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Kinetoplastids, the parasites Kinetoplastids are named as such because these protozoan parasites contain 

two prominent organelles, the nucleus and a kinetoplast. The kinetoplast is a rod-shaped mitochondrial structure 

consisting of a DNA network i.e. kinetoplast-DNA (kDNA) of about 10,000 minicircles and about 50 maxicircles. It 

has been established that maxicircles encode for mitochondrial mRNAs while the minicircles play a role in the 

editing process of the rRNAs (1). Kinetoplastids are traditionally subdivided into two suborders Bodonina and 

Trypanosomatina (2, 3). The suborder Trypanosomatina (the trypanosomatids), comprise a single family 

Trypanosomatidae, which includes obligatory parasitic organisms with a single flagellum and a small kinetoplast. 

They are known to parasitize almost all classes of vertebrates, invertebrates and plants (4). The focus of this 

thesis is kinetoplastids in the family Trypanosomatidae (specifically African trypanosomes and Leishmania). 

These parasites are vector-borne and can cause zoonotic diseases (5, 6).  

 

Kinetoplastid diseases Kinetoplastid parasites cause disease in humans and animals, as well as plants which 

severely distresses human and animal health and retards agriculture development in developing countries (7). In 

Africa, leishmaniasis (caused by Leishmania spp), and Human African trypanosomiasis (HAT or commonly called 

sleeping sickness), caused by two pathogenic subspecies of Trypanosoma brucei, are the major human 

diseases caused by kinetoplastids.  

According to the World Health Organization (WHO), sleeping sickness may affect more than 60 million men, 

women and children in 36 countries of sub-Saharan Africa, most of which are among the least developed 

countries in the world. However, only a small fraction of the people in these countries is under surveillance for 

HAT. Prevalence of HAT differs from one country to another, from one region to another in a given country and 

the outbreaks tend to be sporadic.  In 1998, almost 40,000 cases were reported and it was estimated that 

300,000 or perhaps more cases remained undiagnosed and untreated due to poor disease surveillance (6). In 

partnership with Aventis Pharma, WHO, in 2000 created a surveillance team that provided control measures as 

well as free drugs for HAT treatment. As a result of this surveillance, the number of HAT patients was reported to 

have  reduced from 37,991 in 1998 to 17,616 in 2005 (8). However, it is estimated that annually 50,000 - 70,000 

persons are infected with HAT (9) and by 2002, WHO global burden of disease studies estimated that HAT 

caused a burden of 1.53 million Disability Adjusted Life Years (DALYs) (10). Furthermore, the case fatality rate in 

untreated patients is 100%. This fact, combined with the focal nature of the disease, means that the DALYs 

averted per infection cured or prevented are very high. Therefore, even if HAT claims comparatively few lives, 

the risk of major epidemics means that the surveillance and control measures must be maintained (10).  

 

Leishmania parasites may cause 3 different disease syndromes: visceral leishmaniasis (VL), also called “kala 

azar” or “dum dum fever”; cutaneous leishmaniasis and muco-cutaneous leishmaniasis. Leishmaniasis 

prevalence is estimated to be 12 million people and approximately 350 million people, mainly poor, in developing 

countries, are at risk of contracting the disease. The disease is endemic in 88 countries around the world, 72 of 

which are developing countries (11). The disease burden caused by leishmaniasis is estimated at 2,357,000 

DALYs (946,000 for men and 1,410,000 for women) (7). 
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In addition to their medical importance, kinetoplastid parasites also cost developing nations millions of dollars in 

lost potential agricultural production, since other kinetoplastids are major parasites of crops, fish and cattle. 

Various Trypanosoma species cause nagana in livestock and lead to economic loss in cattle production 

estimated at 4 billion USD per year due to death of up to three million cattle per year, widespread chronic ill-

health, abortion and reduced productivity of cattle herds (12). Losses incurred due to total tsetse infested farm 

lands is estimated at 4.75 billion dollars per year (13)    

 

History of African Trypanosomiasis Sleeping sickness is a disease caused by a trypanosome, a blood 

parasite. The name “trypanosome” is derived from “trupan”, a Greek word that means “borer,” which refers to the 

corkscrew-like appearance of the parasite. The first written record on sleeping sickness was by the historian Ibn 

Khaldun who reported the death of King Mansa Diata II, sultan of Mali in West Africa as early as 1373  AD (14). 

In 1803, a new disease was described by Winterbottom as “Negro lethargy” sighting characteristic enlargement 

of glands in the neck, now referred to as Winterbottom’s sign (15).  However, it was not until 1902 that Everett 

Dutton identified the trypanosome for the first time in human blood, while working in Gambia, West Africa. Dutton 

identified the trypanosome in blood of a man who had a fever that did not respond to malaria drugs, thus the 

disease was referred to as “trypanosome fever” (16).   

 

In West Africa, the disease was highly prevalent in vast areas of Guinea and Upper Volta (now Burkina Faso), 

Gambia, Ivory coast, Ghana, Benin, Senegal and Mali and was probably due to population movements at the 

beginning of the 20th century. Between 1906 and 1908, Paul Gouzin the head of the health service in then Niger 

and Upper Senegal, reported that the disease had spread from the Volta river to the interior and that some 

villages had been wiped out. (17). After the first world war, a medical examination every two weeks was 

compulsory for people living in the region to prevent spread of the disease from the north to the south of the 

Upper Volta (18). Between 1930 and 1950 sleeping sickness control programmes were instituted and the number 

of patients in French West Africa was reported to have dropped to 373,012 in 1954. Immediately after 

independence, the disease seemed to be under control and was then called “residual trypanosomiasis” since it 

seemed to persist only in the Eastern region of West Africa where 80 new cases were reported in 1961 (19, 20). 

However in the 1970s the disease re-emerged due to disorganization of surveillance activities and probably 

changes of epidemiological parameters, and in 2001 WHO estimated 500,000 cases of sleeping sickness (21). 

