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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).  
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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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Abstract 

Currently, the conventional diagnosis of human African trypanosomiasis (HAT) is by microscopic 

demonstration of trypomastigotes in blood, lymph, and/or cerebrospinal fluid. However, microscopic 

diagnosis of HAT is not sensitive enough and may give false-negative results, thus, denying the patient 

the necessary treatment of the otherwise fatal disease. For this reason, a highly sensitive technique 

needs to be developed to enhance case findings. In this study, the real-time nucleic acid sequence-

based amplification assay described is based on amplification and concurrent detection of small subunit 

rRNA (18S rRNA) of Trypanosoma brucei. The sensitivity of the assay was evaluated on nucleic acid 

from in vitro cultured parasites and blood spiked with various parasites quantities. The assay detected 

10 parasites/mL using cultured parasites as well as spiked blood. A sensitive assay such as the one 

developed in this study may become an alternative tool to confirm diagnosis of human African 

trypanosomiasis. 
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Introduction 

Human African trypanosomiasis (HAT) or sleeping sickness is a neglected disease that affects mainly 

poor rural populations across sub-Saharan Africa (Trouiller et al., 2002). The disease is caused by 

Trypanosoma brucei gambiense and T. brucei rhodesiense. The former causes a chronic disease in 

Western and Central Africa while T. b. rhodesiense causes an acute disease in Eastern Africa (Welburn 

et al., 2001). The disease is transmitted by tsetse fly (Glossina spp) infected with the causative agent. 

More than 60 million people are at risk of contracting sleeping sickness, with an estimated 50,000 to 

70,000 people actually infected patients annually (Anonymous 2006). Presently, standard diagnostic 

confirmation of HAT requires demonstration of parasites in blood, lymph nodes or cerebrospinal fluid 

(CSF). However, diagnosis of this infection remains challenging due to low parasitaemia exhibited by 

most infected people. This is especially true in T. b. gambiense infections where the parasitaemia can 

vary between more than 10,000 trypanosomes/ml, which is easily detectable, and less than 100 

trypanosomes/ml of blood, which is below the detection limit of the standard diagnostic methods. As a 

result, 20 to 30% of HAT patients are left undiagnosed by the standard parasitological techniques 

(Robays et al., 2004).  Moreover, parasite detection can be rather labor-intensive, thus, failure to 

demonstrate parasites does not necessarily exclude infection. Early and accurate diagnosis is 

paramount because chemotherapy of HAT varies with the stage of the disease. In the early-stage, 

rhodesiense disease is treated with intravenous suramin where as in gambiense disease intramuscular 

Pentamidine is used. This treatment is frequently effective and prevents disease progression to late 

stage (Pepin and Milord 1994). On the other hand, the late stage of HAT is treated with melarsoprol 

(Pepin and Milord, 1994; Keiser et al., 2001; Burchmore et al., 2002), an arsenic compound that is toxic 

and has been reported to cause a reactive encephalopathy in 5-10% of all patients that receive the 

treatment with a mortality of about 50% (Nieuwenhove 1999).  

In attempt to circumvent the above short falls in HAT diagnosis, new molecular techniques such as 

polymerase chain reaction (PCR) have been developed and are highly sensitive as well as specific 

(Kabiri et al., 1999; Radwanska et al., 2002; Deborggraeve et al., 2006). However, PCR has a long run 

time (approximately 3 hours) and there is risk of contamination of samples with previous PCR products, 

thus leading to false positive results. A more rapid molecular diagnostic tool such as Nucleic Acid 

Sequence-Based Amplification (NASBA) can be developed for the detection of T. brucei to circumvent 

the above problems. NASBA is an isothermal assay based on the amplification of single-stranded RNA 

target sequences in the background of DNA. This prevents amplification of genomic DNA that can arise 

from contamination with pre-amplified DNA. NASBA has proven to be highly specific and sensitive; able 

to detect very low quantities of target RNA in clinical samples (Schoone et al., 2000) and has been 

developed for several other infectious organisms, such as human immunodeficiency virus (Van Gemen 

et al., 1994), Mycobacteria (van der Vliet 1996), Plasmodium (Schoone et al., 2000) and Leishmania 

(van der Meide et al., 2005).  
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The objective of this study was to develop a highly sensitive NASBA assay that can detect relatively low 

numbers of T. brucei parasites in blood, as obtaining CSF material as clinical sample is a painful 

procedure to the suspected patient. We have targeted the 18S ribosomal RNA gene sequence for 

higher sensitivity, because rRNA copies occur in high numbers (>10000 copies) in the cytoplasm (van 

Eys et al., 1992; van der Meide et al., 2005) and also contains sequences conserved within 

trypanosomatids and genus-specific sequences (Maslov et al., 1996). 

 

Material and Methods 

Parasite in-vitro culture.  

 Trypanosoma brucei gambiense (LiTat 1.3) parasites were cultured in glucose-lactalbumin-serum-

haemoglobin (GLSH) medium at 28°C. The parasites were subcultured weekly, harvested and parasite 

load was established using a Burker Counting chamber. The culture was then centrifuged for 1 minute 

at 13000 rounds per minute and the parasite pellet was resuspended in phosphate-buffered saline 

(PBS) to achieve a concentration of 105 parasites per µl of PBS. The in-vitro cultured parasites were 

used to make serial dilutions as well as for spiking blood (see below). Purified nucleic acids from other 

pathogens; i.e. Plasmodium falciparum, Leishmania donovani, Brucella melitensis, Mycobacterium 

tuberculosis, and Salmonella typhi were obtained from other research groups at KIT Biomedical 

Research (Amsterdam, The Netherlands). 

 

Parasite spiked blood.  

Two hundred µl of EDTA blood spiked with cultured parasites was used throughout the development of 

the assay and to estimate its lower detection limit. Dilution series (10-fold) ranging from 10,000 to 10 

parasites per ml of blood were made in naive human blood. Non-spiked blood was included as a 

negative control for amplification. 

 

Blood samples.  

For this study, blood was collected from confirmed HAT patients. Confirmation of HAT was based on 

demonstrating the presence of T. brucei parasites in blood, and/or cerebral spinal fluid by microscopic 

examination of stained smears and/or microhematocrit centrifugation (mHCT) or mini Anion Exchange 

Centrifugation Technique (mAECT). Microscopy was carried out by trained laboratory technicians. 

EDTA-anticoagulated blood (200 µl) was taken from patients by a medical physician after receiving 

informed consent from the patient or their guardians. Blood was obtained from patients at Namugalwe 

Health Center (Iganga district, eastern Uganda, n=8) and Serere Health Center (Soroti district, north-

eastern Uganda, n=11). Both health centers are situated in rhodesiense HAT endemic regions. Blood 

with heparin was also collected from patients at Dipumba Hospital in Mbuji-Mayi, Democratic Republic 

of Congo (endemic for gambiense HAT, n=40). A total of 59 blood samples were collected of which 33 
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were microscopically positive for T. brucei in blood and 26 were microscopically negative in blood but 

positive in CSF.  

Blood (200 µl) was obtained from 30 healthy individuals in Uganda and R. D. Congo (endemic controls) 

and from 20 volunteers from Amsterdam, Netherlands who had never travelled to countries where HAT 

is endemic (non-endemic controls). Informed consent was obtained from each individual who donated 

blood.  

 

Nucleic acid extraction.  

Nucleic acid extraction from each sample was performed using the procedure below as described by 

Boom et al., 1990. To each sample, 1.2 ml of guanidinium isothiocyanate L6 lysis buffer was added 

followed by addition of 40 µl of silica suspension and mixed at room temperature for 5 minutes. The 

samples were centrifuged and the supernatant was discarded leaving behind a pellet of silica with 

bound nucleic acid. The pellet was washed twice with 1 ml of L2 wash buffer (10 M GuSCN, 100 mM 

Tris-HCl [pH 6.4]), twice with 1 ml of 70% ethanol, and once with 1 ml of acetone. The pellet was dried 

at 56°C for 5 minutes after which the nucleic acids were eluted in 50 µl nuclease-free water during 5 

minutes incubation at 56 °C. The eluted nucleic acid was stored at -20°C.  

 

Primers and molecular beacons.  

Sequences of T. brucei specific primers and molecular beacons were based on homologous target 

sequence of the 18S rRNA gene of T. b. rhodesiense (GenBank accession number AJ009142) and T. b. 

gambiense (GenBank accession number AJ009141). The primers and beacons used were procured 

from Biolegio (The Netherlands). The forward primer (TrypNasF7) had a sequence 5′- 

GGATTCCTTGCTTTTCGC -3′ and the reverse primer (Trypnas6T7rev) had a T7 promotor sequence 

(in italic) was added to the generic sequence 5′-AAT TCT AAT ACG ACT CAC TAT AGG GAG 

AAGGCTCGGACTCTTGTTCTC-3′.The molecular beacon (TrypNasMB3) that was used to detect target 

RNA 5′- FAM -CGCGATC CAGGTCTGTGATGCTCCTCAATGT GATCGCG-3′ while the control beacon 

was 5′-TEXASRED-CGATCGCTTAGGTCCACTAAGGTACCCGATCG-DABSYL-3′ 

 

Production of in-vitro RNA  

In-vitro/control RNA was made by site specific mutagenesis as described by Schneider et al., 2004. 

Control RNA was included in each NASBA assay to check for amplification inhibition.  

 

T. brucei 18S Real-time NASBA.  

Prior to NASBA, all samples were diluted 1:5 with ultra pure water to dilute any inhibitory factors. Real-

time NASBA reaction was performed on an IQ5 Real-Time analyser (Bio-RAD) using a NucliSense 

basic kit for the amplification according to the manufacturer’s instructions (Biomérieux). A total volume 

of 10 µl reaction mixture containing 80 mM KCl and 20 pmol/µl of the primers was incubated with 2.5 µl 
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RNA extract and 106 mols of control RNA in the presence of 20 µM of molecular beacon at 65 °C for 2 

minutes. The reaction was subsequently cooled to 41°C for 2 minutes before adding 2.5 µl of enzyme 

mixture from the basic kit to each reaction mixture. The addition of enzyme started the isothermal 

amplification at 41 °C which continued for 90 minutes. A negative control sample containing only water 

and reaction mixture was used to serve as a control for background fluorescence. The signal produced 

by this sample is automatically subtracted from that of the analytical samples (Bio-RAD IQ5 software v. 

1.0). The number of parasites is calculated from time to positivity (TTP); i.e. the time point at which 

emitted fluorescence exceeds the base-line emission.  

For each NASBA experiment a series of known control samples with varying amounts of parasites are 

taken along. Based on these samples a reference line is produced. The amount of parasites in clinical 

samples is determined by comparison with this reference line. 

In order to rule-out inhibition of amplification, in-vitro control RNA was added to each reaction and was 

co-amplified with parasite RNA if present.  The two types of RNA compete for the same primers and 

thus a sample with high amounts of parasite RNA, the in-vitro control RNA will not be amplified. As the 

parasite RNA concentration decreases, the in-vitro RNA will be amplified but with a higher TTP value 

compared to the parasite RNA. Similarly all non target nucleic acid was co-amplified with control RNA 

and only the later was amplified in each case. 

 

Nucleic acid isolation and amplification control.  

Blood samples were assessed for possible degradation of nucleic acid by running a PCR using primers 

to amplify Glyceraldehyde-3-phosphate Dehydrogenase (GAPDH), a human house hold gene, as a 

control (Hennig et al., 2001). Briefly, 2 µl of sample was amplified in a 25 µl reaction mixture using 

primers (forward 5′-GAAGATGGTGATGGGATTTC-3′ and reverse 5′-CAAGCTTCCCGTTCTCAGCC- 

3′) (Imai et al, 2000).  An initial denaturation step at 95° for 10 minutes (min) was followed by 35 cycles 

of 94 °C for 1 min, 57 °C for 1min and 72 °C for 1min   with a final extension at 72 °C for 10 min. 

Extracted nucleic acids from fresh human blood was used as a positive control, and ultra pure water as 

a negative control. Amplification was detected by electrophoresis on a 2% agarose gel stained with 

ethidium bromide under ultraviolet (UV) light. A 100-bp DNA ladder (GeneRuler™ Fermentas) was used 

as a marker. 

 

Statistical analysis. 

 Chi-square test with Yates’ correction (contingency tables) was used for statistical analysis. 
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Results 

Analytical sensitivity and specificity.  

The analytical sensitivity of T. brucei 18S real-time NASBA was assessed using 10-fold serial dilutions 

of RNA extracted from in-vitro culture of T. brucei gambiense parasites ranging from 107-10 parasites/ml 

and run in duplicate. The assay consistently had a lower detection limit of 10parasites/ml. A standard 

curve of T. brucei parasite dilutions (107 to 10 cells/ml) versus NASBA amplifications (expressed as 

Time to Positivity, TTP) was plotted (Figure 2.1).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Similarly, the lower detection limit of the assay achieved when using nucleic acid from 200µl of blood 

spiked with parasites was 10 parasites/ml (Figure 2.2). Repeating the assay on three different days 

revealed no significant differences between the test runs, indicating that the reproducibility of the test is 

satisfactory. 

The analytical specificity of the assay was assessed with nucleic acids from Leishmania donovani, 

Plasmodium falciparum, Brucella melitensis, Mycobacterium tuberculosis, Salmonella typhi, 

Trypanosoma brucei gambiense and T. brucei rhodesiense. All of the organisms, except the two T. 

brucei subspecies, gave negative results in the assay. Human nucleic acid was also negative in the 

assay. All the negative results were validated by the addition of in-vitro control RNA to rule out inhibition 
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Figure 2.1. Standard curves of the T. brucei 18S real-time NASBA assay with RNA from cultured T. brucei 

parasites. The co-efficient of correlation (R2) is 0.98. TTP = Time to Positivity. 
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of amplification. Ultra-pure water was included as a negative control. In all cases, amplification of the 

control RNA was observed, thus confirming that all the negative results are valid.  

 

 

 

 

 

 

 

 

 

T. brucei 18S Real-time NASBA on blood samples.  

A total of 50 endemic and non-endemic control blood samples were tested with the developed 

molecular test and found to be all negative (specificity of 100%).  

A total of 59 blood samples from confirmed HAT patients were included in this study and the results of 

the real-time NASBA were compared to the results of microscopy (Table 2.1). All samples were run 

alongside a standard curve (Figure 2.1) and time to positivity (TTP) values were compared.  The 

amount of parasites in clinical samples is determined by comparison with this reference line. 

Two blood samples that were found positive with microscopy were negative with the developed T. 

brucei 18S real-time NASBA assay. These two samples were re-analysed for the presence of nucleic 

acid by the extraction and amplification control, the GAPDH PCR assay. This analysis revealed that in 

one of the samples only little DNA was present, whereas in the second sample hardly any DNA could 

be detected. This suggest that degradation of nucleic acids has occurred and as RNA is more prone to 

degradation, most likely these samples did not contain sufficient amounts of RNA for NASBA analyses 

and were therefore found negative with the T. brucei 18S real-time NASBA. 
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Figure 2. 2.  Blood spiked with various quantities of T. brucei parasites. For reproducibility, three sets of blood 

spiked with 104, 103, 102, and 10 parasites per ml (E4, E3, E2, E1 respectively) were processed to extract 

nucleic acid and were tested in the T. brucei 18S real-time NASBA assay on day 1, 2 and after 7 days.  
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Table 2.1. Comparison between Real-time NASBA and microscopy for the detection of T.  brucei in 

blood of HAT patients a 

 

                                             No. of samples with the following microscopy results 

Real-time NASBA              

                                                     Positive                        Negative                         Total 

Positive    31 10                 41 

Negative     2 16                 18 

 

Total 

 

   33 

 

26 

 

                59 

a χ2 = 18.58; P<0.0001 
 
Real-time NASBA detected T. brucei in significantly more samples than microscopy (P<0.0001). 
 
 
 
In contrast, the developed T. brucei 18S real-time NASBA was able to detect infection in 10 blood 

samples (9 from R.D. Congo-gambiense HAT and 1 from Uganda- rhodesiense HAT) that were 

negative with microscopy on blood (Table 2.1) The TTP values of these NASBA positive samples 

ranged between 45 and 50 minutes when plotted against the standard curve in Figure 2.1 (data not 

shown). Sixteen blood samples were negative in both microscopy and the T. brucei 18S real-time 

NASBA; 2 were from rhodesiense HAT patients and 14 were from patients with gambiense HAT.  

The real-time NASBA detected T. brucei in significantly more samples than microscopy (P<0.0001). 

 

Discussion 

Inefficient diagnosis is one of the major constraints to effective control of Human African 

trypanosomiasis (HAT). Microscopy is often insensitive and many HAT cases remain undetected 

therefore, a more sensitive diagnostic method is urgently needed to address this problem.  The T. 

brucei 18S real-time NASBA assay developed in this study is a highly sensitive and reproducible 

technique of detecting parasites in blood samples. The analytical sensitivity of this assay is 10 

parasites/ml when using in vitro cultured parasites, but also on spiked blood. The data demonstrated 

that 2 parasites can be detected in a 200 µl blood sample that is drawn from a patient. The specificity of 

the test is excellent as no cross-reactions were observed with other pathogens or human nucleic acids. 

The sensitivity of the test was assessed on a panel of blood samples collected from confirmed HAT 

cases. The confirmation of HAT of these cases involved often a large number of diagnostic tests. It was 

noted that with standard microscopy, parasites could be detected in only 33 of 59 (55%) of the blood 

samples examined. On the other hand, the developed T. brucei 18S real-time NASBA was able to 

detect the presence of parasite specific RNA in 41 of 59 (70%) samples. The performance of the 

molecular test could even have been better if no degradation of nucleic acid had occurred (as 
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demonstrated by the GAPDH gene extraction and amplification control) in the two microscopically 

positive samples that were negative with T. brucei 18S real-time NASBA. In order to enhance the use of 

molecular assays, such as the one developed in this study, care has to be taken during collection and 

processing of clinical samples to avoid degradation of nucleic acid that may lead to false negative 

results.  

Sixteen blood samples of confirmed HAT patients were negative with both the developed assays as well 

as with microscopy. This observation can be explained by fluctuating parasitaemia, in other words the 

number of parasites in the circulation dramatically rises and falls forming peaks (Ross and Thomas 

1910). Because peaks in parasitaemia have been generally associated with fever and other clinical 

symptoms, repeated blood sampling at these peaks may increase the chance of finding parasites in 

blood (Chappuis et al., 2005) thus increasing the sensitivity of the diagnostic test. Long periods of a-

parasitaemia have been reported in Côte d’Ivoire (endemic for gambiense HAT) by Jamonneau et al., 

2000. This was after the follow-up of 6 serologically suspected persons that were at first 

parasitologically positive but remained negative there after for several years without receiving treatment. 

This may explain the undetected parasitaemia in the current study.  

Ten samples were found positive by real-time NASBA that were negative by microscopy, of which 9 

were collected from patients in the Democratic Republic of Congo and 1 from Uganda. The TTP values 

of these samples ranged between 45 to 50 cycles when plotted against the standard curve in Fig. 1. 

This implies that these samples had parasite concentrations below 100 parasites/ml, a feature that is 

characteristic of parasitaemia in gambiense HAT but rare in rhodesiense HAT. The low parasite 

numbers may be the reason why they were not detected by microscopy, which has a detection limit of 

1000-10000 parasites/ml of blood (Louis et al., 2001). A highly sensitive assay such as the one 

developed in this study can be used to improve case finding especially in gambiense sleeping sickness 

where parasite load is often lower than 100 parasites/ml of blood (Robays et al., 2004).  

The current assay format is based on sequences from the 18S ribosomal RNA gene which is genus 

specific. This gene is 100% homologous for T. brucei gambiense and T. brucei rhodesiense and does 

therefore not allow for differentiation between the two subspecies. Specific gene sequences are 

required to make a distinction between the above mentioned sub species. Research towards 

differentiation between the two species is currently initiated. 

Unfortunately, real-time NASBA is largely restricted to developed countries because of the high cost of 

a Real-Time analyzer. Laboratories in poor countries where HAT is endemic cannot afford this 

equipment and thus may not benefit from this assay. A relatively new molecular assay, loop mediated 

isothermic amplification (LAMP) was developed by Kuboki et al., in 2003 for the detection of T. brucei. 

