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Abstract: Human African trypanosomiasis (HAT; also termed as sleeping sickness) is a parasitic disease caused by 

African trypanosomes belonging to the genus Trypanosoma, species brucei. Diagnosis usually involves screening of 

populations using serological tests, confirmation of infection by parasitological demonstration of trypanosomes in 

body fluids, and subsequent staging of the disease which ultimately determines the treatment to be administered. 

This means that diagnosis should be both accurate and timely. Diagnosis is however limited by lack of specific, 

accurate and field applicable tools. This review focuses on the currently applied serological tests for diagnosis of 

sleeping sickness, highlighting their merits and limitations, and discuses the emerging advances in the 

serodiagnosis of this neglected tropical disease. Improved diagnostic tools specific for HAT will certainly 

contribute towards the successful elimination of the disease from sub-Saharan Africa 
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1.    INTRODUCTION 

Human African trypanosomiasis (HAT or sleeping sickness) is a neglected tropical disease caused by two sub species of 

Trypanosoma brucei; T. b. gambiense and T. b. rhodesiense. The single celled extracellular eukaryotic parasites are 

transmitted by tsetse flies of the genus Glossina. T. b. gambiense is responsible for the insidious, chronic form of the 

disease (Gambian HAT) in central and western Africa, while T. b. rhodesiense causes a severe, acute form of the disease 

(Rhodesian HAT) in east and central Africa [1]. The geographic distribution of the two forms of the disease could 

however change leading to an overlap of the diseases in Uganda [2]–[4]. In both forms of the disease, progression occurs 

in two distinct clinical manifestations; the early stage (also termed as haemolymphatic stage) characterized by the 

proliferation of the parasites in blood, lymph and body tissues, and the second/ late stage (meningo-encephalitic stage) 

which occurs when trypanosomes cross the blood brain barrier and spread to the central nervous system [5], [6].  

Trypanocidal drugs in current use are dependent on the stage of the disease and the trypanosome subspecies involved [7]. 

Drugs in routine clinical use include pentamidine and suramin for T. b. gambiense and T. b. rhodesiense early stage 

disease treatment respectively, while eflornithine/ D,L-alpha-difluoromethylornithine (DFMO) (T. b. gambiense) and 

melarsoprol (both trypanosome species) are administered for late stage disease  [8]. The drugs are however old, toxic 

(none of these drugs would currently be approved by the Food and Drug Administration [9], and, in addition, melarsoprol 

has been linked with post treatment reactive encephalopathy (PTRE) [6], [10], an acute condition which leads to death in 

5% of patients to whom it is administered to. Furthermore, the drugs are becoming ineffective due to the emergence of 

trypanosome strains that are resistant [11], [12]. The introduction of Nifurtimox-Eflornithine Combination Therapy 

(NECT) in 2009 for treatment of second stage T. b. gambiense HAT has been shown to be less toxic and more effective 

compared to eflornithine only treatment regimen in a preclinical study conducted in Congo [13]. Other compounds are 

currently under various stages of development or clinical trials [14]. With no chemoprophylaxis and vaccines available for 

African trypanosomiasis, there is need for timely and accurate diagnosis and stage determination for proper drug 

treatment. 
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Sleeping sickness diagnosis is a multi-procedural complex component in sleeping sickness control, and mainly involves 

screening populations at risk of infection (passive or active screening), parasitological confirmation of trypanosomes in 

body fluids, followed by staging of the disease prior to commencement of treatment [15], [16]. Presently, sleeping 

sickness diagnosis includes examination of clinical presentations, parasitological demonstration by microscopy, molecular 

amplification of trypanosome subspecies specific nucleic acids and serological assays targeting trypanosome specific 

antibodies or antigens. Parasitological demonstration of parasites in body fluids offers concrete confirmation of infection, 

and is considered as the reference/gold standard in the diagnosis of the disease by the World Health Organization (WHO) 

[15]. However, as trypanosomes are in low quantities especially in T. b. gambiense infections, serological tests are relied 

upon for active population screening before confirmation by microscopy following concentration of the parasites in the 

body fluids. Molecular detection tests are highly sensitive, but are limited by cost, inapplicability in field environments 

where constant electricity supply in seldom assured, and the need for qualified personnel. This review describes the most 

commonly applied serological tests available for sleeping sickness detection, and discuses new and emerging advances in 

the serological diagnosis of sleeping sickness.  