 

In East Africa, in 1903, David Bruce and David Nabarro arrived in Uganda to investigate rumors of a sleeping 

sickness epidemic, and as a result the first outbreak was recorded in 1903 in Busoga (eastern Uganda). A third 

of the population in the area had died from the disease and the surviving population was evacuated (22). In the 

1940s, a second epidemic of sleeping sickness began in southeast Uganda (23), which was reduced to near 

elimination in 1950-1960 and later re-emerged in the 1970s when it started to spread northwards due to political 
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turmoil in the country. As a result, tsetse control services as well as agricultural practices were severely affected, 

and as a consequence vast land areas were left uncultivated and became a suitable habitat for the tsetse fly 

(24). In the 1980s aerial spraying to control the tsetse flies was undertaken but with little success, so that in the 

1990s cases of sleeping sickness rose (25). Outbreaks in the 1990s in southeastern Uganda have been linked to 

abandonment of land, bush invasion, and increased risk of exposure for returning internally displaced people 

(IDP) (26). In north-western Uganda (West Nile region), T. b. gambiense infection is believed to have been 

introduced into the area by refugees returning from infected areas of Sudan following Uganda's civil war (27). Up 

to date, the disease continues to pose a public health and economic burden (28, 29) in the affected populations.   

 

History of Leishmaniasis In Africa and India, reports in the mid-19th century describe a disease called “kala-

azar”; the Urdu, Hindi and Hindustani phrase for black fever (kālā meaning black and āzār meaning fever or 

disease) or “black fever.” The name is based on the observation that after a long duration of the disease the skin 

of the patient becomes discoloured. The disease became known as leishmaniasis after William Leishman who 

had served as a doctor in the British Army in India and who, in 1901 in Netley, UK, had discovered ovoid bodies 

in the spleen of a British soldier who was repatriated from Dum Dum near Calcutta and who had died of fever, 

anaemia, muscular atrophy and swelling of the spleen. Leishman published his findings in 1903 (30). Charles 

Donovan found the organisms in the spleen of kala-azar patients, both alive and deceased, and published his 

discovery a few weeks after Leishman (31). Sir Ronald Ross settled the dispute on the status and name of the 

newly found organisms; according to him this was a new genus which he named after the discoverers: 

Leishmania donovani. The amastigotes are often referred to as Leishman-Donovan bodies. 

 

The history of cutaneous leishmaniasis dates back to early centuries (400-900) AD when it was displayed on 

pottery from Peru and Ecuador depicting skin lesions and facial deformities that are typical of cutaneous and 

muco-cutaneous leishmaniasis. Incan texts from the 15th and 16th century and accounts from Spanish 

conquistadores noted the presence of skin lesions on agricultural workers returning from the Andes. These 

ulcers resembled leprosy lesions and were labeled, “white leprosy,” “Andean sickness,” or “valley sickness.” (30) 

In 1571, Pedro Pizarro reported that people who used to live in Peru were devastated by a disease that 

disfigured the nose and face, later characterized as cutaneous leishmaniasis. The deformations were so 

significant that they were painted in ceramic pieces by artists of the period (32). In 1903, Wright described the 

parasite found in “oriental sore", which is presently known as Leishmania tropica (33). In Brazil, cutaneous 

leishmaniasis was commonly known as "úlcera de Bauru" and the parasites causing the ulcers were also called 

L. tropica.  In 1909, Gaspar Vianna, at the Oswaldo Cruz Institute, renamed the species of Leishmania to 

Leishmania braziliensis, because of morphological differences that were later disproved (34). Since then 

approximately 20 Leishmania species are recognized as pathogens to humans. 

Taxonomy of Trypanosoma and Leishmania 
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The genera Trypanosoma and Leishmania belong both to the Phylum Euglenozoa, Class Kinetoplastae, Order 

Kinetoplastida and Family Trypanosomatidae.  

The genus Trypanosoma can be further subdivided into 3 subgenera: Duttonella (T. vivax group), Nannomonas 

(Congolense group) and Trypanozoon (T. brucei group). The subgenus Trypanozoon includes the species T. 

brucei that includes two subspecies that are pathogenic to man i.e. T. b. gambiense and T. b. rhodesiense and 

one subspecies (T. b. brucei) that causes disease predominantly in animals (35).  

The genus Leishmania consists of three subgenera L. (Leishmania) and L. (Viannia) and L (Sauroleishmania), 

the latter corresponding to lizard species. The further classification has been debated since the first description of 

the parasites in 1903. At present, multi-locus enzyme electrophoresis (MLEE) is the reference technique for the 

identification of Leishmania species (36). 

 

 

 

Figure 1.1. Taxonomy of human infecting Leishmania species after Bañuls et al., 2007 (37) 
Based on MLEE, the genus Leishmania comprises two subgenera (Vianna and Leishmania) each made of a 
number of complexes as summarized in figure 1 and previously described by Bañuls et al., 2007 (37). However, 
molecular typing methods question some of the parasite species that are listed in figure 1. Notably, there is a 
discussion on the existence of L. archibaldi, which on DNA-based phylogenies is considered as a L. donovani 
sub-species (36). Also L. killicki is disputed, and may be a sub-species of L. tropica (38), while L. forattinii has 
until now not been isolated from humans. (39)  
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Lifecycle of T. brucei (Fig. 1.2) Trypanosomes proliferate in the bloodstream as morphologically slender forms. 

These cells express the bloodstream-stage-specific variant surface glycoprotein (VSG) coat (a surface antigen) 

to escape the mammalian immune response.  

 

 

 

 Fig. 1.2 The life cycle of Trypanosoma brucei  Matthews et al., 2004 (40) 

 

The kinetoplast is located at the posterior end of the cell and mitochondrial activity is repressed in the human 

stage forms. As parasite numbers increase in the bloodstream, differentiation to morphologically stumpy forms 

occurs. These forms do not divide but are pre-adapted for transmission to tsetse flies.  

Upon uptake in a blood meal of a tsetse fly (genus Glossina), procyclic forms develop and are proliferative in the 

fly midgut. Procyclic forms express a surface coat distinct from that of bloodstream forms; the VSG is replaced by 

a coat composed of EP and GPEET procyclins.  EP are tandem repeat units of proline (P) and glutamic acid (E) 

amino acids while GPEET procyclins are the products of two genes that encode proteins with internal 

pentapeptide repeats: glycine (G), proline (P), glutamic acid (E) and threonine (T)  . 