Like NASBA, LAMP is done under isothermal conditions, and therefore simple incubators, such as a 

water bath or block heater, are sufficient for the amplification. In LAMP, DNA amplification can be 

monitored with the naked eye without the use of special detection devices. Modification of real-time 

NASBA to replace the analyser with a simpler detection method of amplification will increase the 
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usability of NASBA. Oligochromatography (OC), a simple and rapid detection method for amplified 

products (Olungu et al., 2004; Renuart et al., 2004; Deborggraeve et al., 2006) can substitute the IQ5 

real-time analyser. Oligochromatography is a single-step oligochromatographic membrane test that 

allows amplified products to migrate by capillary action and hybridize with the specific probes on the 

membrane to give a colour change. Recently, in 2006, Deborggraeve et al., developed a PCR assay 

coupled with oligochromatography (PCR-OC) for the diagnosis of HAT. The analytical sensitivity of the 

HAT-PCR-OC is comparable with the real-time NASBA developed in this study. Moreover, despite the 

equal sensitivity, real-time NASBA has an added advantage over the HAT-PCR-OC in that NASBA run 

time is 90 minutes, which is half the run time of HAT-PCR-OC. The use of oligochromatography for the 

detection of NASBA amplicons (NASBA-OC) will make NASBA more feasible and easier to introduce in 

field conditions than the real-time NASBA developed in this study. 
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Abstract 
Molecular tools, such as real-time nucleic acid sequence-based amplification (NASBA) and PCR, have 

been developed to detect Trypanosoma brucei parasites in blood for the diagnosis of human African 

trypanosomiasis (HAT). Despite good sensitivity, these techniques are not implemented in HAT control 

programs due to the high cost of the equipment, which is unaffordable for laboratories in developing 

countries where HAT is endemic. In this study, a simplified technique, oligochromatography (OC), was 

developed for the detection of amplification products of T. brucei 18S rRNA by NASBA. The T. brucei 

NASBA-OC test has analytical sensitivities of 1 to 10 parasites/ml on nucleic acids extracted from 

parasite culture and 10 parasites/ml on spiked blood. The test showed no reaction with nontarget 

pathogens or with blood from healthy controls. Compared to the composite standard applied in the 

present study, i.e., parasitological confirmation of a HAT case by direct microscopy or by microscopy 

after concentration of parasites using either a microhematocrit centrifugation technique or a mini-anion-

exchange centrifugation technique, NASBA-OC on blood samples had a sensitivity of 73.0% (95% 

confidence interval, 60 to 83%), while standard expert microscopy had a sensitivity of 57.1% (95% 

confidence interval, 44 to 69%). On cerebrospinal fluid samples, NASBA-OC had a sensitivity of 88.2% 

(95% confidence interval, 75 to 95%) and standard microscopy had a sensitivity of 86.2% (95% 

confidence interval, 64 to 88%). The T. brucei NASBA-OC test developed in this study can be employed 

in field laboratories, because it does not require a thermocycler; a simple heat block or a water bath 

maintained at two different temperatures is sufficient for amplification. 
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Background 

Human African trypanosomiasis (HAT), commonly known as sleeping sickness, is endemic in sub-

Saharan Africa and is caused by the flagellate protozoan Trypanosoma brucei, which is transmitted by 

tsetse flies (Glossina spp.). The disease occurs in two forms, caused by Trypanosoma brucei 

gambiense and Trypanosoma brucei rhodesiense, respectively. These subspecies are microscopically 

indistinguishable (26). Disease management involves screening for potential infection by the use of 

serological tests, checking for clinical signs, confirming the diagnosis, and staging the disease, i.e., 

establishing whether the patient is in the first, hemolymphatic stage or the second, encephalitic stage. 

These stages require different treatments, and correct identification of the stage is important for 

prognosis. The second stage is established by examination of the cerebrospinal fluid (CSF) obtained by 

lumbar puncture (27).  

Conventional laboratory diagnosis entails techniques such as lymph node aspiration, blood film 

examination, and various more elaborate techniques to concentrate parasites in the blood (2) before 

microscopic detection. Microscopy has been reported to miss 20 to 30% of HAT cases, thereby denying 

or delaying necessary treatment (6). Early and accurate disease diagnosis is paramount, especially in 

HAT, where treatment depends on the stage of disease. Treatment is more effective in the early 

(hemolymphatic) stage of HAT, with a high recovery rate. Chemotherapy with suramin is used for T. b. 

rhodesiense HAT, and pentamidine is administered for T. b. gambiense HAT (18). When the 

trypanosomes cross the blood-brain barrier and invade the central nervous system, the disease 

progresses to the late (encephalitic) stage. In this stage, T. b. gambiense infection is preferably treated 

with eflornithine, but T. b. rhodesiense infection can be treated only with melarsoprol. Melarsoprol is a 

highly toxic drug and has been reported to cause death in 2 to 10% of HAT patients who receive it, due 

to posttreatment reactive encephalopathy (3, 26). Moreover, there is evidence of increasing drug 

resistance, with melarsoprol treatment failure rates of 30% reported among HAT patients in Northern 

Uganda (15, 16). All these shortfalls only serve to stress the urgent need for an easy, affordable, and 

sensitive diagnostic tool for early and accurate diagnosis of sleeping sickness.  

Molecular tools such as PCR (4, 7, 13, 19) and real-time nucleic acid sequence-based amplification 

(NASBA) (17) have been developed for the detection of Trypanosoma brucei parasites. Real-time 

NASBA is a rapid (90-min) and isothermal (41°C) RNA amplification method, also known as “self-

sustained sequence replication” (9), that has been developed for the detection of Trypanosoma brucei 

parasites (17). However, in spite of the excellent specificity and sensitivity of PCR and real-time 

NASBA, these methods are not commonly used in the diagnosis of African trypanosomiasis, because 

automated thermal cyclers for real-time amplification detection often are not affordable. Therefore, the 

identification of African trypanosomes in clinical samples still relies heavily on microscopy, a relatively 

insensitive method. Thus, in this study, we have developed a simple detection tool, 

oligochromatography (OC), to replace the real-time analyzer, making the detection of NASBA amplicons 

easier.  
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OC is a simple and rapid method of detecting nucleic acids (20) that has been used successfully after 

PCR for the detection of different parasites, such as Toxoplasma gondii (10), Leishmania spp. (8), 

Schistosoma spp. (1), and T. brucei (7). After nucleic acid amplification, the products are allowed to 

migrate on the sensitized membrane of an oligochromatographic dipstick. During migration, the 

amplified products hybridize with a capture probe and detection probes labeled with gold particles. 

Colored (pink/purple) lines develop after 5 to 10 min at sites of the immobilized reagent if corresponding 

amplicons are present. NASBA followed by OC (NASBA-OC) is a simple technique that can be 

introduced in diagnostic laboratories in developing regions where HAT is endemic to improve the 

detection of cases. 

 

Materials and Methods 

Ethical considerations.  

Medical ethical clearance was provided by the Institutional Review Board of the Vector Control Division 

of the Ministry of Health of Uganda. Informed consent was obtained from study participants or their 

parents/guardians prior to their enrolment in the study. 

 

Clinical samples.  

Blood (200 µl) and CSF (200 µl) were obtained from confirmed HAT patients by a medical officer for this 

study. HAT was confirmed by a trained laboratory technician using microscopic detection of 

trypanosomes in blood and/or CSF. Microscopy was done on a thick blood smear or after concentration 

of parasites by a microhematocrit centrifugation technique as described previously (28). In some 

additional cases where individuals were clinically suspected of HAT but samples were negative by 

microscopy, blood was examined using the mini-anion-exchange centrifugation technique to confirm the 

clinical suspicion (6). For microscopic detection of trypanosomes in CSF, a pellet obtained after 

centrifugation of 4 ml of the spinal fluid was used. 

A total of 122 clinical samples (65 blood samples, of which 25 came from Uganda and 40 from the 

Democratic Republic of the Congo, and 57 CSF samples, 22 from Uganda and 35 from the Democratic 

Republic of the Congo) were included in this study. Ugandan patients came from six districts (Iganga, 

Bugiri, Namutamba, Soroti, Kaberamaido, and Dokolo) that are in the traditional focus of T. b. 

rhodesiense in eastern Uganda. Patients from the Democratic Republic of the Congo were from Mbuji-

Mayi and surrounding villages. Purified nucleic acids from other pathogens, i.e., Plasmodium 

falciparum, Leishmania donovani, Brucella melitensis, Mycobacterium tuberculosis, and Salmonella 

enterica serovar Typhi, were obtained from other research groups at KIT (Royal Tropical Institute) 

Biomedical Research (Amsterdam, The Netherlands). 



Chapter 3 

 

 

NASBA with oligochromatography for detection of T. brucei in clinical samples 

53 

Negative controls.  

Venous blood (200 µl) on EDTA was obtained from 20 healthy human volunteers in Uganda (an area of 

endemicity) as well as from 24 healthy individuals in Amsterdam, The Netherlands, who had never 

visited a country where HAT is endemic. 

 

In vitro-cultured parasites.  

T. b. gambiense (LiTat 1.3) parasites were cultured in vitro in GLSH (glucose-lactalbumin-serum-

hemoglobin) medium at 28°C. The parasites were subcultured weekly and harvested, and the parasite 

load was established using a Bürker counting chamber. The culture was centrifuged, and the parasite 

pellet was resuspended in phosphate-buffered saline to achieve a concentration of 105 parasites per µl 

of phosphate-buffered saline. Nucleic acid extracted from the in vitro-cultured parasites was used for 

making serial dilutions as well as for spiking blood. 

 

Spiked blood.  

Blood on EDTA spiked with T. b. gambiense (LiTat 1.3) parasites was used throughout the development 

of the assay and for the estimation of its lower detection limit. A 10-fold dilution series of parasites 

ranging from 10,000 to 10 parasites per ml of blood was made in freshly collected naïve human blood. 

Nonspiked blood was used as a negative control. 

 

Nucleic acid extraction.  

Nucleic acid was extracted as described by Boom et al. in 1990 (5), with some modifications. To each 

sample, 1.2 ml of guanidinium isothiocyanate cell lysis buffer (L6) was added, followed by 40 µl of a 

silica suspension, and the solution was mixed at room temperature for 5 min. After centrifugation, the 

supernatant was discarded; the pellet was washed twice with 1 ml of L2 wash buffer, twice with 1 ml of 

70% ethanol, and once with 1 ml of acetone; and the pellet was air dried at 56°C for 5 min. Nucleic 

acids were eluted in 50 µl nuclease-free water during a 5-min incubation at 56°C and were stored at 

−20°C. 

 

Production of in vitro RNA.  

In vitro internal-control RNA was made by site-specific mutagenesis as described previously (23). The 

internal-control RNA sequence  

(GGATTCCTTGCTTTTCGCGCTTAGGTCCACTAAGGTACCCAGCAGGTCTGTGATGCTCCTCAATGT

TCTGGGCGACACGCGCACTACAATGTCAGTGAGAACAAGAGTCCGAGCGGCACT) is amplified by 

the same primers that target T. brucei 18S rRNA but contains a short internal modified sequence 

(underlined). The internal-control RNA was produced using an SP6 transcription kit (Ambion, Austin, 

TX). The internal-control RNA was included in the NASBA assay to check for amplification inhibition. 
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Primers and probes. (i) NASBA primers.  

The primer sequences used in this study were based on the target sequence of the 18S rRNA gene 

identified by Mugasa et al. (17), who designed forward primer TrypnasF7 (5′-

GGATTCCTTGCTTTTCGC-3′) and reverse primer Trypnas6T7rev (5′-

AATTCTAATACGACTCACTATAGGGAGAAGGCTCGGACTCTTGTTCTC-3′), containing the T7 

polymerase binding site (underlined). However, in the current study, the forward primer was modified by 

the addition of a generic tail (GATGCAAGGTCGCATATGAG) at the 5′ end. 

 

(ii) OC probes.  

Two probes biotinylated at the 5′ end were designed for the specific capture of the T. brucei amplicon 

(5′-GCAAGGTGAGATTTTGGGCA-3′) and the internal-control RNA amplicon (5′-

CGCTTAGGTCCACTAAGGTACCC-3′), respectively. Amplification was detected with an internal probe 

(5′-CAGGTCTGTGATGCTCCTCAATG-3′), which is complementary to a sequence common to both 

amplicons. The detection probe was labeled with gold colloid particles by the procedure described in 

European patent WO 2004/099438A1 (20). A probe complementary to the detection probe (5′-

CATTGAGGAGCATCACAGACCTG-3′) was used as a migration control on the dipstick. 

 

NASBA.  

The NASBA reaction (also known as “self-sustained sequence replication”) uses RNA targets to 

exponentially produce a large amount of reverse cRNA (9). The entire process needs two primers and 

three enzymes, allowing first the production of double-stranded DNA (dsDNA) from the RNA target by 

avian myeloblastosis virus reverse transcriptase (RNA cDNA and single-stranded DNA dsDNA) 

and RNase H (cDNA single-stranded DNA) and then a continuous polymerization of target cRNA by 

the T7 DNA-dependent RNA polymerase (dsDNA RNA) using newly formed dsDNA as the template. 

The amplification reaction is performed at 41°C and can de done without the interference of DNA (9). 

Prior to NASBA, nucleic acid extracted from each blood and CSF sample was diluted in ultrapure water 

1:5 and 1:10, respectively, to reduce the amount of amplification inhibitors that may be present in the 

samples. The NASBA reaction was performed using a NucliSens basic kit for amplification (comprising 

the three enzymes needed for replication: avian myeloblastosis virus reverse transcriptase, RNase H, 

and T7 RNA polymerase) according to the manufacturer's instructions (Biomérieux) in a 10-µl total 

reaction volume with KCl at a final concentration of 80 mM and containing 20 pmol/µl of the primers and 

106 molecules of in vitro control RNA. The reaction mixture was incubated in a 0.5-ml tube with 2.5 µl 

RNA extract at 65°C for 2 min and subsequently at 41°C for 2 min. The isothermal amplification took 

place for 90 min at 41°C in a heat block. All samples were tested three times for reproducibility. 
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Design of the oligochromatographic stick.  

The OC dipstick (Fig. 3.1) is double-sided, with a polymer (plastic) support backing (a). On either side of 

the support, several membranes and absorbents regulate the flow and allow sequential hybridization. (i) 

The lower absorbent pad (c) is impregnated with the detection probe coupled to gold particles (probe 

conjugate). The probe conjugate is dried in the lower absorbent; it will be solubilized when the OC 

dipstick is placed in the NASBA product mixed with running buffer. The control side contains the probe 

conjugate specific for the internal-control RNA, while the test side contains the probe conjugate specific 

for the target (T. brucei). (ii) The intermediate nitrocellulose membrane (b) contains two capture zones 

on each side. The lower capture zones (d) allow the concentration of the nucleic acid detected. They 

are coated with the two specific capture probes binding the T. brucei amplicon on the test side (d1) and 

the internal-control RNA amplicon on the control side (d2). The upper capture zones, or migration 

control lines (e), allow the validation of the migration by capturing the excess probe conjugates on both 

sides. The capture elements on these zones are oligonucleotides complementary to the probe 

conjugates. (iii) The upper absorbents (f) allow the migration of liquid on the nitrocellulose membrane to 

continue by absorbing the excess. 

 

 

 

 

Figure 3.1 Design of oligochromatographic dipstick (side view).  

a, polymer backing; b, intermediate nitrocellulose membrane; c, lower absorbent pad impregnated with the probe 

conjugate; d, lower capture zones; e, migration control lines; f, upper absorbents. (Test side) During migration, if 

the sample is positive, the T. brucei gold probes hybridize with the T. brucei amplicons that will accumulate on the 

lower capture zone (d1), resulting in a visible colored line on the test side of the stick. (Control side) During 

migration, the gold-labeled control probes hybridize with the internal-control RNA amplicons that will accumulate 

on the lower capture zone (d2), thereby forming a visible colored line on the control side of the stick. The unbound 

gold detection probes hybridize with the complementary oligonucleotides at the upper capture zone (migration 

control lines). The OC test is considered invalid when one of the migration control lines is absent. The NASBA test 

is considered invalid when both the test line (d1) and the internal control line (d2) are absent. 
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Detection of amplification by OC.  

NASBA products were detected by OC in an assay tube preheated at 55°C. Four microliters of NASBA 

product was mixed with 76 µl of migration buffer preheated at 55°C, and the OC dipstick was then 

dipped into the solution. The assay tube was sealed with a cap, and after 5 to 10 min, the OC dipstick 

was read on both faces (sides). 

 

Results 

Analytical sensitivity and specificity.  

The lower detection limit of the T. brucei NASBA-OC assay was 10 parasites per ml of spiked blood, 

and occasionally the dipstick was able to detect 1 parasite per ml of in vitro-cultured parasites (serial 

dilution of RNA extracted from parasite culture). The NASBA-OC test developed has a specificity of 

100%. All nontarget pathogens included in the study tested negative by the T. brucei NASBA-OC assay. 

Control blood samples from healthy individuals in areas where HAT is endemic (n = 20) and in areas 

where HAT is not endemic (n = 24) also tested negative by the NASBA-OC dipstick test. 

 

T. brucei NASBA-OC assay on samples from HAT patients.  

A total of 122 clinical samples (65 blood and 57 CSF samples) collected from HAT patients were 

available for analysis. Two blood samples and six CSF samples (all from Uganda) could not be 

analyzed by the NASBA-OC assay, because the test result was invalid due to problems with RNA 

extraction. The remaining 114 samples were analyzed by the NASBA-OC assay, and test results were 

compared to the results of initial microscopy as the reference test. All NASBA-OC tests were repeated 

three times, and the outcomes of testing were consistent on all occasions. 

Both microscopy and the T. brucei NASBA-OC assay identified 35 blood samples (19 from Uganda and 

16 from the Democratic Republic of the Congo) as positive, but both failed to detect parasites in 16 

samples (1 from Uganda and 15 from the Democratic Republic of the Congo). In addition, the T. brucei 

NASBA-OC assay on blood found 11 samples positive (8 from the Democratic Republic of the Congo 

and 3 from Eastern Uganda) that were not detected by microscopy but failed to detect 1 sample (from 

the Democratic Republic of the Congo) that was positive by microscopy (Table 3.1). Compared to the 

composite standard for a confirmed HAT case (i.e., clinical suspicion plus a sample positive either by 

direct microscopy or by microscopy after concentration with a microhematocrit centrifugation or a mini-

anion-exchange centrifugation technique), the NASBA-OC assay on blood samples had a sensitivity of 

73.0% (95% confidence interval, 60 to 83%) and standard microscopy had a sensitivity of 57.1% (95% 

confidence interval, 44 to 69%). 
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Table 3.1. Results of T. brucei NASBA-OC and microscopy performed on 63 blood samples collected 

from confirmed HAT patients. 

 

 Microscopy positive Microscopy negative Total 

NASBA-OC positive 35 11 46 

NASBA-OC negative 1 16 17 

Total 36 27 63 

 

 

Thirty-nine CSF samples were found parasite positive by both methods, but both failed to detect the 

presence of T. brucei in one sample (from a patient from the Democratic Republic of the Congo). In 

addition, microscopy detected parasites in five CSF samples (all from the Democratic Republic of the 

Congo) that the T. brucei NASBA-OC assay failed to detect. On the other hand, six microscopically 

negative CSF samples (one from a patient from the Democratic Republic of the Congo and five from 

Eastern Uganda) were positive by the T. brucei NASBA-OC assay (Table 3.2). Compared to the 

composite standard, the NASBA-OC assay on CSF samples had a sensitivity of 88.2% (95% 

confidence interval, 75 to 95%) and standard microscopy had a sensitivity of 86.2% (95% confidence 

interval, 64 to 88%). 

 

 

Table 3.2. Results of T. brucei NASBA-OC and microscopy performed on 51 cerebral spinal fluid (CSF) 

samples collected from confirmed HAT patients. 

 

 Microscopy positive Microscopy negative Total 

NASBA-OC positive 39 6 45 

NASBA-OC negative 5 1 6 

Total 44 7 51 

 

 

 

 

 

 



Chapter 3 

 

 

NASBA with oligochromatography for detection of T. brucei in clinical samples 

58

Discussion 

In developing countries, particularly in situations where diseases are diagnosed under harsh field 

conditions, simple and fast diagnostic tests are much needed (22). The aim of the present study was to 

develop a fast and easy-to-use molecular diagnostic tool, simplified at the readout level of the test, for 

the detection of the NASBA product of T. brucei 18S rRNA. Oligochromatographic detection of the 

NASBA product, which is described in this study, shows great potential for use in the poorly equipped 

laboratories characteristic of regions of HAT endemicity. The T. brucei NASBA-OC test has a lower 

detection limit of 10 parasites/ml of blood or 2 parasites per 200-µl sample of blood collected from 

patients for HAT diagnosis. This detection limit is similar to that achieved by Mugasa et al. (17), who 

used a sophisticated IQ5 real-time analyzer for the detection of T. brucei after NASBA. This means that 

the simplification of the detection system does not undermine the sensitivity of the test. The detection 

tool in this study was superior to blood microscopy in that it detected parasites in nine samples that 

were regarded negative by microscopy. However, the microscopically positive blood sample that was 

not detected by the OC test cannot be explained. Both methods failed to detect trypanosomes in 16 

blood samples, of which 15 were from the Democratic Republic of the Congo (T. b. gambiense HAT) 

and only 1 sample was from a T. b. rhodesiense patient in eastern Uganda. Parasite detection in blood 

is frequently successful in cases of T. b. rhodesiense infection because of the permanent parasitemia. 