2.    CURRENT SERODIAGNOSTIC TESTS FOR HAT 

African trypanosomes are exclusively extracellular parasites covered by a dense surface coat monolayer, the variable 

surface glycoprotein (VSG) [17], which shields invariant surface antigens from immune detection [18]–[20]. This surface 

glycoprotein coat is highly immunogenic, and forms a potential sero-diagnostic candidate for trypanosome detection.  

However, trypanosomes undergo antigenic variation, a mechanism which involves change of the VSG to an antigenically 

different one [21], [22]. The parasite’s genome has 1000 - 2000 alternative and highly diverged surface antigen genes and 

pseudogenes, of which only a single one is expressed in any individual trypanosome cell [23]. Studies have shown that 

despite the high diversity of expressed antigenic variants due to antigenic variation, some VATs are produced more 

frequently than others i.e. are predominantly expressed [24]–[26]. Most tests for screening populations at risk in T. b. 

gambiense prone foci are based on antibody detection against the trypanosomes’ surface coat, the variable surface 

glycoprotein. There are three commonly used antibody-antigen detection tests available for HAT diagnosis, namely; the 

Card Agglutination Test for Trypanosomiasis (CATT/ T. b. gambiense or wb-CATT) developed by Magnus and colleagues 

[27], the LATEX/ T. b. gambiense test [28] and ELISA/ T. b. gambiense developed in 1998 by Lejon and colleagues [29]. 

Other serological tests include indirect fluorescent antibody test (IFAT), the card indirect agglutination test for 

trypanosomes (CIATT) and the immune trypanolytic test (TL).  

CATT/T. b. gambiense and its variants: 

The card agglutination test for trypanosomiasis (CATT) is a serological test for diagnosis of Gambian HAT developed in 

1978 by Magnus and colleges [27]. CATT is the most widely used test applied for both passive and active of populations 

in T. b. gambiense endemic foci due to its simplicity and cost effectiveness. This test is based on a single lyophilized 

laboratory adapted strain of T. b. gambiense expressing predominantly expressed variable antigenic type (VAT) designated 

LiTat 1.3 on the parasites surface. Applied on whole blood, plasma or serum, the CATT/ T. b. gambiense is used in active 

screening of populations at risk, and seropositive cases are further confirmed by parasitological examination.  

Mass production of trypanosomes expressing the variable antigenic type LiTat 1.3 antigen is achieved by culturing the 

parasites in laboratory rodents and the blood stream stage of the parasite extracted from the blood; a process which puts 

laboratory staff at risk of infection [30]. The harvested parasites expressing VAT LiTat 1.3 are fixed, stained with 

Coomassie blue before being lyophilized [15]. The kit consists of the antigen reagent, a control sera and a rotator; and 

operates by mixing blood and PBS-resuspended antigen reagent in equal volumes (one drop each), the mixture is rotated 

at 60 rpm for 5 minutes using the rotator and the results analyzed by viewing, and the reported sensitivity and specificity 

of this test is 87-98% and 95% respectively [15]. CATT on diluted blood is more cost effective than on whole blood 

(CATT/wb), but its slight complication makes it rather difficult to perform under field conditions [31].  