After establishment in the midgut of the fly, trypanosomes stop dividing and subsequently migrate to the tsetse 

salivary gland, where they attach through elaboration of their flagellum as proliferative epimastigote forms. 

Eventually, these generate non-proliferative metacyclic forms, which have re-acquired a VSG coat in preparation 

for transmission to a new mammalian host (40).  
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The VSG coat is crucial in the survival of the trypanosome in the mammalian host. It allows the trypanosome to 

escape the host immune system by regularly changing this surface antigen faster than the new antibodies can be 

made. This is referred to as antigenic variation, and it is brought about by replacing the VSG gene in an active 

expression site or by switching to another expression site such that a different VSG is expressed. In a 

trypanosome, there are about 1000 potential VSG genes thus the parasite can make excessive numbers of the 

different VSG coats. (41)  

 

Lifecycle of Leishmania (Fig.1.3) The sand-fly vector, which transmits the Leishmania parasites, is infected 

while feeding on the blood of an infected individual or an animal reservoir host. When the sand-fly (genus 

Phlebotomus in the Old World or Lutzomyia in the New World) subsequently feeds on a mammalian host [1] its 

proboscis pierces the skin and saliva containing anti-coagulant is injected into the wound to prevent the blood 

from clotting, the Leishmania promastigotes are transferred to the host along with the saliva. Once in the host the 

promastigotes are taken up by the macrophages [2] where they rapidly revert to the amastigote form [3]. The 

Leishmania parasites live in the macrophages as round, non-motile amastigotes (approximately 3-7µl in 

diameter).  

The Leishmania parasites are able to resist the microbicidal action of the acid hydrolases released from the 

lysozymes and so survive and multiply to overwhelming numbers inside the macrophages. This may eventually 

lead to the lysis of the macrophages [4]. When infected macrophages are ingested by the sand-fly during the 

blood- meal [5, 6], the amastigotes contained there-in are released into the gut of the fly. Almost immediately the 

amastigotes transform into motile, elongated flagellate forms called, the promastigotes [7]. The promastigotes 

then migrate to the alimentary tract of the fly, where they live extracellularly and multiply by binary fision [8]. Four 

to 5 days post-feeding, the promastigotes move forward to the oesophagus and the salivary glands of the insect. 

As the fly feeds on blood, it injects the promastigotes into a vertebrate host and the cycle continues. 

 

Kinetoplastid diseases: Control and prevention Various approaches have been employed to control HAT and 

leishmaniasis. Control measures target the interruption of the transmission cycle at the level of the insect vector 

and/or the animal reservoir. At the level of the insect vector, efforts have been directed towards environmental 

management or modification to prevent or reduce proliferation of the vectors (43, 44). The use of insecticides and 

insecticide-treated nets/mesh has been advocated to reduce contact between man and the insect vector, by 

repelling or killing the latter. In 1997, Killick-Kendrick et al devised another measure to protect dogs from the 

sand-fly bites, by use of dog collars that were impregnated with the insecticide deltamethrin (45). Vaccination of 

dogs has also been proposed as a long term alternative approach to prevent canine leishmaniasis (46). To 

reduce contact between tsetse fly and cattle, veterinary formulations of pyrethroid insecticides have been applied 

as sprays or pour-on, which kill both tsetse flies and ticks. This technique has to some extent been successful in 

many countries including Burkina Faso, Ethiopia, Kenya, Tanzania, Zambia, and Zimbabwe and Uganda (47).  
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Figure 1.3. Illustration of the general lifecycle of Leishmania  

http://www.dpd.cdc.gov/dpdx/HTML/Leishmaniasis.htm (42) 

 

Earlier, it was proposed that outbreaks of sleeping sickness in new localities was after a person infected with T. 

b. rhodesiense arrived in that area, and that the wild animals served as reservoirs for the disease to maintain it in 

the population (48). Today, livestock demography appears to drive the epidemiology of T. b. rhodesiense and it is 

believed that a tsetse fly is five times more likely to pick up an infection from a cow than a human being (27). 

Therefore, farming in game reserves has been discouraged to minimize contact with wild animals that also act as 

reservoirs for the human infective T. b. rhodesiense (27, 49). Treatment of animals infected with trypanosomes 

presents an avenue for effective disease management and control of HAT (50).  Chemotherapy however has not 

been very successful because of the limited options of available drugs for the treatment of these diseases, drug 

resistance that is steadily developing (51, 52) and high toxicity. 

 

Kinetoplastid diseases: Treatment  Treatment of HAT. HAT progresses in two stages: the early (first) and the 

late (second) stage. In the first stage, the parasites can be found in the bloodstream and lymphnodes, whereas 

in the second stage the Trypanosomes have entered the central nervous system. The two stages are treated 

with different drugs. The early stage of the disease can be treated using two drugs that were introduced more 

than half a century ago. Suramin is in use since the 1920s for the treatment of T. b. rhodesiense infections. 

Suramin is a negatively charged sulphated naphthylamine and is administered a series of five injections at 

intervals of 5 to 7 days. The other drug is pentamidine, which was introduced in 1940 and is used against T. b. 
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gambiense infections. It is a positively charged aromatic diamidine and administered by intramuscular injection 

for seven consecutive days (53, 54). Suramin and pentamidine do not cross the blood-brain barrier and therefore 

once the trypanosomes invade the central nervous system (second stage), other drugs have to be used instead.  

Melarsoprol and eflornithine are the drugs available for treatment of second stage HAT. Melarsoprol, an organo-

arsenic compound, was developed in 1949 and was for a long time the only drug available for the treatment of 

second stage HAT. It is highly toxic and may cause hypertension, myocardial damage and most importantly 

reactive encephalopathy in 5 to 10 % of treated patients with a case fatality rate of about 50% (55). Moreover 

since 1970s, resistance to melarsoprol has been reported (56, 57). Eflornithine (difluoromethylornithine [DFMO]) 

an inhibitor of ornithine decarboxylase, was originally developed as an anticancer drug in the 1980s, but was 

later registered for treatment of second stage T. b. gambiense HAT. This drug appears to be safer than 

melarsoprol and drug failure in treatment of T. b. gambiense HAT has not yet been reported.  