However, it is very difficult in T. b. gambiense infection, in which few parasites are present in the 

peripheral circulation at times other than the periods of cyclic parasitemia (6, 21). Thus, if the blood of T. 

b. gambiense HAT patients is sampled outside of the period of cyclic parasitemia, even a sensitive 

detection tool such as the T. brucei NASBA-OC test may not detect the trypanosomes. In such 

instances, periodic blood sampling may be advised in order to increase the rate of detection of cases 

(6). In some cases, individuals have been reported to remain apparently without parasites for several 

months, but repeated searches for parasites yielded positive results (11). 

In the management of HAT, one of the most important tasks is to accurately distinguish the late, 

encephalitic stage of HAT from the early, hemolymphatic stage. Accurate staging of HAT is critical 

because failure to treat a patient with central nervous system involvement will lead inevitably to death 

from the disease, yet inappropriate treatment of an early-stage patient carries a high risk of 

unnecessary drug toxicity (16). Various molecular techniques have been developed to detect 

trypanosomes in blood for HAT diagnosis (4, 7, 14, 17, 19), but a handful have been developed for the 

detection of parasites in CSF from HAT patients. A CSF PCR was developed to detect trypanosome 

DNA for the diagnosis of HAT, but despite its high sensitivity (96%), the assay has been documented to 

have reproducibility problems (24). This casts doubt on its value for therapeutic decision making (12); 

moreover, PCR is not readily available under field conditions. With the shortfalls of the CSF PCR, there 

is still an urgent need for a test that can be reliably used in staging and treating HAT. 

In this study, the T. brucei NASBA-OC test that was developed was used to detect parasite RNA in CSF 

from HAT patients and had a reproducibility of 100%, making this assay reliable and valuable for 
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deciding the course of treatment. The T. brucei NASBA-OC assay had a sensitivity of 88.6% and 

detected parasites in six microscopically negative samples but failed to detect them in five samples that 

were positive by microscopy. However, the results of the T. brucei NASBA-OC assay are promising 

given the difference in the volumes of CSF samples processed by the two methods under comparison. 

For microscopic detection, 4 ml of CSF was centrifuged and the resulting sediment examined under the 

microscope. On the other hand, only 200 µl of CSF was used to extract nucleic acid for NASBA. 

During this study, two blood samples and six CSF samples that were microscopically positive gave 

invalid results in the NASBA-OC assay. The reason for the invalidity remains to be understood, but in 

general, invalid test samples are caused by inhibitory substances in the sample due to improper RNA 

isolation rather than by the NASBA itself. Therefore, a validation study should be carried out on larger 

samples of both blood and CSF to elucidate this observation. 

A comparison between different direct parasite detection methods for the diagnosis of HAT is presented 

in Table 3.3. Although microscopic examination of body fluids is cheap and rather quick, these methods 

have limited sensitivity/specificity, and misdiagnosis is a considerable risk. Molecular methods are 

superior in terms of sensitivity and specificity. PCR-based methods are in general cheaper than 

NASBA-based diagnostics but may require more time and equipment. Notwithstanding, based on the 

results obtained in this study coupled with the ease and speed of the NASBA-OC assay, we believe that 

this assay offers an alternative tool for diagnosing and staging HAT that can be employed in mid-level 

laboratories characteristic of developing countries that are ravaged by HAT. 

 

Acknowledgemnts 

This work was supported by the Commission of the European Communities' Sixth 

Framework Programme, priority INCO-DEV, project TRYLEIDIAG, contract 
015379. We are grateful to our partner institutes for help in collecting the clinical 

samples and to all patients and health workers who participated in the work. 

 



 

 
 

Table 3.3. Comparison of some test characteristics of diagnostic methods generally employed for the diagnosis of Human African Trypanosomiasis.  

Numbers refer to reference used to estimated parameters.  ^ : excluding nucleic acid extraction  *: excluding labour costs 

Technology Detection limit Reported range 
of sensitivity - 
specificity 

Average 
processing 
time ^ 

Equipment needed Estimated 
costs in € 
*  

Remark 

Microscopical 
examination of blood (7, 
18, this study) 

1000 – 10.000 parasites 
per ml of sample 
processed 

57 - 100% 20 – 30 
minutes 

Microscope and possibly 
concentration methods 

1,00 Detection limit and test sensitivity and specificity can 
be enhanced by using concentration methods, but this 
will increase processing time and costs 

Microscopical 
examination of cerebral 
spinal fluid (7) 

Difficult to determine as 
parasites tend to 
disintegrate after 
sample collection 

86 - 100% 30 – 60 
minutes 

Microscope and possibly 
concentration methods 

1,00 – 3,00  Detection limit and test sensitivity and specificity can 
be enhanced by using concentration methods, but this 
will increase processing time and costs 

Serology; i.e. Card 
Agglutination Test for 
Trypanosomiasis (7,12) 

Antibody test, not 
quantifiable 

Sens: 87- 98% 

Spec: 95% 

10 minutes Agglutination card and materials for 
blood collection 

1,00 Test is intended as a screening test for T. b. 
gambiense only 

PCR systems 
(2,5,8,14,20) 

6 – 100 parasites per ml 
of sample processed 

Sens: 87 – 100% 

Spec: 97- 100% 

2 - 4 hours. Real-time PCR machine or 
thermocycler, combined with ethidium 
bromide gel system or OC-sticks 

2,60 – 4,75 Costs ranging from standard PCR to quantitative-real 
time PCR. Processing time depending on read-out 
system: gel electrophoresis versus real-time system. 

NASBA systems 
(18,24,26) 

10 - 100 parasites per 
ml of sample processed  

Sens: 73 – 100% 

Spec: 97- 100% 

2 hours Waterbath or heat block, Real-time 
reader or ECL detection system 

5,20 Costs of NASBA are higher due to costs of 
amplification reagents. Cost estimate is based on use 
of real-time NASBA assay. 

NASBA-OC (this study) 10 parasites per ml of 
sample processed  

Sens: 73 - 89% 

Spec: 100% 

90 minutes Waterbath or heat block, OC-sticks 4,00 - 4,50 Costs are reduced because of application of simplified 
read-out system 
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Abstract 

Background: Molecular methods to detect Leishmania parasites are considered specific and sensitive, 

but often not applied in endemic areas of developing countries due to technical complexity. In the 

present study isothermal, nucleic acid sequence based amplification (NASBA) was coupled to 

oligochromatography (OC) to develop a simplified detection method for the diagnosis of leishmaniasis. 

NASBA-OC, detecting Leishmania RNA, was evaluated using clinical samples from visceral 

leishmaniasis patients from East Africa (n = 30) and cutaneous leishmaniasis from South America (n = 

70) and appropriate control samples. 

Results: Analytical sensitivity was 10 parasites/ml of spiked blood, and 1 parasite/ml of culture. 

Diagnostic sensitivity of NASBA-OC was 93.3% (95% CI: 76.5%-98.8%) and specificity was 100% (95% 

CI: 91.1%-100%) on blood samples, while sensitivity and specificity on skin biopsy samples was 98.6% 

(95% CI: 91.2%-99.9%) and 100% (95% CI: 46.3%-100%), respectively. 

Conclusion: The NASBA-OC format brings implementation of molecular diagnosis of Leishmaniasis in 

resource poor countries one step closer. 
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Background 

The leishmaniases are a group of diseases with a broad range of clinical manifestations. They are 

caused by several species of the genus Leishmania, in the family Trypanosomatidae. The World Health 

Organization considers leishmaniasis as one of the most important neglected parasitic diseases [1-3]. 

Leishmaniasis is endemic in 88 countries with 350 million people at risk of contracting the disease. 

There is an estimated incidence of 1 to 1.5 million cases of cutaneous leishmaniasis (CL) and 500, 000 

cases of visceral leishmaniasis (VL) primarily in South America, East Africa and the Indian 

Subcontinent. 

Early diagnosis of leishmaniasis is important in order to avoid severe clinical manifestations to the 

patient including mortality for VL patients. Routine diagnosis of leishmaniasis relies on microscopic 

demonstration of Leishmania amastigotes in aspirates from skin, lymph nodes, bone marrow, liver or 

spleen and on culturing parasites from these sites. However, aspirate sampling is uncomfortable for the 

patient and the isolation of parasites by culturing is time-consuming, difficult and expensive. A number 

of indirect serological tests such as enzyme-linked immunosorbent assay (ELISA), rK39 dipsticks [4,5], 

direct agglutination test (DAT) [6] and the fast agglutination screening test (FAST) [7] have been 

developed for the sero-diagnosis of VL. Serology for CL or for VL in immunocomprimised individuals 

may be considered unreliable due to low or absent production of specific antibodies [8]; although some 

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

the DAT [9]. 

Sensitive and specific molecular diagnostic tests such as polymerase chain reaction (PCR) have been 

developed for the diagnosis of VL [10-13] and CL [14,15]. Furthermore, nucleic acid sequence based 

assay (NASBA), an amplification technique based on RNA detection has been developed for the 

diagnosis of various infectious organisms including mycobacteria [16], Plasmodium [17], Leishmania 

[18] and Trypanosoma brucei [19]. Despite high sensitivity and specificity molecular diagnostic tests are 

at present not ideal for field diagnosis as they employ equipment that is not practical in field conditions 

and is often expensive. In this study a simple single step dipstick detection technique, 

Oligochromatography (OC), for the detection of NASBA amplicons of the 18S RNA of Leishmania was 

evaluated. Previously, dipstick technology has been developed in combination with PCR [20] and 

NASBA [21] for the detection of T. brucei in the diagnosis of Human African Trypanosomiasis, 

leishmaniasis [22,23] and identification of various old world species of Leishmania [24]. In the present 

study the diagnostic performance of a NASBA-OC assay using clinical samples from various clinical 

presentations of leishmaniasis was evaluated in a typical phase 1 diagnostic study where proof of 

principle is assessed on clinical samples. 
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Material and Methods 

Cultured parasites 

Promastigotes of L. donovani (MHOM/SD/68/1S) were cultured in vitro as previously described [7] and 

the parasites were reconstituted into 106 parasites per ml aliquots in phosphate buffered saline (PBS). 

Ten-fold serial dilutions of the culture were made (105, 104, 103, 102, 101, and 1 parasites per ml) in 

triplicate. Similarly, the same serial dilutions of parasites were used to seed EDTA-supplemented blood 

from a non-endemic healthy volunteer with the same parasite numbers. 

Nucleic acid from other cultured pathogens, i.e., Mycobacterium tuberculosis, Plasmodium falciparum, 

Brucella abortus, Salmonella typhi, T. b. gambiense, and T. b. rhodesiense, were obtained from other 

research groups and included in this study to assess analytical specificity of the NASBA-OC test. 

 

Clinical samples 

Clinical samples obtained from different study locations were used in the present study. All clinical 

material from Sudan was subject to appropriate ethical clearance from the Faculty of Medicine, 

University of Khartoum and from the National Ethical Committee at the Federal Ministry of Health 

Sudan. 

Samples from Suriname were collected at the Department of Dermatology, Academic Hospital 

Paramaribo (Anton de Kom University of Suriname) and at the Dermatological Service, Tourtonnelaan, 

Paramaribo. The work performed in Suriname was reviewed and approved by the Medical Ethical 

Committee of the Academic Medical Centre, Amsterdam, The Netherlands (MEC 03/228). Sample 

collection in Brazil was at Fundação de Medicina Tropical do Amazonas, Manaus, Brazil and approved 

by the Brazilian National Review Board of the Ministry of Health (Commissão Nacional de Ética em 

Pesquisa Parecer no. 1142/2005). 

Written informed consent was obtained from study cases before clinical samples for research purpose 

were collected. 

 

Clinical samples of visceral leishmaniasis patients 

Blood samples (n = 30) from Sudanese visceral leishmaniasis patients, parasitologically confirmed by 

microscopic examination of bone marrow aspirates, were used in the present study. The samples were 

processed in the Leishmaniasis Research Laboratory of Soba Teaching Hospital (Khartoum University) 

and all were found positive for Leishmania 

 

Clinical samples from cutaneous leishmaniasis patients 

Skin biopsies from confirmed CL patients were collected from Brazil (n = 43) and Suriname (n = 27). 

Parasitological diagnosis was achieved by direct microscopic detection of Leishmania amastigotes in 

Giemsa stained skin smears for patients with CL. A single skin biopsy (2-mm in diameter) was collected 
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under local anesthesia (xylocaine) with a sterile disposable skin biopsy puncher from the active edge of 

the lesion according to WHO recommendations [3]. Species identification was performed at Royal 

Tropical Institute, KIT Biomedical Research, Amsterdam, The Netherlands, using standard PCR-RFLP 

techniques [28]. The samples from Suriname all contained L. braziliensis guyanensis; 37 samples from 

Brazil contained this parasite also, 5 Brazilian samples had L. b. braziliensis and one was typed as L. 

amazonensis 

 

Endemic controls 

Blood was also collected from 50 healthy individuals without clinical signs or complaints associated with 

leishmaniasis from Sudan to serve as endemic controls. In addition, skin biopsies were collected from 

individuals (n = 5) with lesions due to other conditions than cutaneous leishmaniasis [18]: ulcerative 

pyloderma (n = 2), folliculitis (n = 1), dermatitis (n = 1) and sarcoidosis (n = 1). These individuals visited 

the Dermatology Outpatient clinic of the Academic Medical Centre (Amsterdam, The Netherlands) and 

are non-endemic patients. 

 

Extraction of nucleic acid from clinical samples 

Skin biopsies (2 mm in diameter) from lesions of CL patients were mixed with 950 µl L6 lysis buffer (50 

mM Tris HCl, 5 M GuSCN, 20 mM EDTA, 0,1% Triton- X-100) and stored at -70°C. 

Two hundred µl EDTA blood from VL patients was mixed with 1200 µl of L6 lysis buffer and 40 µl of 

silica and centrifuged. The sediment was kept at -20°C. RNA and DNA were extracted from the samples 

as described earlier with the Boom method [29]. 

 

NASBA 

The NASBA employed in this study targets a 170-bp region in the 18S rRNA, and was performed using 

the Nuclisense BasicKit (BioMérieux) for amplification following the procedures published previously 

[18]. The primers and probes employed in the amplification are presented in table 4.1. The NASBA 

reaction comprised three enzymes needed for replication; i.e. AMV-RT, RNase H and T7 RNA 

polymerase, which are added to the reaction mixture in an amplicon free room to reduce the change of 

sample contamination, and was performed in a 10 µl total reaction volume at a final KCl concentration of 

70 mM containing 0.416 µM of each primer 

Artificial constructed in vitro RNA, referred to as Q RNA, (106 molecules per reaction) derived via site-

directed mutagenesis, was added to the NASBA mix and serves as an internal amplification control 

(Appendix). A sample containing water was used as a negative control. 

The reaction mixture was incubated in a 0.5 ml tube with 2.5 µl RNA extract at 65°C for 2 minutes and 

then at 41°C for 2 minutes. The NASBA enzymes were subsequently added and isothermal 
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amplification took place for 90 minutes at 41°C in a heat block. All samples were tested 3 times for 

reproducibility. Amplified RNA product was detected using the oligochromatography detection method. 

 

 

 

Table 4.1. Primers and probe sequences employed in the Leishmania 18S NASBA assay and 

oligochromatography.  

 

 

 

 

Detection by oligochromatography 

Oligochromatographic (OC) detection of NASBA products (for more details on the OC test see: 

http://www.corisbio.com/public/product/documents/ProductFileLeishmania.pdf was completed in an 

assay tube preheated at 55°C. 4 µl of NASBA amplification product was mixed with 76 µl of migration 

buffer, preheated at 55°C, in an assay tube and subsequently an OC dipstick was dipped into the 

mixture. The assay tube was sealed with a cap and incubated at 55°C for 10 minutes, after which both 

sides of the OC dipsticks were read [20-24]. 

 

 

18S Leishmania primers sequences 

Leish 18S F GEN1.5'- GATGCAAGGTCGCATATGAGCCAAAGTGTGGAGATCGAAG -3'    

Leish 18S T7 R 25'- AATTCTAATACGACTCACTATAGGGAGAAGGGCCGGTAAAGGCCGAATAG -3'    

 

 

18S Leishmania probe sequences 

Capture probe NASBA Leish Wt: 5'-AGACCATTGTAGTCCACACTGC-3' –biotin 

Capture probe NASBA Leish Q: 5'-CTTAGGTCCACTAAGGTACC-3' –biotin 

 

 

Detection probe NASBA Leish: 5'- GATGCAAGGTCGCATATGAG-3' 

Migration control line: 5'-CTCATATGCGACCTTGCATCttt-3' 

Leish-QRNA:   

5’CCAAAGTGTGGAGATCGAAGATGATTAGCTTAGGTCCACTAAGGTACCCAAACGATGACACCCATGAATT 

GGGGATCTTATGGGCCGGCCTGCGGCAGGGTTTACCCTGTGTCCAGCACCGCGCCCGCTTTTACCANCTTA 

CGTATCCTTTCTATTCGGCCTTTACCGGCC 3’ 
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Statistical analysis 

The sensitivity and specificity of the Leishmania NASBA-OC test were calculated using the formulas: 

TP×100/(TP+FN) and TN×100/(TN+FP) respectively, where TP, TN, FP and FN represent; true 

positives, true negatives, false positives and false negatives. The positive and negative predictive 

values were calculated by analysis of 2 × 2 contingency tables. All calculations were estimated at a 95% 

confidence interval (95% CI). 

Furthermore, the degree of agreement between the evaluated tests was determined by calculating 

Kappa (κ) values with 95% confidence intervals using Epi-info version 6. Kappa values express the 

agreement between tests that is beyond chance; a κ value of 0.60 to 0.80 represents a substantial 

agreement beyond chance, whereas a κ value of > 0.80 represents almost perfect agreement beyond 

chance. 

 

Results 

All tests performed in the current study were valid since there were no test failures observed. In case of 

an invalid test result the control signal with the artificial Q RNA was absent. A summary of the results is 

provided in Table 4.2. 

 

Analytical sensitivity and specificity of Leishmania NASBA-OC  

The analytical sensitivity of the developed Leishmania NASBA-OC diagnostic test was assessed using 

serially diluted parasites from culture and blood spiked with L. donovani promastigotes. The NASBA-OC 

was able to detect 1 parasite per ml (cultured parasites). The species specificity was assessed on non 

target nucleic acids (Mycobacterium tuberculosis, Plasmodium falciparum, Brucella abortus, Salmonella 

typhi, T. b. gambiense, and T. b. rhodesiense) as well as L. donovani. The NASBA-OC assay only gave 

a positive result for nucleic acids from L. donovani culture; all other non target pathogens nucleic acids 

gave negative results. 

 

Clinical samples  

In total, 50 blood samples from healthy controls and 30 blood samples from confirmed VL cases were 

analysed in the Leishmania NASBA-OC test. All healthy control samples were negative with the 

employed test. Twenty eight of the parasitologically confirmed cases were positive with NASBA - OC. 

The sensitivity and specificity of the NASBA-OC on blood samples was 93.3% (95% CI: 76.5% - 98.8%) 

and 100% (95 CI: 91.1% - 100%), respectively. The positive and negative predictive values are 100% 

(95% CI: 85.0 – 100%) and 96.2 % (95 CI: 85.7% - 99.3%), respectively. The strength of agreement 

between the NASBA-OC for VL and the combined employed parasitological tests is considered to be 

very good, with an observed agreement of 97.5% (κ value = 0.946; 95% CI: 0.872 to 1.020). 
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Table 4.2. Summary of the results of NASBA-OC testing of different clinical samples. 
 

