeh et al. 1997, Desjeux 2001). How-
ever, in Sanliurfa in South-east Turkey, the numbers
peaked in 1993 at 2,980 (≈ 1% of the population), but
dropped to approximately 800 between 1997–2002
(Volf et al. 2002). Other population centres that have
been recently reported as endemic for ACL include,
Bam (1,750 cases) and Shiraz in Iran (Dowlati 1996,
Sharifi et al. 1998) and Mosul in Iraq (Desjeux 2001).
The older Central Asian foci appear to have diminished
after the anti-malaria campaigns during the 1960s,
although there are reports of reactivation of the old
endemic focus in Ashkhabad, Turkmenistan, (Dob-
rzhanskaya et al. 1989). As recently as 1995, an active
new focus of ACL was found in the northern city of
Taza in Morocco, but also dogs were found infected
with L. tropica (Guessous-Idrissi et al. 1997). On the
Indian subcontinent, ACL can be found scattered
throughout Pakistan (Munir et al. 1989) and in the
north-western parts of India (Sehgal et al. 1992).
RURAL FOCI

Reports of zoonotic CL due to L. tropica are scarcer
in the literature than anthroponotic CL, due mainly to
the small numbers and sporadic appearance of cases
involved. In Greece, which has had a long history of
leishmaniases, reports confirm that the cutaneous
leishmaniasis found in rural areas on the mainland,
Crete and some Ionian islands was due to L. tropica
(Adler et al. 1938, Garifallou et al. 1984). In Saudi
Arabia, the disease is endemic in the south-western part
of the country with 4,500 cases reported in 1988, mainly
from the Asir plateaux, 2,000 m above sea level (Al-
Zahrani et al. 1989). The description of the non-urban
nature of these infections would suggest a zoonosis, but
this is not proven. The disease is endemic in Tunisia,
appearing in micro-foci in the south-east of the country,
where a variant new species was discovered (Rioux et
al. 1986), which may also have a zoonotic cycle (Ben
Ismail 1994). In Jordan, there appears to be three differ-
ent foci, one in the north, around Irbid, one in the cen-
tre, around Salt, and one in the south, around Tafieleh
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(Kamhawi et al. 1995, Saliba et al. 1993, 1997). The
number of cases are small in each rural area, suggesting
zoonotic rather than anthroponotic foci. In Israel, new
foci have been reported in the Judean Hills (15 km east
of Jerusalem), in the Northern Galilee around Tiberias
and in some villages north of Lake Kinneret (Sea of
Galilee) (Klaus et al. 1994, Jacobson et al. 2003, Schnur
et al. 2004).

In Africa south of the Sahara, the presence of L.
tropica (sensu stricto) was not suspected until a new
focus was discovered in the Rift Valley in Kenya
(Mebrahtu et al. 1987, Lawyer et al. 1991, Sang 1991).
In subsequent years, small rural foci were described,
indicating zoonotic reservoirs rather than man to man
transmission (Mebrahtu et al. 1988, Sang et al. 1994,
Massamba et al. 1998). In South West Africa/Namibia
there have been reports of CL occurring in very small
numbers (34 diagnosed cases in 19 years) (Grove 1989)
and though the parasite has been investigated, it appears
to be close but not identical to L. tropica s.s. (Le Blancq
and Peters 1986, Schönian et al. 2001). Another emerg-
ing focus may be in Sri Lanka where autogenous CL has
been reported in a scrub jungle setting and therefore is
probably zoonotic in origin (Wijesundera 2001).

CLINICAL MANIFESTATIONS

Classically, lesions caused by L. tropica in urban
environments are “dry” as compared to “wet” in rural
cases, but the latter usually refers to L. major cutaneous
sores. These definitions are no longer exclusive and
with modern diagnostic procedures, parasite identifica-
tion to the species level has enabled scientists to rewrite
the textbooks. The main difference appears to be the
duration of the L. tropica lesion, which can persist as an
erythematous papule unchanged for more than a year. In
hyperendemic regions there can be multiple lesions on
the exposed parts of the body. The lesions often resem-
ble flattened volcanoes, becoming firmer as they heal
and can last for more than three years (Fig. 1).