Nifurtimox, an oral drug, was discovered in 1960 through veterinary research and developed to treat Chagas’ 

disease. While nifurtimox has been used to treat second stage sleeping sickness in patients who did not respond 

to other treatments, it is currently not registered for use against HAT. It has been recommended for use in 

combination with eflornithine (Nifurtimox-Eflornithine combination-NECT) after successful trials in Uganda and 

Republic of Congo (58, 59, 60).  

Recently, melarsoprol has been replaced with eflornithine (DFMO) as first line therapy for late stage T. b. 

gambiense in north western Uganda, DR Congo, Southern Sudan and Angola due to occurring treatment failure 

(52, 61, 62, 63). In attempt to minimize spread of drug resistance suggestions of alternation of melarsoprol and 

DMFO coupled with the nifurtimox-eflornithine combinations are being studied(62, 63).   

 

Treatment of leishmaniasis Various anti-leishmanial drugs are available for the treatment of the various clinical 

manifestations of leishmaniasis. For over 70 years, the first line drugs for treatment of VL have been the 

pentavalent antimonials sodium stibogluconate and meglumine antimoniate. Antimonials are toxic drugs with 

frequent, sometimes life-threatening, adverse side effects, including cardiac arrhythmia and acute pancreatitis. 

The prognosis of using these drugs is poor especially in patients under the age of 2 or aged 45 or over with signs 

of adverse disease or severe malnutrition (65). In India, there have been reports of treatment failure of up to 60% 

and in such areas conventional amphotericin B has replaced antimonials as the first line drug (66). Another drug 

is Liposomal amphotericin B, which was initially only used as a first line drug in Europe and United States of 

America due to its high market price. However in 2007 the WHO announced that the price would be drastically 

reduced to enable its use in the public health sector in countries that are endemic with VL (67). Other drugs are 

miltefosine that was developed as an anticancer drug; it is teratogenic and thus its use by pregnant women is 

prohibited. Paromomycin, an aminoglycoside antibiotic, has shown promising results in Africa and India with high 

efficacy and safety. It has been evaluated alone or in combination with sodium stibogluconate (68) and 

amphotericin B (69). In order to prevent development of drug resistance and increase treatment efficacy 

combination therapy has been suggested and studied (70).  
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For cutaneous and muco-cutaneous leishmaniasis the first line drugs are pentavalent antimonial compounds 

such as sodium stibogluconate and meglumine antimoniate for 20 days. In case of  treatment failure, the drug of 

choice is amphotericin B; a polyene antibiotic that is given intravenously every other day up to eight weeks. 

Alternate drugs include pentamidine isethionate, administered parenterally on alternate days for seven days, and 

miltefosine administered orally for 28 days. Other treatments are paromomycin, allopurinol, dapsone, fluconazole 

and ketoconazole (71).   

 

Kinetoplastid diseases: Diagnosis Clinical diagnosis. In man, clinical diagnosis of HAT is multifaceted because 

of presence of non-specific symptoms such as fever, anorexia, weight loss and distended abdomen (72). HAT 

evolves through clinically distinct stages and if left untreated it leads to death. A local skin reaction (trypanosomal 

chancre) at the sight of tsetse fly bite may be seen as well as swelling of regional lymph nodes.  In the first stage 

there is undulating fever that may last for weeks. Lymph node enlargement at the neck is characteristic, and 

distension of the abdomen due to swelling of the liver and spleen. (hepato-splenomegaly) is also common in this 

stage (73). The second stage occurs when the trypanosomes invade the central nervous system resulting in a 

chronic encephalopathy characterized by headache and mental changes. The patient manifests signs of in-

coordination, a reversed sleep-wake cycle with daytime somnolence alternating with night time insomnia (thus 

the name sleeping sickness) (74). Death is the inevitable outcome if HAT is not treated. 

 

Diagnosis of leishmaniasis using clinical signs is challenging. There may be a localized erythematous reaction at 

the site where an infected sand fly has bitten. Clinical manifestations of visceral leishmaniasis include fever, 

lymphadenopathy, hepato-splenomegaly and wasting, features not specific for leishmaniasis. Cutaneous 

leishmaniasis may present as ulcerative skin lesions (one or multiple) or as single or multiple non-ulcerative 

nodules (localized and diffuse cutaneous leishmaniasis) and muco-cutaneous leishmaniasis is characterized by 

destructive mucosal inflammation of nose, mouth, pharynx and larynx. For all three syndromes a differential 

diagnosis needs to be considered and thus laboratory techniques have to be applied to confirm the diagnosis.  

 

Parasitological diagnosis is by microscopic demonstration of parasites in clinical specimens. In the case of 

leishmaniasis this is by examination of Giemsa stained lesion biopsies (CL and MCL) or lymph node, bone 

marrow, and spleen aspirates (VL). This may be supplemented by culturing of parasites from clinical samples, 

but this is laborious, time-consuming and prone to contamination. Both microscopy and culture can have a low 

and variable sensitivity, depending on the number and distribution of the parasites in the samples, the sampling 

procedure and the skills of the personnel (76, 77).   

Microscopical examination of blood and CSF can be used for the direct detection of Trypanosoma parasites in 

HAT. The presence of the parasite is a direct indication of active disease, but this benefit is down-played by the 

fact that this conventional technique has a relatively low sensitivity (78), especially on blood, due to low parasite 

count and fluctuating parasitaemia (79). To circumvent this problem, parasite concentration techniques such as 
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quantification buffy coat (80), hematocrit centrifugation, technique (81) and mini-anion-exchange centrifugation 

technique (mAECT) (82, 83) have been used to increase sensitivity of microscopy to 500-100 parasites per ml 

(83). Cerebrospinal fluid (CSF) has to be examined for staging of HAT as treatment in the two stages is 

different(55, 84). Collecting CSF (for HAT) and aspirates of spleen, lymph node and bone marrow (for VL) 

involves invasive, painful sampling techniques generally to be performed in hospital settings.  