Clinical Sample Number of Samples NASBA-

OC positive 

Number of Samples NASBA-

OC negative 

Blood samples healthy controls 

from Sudan (n=50) 

0 50 

Blood samples confirmed VL 

cases from Sudan (n=30) 

28 2 

Skin biopsies of patients with 

other skin diseases from The 

Netherlands (n =5) 

0 5 

Skin biopsies of patients with 

confirmed CL from Suriname 

(n=27) 

27 0 

Skin biopsies of patients with 

confirmed CL from Brazil (n=43) 

42 1 

 

Sensitivity, specificity, positive (PPV) and negative predictive value (NPV) estimated at a 95% 

confidence interval (95% CI) of the NASBA-OC on different clinical samples  

 

NASBA-OC employed on blood samples 

Sensitivity 93.3% (95% CI: 76.5% - 98.8%) 

Specificity 100% (95 CI: 91.1% - 100%) 

PPV 100% (95% CI: 85.0 – 100%) 

NPV 96.2 % (95 CI: 85.7% - 99.3%) 

NASBA-OC employed on skin biopsies 

Sensitivity 98.6% (95% CI: 91.2% - 99.9%) 

Specificity 100% (95% CI: 46.3% - 100%) 

PPV 100% (95% CI: 93.4% - 100%) 

NPV 83.3% (95% CI: 36.5% - 99.1%) 
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Seventy five skin biopsies were tested of which 70 were from microscopically confirmed CL patients and 

5 were from patients with other skin diseases. Of these, 69 samples tested positive for CL, and all the 

biopsies from non-CL patients tested negative. Only one sample from a CL patient (from Brazil) tested 

negative. The sensitivity and specificity of the NASBA-OC was 98.6% (95% CI: 91.2% - 99.9%) and  

100% (95% CI: 46.3% - 100%), respectively. The NASBA-OC positive and negative predictive values 

are 100% (95% CI: 93.4% - 100%) and 83.3% (95% CI: 36.5% - 99.1%) respectively for the skin biopsy 

samples. There was also a very good agreement between microscopy and NASBA-OC with observed 

agreement = 98.7% of the observations; κ value = 0.902 (95% CI: 0.711 – 1.093) on the skin biopsy 

samples. 

The combined agreement between NASBA-OC for leishmaniasis and the employed diagnostic tests for 

cutaneous and visceral leishmaniasis is 98.1%, κ value = 0.958 (95% CI: 0.911 – 1.005). 

 

Discussion 

Over the last decade diagnostic tests based on molecular biology techniques have proven to be more 

sensitive and specific than the classical methods and thus case finding has greatly improved using 

these techniques [25]; however, implementation of these tools may be difficult for logistical, economic 

and technical reasons. Among the molecular techniques that have been developed for the diagnosis of 

leishmaniasis are PCR and NASBA. Here we combine NASBA with Oligochromatographic technology to 

produce a diagnostic that may be suitable for implementation in the developing world. The NASBA-OC 

assay developed in this study is based on the 18S rRNA gene sequence, and this target has been 

found to be highly efficient for the diagnosis of leishmaniasis from human clinical material [11, 13]. The 

assay can be used to detect any leishmaniasis causing species, since the target sequence is common 

in all members of genus Leishmania; speciation, which maybe important for treatment considerations, 

can not be made here. 

The analytical sensitivity of the NASBA-OC test for leishmaniasis employed in this study, using both the 

cultured parasites and spiked blood, was 1 and 10 parasites per ml respectively which is slightly more 

sensitive than that achieved in earlier studies [18, 26]. A PCR-OC test for the detection of leishmaniasis 

reached a sensitivity of approximately 5 parasites/ml blood [23]. In contrast, Laurent et al [24], used the 

OC dipstick to detect PCR products of Leishmania but achieved a 10 times lower sensitivity of 14 

parasites per µl of blood. However, this study targeted a different gene, namely the cysteine proteinase 

B gene. 

In the present study, blood samples of parasitologically confirmed VL patients were used for the 

detection of Leishmania. The sensitivity of the NASBA-OC on blood samples from VL patients (>90%) is 

better compared to PCR studies carried out earlier in Sudan [11] where sensitivity was persistently 

lower (around 70%). This indicates an advantage of NASBA-OC over conventional PCR, especially in 

Sudan, where parasitaemia in general is reported to be low in the blood [27].  
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A number of molecular tests have also been developed for the diagnosis of CL. To this end, 

Bensoussan et al. [14] compared three PCR assays used in the diagnosis of CL; the spliced leader 

mini-exon PCR had the lowest sensitivity of only, 53.8%, the rRNA gene internal transcribed spacer 1 

(ITS1) PCR had 91.0% sensitivity while the kinetoplast DNA (kDNA) PCR achieved the highest 

sensitivity (98.7%) which is comparable to 98.6% sensitivity achieved in this study for CL. Recently, 

Deborggraeve et al. [23] developed a PCR-OC based on the 18S rDNA gene for the diagnosis of 

leishmaniasis and was able to diagnose 91.7% patients with cutaneous leishmaniasis using skin 

biopsies compared to 98.6% sensitivity found with NASBA-OC in the current study.  

Previously, this NASBA amplification assay was used in combination with electro-chemiluminescence 

(ECL) for the detection of NASBA products. This method is more complex, labour-intensive and requires 

sophisticated equipment [18]. The sensitivity and the specificity of the NASBA using ECL detection were 

comparable with the results obtained in this study. Simplification of the detection method, therefore, 

does not compromise the accuracy of the NASBA as a diagnostic tool. Furthermore, the 

oligochromatographic dipstick is simpler, faster and more user friendly and better suited for field use 

than the ECL detection method. Espinosa et al. [22] performed PCR combined with OC in the Peruvian 

jungle and considered the time reduction achieved a major advantage over conventional diagnostic 

methods and predict possible implementation of the technology in low-level-equipped laboratories. 

A common downside of the technique described in this study is contamination that may arise during the 

procedure of NASBA, leading to false positive results. Although contamination should be avoided in any 

other molecular diagnostic tests, the concern is more imperative in NASBA since the test is very 

sensitive and can amplify such small amounts of nucleic acid compared to other tests, including PCR. 

To avoid sample contamination the NASBA enzymes that are responsible for amplification are added to 

the reaction mixture in a special designated room that is considered to be free of amplicons. 

 

Conclusion 

The current paper describes the development of a highly sensitive and specific molecular detection 

method for both cutaneous and visceral leishmaniasis based on an isothermal amplification method and 

a simple read-out system. The next step will be to subject the developed assay to rigorous field testing 

to establish its diagnostic value under resource-poor conditions with clinically suspected patients. 
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Abstract 

The objective of this study is to evaluate the accordance (repeatability) and concordance 

(reproducibility) of four simplified molecular assays for the diagnosis of Trypanosoma brucei spp. or 

Leishmania ssp. in a multicenter ring trial with 7 participating laboratories. The tests are based on PCR 

or NASBA amplification of the parasites nucleic acids followed by rapid read-out by 

oligochromatographic dipstick (PCR-OC and NASBA-OC). On purified  nucleic acid specimens the 

accordance and concordance of the tests were: Tryp-PRC-OC, 91.7% and 95.5%; Tryp-NASBA-OC, 

95.8% and 100%; Leish-PCR-OC, 95.9% and 98.1%; Leish-NASBA-OC, 92.3% and 98.2%. On blood 

specimens spiked with parasites the repeatability and reproducibility of the tests were: Tryp-PRC-OC, 

78.4% and 86.6%; Tryp-NASBA-OC, 81.5% and 89.0%; Leish-PCR-OC, 87.1% and 91.7%; Leish-

NASBA-OC, 74.8% and 86.2%. As accordance and concordance of the tests were satisfactory, further 

phase II and III evaluations in clinical and population specimens from disease endemic countries are 

justified. 
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Introduction 

Polymerase chain reaction (PCR) and nucleic acid sequence based amplification (NASBA) are 

established techniques for the detection of pathogen DNA or RNA, respectively. Standardized formats 

of PCR and NASBA for the diagnosis of human African trypanosomiasis and leishmaniasis targeting 

18S ribosomal DNA or RNA have been developed (Deborggraeve et al., 2006; Deborggraeve et al., 

2008; van der Meide et al., 2005; van der Meide et al., 2008; Mugasa et al., 2008).  

To facilitate implementation of molecular diagnostics in laboratories in disease endemic countries, a 

simple dipstick format for the detection of amplification products has been developed; i.e. 

OligoChromatography or OC (Claes et al., 2007; Deborggraeve et al., 2006; Mugasa et al., 2009a). 

Following nucleic acid amplification with either PCR or NASBA, the amplification products are allowed to 

migrate on the sensitized membrane of an oligochromatographic dipstick. The detection step can be 

performed in 5 – 10 minutes and no other equipment than a pipette and water bath are needed. Nucleic 

acid amplification control, internal control and migration control are incorporated in the assays. 

Combining PCR or NASBA with OC has led to the development of 4 different diagnostic tests for either 

trypanosomiasis or leishmaniasis; i.e. Tryp-PCR-OC (Deborggraeve et al., 2006); Tryp-NASBA-OC 

(Mugasa et al., 2009a); Leish-PCR-OC (Deborggraeve et al., 2008) and Leish-NASBA-OC (Mugasa et 

al., 2009b) and all tests have shown satisfactory analytical sensitivity and specificity. 

Before the developed tests can be subjected to large-scale phase II and III evaluations with different 

participating laboratories in disease endemic countries; they should demonstrate sufficient repeatability 

and reproducibility. Determining these parameters must be part of the development flow of any 

diagnostic test from proof-of-principle to demonstration their utility in any diagnostic setting, but is often 

not reported. The repeatability measures the variability between measurements when performed on 

identical specimens by the same executor in the same laboratory and using the same equipment. The 

reproducibility measures the variability when identical specimens are analysed by different executors in 

different laboratories. However, repeatability and reproducibility can not be measured for tests 

generating qualitative data such as OC tests described above. Therefore, Langton et al. (2002) 

introduced two new measures, as analogues for repeatability and reproducibility of tests generating 

qualitative data, i.e. accordance and concordance respectively. 

The aim of the present study was to assess the accordance and concordance of the PCR-OC and 

NASBA-OC assays on purified nucleic acid specimens as well as on human blood spiked with parasites 

in a multicenter ring trial with seven participating laboratories from Africa and Europe.  

 

Material and Methods 

Participating laboratories.  

The ring trial was performed by trained laboratory technicians in 7 independent laboratories in 6 

countries; namely: Makerere University in Uganda, Institut National de Recherche Biomédicale in 
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Democratic Republic (DR) of the Congo, Kenya Medical Research Institute in Kenya, University of 

Khartoum in Sudan, The Koninklijk Instituut voor de Tropen Biomedical Research, in The Netherlands, 

Coris BioConcept and Institute of Tropical Medicine both in Belgium. The laboratories in Europe 

evaluated all four tests, while the laboratories in Uganda and DR of the Congo evaluated the Tryp-PCR-

OC and Tryp-NASBA-OC and the laboratories in Kenya and Sudan the Leish-PCR-OC and Leish-

NASBA-OC. All participants were trained in test execution during a one week workshop held at 

Makerere University (Kampala, Uganda). 

 

Specimen preparation.  

In-vitro cultured Trypanosoma brucei gambiense (LiTat 1.3) and Leishmania donovani 

(MHOM/SD/68/S1) parasites were suspended in PBS at a concentration of 106 parasites per ml PBS. 

This suspension was used to prepare two different sets of specimens.  

The first set of specimens comprised serially diluted parasites in TE buffer containing 20 µg/ml calf 

thymus DNA to prevent degradation of the target DNA (dilution buffer) at concentrations of 100000, 

10000, 1000, 100, 10 and 0 parasites per ml. The second set comprised human blood from a healthy 

volunteer spiked with 1000, 100, 10 and 0 T. brucei gambiense or Leishmania parasites per ml of blood. 

All blood specimens were prepared in triplicate. Four blood specimens from non-endemic healthy 

volunteers were further included in the study as negative controls. 

 

Transportation and storage of specimens.  

All specimens were prepared by a single individual in a central laboratory. As cooled transport to 

several participants could not be guaranteed, the blood specimens were stabilized on silica before 

shipment. This was done by performing the first step in the nucleic acid extraction protocol (Boom et al., 

1990). In brief, 200 µl of each specimen was mixed with 1.2 ml of L6 lysis buffer (50 mMTris.HCl, 5M 

GuSCN, 20 mM EDTA, 0.1% Triton X100) and subsequently 40 µl of silica suspension was added and 

mixed for a further 5 min. The samples were centrifuged and supernatant was discarded leaving behind 

a pellet of silica with bound nucleic acids.  The specimen sets were shipped on dry ice to the various 

participating laboratories. All samples were coded and tested blindly by a trained technician in each of 

the 7 laboratories. 

 

Extraction of nucleic acids.  

The silica pellet was washed twice with 1 ml of L2 wash buffer (5 M GuSCN, 100 mM Tris-HCl [pH 6.4]; 

supplied by the central laboratory to the trial particpants), twice with 1 ml of 70% ethanol, and once with 

1 ml of acetone. The pellet was dried at 56°C for 5 min after which the nucleic acids were eluted in 50 

µl TE buffer during 5 min incubation at 56 °C. The eluted nucleic acids were stored at -20°C until 

amplification was done.  
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Ring trial study.  

The Trypanosoma specimen set was analysed with the Tryp-NASBA-OC and Tryps-PCR-OC; while the 

Leishmania specimen set was analysed with the Leish-NASBA-OC and Leish-PCR-OC. Together with 

the specimen set and necessary test reagents, the participating laboratories also received a test report 

sheet, questionnaire and standard operating procedures for nucleic acid extraction as described by 

Boom et al. (1990) and the PCR-OC and NASBA-OC execution protocols as described by 

Deborggraeve et al. (2006, 2008) and Mugasa et al. (2009a,b). The laboratories further purified the 

nucleic acids from the blood specimens and analysed the blood specimens one time and the nucleic 

acid dilutions in PBS three times. All specimens were tested blindly. Test results were communicated 

back to the central laboratory for statistical analysis. 

 

Statistical analysis.  

The accordance (ACC), defined as average chance of finding the same result for two identical 

specimens analysed in the same laboratory, and concordance (CON), defined as the average chance of 

finding the same result for two identical specimens analysed in different laboratories, of Tryp-PCR-OC, 

Tryp-NASBA-OC, Leish-PCR-OC and Leish-NASBA-OC were estimated in a random framework by the 

formulae described by van der Voet and van Raamsdonk (2004): ACCr = (1/L) Σi (p0,i
2 + p1,i

2) and CONr 

= P0
2 + P1

2, in which p0,i
2 and p1,i

2 were defined as the squared proportion of Tryp-PCR-OC, Tryp-

NASBA-OC, Leish-PCR-OC and Leish-NASBA-OC negative and positive results, respectively, for each 

analysis i and where P0
2 and P1

2 were defined by the equations P0
2 = (1/L) Σi=1 p0,i  and P1

2 = (1/L) Σi=1 p1,i 

with L the number of laboratories in the trial. 95% Confidence intervals (CI) around the ACC and CON 

estimates were quantified by bootstrapping (Davidson and Hinckley, 1997). 

 

Results 

An overview of the test results at the different laboratories is presented in Table 5. 1 (Tryp-PCR-OC and 

Leish-PCR-OC) and 5.2 (Tryp-NASBA-OC, and Leish-NASBA-OC). The Leish-PCR/NASBA-OC results 

of one laboratory were excluded from the data analysis as unexplained high numbers of invalid results 

were observed at this laboratory, probably due to incorrect test execution. A test result is considered 

invalid when both the test line as the negative internal control line remain negative. 

Accordance (ACC) and concordance (CON) were calculated for the four tests on the nucleic acids 

dilution series in PBS and on the parasite dilution series in blood, separately and are presented in Table 

5.3.  

L 

L 
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Table 5.1 Results of the Tryp and Leish PCR-OC tests on the specimen sets in the 7 laboratories 

participating in the study. 

 

Specimen 
n° of 

repetitions 

n° of positive Tryp-OC-PCR 

tests at laboratory 

n° of positive Leish-OC-PCR 

tests at laboratory 

  1 2 3 4 5 1 2 3 6 7 

T. brucei gambiense NA in TE buffer            

100000 parasites/ml 3 3 3 3 3 3      

10000 parasites/ml 3 3 3 3 3 3      

1000 parasite/ml 3 3 3 3 3 3      

100 parasite/ml 3 3 3 3 1 3      

10 parasite/ml 3 2 2 0 0 0      

0 parasite/ml 3 0 0 0 0 0      

L. donovani NA in TE buffer            

100000 parasites/ml 3      3 3 3 3 Inv 

10000 parasites/ml 3      3 3 3 3 Inv 

1000 parasite/ml 3      3 3 3 2 Inv 

100 parasite/ml 3      2 3 3 2 Inv 

10 parasite/ml 3      2 0 0 2 Inv 

0 parasite/ml 3      0 0 0 0 Inv 

T. brucei gambiense parasites in blood            

1000 parasites/ml 3 3 3 3 3 3      

100 parasites/ml 3 3 3 2 2 3      

10 parasites/ml 3 3 3 0 1 2      

0 parasite/ml 3 1 0 0 1 1      

L. donovani parasites in blood            

1000 parasites/ml 3      3 3 2 3 Inv 

100 parasites/ml 3      3 3 3 3 Inv 

10 parasites/ml 3      2 3 2 2 Inv 

0 parasite/ml 3      0 0 2 0 Inv 

Blood from healthy donors            

Donor 1 1 0 1 0 1 0 0 0 0 0 Inv 

Donor 2 1 0 0 0 1 0 0 0 0 0 Inv 

Donor 3 1 0 0 0 1 0 0 0 0 0 Inv 

Donor 4 1 0 0 0 0 0 0 0 1 0 Inv 

 
NOTE. n°, number; NA, nucleic acids; TE, Tris-EDTA; Inv, invalid; the DNA dilution series in TE buffer were provided as one series and 
tested in triplicate; the parasite dilution series in blood were provided in triplicate and tested 1 time. 
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Table 5.2 Results of the Tryp and Leish NASBA-OC tests on the specimen sets in the 7 laboratories 

participating in the study. 

 

Specimen 
n° of 

repetitions 

n° of positive Tryp-NASBA-

OC tests at laboratory 

n° of positive Leish-NASBA-

OC tests at laboratory 

  1 2 3 4 5 1 2 3 6 7 

T. brucei gambiense NA in TE buffer            

100000 parasites/ml 3 3 3 3 3 3      

10000 parasites/ml 3 3 3 3 3 3      

1000 parasite/ml 3 3 3 3 3 3      

100 parasite/ml 3 3 3 3 3 3      

10 parasite/ml 3 3 3 3 3 0      

0 parasite/ml 3 0 0 0 0 0      

L. donovani NA in TE buffer            

100000 parasites/ml 3      3 3 3 2 Inv 

10000 parasites/ml 3      3 3 3 2 Inv 

1000 parasite/ml 3      3 3 3 2 Inv 

100 parasite/ml 3      3 0 0 2 Inv 

10 parasite/ml 3      3 0 0 0 Inv 

0 parasite/ml 3      0 0 0 0 Inv 

T. brucei gambiense parasites in blood            

1000 parasites/ml 3 3 3 3 3 3      

100 parasites/ml 3 3 3 3 3 3      

10 parasites/ml 3 1 0 0 2 2      

0 parasite/ml 3 0 0 0 2 0      

L. donovani parasites in blood            

1000 parasites/ml 3      3 3 3 3 Inv 

100 parasites/ml 3      3 1 2 3 Inv 

10 parasites/ml 3      3 0 0 1 Inv 

0 parasite/ml 3      0 0 0 0 Inv 

Blood from healthy donors            

Donor 1 1 0 0 0 0 0 0 0 0 0 Inv 

Donor 2 1 0 0 0 1 0 0 0 0 0 Inv 

Donor 3 1 0 0 0 0 0 0 0 0 0 Inv 

Donor 4 1 0 0 0 0 0 0 0 0 0 Inv 

 
NOTE. n°, number; NA, nucleic acids; TE, Tris-EDTA; Inv, invalid; the DNA dilution series in TE buffer were provided as one series and 
tested in triplicate; the parasite dilution series in blood were provided in triplicate and tested 1 time. 



Chapter 5 

 

 

Accordance and concordance of PCR and NASBA followed by OC for the diagnosis 
of T. brucei and Leishmania 

82

Table 5.3. Overview of the accordance and concordance of the Trypanozoon and Leishmania OligoC-

TesT on DNA and blood specimens analysed during the ring trial. 

 

 

 

Discussion 

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. The present study reports on a multi-centre evaluation 

study of 2 different molecular assays in 7 different laboratories on 2 continents. This study set-up and 

subsequent data analysis is of interest of many researchers working on diagnostic test development 

and the presented work can be an example for other researchers that wish to develop new diagnostics 

for Neglected Tropical Diseases and pinpoints some parameters that warrant control.