Fig. 1. Cutaneous leishmaniasis lesion on the arm of a young
patient. Leishmania tropica parasites were isolated from the
lesion. Actual size. Photo credit: G. Anders.

One unusual form of this disease is known as leish-
maniasis recidivans, sometimes called lupoid leishma-
niasis, due to its similar appearance to cutaneous tuber-
culosis. The lesions of these patients never heal spon-
taneously, spread often across the face and even with
treatment may last many years. Another non-healing
variety has been described where the lesion continues as
erythematous boggy nodules and plaques which can be
either active or quiescent, lasting many years and seen
mainly in elderly patients.

Leishmania tropica has been incriminated as the
causative agent of either a systemic illness or classical
visceral leishmaniasis which can be fatal (Oren et al.
1991, Magill et al. 1993, 1994). While there are only
very few cases actually described whose origin is irrefu-
table, all the above were either from Israel or Gulf War
veterans. Sacks et al. (1995) found that 4 of 15 Indian
patients suffering from kala-azar (visceral leishmaniasis
usually associated with L. donovani) were actually in-
fected with L. tropica. The four infected were all boys
aged 8–13 living in the same district; the isolates were
fresh and the methods used to characterize the infectious
agent unequivocal.

These reports raise the question whether L. tropica is
the causative agent of visceral leishmaniasis in other
areas, but recent reports of drug resistant visceral leish-
maniasis in India have failed to find any evidence of this
parasite (Thakur et al. 2001, Sundar et al. 2001).

VECTORS

All Leishmania species are transmitted by female
phlebotomine sand flies (Diptera, Nematocera, Psycho-
didae, Psychodinae). There are six genera in the sub-
family Phlebotominae, of which only two are of medical
importance, namely Phlebotomus Rondani et Berté,
1840 of the Old World (divided into 12 subgenera), and
Lutzomyia França, 1924 of the New World (divided into
25 subgenera and species groups). All proven vectors of
the leishmaniases are species of these two genera.

Both sexes require sugar meals for nutrition, but only
the females engorge blood to facilitate oogenesis. Sand
flies, which are very small, seldom more than 3 mm in
body length, are crepuscular and nocturnal, spending the
daylight hours in animal burrows or any crack or crev-
ice with sufficient humidity. They have many setae, are
silent and tend to hop around on a host before partaking
of a blood meal. The females adopt a characteristic
position with the wings angled above the abdomen as
they feed by lacerating the skin with their sharp mouth-
parts and then sucking the blood from the pools that
form from the painful wound. Phlebotomine sand flies
are opportunistic feeders, but some species have been
described as peri-domestic and exophilic.

The most important proven vector of L. tropica is the
sand fly P. (Paraphlebotomus) sergenti Parrot, 1917. It
is surprising how few strains of L. tropica from sand
flies have been isolated and characterized. As early as
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1929, Adler and Theodor had isolated flagellates from
P. sergenti in Iraq, and had attempted transmission
studies with dogs and humans, but due to the ambiguous
designation of L. tropica it is difficult now to determine
the significance of those studies. In Saudi Arabia only
two isolates were reported (Al-Zahrani et al. 1988),
while in Morocco, 89 isolates were characterized (Guil-
vard et al. 1991). In Afghanistan, where the prolonged
epidemic in Kabul was thoroughly investigated, P.
sergenti was thought to be the main vector, but a
surprising correlation was found between the presence
of cases of L. tropica and P. (Phlebotomus) papatasi
(Scopoli, 1786) (Ashford et al. 1992). The suggestion
that P. papatasi could be a vector was discounted when
only 6% became heavily infected in experiments with
indigenous sand flies and parasites (Killick-Kendrick et
al. 1994). As infection rates for P. papatasi with L.
major often exceed 85% (Schlein and Jacobson 1996), it
is not surprising that 6% would be dismissed as
meaningless, but infection rates from the field are often
very different from the laboratory. In Israel, where we
have two rural foci under investigation, infected P.
sergenti have been found in both areas, but in the
Northern Galilee focus (Fig. 2), 5% of P. (Adlerius)
arabicus Theodor, 1953 were infected compared to
1.2% of P. sergenti (Jacobson et al. 2003). P. (Larrous-
sius) guggisbergi Kirk et Lewis, 1952 appears to be the
main vector in Kenya (Lawyer et al. 1991), where
168/3,867 (4.3%) were infected with L. tropica pro-
mastigotes, which were identical to human isolates from
the same area. Parasites have also been isolated from P.
(Larroussius) aculeatus Lewis, Minter et Ashford, 1974
and P. (Paraphlebotomus) saevus Parrot et Martin, 1939
in the Kenyan foci, but it is unknown whether these are
primary vectors (Johnson et al. 1993, Sang et al. 1993).
The exact designation of the parasite causing cutaneous
leishmaniasis in Namibia is still under discussion; the
identification of the sand flies (near P. (Synphleboto-
mus) rossi, De Meilon et Lavoipierre, 1944)) from
which similar parasites have been isolated, awaits
further investigation (Davidson 1993).