 

Immunological techniques. The majority of immunological methods that are being used to support the diagnosis 

of leishmaniasis are serological techniques, which can be particularly useful in the case of VL (85). These tests 

include enzyme-linked immunosorbent assay (ELISA), rK39 dipsticks (86) direct agglutination test (DAT) (87) 

and the fast agglutination screening test (FAST) (88).  Serology for CL or for VL in immuno-compromised 

individuals is considered unreliable due to low or absent production of specific antibodies (89); although some 

evidence shows successful serological diagnosis of VL in HIV co-infected patients from Ethiopia with the DAT 

(90). Despite the large number of serological tests that have been developed for diagnosis of VL, there is still no 

gold standard diagnostic test; because none of the tests is 100% specific and sensitive (91). Serological 

diagnostic tests are prone to give false positive results because antibodies may remain detectable for many 

years after successful chemotherapy (92). 

The Montenegro or Leishmanin skin test (MST or LST) is a technique that reflects acquired cellular immunity 

against leishmaniasis and is based on a crude parasite mixture. The MST or LST can be used in CL diagnosis 

(particularly in epidemiological studies), because it is simple to use and it has a high sensitivity and specificity. 

However the test cannot be used for the diagnosis of VL. The important disadvantages of the MST or LST are 

that different antigen preparations have varying sensitivity and that the test cannot discriminate between past 

and present infections (93).  

 

A serological card agglutination test for trypanosomiasis (CATT) developed in late 1970s is used for mass 

diagnosis of T. b. gambiense HAT, but there is no satisfactory screening tool for T. b. rhodesiense HAT. CATT is 

a fast and simple agglutination assay for detection of T. b. gambiense-specific antibodies in the blood, plasma, or 

serum of HAT patients (94). The draw backs include false positive test results after successful treatment of 

patients and false negative results where the infecting T. b. gambiense do not express the LiTat 1.3 gene on 

which the test is based (95).  A LATEX test (latex particles coated with three variable surface glycoproteins of T. 

b. gambiense) was found to have higher specificity than the CATT (96). The major limitation of such antibody 

detection based tests is that they are of limited use in immune compromised patients with low antibody 

production as well as in follow-up of treated patients since the anti-trypanosome antibodies persist in the body for 

a significant period (97). 

Molecular diagnosis A number of molecular tests have been developed for the diagnosis of leishmaniasis and 

HAT and a selection is presented below. 
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Polymerase chain reaction (PCR). At present the polymerase chain reaction (PCR) constitutes the main 

molecular diagnostic approach for both HAT and leishmaniasis and can, with some adaptations, also be used for 

species identification, which is important for treatment decisions. PCR has been in use for almost 30 years and 

was after its introduction in the early eighties of the last century rapidly considered as the ultimate tool for the 

detection of infectious agents, because it combines sensitivity with specificity. Over the past two decades, 

dozens of different types of PCRs, have been designed for the detection and speciation of Trypanosomatidae. 

Since many research laboratories can assemble their own amplification tests by designing new primers and 

optimizing in-house protocols, numerous PCRs and related techniques are currently in use for the detection and 

identification of the parasites and a universal gold standard PCR for either diseases does not exist (98). Studies 

in which head-to-head comparisons of the sensitivity/specificity of different PCR have been done are few, but 

needed.   

A recent publication by Deborggraeve and Büscher (99) provides an excellent overview of molecular diagnostics 

for HAT that are currently available and a summary is presented in table 1.1. From the table it is obvious that 

there is a lot of variability in the detection limit of the employed technologies. An important factor that is affecting 

the sensitivity and specificity of a diagnostic PCR is the DNA sequence that is targeted by the primers. Hence, 

sequences that are conserved but unique for the target group and that occur as multiple copies in the parasite's 

genome are attractive as templates in diagnostic PCRs. In the case of diagnostic PCRs for trypanosomiasis, it 

seems that the multicopy genes for 18S rDNA and rRNA are the most suitable targets to develop diagnostic 

PCRs. 

Differentiation of HAT causing T. brucei subspecies is important for T brucei gambiense and T brucei 

rhodesiense as these human pathogens require a different therapeutic approach. This is particularly relevant for 

Uganda given the imminent risk of overlap of both subspecies in the country (133). The molecular differentiation 

of these subspecies is mainly based on two genes. The gene encoding T brucei gambiense-specific glycoprotein 

(TgsGP) is only present in T brucei gambiense, whereas the gene encoding the serum-resistance-associated 

protein (SRA) is specific for T brucei rhodesiense (134, 127, 129) and PCRs that can discriminate between the 

two sub-species have been developed using primers designed from these targets.  

Alongside diagnosis of HAT, PCR has been crucial in determining the stage of disease (135, 136) which is 

important as treatment for the two stages is different, as mentioned (53). 

PCR is used for detection and genotyping of Leishmania species by identification of a variety of targets, including 

kinetoplast DNA, ribosomal RNA genes, internal transcribed spacers, spliced leader RNA (mini-exon) gene 

repeats and regions of the glycoprotein 63 (gp63) gene locus. An overview of PCR assays developed for 

detection and diagnosis of Leishmania infections in humans over the last decade is presented in Table 1.2. A 

variety of clinical specimens is being used for diagnostic purposes, depending on the clinical presentation of 

leishmaniasis under investigation: blood, bone marrow and lymph node aspirates for VL, blood and skin 

exudates for PKDL, lesion biopsy for MCL, skin scrapings and biopsies, lesion aspirates and biopsies for CL. 

(see table 1.2).  



