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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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