Currently, in many of the epidemiological studies of
cutaneous leishmaniasis due to L. tropica, the presence
of P. sergenti in the environment has suggested its
vectorial role in transmission (e.g. Ashford et al. 1992,
Volf et al. 2002). Recently, Kamhawi et al. (2000) have
shown experimentally that P. sergenti is susceptible to
both Afghan and Jordanian strains of L. tropica, but
refractory to L. major and L. donovani. However, the
fact that other subgenera, such as Adlerius and
Larroussius have now been shown to harbour parasites,
identical to human isolates, raises the question whether
other species can also be vectors. More recently, under
laboratory conditions, P. (Adlerius) halepensis Theodor,
1958 were found to be highly susceptible to both L.
tropica and L. major (Sádlová et al. 2003). As this sand
fly is widely distributed from Jordan and Israel to

Turkey, Iran, Transcaucasia (Azerbaijan, Armenia,
Georgia), and south of Turkmenistan, its vector poten-
tial needs investigation.

RESERVOIR HOSTS

The search for reservoirs (other than man) of ACL
has been intensive, but ultimately the inference must be
drawn that the animals so far described are not true
reservoirs, but accidental hosts. In stable human popula-
tions, where the disease is endemic, there appears to be
an immune process, whereby the infection rates de-
crease over a period of time. In urban populations where
there is a steady immigration from rural areas, the inci-
dence of new cases is proportional with that migration.
The recent epidemic in Kabul was almost certainly due
to the migration of a non-immune populace from the
countryside into the city following the war.

Of the animals captured that aroused the most
interest are the dog and the rat, as the former lives so
close to man and is a reservoir of L. infantum and the
latter is ubiquitous. Yet the literature indicates that the
dog in Syria and Morocco is as much a victim as man
(Dereure et al. 1991a, b, Guessous-Idrissi et al. 1997)
and that infection in rats is extremely rare, a single
black rat (Rattus rattus) from Baghdad (El-Adhami
1976) and another from the Laikapa District in Kenya
(Massamba et al. 1998). The Baghdad focus was inten-
sively investigated, but even though 400 dogs and ro-
dents were examined all were negative (Bray and
Dabbagh 1968).

In rural settings, where the zoonosis is strongly
suspected, the list of suspects is even more meagre, due
partly because so few foci have ever been thoroughly
investigated. The only feral animal, where more than
one specimen has shown some suggestion of being a
reservoir, is the hyrax (Fig. 3). Both in Kenya and
Israel, PCR samples positive for L. tropica DNA have
been obtained and partially characterized (Ashford and
Sang 2001, Jacobson et al. 2003). In the Namibian
focus, where the parasite causing cutaneous leishmania-
sis is similar but not identical to L. tropica, isolates have
been obtained from Procavia capensis (Grove and
Ledger 1975), the hyrax present in Kenyan, Israeli and
Jordanian foci (Ashford and Sang 2001, Jacobson et al.
2003, Kamhawi et al. 1995).