 Chapter 1  

 

 

General introduction 

19    

Table1.1. Summary of studies of using different molecular diagnostics for Trypanosoma brucei (from: Deborggraeve and Büscher, 2010[99]) 

Author 
Target group Target Assay 

Reported detection limit per reaction 
(parasites [n])* 

Moser et al., [100] Trypanozoon Satellite DNA Single PCR 0·1 
Kabiri et al.,[101] Trypanozoon ESAG6/7 Nested PCR 0·1 
Holland et al., [102] Trypanozoon ESAG6/7 Single PCR 5 
Desquesnes et al., [103] Trypanozoon ITS1 rDNA Single PCR 100–10 000† 
Njiru et al., [104] Trypanozoon ITS1 rDNA Single PCR 100–1000 
Cox et al., [105] Trypanozoon ITS1 rDNA Nested PCR 1 
Adams et al., [106] Trypanozoon ITS1 rDNA Nested PCR 1 
Hamilton et al., [107] Trypanozoon 18S and 28Sα rDNA FFLB 10 
Morrison et al., [108] Trypanozoon ITS1 and satellite DNA MDA and PCR 2·5 (ITS1) and 0·025 (satellite DNA) 
Becker et al., [109] Trypanozoon Satellite DNA Real-time PCR 0·1 
Deborggraeve et al., [120] Trypanozoon 18S rDNA PCR-OC 0·05 
Kuboki et al., [121] Trypanozoon PFRA LAMP 10 
Njiru et al., [122] Trypanozoon RIME LAMP 0·001 
Mugasa et al., [123] Trypanozoon 18S rRNA NASBA 0·005 
Mugasa et al., [124] Trypanozoon 18S rRNA NASBA-OC 0·005 
Harris et al., [125] Trypanozoon Satellite DNA and RIME Branched DNA 10 
Radwanska et al., [126] Trypanozoon 18S rRNA PNA-FISH 1 
Radwanska et al., [127] T. b. gambiense TgsGP Single and nested PCR 100 (single) and 1 (nested) 
Mathieu-Daudé et al., [128] T. b.  gambiense kDNA PCR and Southern blot .. 
Radwanska et al., [129] T. b. rhodesiense SRA Single PCR .. 
Welburn et al., [130] T. b. rhodesiense SRA Single PCR .. 
Picozzi et al., [131] T. b. rhodesiense SRA and GPI-PLC Multiplex PCR 1–10 

Li et al., [132] 
T. b. and T 
equiperdum 

Maxicircles Single PCR 20 

ESAG6/7=expression-site-associated genes 6/7. FFLB=fluorescent fragment-length barcoding. GPI-PLC=glycosylphosphatidylinositol phospholipase C gene. ITS1=first internal transcribed 
spacer. kDNA=kinetoplast DNA. LAMP=loop-mediated isothermal amplification. MDA=multiple displacement amplification. NASBA=nucleic acid sequence-based amplification, OC- 
oligochromatography PFRA=paraflagellar rod protein A gene. PNA-FISH=peptide nucleic acid fluorescence in-situ hybridisation. RIME=repetitive insertion mobile element. rDNA=ribosomal 
DNA. rRNA=ribosomal RNA. SRA=serum-resistance-associated gene. TgsGP=Trypanosoma brucei gambiense-specific glycoprotein gene. * One parasite contains about 0·1 pg genomic DNA. 
† As tested in the study by Cox et al., (105)  
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Information on the infecting Leishmania species is very important to install adequate treatment (different clinical 

forms caused by different species require different treatment), in particular in the case in regions where 

Leishmania species are geographically overlapping. Species discrimination is also important for epidemiological 

reasons, and with advances in molecular techniques, a number of PCR protocols and molecular markers have 

been developed to detect or identify Leishmania on different taxonomical levels (137). A PCR based on mini 

exon gene was developed to discriminate between major Leishmania complexes, that is Old world Leishmania, 

New world Leishmania and new world Viannia (137, 138). Genotyping of mini exon sequences using PCR- 

restriction fragment length polymorphism (RFLP) based assay has been reported by Murfart et al., 2003 (137) 

and based on an uncharacterized repetitive genomic sequence of Old World Leishmania (139).  

The kDNA minicircles have predominantly been used for species discrimination of Old World Leishmania but also 

New World Leishmania (table 3).This target has been preferred due to its high copy number (about 104 copies 

per cell), thereby increasing the sensitivity of the test (140). Other multi copy targets that have been exploited 

include the ribosomal internal transcribed spacer 1 (ITS1) that occurs in 100-200 copies per cell (  141, 142), and 

mini-exon gene sequences occurring 100-200 copies in the cell (143) and variable sequences of the small sub-

unit rRNA gene (20-40 copies per cell) (144, 145, ). PCR tests targeting single copy gene such as glycoprotein 

63 (gp63) have also been used to type Leishmania parasites (146).  

 

 

Table1.3 Summary of studies of typing Old and New World Leishmania using kDNA based PCR 

 

 Study (Year) Identified Leishmania species PCR principle  

Meredith et al. (1993) [145] L. major/L. donovani/ L. tropica/ 
L. aethiopica 

Species specific amplification 

Bhattacharyya et al. (1993) [143] L. tropica/ L. major Species specific amplification 
and 
RAPD 

Ravel et al. (1995) [147] L. donovani 
L. infantum/ L. major 

Size discrimination and species 
specific amplification 

Aransay et al. (2000) [148] L. donovani 
L. infantum 
L. aethiopica 
L. tropica/ L. major 

Size discrimination 

Salotra et al. (2001) [140] L. donovani 
L. infantum 
 

Species specific amplification 

Mahboudi et al. (2002) [149] L. donovani/ L. infantum/ L. major 
L. braziliensis /L. peruviana 
L. guyanensis/ L. anamnesis 
L. tropica 
L. Mexicana/ L. pifanoi/ 
 L. amazonensis/ L. garnhami  

Size discrimination 
 

Anders et al. (2002) [150]  L. donovani / L. infantum 
L. aethiopica/L. tropica/ L. major 

Size discrimination 
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Another single target gene is the cysteine proteinase B (cpb) gene that was first used by Hide and Bañuls in 

2006 (151) to discriminate L. donovani from L. infantum based on both size discrimination and species specific 

amplification. Shorter variants of cpb gene were identified and amplified in some strains in L. major, L. infantum 

and L. donovani (152, 153). Laurent and colleagues later used the same target to identify 3 more species L. 

aethiopica, L. tropica and L. major based on species specific amplification (154). 

 

Of interest is the use of PCR to monitor leishmaniasis patients undergoing treatment and during follow-up up to 

at least 8 weeks after treatment (155, 156, 157). The PCR test results generally have a high concordance value 

with the clinical outcome for immuno-competent patients. There were however a few deviant results where one 

patient relapsed 11 months after end of treatment (156) and in another study (157) where one patient had a 

positive PCR 145 days after treatment initiation. On the other hand, studies (158, 159, 160, 161) involving 

immune compromised leishmaniasis patients such as those co-infected with human immunodeficiency virus 

(HIV) show that the majority of patients do not clear parasite DNA from blood, remain PCR positive, which may 

be linked with relapses (159).  