Test 
Accordance % 

 (95% CI) 

Concordance % 

(95% CI) 

Dilution series of DNA    

Tryps-PCR-OC test 
95.5 

(92.6-98.5) 

91.7 

(87.0-97.9) 

Leish-PCR-OC test 
98.1 

(94.4-100) 

95.9 

(91.7-100) 

Dilution series of RNA   

Tryps-NASBA-OC test 
100 

 

95.8 

(92.0-100) 

Leish-NASBA-OC test 
98.2 

(94.4-100) 

92.3 

(87.0-100) 

Dilution series of parasites in blood   

Tryps-PCR-OC test 
86.6 

(75.6-97.8) 

78.4 

(68.5-91.1) 

Leish-PCR-OC test 
91.7 

(88.9%-97.2) 

87.1% 

(80.9-96.2) 

Tryps-NASBA-OC test 
89.0 

(82.2-95.6) 

81.5 

(72.4-90.7) 

Leish-NASBA-OC test 
86.2 

(77.8-94.4) 

74.8 

(67.0-89.2) 
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The main aim of the present study was to validate inter (accordance; ACC) and intra (concordance; 

CON) laboratory performance of the Tryp-PCR-OC, Tryp-NASBA-OC, Leish-PCR-OC and Leish-

NASBA-OC tests. When analyzing purified nucleic acid specimens, the four tests showed an ACC and 

CON above 95% and 90%, respectively. The ACC and CON was below 90% when blood specimens 

were analysed. This is not surprising as the nucleic acids had to be extracted from the blood specimens 

by the participating laboratories leading to higher chances of intra and interlaboratory inconsistencies. In 

addition, the variation in test results was predominantly observed in the low parasite range of 1 – 10 

parasites/ml blood. As this parasite concentration is close to the analytical sensitivity of the tests 

(Deborggraeve et al., 2006; Deborggraeve et al., 2008; Mugasa et al., 2009a; Mugasa et al., 2009b), 

slight variations in equipment and operating procedures may have a major influence on the results 

obtained with these low parasite concentrations.  

Occasional false positive results were observed in the blood specimens from healthy European controls. 

Although cross-reaction of the tests with human DNA or RNA can not be excluded, carry-over 

contamination during DNA extraction from the blood specimens is more likely for two reasons. First, no 

false positive results were observed in the specimen sets containing DNA. Secondly, there is the 

observation that 3 of the 5 false positive results for DNA were obtained in the same laboratory. The 

results of one laboratory analysing the Leish-PCR/NASBA-OC tests had to be excluded since very high 

numbers of invalid results were generated, most probably due to faulty test execution. Similar problems 

were not encountered at the other laboratories.   

To our knowledge, this is the first study evaluating the accordance and concordance of molecular 

diagnostic tests for HAT and leishmaniasis on blood samples. The ACC and CON of the Tryp-PCR-OC 

have already been estimated in a multicentre ring trial with 6 different participating laboratories on 

purified DNA specimens, reported by Claes et al. (2007). In that study the test showed an ACC of 

88.7% (95%CI: 84.4%-92.5%) and a CON of 88.1% (95%CI: 84.3%-92.3%) which is slightly lower than 

the results obtained in the present study. 

In conclusion, the accordance (repeatability) and concordance (reproducibility) of the Tryp-PCR-OC, 

Leish-PCR-OC, Tryp-NASBA-OC and Leish-NASBA-OC tests was successfully estimated by (i) a 

multicentre ring trial with several European and African participants and (ii) data analysis of the 

qualitative test results in a random framework as described by van der Voet and van Raamsdonk 

(2004). All four tests demonstrated to be repeatable and reproducible and can undergo further phase II 

and III evaluations in variable laboratory settings in disease endemic countries. 
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Abstract 

Diagnosis plays a central role in the control of human African trypanosomiasis (HAT) whose mainstay in 

disease control is chemotherapy. However, accurate diagnosis is hampered by the absence of sensitive 

techniques for parasite detection. Without concentrating the blood, detection thresholds can be as high 

as 10,000 trypanosomes per milliliter of blood. The polymerase chain reaction (PCR) and nucleic acid 

sequence-based amplification (NASBA) are promising molecular diagnostics that generally yield high 

sensitivity and could improve case detection. Recently, these two tests were coupled to 

oligochromatography (OC) for simplified and standardized detection of amplified products, eliminating 

the need for electrophoresis. In this study, we evaluated the diagnostic accuracy of these two novel 

tests on blood specimens from HAT patients and healthy endemic controls from D.R. Congo and 

Uganda. Both tests showed good sensitivity and specificity compared to the current diagnostic tests and 

may be valuable tools for sensitive and specific parasite detection in clinical specimens. These 

standardized molecular test formats open avenues for improved case detection, particularly in 

epidemiological studies and in disease diagnosis at reference centres. 
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Introduction  

Human African trypanosomiasis (HAT) is an important public health problem that affects rural 

populations of sub-Saharan Africa. Previous estimates indicated an annual incidence of about 70,000 

cases [1, 2]. The number of cases in 2006 in the Democratic Republic of the Congo (DRC) and Uganda 

was recently reported to be 11382 and 486, respectively [3], but given the lack of accurate reporting the 

actual number of cases is probably higher. The disease in DRC is exclusively linked with Trypanosoma 

brucei gambiense that causes the chronic form of HAT. Uganda represents a unique case as it is the 

only country reporting both the chronic and the acute form of HAT in hitherto non-overlapping foci. The 

acute form is caused by T. b. rhodesiense and may claim the patients in just a few weeks. Following 

infection, trypanosomes multiply mainly in the lymph and/or blood (haemolymphatic stage). Over time, 

the parasites cross the blood-brain barrier and invade the central nervous system (neurological stage). 

HAT is almost invariably fatal if left untreated and major efforts to control the disease rely on vector and 

reservoir suppression (both human and animal). For the latter, chemotherapy is the mainstay but 

unfortunately relies on few drugs with unacceptable toxicity and high relapse rates in some foci [4, 5]. In 

addition to the search for new trypanocidal compounds, current efforts to overcome the problem of drug 

resistance involve rational use of existing drugs, such as the recently reported nifurtimox-eflornithine 

combination therapy (NECT) [6].  

 

Control of HAT is challenged by unsatisfactory diagnostics, although they play a central role in the 

decision to treat affected individuals and in disease control. The card agglutination test for 

trypanosomiasis (CATT) [7] is extensively used in screening for Trypanosoma brucei gambiense 

although it may miss cases where the infecting trypanosomes do not express the LiTat 1.3 variable 

antigen type on which it is based [8, 9]. For a similar reason, most T. b. rhodesiense infections can not 

be detected by the CATT. To date, a field applicable screening test for T. b. rhodesiense HAT has 

remained elusive, despite attempts using procyclic trypanosomes [10,11]. Hence, definite diagnosis is 

based on microscopic demonstration of trypanosomes in the blood, lymph or cerebrospinal fluid. 

However, conventional microscopy exhibits a low sensitivity and is therefore often combined with prior 

parasite concentration such as the haematocrit centrifugation technique (HCT) [12] and the miniature 

anion exchange centrifugation technique (mAECT) [13]. Despite these innovations, up to 30% of cases 

are still missed [14] leaving an undetected human reservoir.  

 

Molecular methods for diagnosis of HAT are increasingly gaining attention as possible ways to 

overcome the problem of low sensitivity of the current parasite detection methods. Recently, two 

innovative tests for T. brucei detection have been developed, the PCR-Oligochromatography (OC) [15] 

and the NASBA-OC [16]. Both tests are based on nucleic acid amplification followed by simple and 

rapid detection of the amplified products by dipstick. While PCR-OC amplifies a short sequence within 
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the 18S ribosomal RNA (rRNA) gene by thermal cycling, NASBA-OC is based on isothermal 

amplification of the 18S rRNA itself. Both tests showed promising diagnostic accuracy during the phase 

I evaluation studies [15, 16] as well as satisfactory repeatability and reproducibility in a multi center 

evaluation study (Mugasa et al., submitted). The aim of the presented study was to evaluate the 

sensitivity and specificity of the two tests in a case control study in Uganda and DRC. 

 

Methods  

Ethical considerations 

Participant recruitment and specimen collection was coordinated by the Institut National de la 

Recherche Biomédicale (INRB, Kinshasa) in DRC and by Makerere University (Kampala) in Uganda. 

Ethical clearance for the study was obtained from the relevant institutional ethical committees in DRC 

(Ministry of Health), Uganda (Ministry of Health) and Belgium (University of Antwerp). Written consent 

was obtained from the study participants or their parents/guardians in presence of independent 

witnesses.  

 

Study participants 

During this prospective study carried out between 2006 and 2008, T. brucei gambiense HAT patients 

were recruited from Dipumba hospital in Mbuji-Mayi (Kasai-Oriental, DRC). Healthy endemic control 

persons were recruited from the same region and from volunteers at the University of Kinshasa (DRC). 

In Uganda, T. b. rhodesiense HAT patients and healthy endemic control persons were recruited at 

Namungalwe health centre (Iganga district, Eastern Uganda) and Serere health centre (Soroti district, 

Northeastern Uganda). Individuals were included in the study if 12 years old or more, not in critical 

condition and if the informed consent was given. A patient was classified as HAT if parasites were 

observed in the blood, lymph or cerebrospinal fluid (CSF). Both patients in the early (haemolymphatic) 

and late (neurological) stage were included. Individuals were classified as healthy endemic controls if 

they had no history of HAT, no clinical signs suggestive for HAT, were negative by CATT on whole 

blood and if no trypanosomes were observed in the blood.     

 

Reference tests  

The CATT was executed on all participants in DRC and on the endemic controls in Uganda [7]. When a 

positive CATT result on whole blood was observed, the CATT was repeated with plasma diluted 1/8 as 

described by Simarro and co-workers [17]. When positive, the individual was subjected to 

parasitological detection by direct examination of wet smears from lymph node aspirates, Giemsa 

stained blood smears (only for T. b. rhodesiense), the HCT [12] and/or mAECT [13]. Staging of the 

disease was done by detecting parasites in the CSF by modified single centrifugation [18] and/or by 

white blood cell (WBC) counting using the Fuchs-Rosenthal chamber or disposable counting chambers 
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(Uriglass, Menarini). Patients with more than 5 cells per µl CSF and/or with parasites in the CSF were 

considered late stage HAT.  

 

Index tests 

Specimen collection and transportation  

Two hundred microlitres of anti-coagulated blood was mixed with 200 µl of Angero NA buffer 

(Mallinckrodt Baker, USA) which allows storage of the blood specimens without loss of nucleic acid 

quality. Specimens were then transported in a cool-box containing cooling elements from the collection 

sites to INRB in DRC or Makerere University in Uganda. Upon arrival the specimens were stored in a 

refridgerator at 4°C for a maximum of two weeks.  

 

Isolation of nucleic acids 

Nucleic acids of the blood specimens were extracted at the INRB or Makerere University using the 

method described by Boom et al. [19]. The nucleic acids were eluted in 50 µ1 of tris-EDTA (TE) and 

centrifuged at 8000g for 3 minutes where after 35 µ1 of supernatant was stored at -80°C until further 

analysis.  

 

PCR-OC and NASBA-OC 

The nucleic acid extracts were analysed with PCR-OC and NASBA-OC between July and October 

2008, as described by Deborggraeve et al. [15] and Mugasa et al. [16] respectively. In brief, DNA or 

RNA is amplified by PCR or NASBA where after the amplification products are detected by dipstick. 

Dipstick test results were read after 10 minutes. Nucleic acids extracted from an in-vitro culture of 

procyclic T. brucei gambiense (LiTat 1) were used as a positive control. Ultrapure water and the nucleic 

acid extract of the blood of a naïve volunteer from the Netherlands were used as negative controls. A 

test was considered positive if a red line was visible at the test line and if the control lines validated the 

test result [15,16]. All test results were read by the same three individuals. In case of discrepancy, the 

result that was the same by two readers was taken as consensus. The executors of the index tests were 

not blinded to the participant classification and thus the results of the reference tests. 

 

Data analysis  

The sensitivity and specificity of PCR- and NASBA-OC were calculated from data entered into 

contingency tables. Sensitivity was defined as the proportion of HAT cases that are positive by the index 

test and specificity as the proportion of controls that are negative by the index test. Differences in 

sensitivity and specificity between the two tests were estimated by the Mc Nemar test and differences 

among centers were estimated with the Fisher exact test. Agreement between the two tests was 
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determined using the kappa index. A kappa index ranges from 0 to 1 and the higher the value the 

stronger the agreement. All calculations were estimated at a 95% confidence interval (95% CI).  

 

Results  

Participants  

In the study 68 T. b. gambiense, 75 T. b. rhodesiense HAT patients and 187 healthy endemic controls 

were recruited (table 6.1). Out of the 68 T. b. gambiense cases, 17 showed parasites in the blood, 28 in 

the lymph (of which 13 were blood negative), 60 in the CSF (of which 34 were blood and lymph 

negative). Out of the 75 T. b. rhodesiense cases, 73 showed parasites in the blood and 53 in the CSF 

(of which 2 were blood negative). No lymph node aspirates were examined in T. b. rhodesiense cases. 

 

Sensitivity and specificity of PCR-OC and NASBA-OC 

An overview of the sensitivity and specificities of both index tests on the blood specimens of the 

participants recruited in the study is presented in table 6.2. 

 

 

Table 6.1. Human African Trypanosomiasis (HAT) patients and healthy endemic controls participating in 

the study 

Collection sites HAT patients    Endemic controls 

 Total Stage I Stage II Parasitology 

Positive blood 

 

D.R.Congo      

Mbuji-Mayi 68 02 66 17 25 

Kinshasa 00 00 00 00 97 

Uganda      

Namungalwe 25 03 22 25 29 

Serere 50 07 43 48 36 

 

 

HAT patients  

Trypanosomes were observed in the blood of 90 out of 143 stage I and II patients. The blood of 117 of 

the 143 was positive by PCR-OC indicating a sensitivity of 81.8% (95% CI of 74.7-87.3%), while we 

observed an overall sensitivity of 90.2% (95%CI: 84.2-94.1%) for NASBA-OC. Of the 187 healthy 

endemic controls, 6 showed a positive PCR-OC result and 2 a positive NASBA-OC result yielding an 

overall specificity of 96.8% (95% CI: 93.2-98.5%) and 98.9% (95% CI: 96.2-99.7%), respectively. While 
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the difference in specificity of both tests was not significant, the Mc Nemar test indicated a significant 

difference in sensitivity (P<0.05). 

 

T. brucei gambiense HAT 

Out of the 68 patients from DRC, 56 were positive by PCR-OC on blood indicating a sensitivity of 82.4% 

(95% CI: 71.6-89.6%). NASBA-OC was positive on blood from 66 of the 68 patients yielding a sensitivity 

of 97.1% (90.0 – 99.2%) which is significantly higher than the sensitivity of PCR-OC (P<0.05). In only 17 

of the 68 patients had parasites been observed in the blood by the reference standard tests. Sixteen out 

of these 17 patients were positive by PCR-OC (94%, 95% CI: 73% - 99%) while all 17 were positive in 

NASBA-OC (100%, 95% CI: 82% - 100%). Of the 47 patients that were parasitologically negative in 

blood but positive in lymph or CSF, 36 were positive by PCR-OC and 45 with NASBA-OC. Four patients 

did not undergo microscopic examination of the blood (trypanosomes observed in other tissues) but 

were all positive by PCR-OC and NASBA-OC. .  

 

T. brucei rhodesiense HAT 

Of the 75 patients from Uganda, 73 had parasites in the blood and 2 only in the CSF as determined by 

the reference tests. Sixty one of the 75 patients were positive by PCR-OC (81.3% 95% CI: 71.1- 88.5%) 

and 63 by NASBA-OC (84%, 95% CI: 74.1-90.6%), which is not significantly higher (P>0.05). Of the 2 

stage II patients with negative parasite detection results in blood, 1 was positive by PCR-OC and both 

by NASBA-OC.  

 

Healthy endemic controls 

One of the 122 endemic controls from DRC and 5 of the 65 endemic controls from Uganda were 

positive by PCR-OC. Hence, the specificity of the test was 99.2% (95% CI: 95.5- 99.9%) and 92.3% 

(95% CI: 83.2- 96.7%), on the specimens from DRC and Uganda respectively. The NASBA-OC was 

positive on 1 endemic control from DRC and 1 from Uganda indicating a specificity of 99.2% (95% CI: 

95.5- 99.9%) and 98.5% (91.8 -99.7%) for DRC and Uganda respectively. These 2 endemic controls 

were also positive in PCR-OC. There was no significant difference in specificities between PCR-OC and 

NASBA-OC (P>0.05).  

Test agreement and differences among centers 

Considering all 330 specimens analysed in this study (143 cases and 187 endemic controls), the two 

tests exhibited a kappa value of 0.85 (95% CI: 0.74 – 0.95). In DRC, the two tests showed a kappa 

value of 0.88 (95% CI: 0.74 – 1.02) and in Uganda a kappa value of 0.8 (95% CI: 0.63 – 0.96). The 

Fisher exact test indicated a significant difference (P<0.05) between the sensitivity of NASBA-OC on 

specimens from DRC and from Uganda, and between the specificities of the PCR-OC for the two 

countries.  



 

 
 

 

Table 6.2. Sensitivities and specificities of the PCR-OC and NASBA-OC on the blood of HAT patients and healthy endemic controls from D.R. Congo (DRC) and Uganda 

  PCR-OC NASBA-OC 

Participants Total No No positive Sensitivity % (95% 

CI) 

Specificity % (95% 

CI) 

No positive Sensitivity % (95% 

CI) 

Specificity % (95% 

CI) 

HAT patients        

Overall 143 117 81.8 (74.7-87.3)  129 90.2 (84.2-94.1)  

DRC 68 56 82.4 (71.6-89.6)  66 97.1 (90.0-99.2)  

Uganda 75 61 81.3 (71.1-88.5)  63 84.0 (74.1-90.6)  

Endemic 

controls 

       

Overall 187 6  96.8 (93.2-98.5) 2  98.9 (96.2-99.0) 

DRC 122 1  99.2 (95.5-99.9) 1  99.2 (95.6-99.9) 

Uganda 65 5  92.3 (83.2-96.7) 1  98.5 (91.8-99.7) 
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When we compared results on the specimens collected in the two health centers in Uganda, we 

observed no significant difference in the specificity of both tests but a significant difference in sensitivity. 

 

Discussion  

This paper reports on the phase II evaluation of T. brucei PCR-OC and NASBA-OC, two innovative 

molecular tests for the diagnosis of HAT [15, 16]. The PCR-OC showed a sensitivity of 82.4% on blood 

from 68 T. brucei gambiense HAT patients from DRC, while the sensitivity on blood from 75 T. brucei 

rhodesiense HAT patients from Uganda was 81.3%. The sensitivity of the test on blood from the 

Congolese HAT patients is promising, since most patients were in the neurological stage and parasites 

were observed in the blood of only 17 patients by the reference tests. One of these 17 patients showed 

a negative PCR-OC result although parasites were detected in the blood by the HCT [12] on 2 

capillaries. The detection threshold of the HCT and PCR-OC were estimated at 500 trypanosomes [20] 

and 5 trypanosomes per ml of blood [15] respectively. As conventional parasite detection is usually 

highly specific, the negative PCR-OC test result might be due to loss of DNA quality during specimen 

transport, storage or nucleic acids extraction. Nevertheless, the observation that 36 out of 47 patients 

whose blood was parasitologically negative were positive by the PCR-OC indicates higher sensitivity of 

the test compared to conventional parasite detection on blood. The 81.3% sensitivity of the PCR-OC on 

the 75 T. brucei rhodesiense HAT patients was unexpectedly low, given the fact that parasites were 

observed in the blood of 73 of the 75 patients. Furthermore, T. brucei rhodesiense infections are 

generally linked with acute HAT and higher parasite load in patient blood. The hypothesis that the PCR-

OC is less sensitive on T. brucei rhodesiense than on T. brucei gambiense is unlikely since we expect 

the DNA target copy numbers in the two subspecies to be in the same range. The observed low 

sensitivity on the HAT cases from Uganda could have been loss of DNA or DNA quality due to 

unsuccessful sample storage or DNA extraction. These samples were collected over a period of two 

years, nucleic acids being extracted and frozen as they were delivered from the rural treatment centers 

to the central laboratories. DNA quality could have been checked by amplifying a part of the human ß-

globin gene [21] but this could be biased by the much higher number of human cells in the specimen. 