One way to circumvent this problem is by collecting
sand flies from animals used as baits and to see whether
the putative vectors have predilections or preferences. In
the Laikipia focus in Kenya, P. guggisbergi, the proven
vector, was collected from indigenous large animals
such as goats, sheep and dogs, cats, rabbits and hyraxes
(Procavia capensis); smaller rodents, giant rat (Criceto-
mys gambianus), crested rat (Lophiomys imhausi) and
the exogenous hamster (Johnson et al. 1993). All the
animals, except the hyrax and hamster, attracted signifi-
cantly more sand flies than an empty cage control. The
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Fig. 2. A view of a typical breeding site of phlebotomine sand flies at a Leishmania tropica focus in Northern Israel. The sand
flies breed between the basalt rocks that surround the village and have been found infected.

Fig. 3. In Northern Israel, rock hyraxes (Procavia capensis) have colonised the rocky terrain close to where an outbreak of
cutaneous leishmaniasis occurred. Leishmania tropica parasites were isolated from hyraxes caught nearby.
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goat was far more attractive than the other animals even
adjusting for size, suggesting it as a possible reservoir.
The hyrax was one of the least attractive and it was
dismissed as a reservoir as previous observed negative
data on this animal reinforced the authors’ views. While
leishmaniasis has been described from a goat in Narok
District of Kenya (Mutinga et al. 1989), it appears to be
very rare and is probably not L. tropica (Williams et al.
1991). Cutaneous leishmaniasis was reported from a
sheep in Eastern Transvaal in South Africa, but the
parasite was not characterized (Van der Lugt et al.
1992). Another unusual report is that of Leishmania-like
organisms associated with dermatitis in cattle in
Zimbabwe (Bwangmoi et al. 1995, Dubey et al. 1998), a
country where the disease is unknown, and in an animal
that was once suggested as a possible reservoir host for
visceral leishmaniasis (Killick-Kendrick 1990).

Our own experience with reservoir incrimination
from an endemic focus in the Judean Hills, 15 km east
of Jerusalem, has also been mixed. We have thoroughly
examined 40 rodents and 3 hyraxes and were unable to
obtain any Leishmania parasites from a multiplicity of
tissue samples. We did however find high antibody
titres to Leishmania in 3 Mus musculus and a Suncus
etruscus, (pygmy white-toothed shrew), while all rats,
hyrax and Acomys russatus (golden spiny mouse) were
negative.

Until recently, animal models for studying L. tropica
s.s. had been a neglected field. The inbred laboratory
mouse was thought to be difficult to infect, but outbred
hamsters (Mesocricetus auratus) proved to be suscepti-
ble to infection when stationary phase promastigotes or
amastigotes of strains isolated in Afghanistan were used
(reviewed by Bastien and Killick-Kendrick, 1992). Fol-
lowing this, using isolates from other countries and
enriching the inoculum with stationary phase metacyclic
promastigotes, it was found that both BALB/c mice and
hamsters were susceptible to L. tropica (Lira et al.
1998).

Another approach is to capture animals in an en-
demic area and try to infect them with the local strains
of L. tropica. This has recently been done most
elegantly after failure to find reservoir or infected
vectors in the endemic focus of Urfa in southern
Anatolia in Turkey. Svobodová et al. (2003) used a
colony of Rattus rattus from Urfa and infected them
with strains from human cases from the same area.
Although the rats did not develop lesions, parasites
could be re-isolated from the inoculated sites, ears and
footpads up to 12 months post inoculation. The parasite
load in the rats was monitored by using quantitative
real-time PCR of Leishmania kDNA and it was shown
that the parasite DNA was present in the tail, for
example, throughout a two-year follow-up. The density
of parasites ranged from 7.5 × 103 to 6 × 104 per cm2 of
tissue and the question arose whether this was enough to
infect sand flies. Sand flies from a colony of P. sergenti,

originating from Urfa, were fed on the infected rats and
8/10 transmitted the parasites to the flies, and though the
infection rate was relatively low (range 0–7%), it was
well within accepted limits for transmission studies.

In our own studies both feral Rattus rattus and inbred
white rats were susceptible to local strains of L. tropica,
but made poor models. No external lesions were ob-
served in any of the rats injected with L. tropica. White
rats were negative for over two months by smear and
culture. However, after three months parasites were
cultured from footpads, ears, nose, lymph glands and
spleen following necropsy. These isolates were checked
by serotyping and were identical to the original strain.
Cultures from R. rattus footpads were positive for two
months following injection, but were negative at
necropsy after three months. Serum antibody levels
specific for Leishmania were elevated in only some of
the rats (unpublished data).