 

Although PCR-based protocols have increased the specificity and sensitivity of kinetoplastid diseases compared 

to conventional techniques like microscopy, the implementation of this technology in disease endemic countries, 

were resources are often limited, is little. This is due to need of sophisticated equipment in particular an 

automated thermocycler that requires constant supply of electricity. Furthermore, electrophoresis, the 

conservative tool for detection of PCR amplicons is laborious and involves the use of toxic ethidium bromide to 

stain the gels and subsequent use of a hazardous ultraviolet transiluminator (162). Moreover, PCR is relatively 

expensive (€2.60- 4.75 per sample excluding labour) (124) for mid-level laboratories and not affordable for low 

income countries, such as Uganda. Finally, a risk of diagnostic tests based on nucleic acid amplification is 

contamination leading to false positive results. These factors thus limit the use of PCR in regions that are 

ravaged by leishmaniasis and HAT. To circumvent these hurdles, different new amplification technologies, which 

are isothermal and possibly less prone to contamination, are currently being developed. These include loop 

mediated amplification (LAMP) and nucleic acid sequence based amplification (NASBA). In addition, to simplify 

detection systems, a single-step lateral flow dipstick has been developed based on the principle of 

oligochromatography (OC),  which is quicker, not producing toxic waist and as sensitive as conventional 

systems. These new technologies are further presented below.  

 

Loop Mediated Isothermal Amplification (LAMP) is an isothermal  amplification method (at 60-65°C) developed 

by Notomi et al., (2000) (176) that relies on autocycling strand displacement DNA synthesis by a Bst (Bacillus 

stearothermophilus) thermostable DNA polymerase using 2 pairs of primers. LAMP synthesizes 10 to 20 µg of 

target DNA within 30 to 60 min, and the LAMP reaction appears to be limited only by amount of deoxynucleoside 

triphosphates and primers (176, 177). In the process, a large amount of pyrophosphate ion is produced, which 
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reacts with magnesium ions in the reaction to form magnesium pyrophosphate, a white precipitate by-product 

(178). This phenomenon (turbidity) allows easy and rapid visual identification that the target DNA was amplified 

by LAMP. The turbidity has been further modified by using a fluorescent dye (SYBR Green) for the detection of 

T. b. rhodesiense (179).   Therefore, LAMP can be an alternative for diagnosis of infectious diseases both in well-

equipped and in mid-level laboratories typical of HAT endemic countries.  

Nucleic acid sequence-based amplification (NASBA) is a relatively novel amplification assay that was first 

described by Kievits et al., in 1991 (180) (Fig 4). Like LAMP, NASBA is a robust single-step isothermal (41°C) 

assay not requiring a thermocycler, a simple water bath or heat block is sufficient to perform the amplification 

reaction. NASBA is a RNA-specific amplification process that amplifies RNA in a DNA background (181), and this 

test is less prone to contamination. It has been successfully used for detection and quantification of infectious 

organisms in clinical samples from infections with Plasmodium falciparum, (182), Leishmania (183) and hepatitis 

A virus (184). In this thesis, NASBA has been developed (123, 124) to detect the presence of T.  brucei in blood 

from HAT patients and Leishmania parasites in blood, and skin biopsies from VL and CL patients respectively 

(124). 

 

Fig.1.4 The NASBA amplification reaction process; it is initiated by the annealing of an oligonucleotide primer (P1) 

to the RNA target.  The 3’ end of the P1 primer is complementary to the target RNA and the 5’ end encodes the T7 

RNA polymerase promoter.  After annealing, the reverse transcriptase activity of AMV-RT is engaged and a cDNA 

copy of the RNA target is produced.  The RNA portion of the resulting hybrid molecule is hydrolyzed through the action 

of RNase H.  The second primer (P2) anneals to the remaining cDNA strand and the DNA-dependent polymerase 

activity of AMV-RT is engaged again, producing a double stranded cDNA with a fully functional T7 RNA polymerase 

promoter.  This promoter is then recognized by the T7 RNA polymerase (T7RNA pol), which produces a large amount 

(10 - 1000) of single stranded RNA transcripts corresponding to the original RNA target.  These RNA transcripts can 

then serve as templates for the amplification process, (in the cyclic phase) however the primers anneal in the reverse 

order. (Kievits et al., in 1991)   
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Table1.2 PCR assays developed for detection and diagnosis of Leishmania infections in humans over the last decade (Edited from Antinori et al., 2007) 

Author(s) Target sequence Leishmaniasis 
form 

Sensitivity (%) Detection limit Clinical sample 

Lachaud et al., 2000 [163] ssU-rRNA VL 97 
100 

NR Peripheral blood 
Bone marrow 

Salotra et al., 2001[140] 
 

minicircle kDNA VL 
PKDL 

96 
93.8 

1 parasite Blood 

Pizzuto et al., 2001[160] ssu rRNA gene VL 100 20-40 copies per cell Blood 
Isaza et al., 2002 [164] kDNA CL 94 NR Skin scrapping and biopsy 

 
Cruz et al., 2002 [159] ssu rRNA gene VL 95.5 

100 
NR Blood  

Bone marrow 
Fisa et al., 2002 [165] Repetitive  DNA VL 100 NR Blood 

 
de Oliviera et al., 2003 [166] Minicircle kDNA CL 100 NR Skin biopsy 

 
Da Salva et al., 2004 [167] Minicircle kDNA VL 71.7 

100 
NR Blood 

Bone marrow 
De Doncker et al., 2005 [168] 18S rRNA gene 

kDNA 
VL 73.2 

67.8 
NR Blood 

Maurya et al., 2005 [156] Minicircle kDNA VL 99 NR Peripheral blood 
 

Chargui et al., 2005 [169] 18S rRNA gene CL 99.3 NR Skin  
 

 
 
Bensoussan et al., 2006 [170] 

Mini-exon gene 
 
ITS 
 
KDNA 

 
 