Batch to batch variation of the PCR-OC is implausible since extensive quality control was performed on 

the test kits prior to dispatch to trial centers. This highlights a weak point of our study, namely the lack of 

external quality control on a subset of specimens at a central reference laboratory. In addition, test 

executors were not blinded to the participant classification and we did not apply subspecies-specific 

PCRs to confirm the presence of T. b. gambiense and T. b. rhodesiense in the clinical specimens of the 

HAT cases. Although the HAT patients in Uganda were recruited in T. b. rhodesiense areas, infection 

with T. b. gambiense can not be fully excluded since both subspecies are present in this country. 

Another limitation of the study was that each specimen was tested only once with each index test. 

However, both assays have proven to be repeatable and reproducible in a multicentre evaluation study 

comprising 9 different laboratories (Mugasa et al. submitted). 
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The PCR-OC was positive on one of the 122 endemic controls from DRC and on 5 of the 66 endemic 

controls from Uganda. These might be true HAT cases since the sensitivity of the CATT is not 100%, 

confirmed T. brucei gambiense HAT patients with negative CATT have been reported  [8, 9, 22], and 

given the lack of an accurate serological test for T. b. rhodesiense HAT. However, neither DNA 

contamination during nucleic acid extraction or PCR, nor cross-reaction of the test with DNA from other 

organisms can be excluded, although such cross-reactions were not observed during the phase I 

evaluation [15].  

 

The observed higher sensitivity of the NASBA-OC is not unexpected, given that this assay targets the 

18S ribosomal RNA (rRNA) while the PCR-OC targets the 18S rRNA gene. It has been documented 

that the 18S rRNA is present in approximately 10,000 copies, at least 100 times more that the 18S 

rRNA gene copy number [23]. Indeed, in a study to compare quantitative assays, van der Meide et al. 

[24] observed that the RNA amplifying assays such as NASBA and real time reverse transcriptase PCR 

detected lower parasites loads compared to real-time PCR. However, in line with the PCR-OC results, 

the sensitivity of the NASBA-OC on the T. b. rhodesiense HAT specimens is surprisingly low and 

significantly lower than the sensitivity on the T. b. gambiense HAT specimens. Given the general high 

parasite load in the blood of T. b. rhodesiense HAT patients, defects in specimen processing, storage 

and/or transportation are more likely than a lower diagnostic performance of the assay for T. b. 

rhodesiense. Although comparisons between foci should be critically made since specimen collection 

and DNA extraction was done by different persons and in different laboratories, further evaluation 

studies may clarify the observed discrepancy in sensitivity on both subspecies. The NASBA-OC showed 

a higher specificity on the endemic controls compared to PCR-OC. This might indicate that DNA 

contamination during specimen processing is more likely the cause of the low specificity of PCR-OC 

than the presence of true HAT cases among the endemic controls.  

 

Recently, Lutumba and colleagues estimated the effectiveness of the best current diagnostic algorithm 

for T .b. gambiense HAT around 80% (quantified in terms of the number of lives saved) [25]. Hence, the 

observed sensitivities of PCR-OC and NASBA-OC is probably higher than each of the current parasite 

detection tests and could improve this effectiveness. However, one should keep in mind that the PCR-

OC and NASBA-OC are not yet an option for routine diagnosis at the primary care level as they require 

basic molecular biology laboratory facilities [26]. HAT typically affects rural populations in sub-Saharan 

Africa where health centers most often suffer from infrastructural limitations and thus only apply less 

sophisticated diagnostic methods. Yet, these standardized molecular test formats can be valuable tools 

in disease surveillance and epidemiological studies in which specimens are analysed at central 

reference laboratories. In recent years, the loop-mediated isothermal amplification (LAMP) has emerged 

as another isothermal amplification technique for the detection of T. brucei nucleic acids [27,28]. The 
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LAMP is similar to NASBA but amplifies DNA instead of RNA and might be less prone to specimen 

degradation during transport and storage. Although the diagnostic accuracy of LAMP on clinical 

specimens still has to be proven, the technique is promising and comparative evaluation of NASBA and 

LAMP on the same patients and controls would be useful. In this study, we could not evaluate the PCR-

OC and NASBA-OC for disease staging as CSF specimens were not included in the analysis with the 

index tests. Hence, further evaluations of the tests for disease diagnosis and staging are needed. 

 

In conclusion, the sensitivity and specificity of the PCR-OC and NASBA-OC were successfully 

evaluated in a case-control study in DRC and Uganda. The tests showed good sensitivity and specificity 

for T. b. gambiense HAT but a rather low sensitivity for T. b. rhodesiense HAT in Uganda.  
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Abstract 

Objectives: To investigate the diagnostic accuracy of molecular amplification tests for HAT and 

reasons for variation in accuracy amongst HAT diagnostic tests. 

Data Source: Medline from January 1984 to June 2010, tracking references, grey literature. 

Selection criteria: Studies assessing molecular amplification tests for Human African Trypanosomiasis 

(HAT) in patients suspected of HAT using microscopy as the reference test. Articles that report total 

numbers of true positive, false positive, true negative and false negative values or from whose results 

these values can be calculated.  

Methods: Study quality was assessed using the QUADAS list and selected studies were analysed 

using the bivariate random effects model. 

Results: 19 articles (38 studies) evaluating molecular amplification tests fulfilled the inclusion criteria, 

and 11 articles (15 studies) were included in the meta-analysis. Summary sensitivity for PCR on blood 

was 99.6% (95% CI 88.5 to 99.9) and the specificity was 97.9% (95% CI 90.3 to 99.50). Different types 

of PCR, differences in study design and target did not significantly change these estimates. Results for 

NASBA tests could not be pooled because the studies were too few, but the sensitivity ranged between 

89% (95% CI 75 to 96) and 97% (95% CI 85 to 100), and specificity between 14% (95% CI 0 to 58) and 

99% (95% CI 96 to 100).   

Conclusion: Based on this review, PCR analysis on blood may be adopted for routine HAT diagnosis 

as an alternative to microscopy without need for further assessment of accuracy. No conclusion could 

be made on the accuracy of NASBA tests because there were too few studies, therefore more studies 

may be needed to precisely assess the diagnostic accuracy of these particular molecular amplification 

tests and determine their added value to both PCR and microscopy.  
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Introduction  

Human African trypanosomiasis (HAT), also known as sleeping sickness, is a parasitic disease caused 

by single-celled, eukaryotic protozoa called trypanosomes. Two subspecies of T. brucei namely T. b. 

gambiense and T. b. rhodesiense, cause the disease in West and Central and in East Africa 

respectively (1, 2). It is estimated that 50,000 to 70,000 people become infected by HAT annually (3). 

The reference standard diagnostic test for HAT is microscopy, whereby demonstration of parasites in 

the body fluids confirms active infection (3). Microscopy is a compelling diagnostic tool due to its high 

specificity, ease of use, lack of cold chain, lack of electricity requirements and hence ability to be taken 

into rural areas where HAT exists. However, its lack of sensitivity (approximately 10,000 parasites/ml for 

wet blood film examination) means that many patients may not be positively diagnosed (false negative) 

as has been reported by Jamonneau et al., 2000 (4). Only with concentration methods such as 

microhaematocrit centrifugation (5), quantitative buffy coat technique (QBC) (6) and mini-anion-

exchange centrifugation technique (mAECT) (7, 8) can microscopy detect parasitaemia as low as 100 

parasites/ml.  Irrespective of the low sensitivity, microscopy still remains the basis of HAT diagnosis, 

disease staging and after-treatment follow-up because this method is 100% specific.  

 

HAT comprises two stages of disease; stage one affects the blood, lymph and peripheral organs; stage 

two occurs when parasites enter the central nervous system. Currently, staging of HAT is achieved by 

microscopic examination of cerebrospinal fluid (CSF) for presence of parasites and an increased white 

blood cell (WBC) count (9). Patients with stage one HAT should be treated with pentamidine (T.b. 

gambiense) or suramin (T. b. rhodesiense), drugs that cause only mild side effects (10). On the other 

hand, stage two drugs must be able to cross the blood brain barrier (BBB); melarsoprol is the most 

commonly administered drug for treatment of this stage but it causes severe adverse effects including 

reactive encephalopathy with sometimes fatal outcome (11). It is therefore, crucial to reduce false 

positives and therefore wrong treatment by accurate stage determination and appropriate treatment. 

 

Recently, a range of molecular amplification techniques have been developed for the diagnosis of HAT, 

with polymerase chain reaction (PCR) at the forefront (12-19). These tests are not commonly used in 

endemic areas due to the necessity of continuous electricity, trained staff, sophisticated equipment, and 

the requirement of a cold chain. Isothermal reactions such as loop-mediated isothermal amplification 

(LAMP) (20, 21) and nucleic acid sequence-based amplification (NASBA) (22, 23) have also been 

proposed for the diagnosis of HAT. These diagnostic tests may be more applicable for HAT diagnosis 

because they do not require the expensive equipment and post-amplification handling requirements that 

are imposed by PCR testing. If the available molecular amplification diagnostic tests are to be safely 

used to support HAT diagnosis, they must have high diagnostic sensitivity as well as specificity to 

ensure that the dangers of wrong treatment are avoided.  
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As laboratory strengthening in endemic areas increases, it is expected that the applicability of molecular 

tests will increase. However, careful evaluation of these tests against the current reference standard, 

microscopy, must precede implementation. Therefore we have investigated the published diagnostic 

accuracy of molecular amplification tests for HAT compared to microscopy. Furthermore, we 

investigated reasons for variation in accuracy amongst HAT diagnostic tests. 

 

Methodology 

Identification and selection of studies using standardised quality assessment criteria  

Abstracts of study articles published between the 1st of January 1984 and the 21st of June 2010 were 

identified electronically in Medline. Unpublished data were sought from scientific conference abstract 

books, symposia, books and experts (Institute of Tropical Medicine, Antwerp, Belgium; Makerere 

University Kampala, Uganda and Centre International de Recherche-Dévelopement sur l’Elevage en 

Zone Humide, Bobo Dioulasso, Burkina Faso). The reference lists of included studies were checked to 

identify additional studies for inclusion. 

 

We searched PubMed with a combination of the following search terms as MeSH (Medical subject 

headings) terms or free text words;  "polymerase chain reaction", "pcr", "self-sustained sequence 

replication", “Nucleic acid sequence based amplification”, "NASBA", “Loop-mediated isothermal 

amplification”, “LAMP”, Nucleic Acid Amplification Techniques", “Trypanosoma". (see Table: SEARCH 

STRATEGY). In order to minimise chances of missing relevant studies, search filters were not used in 

the search as recommended by earlier studies, (24). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Search strategy 

 
 ((("polymerase chain reaction"[MeSH Terms] OR ("polymerase"[All Fields] AND "chain"[All Fields] AND 

"reaction"[All Fields]) OR "polymerase chain reaction"[All Fields] OR "pcr"[All Fields]) OR ("self-sustained 

sequence replication"[MeSH Terms] OR ("self-sustained"[All Fields] AND "sequence"[All Fields] AND 

"replication"[All Fields]) OR "self-sustained sequence replication"[All Fields] OR "nasba"[All Fields]) OR "lamp"[All 

Fields]) OR ("Nucleic Acid Amplification Techniques"[Mesh])) OR "Proteomic fingerprint"[All fields] OR 

("Proteomic"[All Fields] AND "Fingerprint"[All Fields]) OR "Proteomic analysis"[All Fields] OR ("Proteomic"[All 

Fields] AND "Analysis"[All Fields]) AND ((("Trypanosoma"[Mesh]) OR (Trypanosoma[tw])) NOT 

("Animals"[MeSH] NOT ("Humans"[MeSH] AND "Animals"[MeSH]))) 
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Study selection was conducted by two authors independently (CM and EA), in the case of 

disagreements a third author (either KB or ML) acted as a mediator. First, articles were selected on 

basis of title only, after which the abstracts of remaining articles were printed and assessed. Final 

inclusion was based on the full text. Inclusion criteria were: any diagnostic accuracy study designs (case 

series, case-control, cohort, cross-sectional); use of a gold standard (microscopy) and at least one 

molecular amplification index test; data extraction in the form of either sensitivity or specificity or both (or 

data to derive this information from), and evaluation of human clinical samples. We excluded all review 

articles, articles that were only about non-HAT trypanosomes, articles that only concentrated on tsetse 

flies, animal studies, only analysed non clinical samples, articles about serological tests, and those 

articles that are not about diagnostic tests.  

 

 
Figure 7. 1. A flow chart showing the selection procedure of the study 
 

 

Articles selected for screening abstract 
(n=124) 

Studies that are potentially relevant from 
electronic searches of Medline (n=568) 

Excluded after reading title only (n= 449) 
 

Elimination by abstract (n=70)  
- Reviews/short reports (n=15), 
- tsetse fly studies (n=8), 
- animal studies (n=12),  
- no clinical samples (n=11),  
- serological tests (n=4), 
- cell biology (n=20) 

Articles selected for full text screening 
(n=55) 

Articles selected for systematic review 
(n=19) 

Eliminated after reading full text (n=36) 

Reference of reviews 
and of eligible articles 
(n=1)  

Inclusion/exclusion criteria 

Articles selected for (Meta-) analysis (n=11), 
comprising of 15 two-by two tables  

Gray literature (n= 5) 
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Articles that were included in the systematic review were those that fulfilled the inclusion criteria, 

whereas articles that were included in the meta- analysis were those where both the sensitivity and 

specificity could be calculated. 

 

Data-extraction and quality assessment 

Data for two-by-two tables, data about patient spectrum and data about quality were extracted 

independently from the included articles by two researchers (CM and EA) and recorded onto a standard 

form. Discrepancies were resolved by mediation of a third researcher (ML or KB). Quality assessment 

was based on QUADAS (Quality Assessment of Diagnostic Accuracy studies) (25). In articles where 

more than one set of diagnostic test results were reported, the accuracy of each set was recorded and 

analysed individually in separate two-by-two tables.  

 

Data analysis 

In order to summarise the data in the most clinically relevant way, we analysed the following subgroups; 

i) molecular test ii) detection methods of index test, iii) type of clinical material assessed (blood, lymph 

node aspirate, cerebrospinal fluid (CSF)), iv) target gene of index test and v) infecting T. brucei 

subspecies. Variation in index test results was assessed by considering the disease and study 

characteristics such as study type.  

We generated forest plots of the sensitivity and specificity simultaneously, and generated receiver-

operating characteristic (ROC) plots for results generated in studies. Hierarchical receiver-operating 

characteristic summary (HSROC) plots were used to summarize diagnostic test accuracy results, 

provide a summary estimate and to allow investigation of differences between tests and if/how they 

relate to study characteristics (26, 27).  For the meta-analysis we excluded articles in which we could 

not develop a two-by-two contingency table and studies that concentrated on staging of the disease and 

not for accuracy.  

 

Results 

The electronic search yielded 568 articles, reference tracking yielded one article and 5 articles were 

identified from grey literature (see figure 7.1).  Nineteen (19) articles were selected for inclusion in the 

systematic review; they varied in sample size from 34 to 1858 patients (median 69). The reference test 

used for diagnosis of HAT was microscopy of trypanosomes in blood, lymph node aspirate or 

cerebrospinal fluid (CSF). The index tests used were all molecular amplification tests; PCR (n=14), 

NASBA (n=3) and LAMP (n=2).  

 

Table 7.1 shows the characteristics of the 15 studies included in the meta analysis. In the review there 

were 10 case-control studies, 5 diagnostic studies, 2 case series, and two studies designed to  



 

 

 

 
 

 Table7.1: characteristics of studies included in the meta-analysis. The capital bold letters between brackets, i.e. (A) or (B), refer to different data sets that have 
been used for the review. These sets may differ in clinical specimen studied, target gene or amplification technology applied. 
 
Article ID Sample size Index 

test  
Target  Copy 

number 
Infecting 
Subspecies  

Detection 
Level  

Clinical 
sample  

Study design 

Matovu et al., (A) 2010b 330 PCR-OC 18SrDNA 100  T.b.g/T.b.r Species Blood Case control 
Deborggraeve et al., 2006 104 PCR-OC  18SrDNA 100 T.b.g Species Blood Case control 

Picozzi et al., (A) 2005 263 PCR SRA gene 1 T.b.r Subspecies Blood Case control 
Koffi et al., 2006 501 PCR  Satellite DNA 15,000  T.b.g Species Blood Diagnostic 
Penchenier et al., 2000 1858 PCR Satellite DNA 15,000 T.b.g Species Blood Diagnostic 
Solano et al., 2002 75 PCR Satellite DNA 15,000  T.b.g Species Blood Diagnostic 
Kyambadde et al., (A) 2000 35 PCR Satellite DNA 15,000  T.b.g Species Blood Case series 
Radwanska et al., 2002a 51 PCR TgsGP gene 1 T.b.g Subspecies Blood Case series 
Picozzi et al., (B) 2005 123 PCR TgsGP gene 1 T.b.g Subspecies Blood Case control 
Kabiri et al., 1999 59 PCR ESAG 6/7 20 T.b.g Species Blood Diagnostic 
Kyambadde et al., (B) 2000 34 PCR  Satellite DNA 15,000 T.b.g Species CSF Case series 
Matovu et al., (B) 2010b 330 NASBA-

OC 
18S rRNA   10,000 T.b.g/T.b.r Species Blood Case control 

Mugasa et al., (A) 2009 63 NASBA-
OC 

18S rRNA 10,000  T.b.g/T.b.r Species Blood Case control 

Mugasa et al., (B) 2009 51 NASBA-
OC 

18S rRNA 10,000 T.b.g/T.b.r Species CSF Case control 

Mugasa et al., 2008 59 NASBA-
RT 

18S rRNA  10,000  T.b.g/T.b.r Species Blood Case control 

T.b.r- Trypanosoma brucei rhodesiense, T.b.g- Trypanosoma brucei gambiense  
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determine stage of HAT. Thirteen studies tested blood and 2 studies tested CSF, while in twelve studies 

the index test was species specific, three were subspecies specific. Two out of 15 studies used frozen 

samples (liquid nitrogen), the others tested fresh samples (4-20°C).  

 

General quality of study reports 

The patient spectrum was not representative in six out of 19 studies, this may lead to a bias and the 

criteria used in selection of the patients was only clearly described in 5 of the 19 studies (items 1 and 2 

of the QUADAS checklist). The reference standard (microscopy) that was used in all articles correctly 

classified the target condition (HAT). Similarly, in all articles the reference standard was completed 

independently of the index test (item 7 of QUADAS) and the execution of the later was sufficiently 

described (item 8) in all articles except one: Penchenier et al., 2000 (28). Most of the studies reported 

efforts to prevent partial and differential verification (items 5 and 6 respectively) of results and in all 

studies there was no incorporation bias (item 7).  In all articles, all the samples were subjected to the 

reference test, except in one article (34) where some patients were selectively chosen for microscopy, 

this study was not included in the subsequent meta-analysis None of the articles presented information 

on whether the results of the reference standard were interpreted without knowledge of the index test 

results or vice versa (items 10 and 11 of QUADAS). The aspect of withdrawals (item 14) was not 

applicable for many of the studies, as most were case-controls and cross-sectional designs; only 1 

article (29) explained why the patients were excluded from the study (see Table 7.2).  

 

Diagnostic accuracy of molecular amplification tests for HAT 

Eleven articles were included in the meta- analysis, of which fifteen two-by-two contingency tables were 

extracted (Table 7.1). Out of the 8 studies that were excluded, sensitivity or specificity could not be 

calculated in 6 studies, and 2 studies were about staging HAT and not diagnostic accuracy. Sensitivity 

and specificity of each study are presented in a forest plot (Figure 7.2). Overall, the sensitivity ranged 

from 82% (95% CI 75 to 88) to 100% (95% CI 98 to 100) while specificity ranged from 14% (95% CI 0 to 

58) to 100% (95% CI 95 to 100).  

 

PCR based tests 

Ten studies analysed PCR in blood; their pooled sensitivity was 99.6% (95% CI of 88.5 to 99.9) and the 

pooled specificity was 97.7 (95% CI of 90.3 to 99.5) as shown in Table 7.3. Only one study analyzed 

PCR in CSF (37) and had the lowest specificity (62%). 