MODERN TRENDS

Characterisation of Leishmania isolates has changed
dramatically in the last 20 years. The advent of serologi-
cal techniques, using both polyclonal and monoclonal
antisera, was used initially to separate L. tropica from L.
major (Jaffe and Sarfstein 1987, Schnur et al. 1990), but
other biochemical methods demonstrated differences
within the species (Chance and Walton 1982, Jacobson
1994). The “gold standard” was eventually achieved
when isoenzyme electrophoretic methods, using 15 or
more enzymes, were applied to differentiate between the
diverse strains (Le Blancq and Peters 1986, Rioux et al.
1990). Presently there are approximately 30 defined
zymodemes for L. tropica as compared to 12 for L.
major s.s. No other Old World Leishmania species ap-
pears to have so much isoenzymic polymorphism, with
diverse zymodemes being described even within the
same focus (Pratlong et al. 1991) and with such fre-
quency (Lemrani et al. 2002).

Most recently, the utilisation of DNA-based molecu-
lar technology has permitted a closer investigation of
the genotype of this parasite. While standard PCR
techniques are available for Leishmania species-specific
separation, techniques such as permissively primed
intergenic polymorphic-polymerase chain reaction
(PPIP-PCR) that amplifies species-specific genomic
DNA, have shown distinct geographical differences
from isolates within a relatively small area (Eisenberger
and Jaffe 1999). Genetic heterogeneity has also been
emphasised for this species by diagnostic PCR-based
techniques, PCR-finger printing and by amplification
and analysis of the single-strand conformation polymor-
phisms of the ribosomal internal transcribed spacer 1
(SSCP-ITS1) (Schönian et al. 2001). SSCP analysis is
able to detect single base-pair differences, which has
been used to confirm the uniqueness of individual
strains when compared to a wide range of other L.
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tropica isolates (Jacobson et al. 2003). These techniques
showed that L. tropica could not be grouped geographi-
cally nor was there any correlation with zymodemes
derived from isoenzyme electrophoresis.

The future for research in the laboratory will include
the use of microsatellite markers that have already been
developed for the L. donovani complex (Jamjoom et al.
2002) and L. infantum (Bulle et al. 2002).

However, it is imperative that research will not be
restricted to the molecular dissection of this unusual
parasite, but that the classical studies that include the
sand fly vector, the animal reservoirs and different
isolates of L. tropica will also continue. Human activity
can enhance the likelihood of disease emergence by a
diversity of interacting environmental pathways. Denser
human populations come in closer contact with potential
reservoir hosts while environmental deterioration can
lead to increased numbers of sand flies that feed on
animals and humans. Therefore, epidemiological and
ecological studies that assess risk factors for spread of
the disease and formulate preventive measures are of the
utmost importance.

CONCLUSIONS

Leishmaniasis was once described as the “Cinder-
ella” of tropical diseases, often left to a handful of
researchers. Today the number of scientists or “Leish-
maniacs”, as they are sometimes called, that work on
these parasites has grown exponentially in all the

various disciplines. L. tropica is one of the least studied
and may yet to prove to be the most interesting. It
causes both cutaneous and visceral leishmaniasis, it is
both anthroponotic and zoonotic, and now has several
known phlebotomine vectors from different subgenera.
It is so heterogeneous that some have suggested there
are mutations associated with genetic exchange (Prat-
long et al. 1991). The limits of its distribution are ill
defined and it may well be spreading insidiously
unknown to the public health authorities that will
ultimately have to control the disease. While L. major
has become a favourite model for the immunologists,
the mammalian immune response to L. tropica has
never been studied thoroughly and an open field awaits
the intrepid investigator. The strains found in Namibia
need a brave taxonomist to define them once and for all
as perhaps a new species. The position of L. killicki as a
separate species or subspecies of L. tropica should be
validated. The search for more infected animals in the
zoonotic foci would corroborate whether the hyrax is
only one of the potential sources or the sole reservoir of
this perplexing parasite.
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