CL 
 

53.8 
 
91.0 
 
98.7 

 
 
about 104 copies per 
cell 
 

 
 
 
Skin biopsy 

Author(s) Target sequence Leishmaniasis 
form 

Sensitivity (%) Detection limit Clinical sample 
 

Cruz et al., 2006 [157] ssu rRNA gene VL 79 NR Blood  

(continued) 
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100 Bone marrow 

Antinori et al., 2007 [161] ssU rRNA VL 95.7 
98.5 

NR Bone marrow 
Peripheral blood 

Deborggraeve et al., 2008a [171] 
 

18S rRNA gene 
 

CL 
 
MCL 
 
VL 

93.2 
 
91.7 
 
86 

5 parasites/ml, 
 
 

Skin biopsy, lesion aspirate 
Biopsy specimen 
 
Blood, bone marrow, Lymph node 

Deborggraeve et al., 2008b [172]  
18S rRNA gene 
 

CL 
 
VL 

92.1 
 
92.9 

NR Skin biopsy, lesion scrapping 
 
Blood, bone marrow 

Fisa et al., 2008 [173] Repetitive  DNA VL 88 NR Urine 
 

Espinosa et al., 2009 [174] kDNA 
 
 
18S rRNA gene 

CL 
 
 
CL 

94 
88 
 
74 
92 

NR Lesion aspirate 
Lesion scrapping 
 
Lesion aspirate 
Lesion scrapping 

Alam et al., 2009 [175] ITS-1 VL 
 
PKDL 

97.1 
 
100 

NR Bone marrow 
 
Skin exudate 

 

VL- visceral leishmaniasis, CL-cutaneius leishmaniasis, MCL- mucocutaneous leishmaniasis, rDNA=ribosomal DNA, rRNA=ribosomal RNA, kDNA= kinetoplast DNA, ITS= 

internal transcribed spacer, NR= not reported  

 



  

 
 

Oligochromatography (OC) is a single step isothermal technique that rapidly detects amplification 

products (from PCR or NASBA) on a membrane strip. The amplified products are captured by specific 

oligonucleotides on the membrane and visualized by hybridization with a gold-conjugated probe (185). 

OC is done on a double sided OC dipstick with a supportive polymer (plastic). On either side of the 

support, several membranes and absorbents are incorporated to regulate flow and allow sequential 

hybridization of amplicons. The membranes are coated with oligonucleotide sequences complementary 

to the target amplicons to be detected. One of the sides of the OC dipstick is designated as the test side 

(for detection of target RNA in the clinical sample) while the other is the control side (to detect in-vitro 

RNA control sequence) in order to validate the test result (124, 120, 186). OC detection of amplified 

products after PCR or NASBA is easy to perform and takes only a few minutes. 

Oligochromatography has been developed for the rapid detection of parasites including Schistosoma 

(187), Toxoplasma gondii (188), T. brucei (124, 120, 189) and Leishmania (171, 171, 174, 186). OC has 

also been used in the detection of SARS-CoV amplicons following RT-PCR (190) and it was found that 

the sensitivity of the RT-PCR combined with OC detection was comparable with conventional agarose 

gel electrophoresis. The signal generated on the oligochromatographic dipstick is often more clear than 

on the gel and the use of specific detection and capture probes adds to the specificity of the assay. PCR 

and NASBA followed by oligochromatography for the detection of both T. brucei and Leishmania have 

been evaluated in this thesis, with promising results (186, 189). OC has the potential to be incorporated 

in routine field diagnosis of HAT and leishmaniasis in resource poor settings where more sophisticated 

equipment, such as needed for agarose gel electrophoresis, is unaffordable and not feasible.  
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Outline of this thesis 

 

This thesis describes the development and evaluation of molecular techniques and their application in 

the field diagnosis of two kinetoplastid diseases, that is, Human African trypanosomiasis (HAT) and 

leishmaniasis, both of which affect populations in poor rural settings in developing countries. As shown, 

there is a need to develop simple, accurate and reliable diagnostic tools that can be employed to 

diagnose these kinetoplastid infections so that patients are treated early to reduce on long term effects 

of the disease as well as the case fatality rate. Therefore the aim of this thesis is to chronologically 

explicate the development, evaluation and finally the application of these techniques in the diagnosis of 

HAT and leishmaniasis. NASBA is chosen as the principle amplification technology and OC as detection 

system. Chapter 2 describes the development of a real-time nucleic acid sequence-based amplification 

(RT-NASBA) assay that detects Trypanosoma parasites with high sensitivity and specificity. In an effort 

to simplify the detection of NASBA amplicons, oligochromatography (OC), a simple and fast detection 

system, was developed and coupled with NASBA, (NASBA-OC) to detect T. brucei infection in both 

blood and CSF samples (Chapter 3). With the advent of OC, NASBA may by-pass the necessity of 

rather expensive and laborious detection methods that would otherwise confine disease diagnosis to 

only well equipped laboratories.  To cover the relevant kinetoplastid diseases addressed in this thesis, 

the development and evaluation of NASBA-OC assay as a tool for diagnosing both visceral and 

cutaneous leishmaniasis using various clinical samples is presented in Chapter 4. 

The evaluation of molecular diagnostics (and even diagnostics in general) is often neglected. It is 

important to estimate the repeatability (accordance) and reproducibility (concordance) of a new test 

prior to further phase II and III evaluation studies, which should be performed in other laboratories than 

the laboratory where the test was developed. Therefore, Chapter 5 presents study reports on a multi-

centre evaluation study. NASBA-OC assays for detection of Leishmania and T. brucei nucleic acids 

were assessed for reproducibility and repeatability in seven independent laboratories on two different 

continents and compared to PCR-OC performance. The evaluation of the performance of NASBA-OC 

assay was further compared to PCR-OC assay in a phase II clinical trial for the diagnosis of Human 

African trypanosomiasis using clinical samples from patients and appropriate controls from endemic 

areas in the Democratic Republic of Congo as well as Uganda (Chapter 6). Finally in Chapter 7 a 

systematic review of the diagnostic accuracy of molecular tests for HAT is presented to establish 

whether and how the findings in various HAT diagnostic studies vary. 
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