There were 2 PCR-OC tests (32, 40) with a sensitivity of 82% and 100% and specificity of 97% and 

100% respectively. When these tests were excluded from a meta-analysis the PCR-OC had a summary 

sensitivity of 99.4% (95% CI 97.4 to 99.9) and specificity of 95.5 (95% CI 88.2 to 99.0). 
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Figure 7.2: Overview of all 2 by 2 tables with forest plot (TP = true positives; FP = false positives; FN = false negatives; TN = true negatives; CSF = cerebrospinal fluid; PCR = 
polymerase chain reaction; NASBA = nucleic acid sequence based amplification; OC = oligochromatography; RT = real-time). Capital A or B refers to different set of data from 
the paper. These sets may differ in clinical specimen studied, target gene or amplification technology applied. See table 1 for the study characteristics 

Study

Matovu 2010b (A)

Deborggraeve 2006

Picozzi(A) 2005

Koffi 2006

Penchenier 2000 

Solano(A) 2002

Kyambadde(A) 2000

Radwanska 2002 

Picozzi(B) 2005

Kabiri 1999 

Kyambadde(B), 2000

Matovu 2010b (B)

Mugasa(A) 2009

Mugasa(B) 2009

Mugasa 2008

TP

117 

26

231 

36

154 

26

14

14

91

20

13

129 

35

39

31

FP 

6

0

0

47

53

4

6

0

0

1

8

2

11

6

10

FN

26

0

0

2

1

0

0

0

0

3

0

14

1

5

2

TN 

181 

78

32

416 

1650 

45

15

37

32

35

13

185 

16

1

16

Blood versus CSF

blood

blood

blood

blood

blood

blood

blood

blood

blood

blood

CSF

blood

blood

CSF

blood

Test type

PCR-OC 

PCR-OC 

PCR

PCR

PCR

PCR

PCR

PCR

PCR

PCR

PCR

NASBA-OC

NASBA-OC

NASBA-OC

NASBA RT

Sensitivity

0.82 [0.75, 0.88]

1.00 [0.87, 1.00]

1.00 [0.98, 1.00]

0.95 [0.82, 0.99]

0.99 [0.96, 1.00]

1.00 [0.87, 1.00]

1.00 [0.77, 1.00]

1.00 [0.77, 1.00]

1.00 [0.96, 1.00]

0.87 [0.66, 0.97]

1.00 [0.75, 1.00]

0.90 [0.84, 0.95]

0.97 [0.85, 1.00]

0.89 [0.75, 0.96]

0.94 [0.80, 0.99]

Specificity 

0.97 [0.93, 0.99]

1.00 [0.95, 1.00]

1.00 [0.89, 1.00]

0.90 [0.87, 0.92]

0.97 [0.96, 0.98]

0.92 [0.80, 0.98]

0.71 [0.48, 0.89]

1.00 [0.91, 1.00]

1.00 [0.89, 1.00]

0.97 [0.85, 1.00]

0.62 [0.38, 0.82]

0.99 [0.96, 1.00]

0.59 [0.39, 0.78]

0.14 [0.00, 0.58]

0.62 [0.41, 0.80]

Sensitivity

0 0.2 0.4 0.6 0.8 1

Specificity

0 0.2 0.4 0.6 0.8 1
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Table7.2 Summary of QUADAS results of the quality of the HAT diagnostic accuracy study articles. 
 
Reference number  30 23 22 22 31 32 33 34 35 29 18 36 28 37 15 38 39 40 41 
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1. Representative Patient Spectrum? 1 1 0 0 1 0 1 0 0 1 0 1 1 1 1 1 1 1 1 
2. Selection criteria clearly described? 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 1 
3. Appropriate Reference Standard?  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
4. Time interval short enough? 1 1 1 1 U 1 1 U 1 1 1 1 1 1 1 1 1 U 1 
5. Partial verification prevented? 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 
6. Differential verification prevented? 1 1 1 U 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 
7. No incorporation bias? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
8. Index test described well? 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 
9. Reference standard described well? 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 1 1 
10. Index test blinded for reference standard? U U U U U U U U U U U U U U U U U U U 
10. Reference standard blinded for index test? U U U U U U U U U U U U U U U U U U U 
12. Same clinical data available as in practice? U 1 0 0 U 0 1 U 1 1 1 1 1 1 U 1 1 0 1 
13. Reporting of intermediate results? n.a n.a 1 1 n.a 1 1 n.a 1 1 1 n.a 1 1 1 1 n.a n.a 1 
14. Reporting of withdrawals? n.a n.a n.a n.a n.a n.a n.a n.a n.a 1 n.a n.a n.a n.a n.a n.a n.a n.a n.a 
 
n.a- not applicable; U- unclear response 
0=No, 1=Yes 
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Table7.3. Meta analysis for PCR tests done on blood, a comparison     (sensitivity meta-analyses for PCR tests tested on blood samples) 

 n=  Sensitivity (Se) Se 95% CI Specificity (Sp) Sp 95% CI 
All PCR tests together on blood 10 99.6% 88.5 to 99.9 97.7% 90.3 to 99.5 
PCR tests on blood, excluding PCR-OC 8 99.4% 94.7 to 99.9 96.5% 88.2 to 99.0 
PCR tests on blood targeting satellite DNA 4 98.3% 93.8 to 99.5 91.7% 82.5 to 96.3 
PCR tests, excluding PCR-OC on T.b.g. in blood  7 99.1% 93.6 to 99.9 95.3% 87.7 to 98.3 
PCR tests done on blood, excluding case control studies+ 4 97.5%      89.8 to 99.4 94.5% 90.0 to 97.0 
      
*+ Analysis done in SAS instead of STATA OC;  Oligochromatography T.b.g. Trypanosoma brucei gambiense;  

 

Table 7.4. Specific microscopic techniques used as reference standard 

Study Microscopic examination 

 Thick 
smear 

Lymph wet 
smear 

mAECT HCT QBC Single centrifugation of 
CSF 

Double centrifugation of CSF 

Mugasa et al., 2008 X  X X    
Mugasa et al., 2009 X   X  X  
Matovu et al.,(grey) X X X X    
Kyambadde et al., 2000   X X   X 
Picozzi et al., 2005*        
Solano et al., 2002  X X     
Penchenier et al., 2000  X   X   
Kabiri et al., 1999*        
Radwanska et al., 2002   X     
Koffi et al., 2006  X X     
Deborggraeve et al., 2006*        
        
*- microscopic technique was not specified 
mAECT = mini-anion-exchange centrifugation technique, HCT = haematocrit centrifuge technique ; QBC = quantitative buffy coat technique ; CSF = cerebrospinal fluid 



 Chapter 7  

  

 

Diagnostic accuracy study for molecular amplif icat ion tests for Human 
Afr ican Trypanosomiasis – A systematic review 

 

The included studies varied in: i) target gene of index test ii) infecting T. brucei subspecies and iii) 

clinical sample used and iv) study design (Table 7.1). We were also interested in the role of varying 

reference standard performance in the variation of diagnostic accuracy; unfortunately, these could not 

be quantitatively assessed as there were not enough studies to pool the results.  

 

NASBA based tests 

Four studies assessed a NASBA assay, three studies assessed NASBA combined with 

Oligochromatography (NASBA-OC) and one study (22) a real-time NASBA assay (RT-NASBA). Three 

studies were performed on blood and one was on CSF.  

All of the NASBA studies were case-control studies. The sensitivity of NASBA based tests ranged from 

89% to 97% and their specificity showed a very large range from 14% to 99% (see Figure 7.3b). The 

four studies were too heterogeneous (different samples, i.e. blood versus CSF, different index tests, i.e. 

OC, RT) and therefore their results could not be pooled. The sensitivity did not range much for these 

different studies; however the specificity seemed to range more based on both RT versus OC, and 

blood versus CSF.  

 

Target of the index test 

PCR was performed on four different targets: TgsGP gene (34, 17)  and SRA gene (34), both  occurring 

in 1 copy per trypanosome, ESAG 6/7 genes (15) that occur in 20 copies per trypanosome and the 

177bp satellite DNA occurring in approximately 15,000 copies was used in the remaining four PCR 

studies (35, 28, 32, 22). Of the 5 studies completed on satellite DNA, 1 was on CSF, leaving 4 studies 

on blood to be pooled. Sensitivity remained high at 98.3% (95% CI 94.7 to 99.9; and the specificity was 

91.7% (95% CI 88.2 to 99.0) as shown in Table 7.3.  

PCR-OC and the NASBA assays were done using the 18SrDNA and 18SrRNA as targets for the index 

tests. These targets exist in 100 and 10,000 copies per parasite respectively.  

 

Infecting subspecies 

Of the eight PCR studies on blood one tested T. b. rhodesiense (33) and seven for T. b. gambiense (15, 

17, 32, 34, 35, 36, 37) as shown in Table 7.1.  

Analysis of the T. b. gambiense studies together resulted in a sensitivity of 99.1% (95% CI 93.6 to 99.9) 

and a specificity of 95.3% (95% CI 85.3 to 98.5). The pooled sensitivity remains unchanged, and the 

pooled specificity is slightly lower when removing the T. b. rhodesiense study and the confidence 

intervals became wider. 
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Figure 7.3: All study results presented in a receiver-operating curve; all test types are presented here 
(PCR, PCR-OC, PCR RT; NASBA-OC; NASBA RT).  
 
 

 

 

 

Clinical sample used 

Measuring trypanosomes in blood or in CSF may relate to a different target condition (stage I versus 

stage II sleeping sickness), we therefore deemed it not appropriate to include studies on CSF and on 

blood together. As every test (PCR or NASBA) was evaluated only once in CSF, these studies could not 

be pooled at all. However, Kyambadde et al., 2000 (37) demonstrated that PCR on CSF showed similar 

sensitivity but lower specificity than studies on PCR in blood. Similarly, Mugasa et al., 2009 (23) showed 

decreased sensitivity of NASBA-OC on CSF, and much lower specificity than NASBA studies on blood. 

Both studies show small sample sizes (23, 37).  

 

Study design 

Of the eight PCR studies done on blood, four were consecutive suspects diagnostic accuracy studies, 

the other four were either case control studies or case series. When we analysed the remaining four 

PCR studies on blood, the sensitivity showed a small but not significant reduction 97.5% (95% CI 89.8 
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to 99.4) and specificity of 94.5% (95% CI 90.0 to 97.0); sensitivity and specificity remain high (see 

Figure 7.3a). 

 

 

Figure 7.4: All PCR tests done on blood Meta analysis (including OC, excluding CSF) 
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Point estimates: This is a graphical representation of the results from meta-analysis presented on a 
summary receiver operating characteristic (SROC) plot.  The display includes: a summary point showing 
the summary Sensitivity (SE)  99.6% and Specificity (Sp)  97.7%; a confidence contour outlining the 
confidence region for the summary point; and the HSROC curve from the hierarchical summary ROC 
(HSROC) model. 
 
 

Reference standard 

Microscopy was the reference standard used in this review, however there were variations in performing 

the technique (Table 7.4). There were many combinations of microscopy used in these studies; from 

these results we did not see any direct differences in the diagnostic accuracy of the index tests based 

on the microscopy-combination employed. In all, there was not enough data on this aspect to run a 

sensitivity analysis.  
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Discussion and conclusion 

Molecular tests have been sought after as a more sensitive method of diagnosing HAT, however the 

accuracy of these tests for diagnosis has not yet been fully verified. In order to better guide adoption of 

these tests as supportive, replacement or add-on diagnostic tests, systematic reviews where data from 

multiple studies can be pooled and analysed, are necessary to determine if the available data supports 

the use of these tests in practice. In this systematic review we aimed to assess the quality of primary 

test accuracy studies of HAT, as well as to interpret the accuracy results of the diagnostic tests. 

Generally, molecular amplification tests that are used for HAT diagnosis are employed to support 

microscopy results and not as replacement tests. For the molecular tests to replace microscopy, they 

must not only have high sensitivity, but must have equally high specificity. Thus, in this review we 

investigated the diagnostic accuracy of molecular amplification diagnostic tests for HAT using 

microscopy as the reference and the potential reasons for variation in accuracy.  

 

In this review, our search yielded few (n=19) original studies of diagnostic test accuracy in HAT. This 

may have been due to the poor indexing of diagnostic studies (24, 42), but may also be a true indication 

of the extent of research on diagnostic tests for HAT, further testimony that this is a neglected disease. 

The molecular amplification tests used for HAT diagnosis in this review included PCR, LAMP, and 

NASBA of which the majority are PCR tests. The potential sources of variation that we discussed in this 

review included type of molecular test, type of administration of the test, (i.e. conventional, OC, RT), 

type of microscopy used, clinical sample used, type of study design, quality of studies and the target of 

interest. We could not account for all of these in our pooled analyses due to the small number of studies 

found, and because we have only pooled data homogeneous enough to substantiate it. 

Studies analysing LAMP were not included in meta-analysis, as we could not calculate both diagnostic 

sensitivity and specificity. Studies analysing NASBA were too heterogeneous and few for their results to 

be pooled, so the results of the individual studies were discussed separately. Hence, only the results of 

PCR have been pooled in this review.  

 

The ten studies that analyzed PCR tests on blood, had a summary sensitivity of 99.6% (95% CI 88.5 to 

99.9) and a specificity of 97.7% (95% CI 90.3 to 99.5). Different types of PCR (for example when 

removing the PCR-OC tests) and the differences in study design (for example, excluding all case-

controls studies) did not significantly change these estimates. This implies that application of OC 

detection system in PCR does not lead to variation in the sensitivity of the test, although more studies 

on diagnostic accuracy need to be carried out to substantiate the practical implication of using OC 

instead of gel electrophoresis. The two studies done on PCR-OC were both case-control studies and 

could experience an overestimation. To determine the robustness of these results, they must be 

replicated in the future in consecutive suspect patients’ diagnostic accuracy studies. If these results are 
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shown to be robust, then this could potentially have a substantial impact of the application of PCR; as 

this simple and fast detection method could be adopted and used widely in HAT diagnosis to replace 

the cumbersome, lengthy and potentially harmful gel detection of PCR products (43, 32).  

 

The sensitivity analysis of PCR tests that targeted satellite DNA only yielded relatively lower (91.7%) 

specificity compared to all PCR tests pooled together although the difference is not significant. The 

other targets (SRA, TgsGP and ESAG 6/7) employed in the various studies could not be analysed 

together due to few studies per target. This lower specificity is unexpected since this target gene is 

highly conserved among the Trypanozoon trypanosomes of which only Trypanosoma brucei species 

cause HAT (12).  

 

To explore the role of study design in variation of PCR test accuracy, we excluded the case-control 

studies from the pooled estimates;   the sensitivity and specificity results did not differ from the overall 

pooled values of PCR on blood. This implies that study design did not cause variation in test accuracy, 

despite suggestions that case control studies tend to lead to overestimation of test accuracy (44, 45)  

 

In this review we found only one study that analysed T. b. rhodesiense, thus concluding that more 

studies on the diagnostic accuracy on this subspecies are necessary. Two studies (37, 23) analysed 

CSF, these two studies showed the lowest specificity. This lower specificity may be because the 

molecular tests detect parasite nucleic acid (R/DNA) rather than the living parasites, therefore may 

detect circulating trypanosome nucleic acid that may have leaked from the blood through the blood–

brain barrier or alternatively, originate from non-surviving parasites as a consequence of the suboptimal 

CSF survival environment (46). On the other hand, the false positive results may indeed be true positive 

cases if microscopy actually missed to detect the trypanosomes in CSF as would be in case there is 

time lapse between lumbar puncture and microscopy, since trypanosomes become less mobile and 

may start to lyse within 10 minutes, thus making their detection by microscopy difficult (46, 42).  

This implies that CSF may not be a reliable clinical sample for initial HAT diagnosis but rather for 

staging the disease (severity of disease based on presence of parasite in CSF) and hence treatment 

choice, as is the clinical application (38, 29) and presently advised by the World Health Organization (3). 

 

From pooled PCR tests on blood, we found both high sensitivity and specificity indicating that the PCR 

based tests are at least as good as microscopy. Although microscopy is not a perfect diagnostic test 

(43, 48), it is still the test to guide therapy due to its high specificity (3) because the drugs used for 

treatment may have side effects (49, 11). If our results reflect the true situation in the field, then using 

the PCR instead of microscopy would mean that of all the patients that would be treated on basis of a 

positive microscopy, only 0.7% would be missed. This means that if we expect annually 1000 suspected 
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patients of HAT and that of these 20% (mean prevalence from the consecutive suspect patient 

diagnostic studies presented in this review) indeed have HAT, the PCR would miss 1 to 2 patients per 

year. On the other hand, of the 80 patients not having HAT, 1% will be treated unnecessarily, meaning 

approximately 1 patient unnecessarily treated per year. As it is generally believed that PCR based tests 

are able to detect lower numbers of parasites than microscopy (15, 28, 39) the question remains 

whether this one patient is unnecessarily treated, being truly false positive or may be a real patient and 

rightly treated, because of the more sensitive PCR test. The high sensitivity exhibited by PCR is to be 

expected as this technology is able to amplify a small amount of DNA thus making detection of very low 

numbers of parasites feasible (40, 50). This is very relevant in HAT infections where the parasitaemia 

may be notoriously low, such as early infections or in T. b. gambiense infections (4). PCR may also be 

used to detect HAT in early stage and allow for timely treatment thereby prevention of disease 

progression to the more fatal and difficult to treat second stage (29, 38).  

Microscopy was used as a reference test in this review, despite reports of low sensitivity (48), and thus 

may have incorrectly classified patients. However, due to the highly toxic treatment administered to HAT 

patients, World Health Organization recommends that patients be treated only after demonstration of 

parasites in body fluids (9). In this review we considered that the reference test was 100% accurate and 

therefore accurately classified the tested patients in the various studies. However according to previous 

studies, microscopy has been estimated to miss 20-30% positive HAT cases especially in T. b. 

gambiense infections where the parasitaemia may be as low as 100- 1000 parasites per ml. (51, 52). 

From a practical point of view, with the relatively low sensitivity of microscopy, it may be that the index 

tests correctly classify patients and non patients that have been incorrectly classified by the reference 

standard. In such cases the accuracy of the index test is underestimated. However theoretically, if there 

are any disagreements between the reference standard and the index test then it is assumed that the 

index test is incorrect (53). This has however a risk, because patients may be denied treatment on the 

basis of negative microscopy, despite being infected. 

Therefore, a question arises from this systematic review, as to whether microscopy alone should remain 

the gold standard for diagnostic accuracy studies of HAT, or should we look for additional options, i.e. 

several tests as the references standard together or even when following-up patients. Diagnostic 

accuracy studies always suffer from the fact that the index test by definition can never be better than the 

reference standard, even in circumstances where the reference standard used is not perfect (i.e. not a 

gold standard) as is the case for HAT. To overcome possible effects of an imperfect reference standard 

on clinical decisions, correcting or constructing the reference test by combining multiple tests may be 

done (54). 

 

From this review we conclude the following; i) PCR tests have acceptably high specificity and sensitivity 

for diagnosis of HAT using blood samples. ii) although many potential sources of variation in PCR test 
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accuracy have been highlighted, we have not seen any real variation present. iii) currently little can be 

inferred about the accuracy of the NASBA tests nor their potential causes of variation. iv) to assess 

diagnostic accuracy of molecular amplification tests for HAT diagnosis further studies must be 

performed in populations with comparable demographic characteristics with  standardised setup, study 

design and execution in order to gain more insight in the performance of the various tests and whether 

they can be employed broadly.  

 

In conclusion, a range of sensitive molecular diagnostic tests of HAT have been developed since the 

advent of PCR more than two decades ago, but these tests have been confined to research laboratories 

only. This means that the HAT patients that need these tests actually do not benefit from them, despite 

the favourable accuracy they exhibit. Based on the diagnostic accuracy results in this review, PCR 

analysis on blood may be employed as an alternative reference standard for the diagnosis of first stage 

HAT. The employment of PCR as an alternative diagnostic test will be one step closer to combat HAT, a 

global plan of World Health Organization (55).  
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Kinetoplastid parasites cause disease in plants, animals and in humans and severely affect health and 

impede development of agriculture in developing countries where these parasites are endemic. Human 

African Trypanosomiasis (HAT) is inevitably fatal if not treated, and leishmaniasis may not be fatal in 

some forms (cutaneous and mucocutaneous), while the visceral form is highly fatal if left untreated or 

treated inadequately.  In order to improve treatment outcome, early and proper diagnosis is important. 

This can not be over emphasized in HAT where treatment is dependant on the stage of the disease. 

The laboratory diagnosis of leishmaniasis and HAT is routinely done by microscopy, but due to technical 

and operational limitations of this technique, these diseases can be missed and patients denied 

treatment. To improve case finding, more sensitive diagnostic tests are required and one such option is 

the application of molecular tests. Molecular diagnostics, in particular PCR, have taken centre stage in 

diagnosis of various infectious diseases. However, the application of PCR in the diagnosis of 

leishmaniasis and HAT still lags behind due to resource poor laboratories in the deprived rural areas 

where these diseases are endemic. Therefore, the possible application of molecular tests in resource 

poor laboratories will require at least simplification of these tests to circumvent the need for expensive 

sophisticated equipment and possibly electricity. This thesis describes the development and 

simplification of molecular amplification tests for the diagnosis of kinetoplastid diseases, and their 

evaluation for use as confirmatory tools in disease endemic regions.  

 

The first step in the development of a sensitive molecular test that can enhance HAT case finding was 

the development of a real-time nucleic acid sequence-based amplification assay (NASBA) based on 

amplification and concurrent detection of small subunit rRNA (18S rRNA) of Trypanosoma brucei, which 

is described in chapter 2 of this thesis. The sensitivity of the assay was evaluated on nucleic acids from 

in vitro cultured parasites and blood spiked with various parasite quantities. The assay detected 10 

parasites/ml using cultured parasites as well as spiked blood.  

 

A sensitive assay such as the real-time NASBA has the potential to become an alternative tool to 

confirm diagnosis of human African trypanosomiasis. However, despite good analytical sensitivity and 

specificity, this technique may not be implemented in HAT control programs due to high cost of 

necessary equipment. Therefore in chapter 3, a simplified technique, oligochromatography (OC), was 

applied for the detection of amplification products of T. brucei 18S rRNA by NASBA. The T. brucei 

NASBA-OC test had analytical sensitivity of 1 - 10 parasites/ml on nucleic acids extracted from parasite 

culture and 10 parasites/ml on spiked blood. The test showed no reaction with non-target pathogens or 

with blood from healthy controls. When NASBA-OC was compared to the composite standard applied in 

the study, i.e., parasitological confirmation of a HAT case by direct microscopy or by microscopy after 
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concentration of parasites using either a microhematocrit centrifugation technique or a mini-anion-

exchange centrifugation technique, the developed test showed a sensitivity of 73.0% (95% confidence 

interval [CI:] 60 to 83%) on blood samples, while standard expert microscopy had a sensitivity of 57.1% 

(95% CI: 44 to 69%). On cerebrospinal fluid samples, NASBA-OC had a sensitivity of 88.2% (95% CI: 

75 to 95%) and standard microscopy had a sensitivity of 86.2% (95% CI: 64 to 88%). The simplified 

NASBA-OC test can be employed in field laboratories, because it does not require a thermocycler; a 

simple heat block or a water bath maintained at two different temperatures is sufficient for amplification. 

Furthermore, the employed read-out system is very simple in use, extremely rapid (less than 10 

minutes) and does not produce toxic waste products.This readout system is comparable to CATT which 

takes 5 minutes to read the results. 

 

Chapter 4 describes the development and evaluation of NASBA-OC to detect Leishmania parasite RNA 

in clinical specimens of visceral leishmaniasis patients from East Africa (n = 30) and of cutaneous 

leishmaniasis cases from South America (n = 70) and appropriate control samples. The test yielded 

analytical sensitivities of 10 parasites/ml of spiked blood, and 1 parasite/ml of culture material. 

Diagnostic sensitivity of NASBA-OC for leishmaniasis was 93.3% (95% CI: 76.5-98.8%) and specificity 

was 100% (95% CI: 91.1-100%) on blood samples, while sensitivity and specificity on skin biopsy 

samples was 98.6% (95% CI: 91.2-99.9%) and 100% (95% CI: 46.3-100%), respectively.  

 

The NASBA-OC showed promising accuracy results for diagnosis of HAT and leishmaniasis as reported 

in chapters 3 and 4. However before a test can be implemented or even be evaluated on a large sample 

size, it has to be evaluated for repeatability and reproducibility. In chapter 5, four simplified molecular 

assays for the diagnosis of Trypanosoma brucei spp. or Leishmania spp. were evaluated in a 

multicentre ring trial with seven participating laboratories. The tests are based on PCR or NASBA 

amplification of the nucleic acids of parasites followed by rapid read-out by oligochromatographic 

dipstick (PCR-OC and NASBA-OC). Two tests are thus available for HAT: Tryp-PCR-OC and Tryp-

NASBA-OC. Two other tests are available for leishmaniasis: Leish-PCR-OC and Leish-NASBA-OC. On 

purified nucleic acid specimens, the repeatability and reproducibility of the tests were as follows: Tryp-

PCR-OC, 91.7% and 95.5%; Tryp-NASBA-OC, 95.8% and 100%; Leish-PCR-OC, 95.9% and 98.1%; 

Leish-NASBA-OC, 92.3% and 98.2%. On blood specimens spiked with parasites, the repeatability and 

reproducibility of the tests were as follows: Tryp-PCR-OC, 78.4% and 86.6%; Tryp-NASBA-OC, 81.5% 

and 89.0%; Leish-PCR-OC, 87.1% and 91.7%; Leish-NASBA-OC, 74.8% and 86.2%. As repeatability 

and reproducibility of the tests were satisfactory, further phase II and III evaluations in clinical and 

population specimens from disease endemic countries are recommended. 
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A phase II evaluation of PCR-OC and NASBA-OC for the diagnosis of HAT is presented in Chapter 6. 

Both tests were evaluated in a case-control design on 143 HAT patients and 187 endemic controls from 

the Democratic Republic of Congo (DRC) and from Uganda. The overall sensitivity of PCR-OC was 

81.8% (95% confidence interval [CI]: 74.7- 87.3%) and the specificity was 96.8% (93.2-98.5%). The 

PCR-OC showed a sensitivity and specificity of 82.4% (95% CI: 71.6-89.6%) and 99.2% (95% CI: 95.5-

99.9%) on the specimens from DRC and 81.3% (95% CI: 71.1-88.5%) and 92.3% (95% CI: 83.2-96.7%) 

on the specimens from Uganda. NASBA-OC yielded an overall sensitivity of 90.2% (95% CI: 84.2-

94.1%), and a specificity of 98.9% (95% CI: 96.2% - 99.7%). The sensitivity and specificity of NASBA-

OC on the specimens from DRC was 97.1 (95% CI: 90.0- 99.2%) and 99.2% (95% CI: 95.6-99.9%) 

respectively. For the specimens from Uganda a sensitivity of 84.0% (95% CI: 74.1-90.6%) and a 

specificity of 98.5% (95% CI: 91.8-99.7%) was observed. The tests showed satisfactory sensitivity and 

specificity for the T. b. gambiense HAT in DRC but  a rather low sensitivity for T. b. rhodesiense HAT in 

Uganda. The latter could have resulted from loss of DNA quality during preparation or the long storage. 

The sensitivity and specificity were generally higher for NASBA-OC than PCR-OC. These tests need to 

be evaluated in a larger scale study with freshly prepared nucleic acids to fully elucidate their potential 

as HAT diagnostics. 

 

A number of molecular amplification tests for HAT diagnosis have been developed in various studies 

and varying accuracy results are reported. In Chapter 7, the diagnostic accuracy of molecular 

amplification tests for HAT was reviewed as well as reasons for variation in accuracy amongst tests. 

Relevant articles were identified in Medline from January 1984 to June 2010, by reference tracking and 

from the “grey” literature. The studies assessed the diagnostic accuracy of molecular amplification tests 

of HAT in case-control, cross sectional and cohort studies compared to microscopy as the reference 

standard. Fifteen studies were included in the systematic review and 10 studies in the meta-analysis. 

Ten PCR (including PCR and PCR-OC) studies were pooled with a sensitivity of 99.6 (95% CI 88.5 to 

99.9%) and specificity of 97.7 (95% CI 90.3 to 99.5%). The accuracy of NASBA tests could not be 

pooled because the studies were too few, but the sensitivity ranged between 89.0% (95% CI: 75 to 

96%) and 97% (95% CI: 95% CI 85 to 100%), and specificity between 14% (95% CI 0% to 58%) and 

99% (95% CI: 96 to 1.00). The PCR tests showed a high sensitivity compared to microscopy. This 

systematic review was also able to determine that this high sensitivity was coupled with an equally 

acceptable specificity. The PCR accuracy results on blood were generally homogeneous among the 

studies and therefore allow for the results to be generalized. Based on this review, PCR may be 

adopted for routine HAT diagnosis as an alternative to microscopy without need for further assessment 

of accuracy. No conclusion could be made on the accuracy of NASBA tests because there were too few 

studies, therefore more studies may be needed to precisely assess the diagnostic accuracy of these 

molecular amplification tests and determine their added value to both PCR and microscopy.  
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Samenvatting 

 

Parasieten uit de klasse Kinetoplastida kunnen ziekten veroorzaken in planten, dieren en mensen 

(trypanosomiasis en leishmaniasis). In ontwikkelingslanden waar de parasieten endemisch voorkomen 

kunnen zij de volksgezondheid ernstig bedreigen en de ontwikkeling van landbouw beperken. De 

Afrikaanse slaapziekte, ook wel “Human African Trypanosomiasis” (HAT) genoemd, is altijd dodelijk als 

het niet behandeld wordt. Sommige vormen van de ziekte leishmaniasis zijn niet dodelijk (de cutane en 

de muco-cutane vorm) maar de viscerale vorm is zeer dodelijk indien het niet of niet goed wordt 

behandeld. 

Om de prognose van behandeling te verbeteren is vroege en goede diagnostiek belangrijk. Dit kan niet 

genoeg benadrukt worden in het geval van HAT waar de behandeling afhangt van het stadium waarin 

de ziekte zich bevindt. De laboratorium diagnose van leishmaniasis en HAT wordt normaalgesproken 

gedaan met microscopie, maar door technische en operationele beperkingen van deze techniek kunnen 

deze ziekten gemist worden, waardoor de patiënt geen of geen goede behandeling ontvangt. Om het 

opsporen van deze zieken te verbeteren is gevoeligere diagnostiek nodig en een van de mogelijkheden 

is het gebruik van moleculaire testen. Moleculaire diagnostiek, in het bijzonder PCR, is zeer belangrijk 

geworden in de diagnose van verschillende infectieziekten. Echter, de toepassing van PCR voor de 

diagnose van leishmaniasis en HAT in hoog endemische gebieden blijft achter als gevolg van de 

beperkte voorzieningen in de lokale veldziekenhuizen. Om deze gevoelige diagnostiek beter 

toegankelijk te maken voor de lokale ziekenhuizen zal op zijn minst een versimpeling van de testen 

nodig zijn en zal dure, ingewikkelde apparatuur en mogelijk ook het gebruik van elektriciteit vermeden 

moeten worden. Dit proefschrift beschrijft de ontwikkeling en versimpeling van moleculaire amplificatie 

testen voor de diagnose van ziekten veroorzaakt door parasieten van de klasse Kinetoplastida en de 

evaluatie van deze diagnostica in gebieden waar leishmaniasis en trypanosomiasis endemisch zijn.  

 

De eerste stap in de totstandkoming van een gevoelige moleculaire test die de opsporing van patiënten 

met HAT kan verbeteren was de ontwikkeling van een real-time Nucleic Acid Sequence Based 

Amplification assay (NASBA). Deze test is gebaseerd op amplificatie en gelijktijdige detectie van het 

small subunit rRNA (18S rRNA) van Trypanosoma brucei en is beschreven in hoofdstuk 2 van dit 

proefschrift. De sensitiviteit van de test is geëvalueerd op nucleïne zuren van in vitro gekweekte 

parasieten en bloed waaraan verschillende hoeveelheden parasieten zijn toegevoegd. De test 

detecteerde 10 parasieten /ml zowel in de monsters met gekweekte parasieten als in het bloed waaraan 

de parasieten waren toegevoegd.  

 

Een gevoelige test zoals de real-time NASBA is in potentie een alternatief voor andere diagnostische 

testen die Afrikaanse slaapziekte detecteren. Echter, ondanks een goede analytische gevoeligheid, is 
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het moeilijk om deze test te implementeren in HAT controle programma’s vanwege de hoge kosten en 

de benodigde apparatuur. Daarom wordt er in hoofdstuk 3 een versimpelde techniek, 

olichochromotography (OC), gebruikt voor de detectie van de NASBA amplificatie producten van T. 

brucei 18S rRNA. Deze T. brucei NASBA-OC test had een analytische gevoeligheid van 1-10 

parasieten/ml op nucleïne zuren geëxtraheerd uit parasietenkweek en 10 parasieten/ ml op bloed waar 

parasieten aan waren toegevoegd. De test liet geen reactie zien met andere ziekteverwekkers en met 

bloed van gezonde proefpersonen. Vergelijking van NASBA-OC met standaard-diagnostiek (directe 

microscopie of microscopie middels micro-hematocriet centrifugatie of mini-anion-exchange 

centrifugatie) was de sensitiviteit van de ontwikkelde test met bloed monsters 73,0% (95% 

betrouwbaarheids interval [CI:] 60 tot 83%) terwijl die van de standaard microscopie slechts 57.1% was 

(95% CI: 44 tot 69%). De sensitiviteit van NASBA-OC op liquor monsters was 88,2% (95% CI: 75 tot 

95%) die van standaard microscopie 86.2% (95% CI: 64 to 88%). De versimpelde versie van de 

NASBA-OC kan toegepast worden in locale veldlaboratoria want deze heeft geen ingewikkelde 

apparatuur zoals een “thermocycler” nodig. Een simpel waterbad dat op twee temperaturen kan worden 

ingesteld is voldoende voor de amplificatie. Daarnaast is het gebruikte afleessysteem zeer makkelijk te 

gebruiken, extreem snel (minder dan 10 minuten) en levert geen toxisch afval op.  

 

Hoofdstuk 4 beschrijft de ontwikkeling en evaluatie van NASBA-OC voor de detectie van het RNA van 

de Leismania parasiet in klinisch materiaal van patiënten met viscerale leishmaniasis uit oost Afrika 

(n=30), patiënten met cutane leishmaniasis uit Zuid Amerika (n=70) en geschikte controle monsters. De 

test gaf een analytische gevoeligheid van 10 parasieten/ml in bloed monsters waar parasieten aan 

waren toegevoegd en 1 parasiet/ml in kweek materiaal. De diagnostische gevoeligheid van de NASBA-

OC voor leishmaniasis in bloed monsters was 93.3% (95% CI: 76.5-98.8%) en de specificiteit 100% 

(95% CI: 91.1-100%). De sensitiviteit en specificiteit op huidbiopten was respectievelijk 98.6% (95% CI: 

91.2-99.9%) en 100% (95% CI: 46.3-100%). 

  

De NASBA-OC heeft veelbelovende, nauwkeurige resultaten voor de diagnose van HAT en 

leishmaniasis laten zien zoals is beschreven is in hoofdstuk 3 en 4. Maar voordat een test 

geïmplementeerd of geëvalueerd kan worden op een grote groep monsters moet er eerst gekeken 

worden naar de herhaalbaarheid en reproduceerbaarheid van de test. In hoofdstuk 5 zijn 4 versimpelde 

moleculaire testen voor de diagnose van Trypanosoma brucei spp. of Leishmania spp. geëvalueerd in 

een “multicentre ring trial” waaraan 7 verschillende laboratoria hebben meegedaan. De testen waren 

gebaseerd op PCR of NASBA amplificatie van de nucleïne zuren en de resultaten werden vervolgens 

afgelezen met behulp van de snelle oligochromatography dipstick. (PCR-OC en NASBA-OC). Voor HAT 

zijn er dus twee testen beschikbaar: Tryp-PCR-OC en Tryp-NASBA-OC. Voor leishmaniasis zijn twee 

andere testen beschikbaar: Leish-PCR-OC en Leish-NASBA-OC. De herhaalbaarheid en 
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reproduceerbaarheid van de testen op pure nucleïnezuurmonsters waren als volgt: Tryp-PCR-OC, 

91.7% en 95.5%; Tryp-NASBA-OC, 95.8% en 100%; Leish-PCR-OC, 95.9% en 98.1%; Leish-NASBA-

OC, 92.3% en 98.2%.  

Op bloed waar parasieten aan waren toegevoegd waren de herhaalbaarheid en reproduceerbaarheid 

als volgt: Tryp-PCR-OC, 78.4% en 86.6%; Tryp-NASBA-OC, 81.5% en 89.0%; Leish-PCR-OC, 87.1% 

en 91.7%; Leish-NASBA-OC, 74.8% en 86.2%. Hieruit bleek dat de herhaalbaarheid en 

reproduceerbaarheid van de testen goed was en verdere fase II en III studies kunnen worden 

aangeraden.  

 

In hoofdstuk 6 wordt een fase II evaluatie van de PCR-OC en NASBA-OC voor de diagnose van HAT 

beschreven. Beide testen werden uigevoerd in een zogenaamd case-control opzet waarbij 143 HAT 

patiënten en 187 endemische controles uit de Democratische Republiek van Kongo (DRC) en uit 

Oeganda werden getest. De sensitiviteit van alle diagnostische monsters bij elkaar voor de PCR-OC 

was 81.8% (95% CI: 74.7- 87.3%) en de specificiteit 96.8% (93.2-98.5%). Als alleen naar de monsters 

van de DRC gekeken wordt, dan is de sensitiviteit en specificiteit respectievelijk 82.4% (95% CI: 71.6-

89.6%) en 99.2% (95% CI: 95.5-99.9%). Voor de monsters uit Oeganda geldt een sensitiviteit en 

specificiteit van respectievelijk 81.3% (95% CI: 71.1-88.5%) en 92.3% (95% CI: 83.2-96.7%). NASBA-

OC gaf een totale sensitiviteit van 90.2% (95% CI: 84.2-94.1%), en een specificiteit van 98.9% (95% CI: 

96.2% - 99.7%). De sensitiviteit en specificiteit van de NASBA-OC op de monsters van DRC was 

respectievelijk 97.1 (95% CI: 90.0- 99.2%) en 99.2% (95% CI: 95.6-99.9%). Voor de monsters uit 

Oeganda was de sensitiviteit 84.0% (95% CI: 74.1-90.6%) en de specificiteit 98.5% (95% CI: 91.8-

99.7%).  

De testen lieten een goede sensitiviteit en specificiteit voor T. b. gambiense HAT in de DRC zien maar 

een vrij lage sensitiviteit voor T. b. rhodesiense HAT in Oeganda. Dit laatste zou kunnen komen door 

verslechterde DNA kwaliteit tijdens het isoleren ervan of tijdens de langdurige opslag. De sensitiviteit en 

specificiteit van NASBA-OC waren over het algemeen hoger dan die van PCR-OC. Deze testen moeten 

verder geëvalueerd worden in grotere studies met vers materiaal om zo de mogelijkheden van deze 

vorm van HAT diagnose volledig op te helderen.  

 

Er zijn verschillende moleculaire amplificatie testen ontwikkeld voor de diagnose van HAT. In de vele 

publicaties daarover worden veelal verschillende waardes betreffende de precisie van de test genoemd. 

In hoofdstuk 7 is de diagnostische precisie van moleculaire amplificatie methoden voor de detectie van 

HAT bestudeerd. Daarnaast is gekeken naar de oorzaken van deze gerapporteerde variaties. 

Relevante artikelen werden nagezocht middels een zoekopdracht in Medline naar publicaties tussen 

januari 1984 en juni 2010, door middel van het nakijken van referenties en zogenaamde “grijze 

literatuur”. Deze studies onderzochten de diagnostische precisie van moleculaire amplificatie testen 
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voor HAT in case-control studies, cross sectionele en cohort studies in vergelijking met microscopie 

(referentiestandaard). Vijftien studies werden in het systematic review bestudeerd en 10 studies konden 

worden bekeken in de meta-analyse.  

Tien studies over PCR (inclusief PCR-OC) gaven een gepoolde sensitiviteit van 99,6% (95% CI 88.5 to 

99.9%) en een specificiteit van 97.7% (95% CI 90.3 to 99.5%). De precisie van NASBA kon niet 

samengenomen worden omdat daar niet voldoende studies voor waren. De sensitiviteit lag tussen 

89.0% (95% CI: 75 to 96%) en 97% (95% CI: 95% CI 85 to 100%), en de specificiteit tussen 14% (95% 

CI 0% to 58%) en 99% (95% CI: 96 to 1.00). De PCR testen lieten in vergelijking met microscopie een 

hoge sensitiviteit zien. Dit systematic review kon ook aantonen dat deze hoge sensitiviteit gekoppeld 

was aan een even zo goede specificiteit. De precisie van de resultaten op bloed monsters was over het 

algemeen in alle studies hetzelfde waardoor het mogelijk is om deze resultaten te generaliseren. Op 

basis van dit review zou PCR gebruikt kunnen worden als alternatief voor microscopie voor de routine 

diagnostiek van HAT zonder dat het nodig is om de precisie van PCR verder te evalueren. Er konden 

geen conclusies getrokken worden over de precisie van NASBA omdat daar te weinig studies voor 

beschikbaar waren. Om de precisie van de NASBA testen exact te beoordelen zullen er meer studies 

gedaan moeten worden die dan ook duidelijk kunnen maken wat de toegevoegde waarde is van deze 

test ten opzichte van microscopie en PCR.  
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