Adaptation of this test to permit the utilization of minute amounts of dried blood samples on filter papers or diluted blood 

i.e. the Micro-CATT test, is a variant of the CATT/T. b. gambiense serological mass screening test and was recommended 

by WHO for mass screening due to its affordability [32]. This test uses micro-volumes, unlike the classical CATT/T. b. 

gambiense test (a fifth of the standard quantities of antigen and sample). This test is however less sensitive than the 

classical CATT/T. b. gambiense especially when the FP eluate is older than a day or stored at 4°C [33], [34]. Coupled to 

http://www.researchpublish.com/


                                                                                                                                                  ISSN 2348-313X (Print) 
International Journal of Life Sciences Research      ISSN 2348-3148 (online) 

Vol. 4, Issue 1, pp: (114-123), Month:  January - March 2016, Available at: www.researchpublish.com 
 

   Page | 116  
Research Publish Journals 

the decrease in sensitivity with time, micro-CATT also suffers from difficulties in interpreting agglutination test results 

due to the micro volumes used in this test [33], [34]. 

CATT on blood impregnated on filter papers (CATT-FP) was developed at the Department of Parasitology of the Prince 

Leopold Institute of Tropical Medicine, Antwerp (ITMA), is an improvement of the micro-CATT, and involves using a 

higher volume of the FP eluate (30 µL). CATT-FP has also to enable the screening of populations in areas outside active 

screening radius [33]. The maiden test evaluation of this test was carried out in south-Sudan in Kajo-Keji County, and 

compared well with CATT on plasma, showing a sensitivity of 94% on parasitologically confirmed cases. More so, the 

CATT-FP test illustrated that samples could be stored at ambient temperatures (25-34 °C) and under refrigeration (2-10 

°C) for upto fourteen days to eight weeks without loss of sample integrity [33], unlike micro-CATT test whose sensitivity 

decreased with time. This can be attributed to the strict dry storage of the filter papers impregnated with blood, ensuring 

integrity of the blood samples.  

Another alternative to the classical CATT/T. b. gambiense test, the CATT-EDTA test [35] is an improvement of the 

classical CATT/T. b. gambiense test; the EDTA (10mM) incorporated in the reaction buffer helps reduce complement 

mediated prozone effect, increasing the sensitivity of CATT. Active complement present in freshly collected blood inhibits 

the agglutination reaction leading to the formation of a prozone common in classical CATT test [36]. Dilution of blood 

also helps increase the specificity of the CATT-EDTA test (Jamonneau et al., 2000). The CATT-EDTA test was evaluated 

in a preliminary study conducted in Cote d’Ivoire [36], and showed a higher specificity (94.6%) compared to that of 

CATT/T. b. gambiense (92.5%).  

A limitation of CATT/ T. b. gambiense screening tests is the observed absence of VAT LiTat 1.3 in some T. b. gambiense 

foci e.g. Cameroon [37], leading to false negative results. In a study carried out in Fontem, Cameroon, it was observed 

that the LiTat 1.3 gene was not expressed by T. b. gambiense strains, while a LiTat 3 like gene, expressed by some strains, 

elicited antibodies which could not be detected by the CATT test [37]. This lowers the sensitivity of the CATT/T. b. 

gambiense in such areas where LiTat 1.3 is not expressed.  

Card Indirect Agglutination Test for Trypanosomiasis (CIATT): 

The card indirect agglutination test for trypanosomiasis (CIATT) or TrypTect CIATT
® 

 is a latex agglutination test for both 

T. b. gambiense and T. b. rhodesiense infection first described in 1997 by [38]. This test, unlike the other tests previously 

described, detects trypanosome antigens circulating in the bloodstream using a monoclonal antibody specific to an 

invariant internal antigen present in both human infective T. brucei subspecies [38] - the antibody is coupled to latex 

particles, forming the reaction reagent. The assay involves mixing on the test card equal volumes (50 µl) of test reagent 

and serum/ plasma, and after two minutes of incubation the test card is tilted and rotated, macroscopically showing 

presence of agglutination when the test sample is positive.  

Analysis of parasitologically confirmed 244 T. b. gambiense samples from Uganda and Côte d'Ivoire, and 132 T. b. 

rhodesiense samples from Uganda by the CIATT illustrated that the test was highly sensitive, recording 95.8 % and 97.7 

% sensitivities for T. b. gambiense and T. b rhodesiense infections respectively [38]. The antibody coupled to latex 

particles did not agglutinate with 193 negative sera samples assayed, illustrating the high specificity of this test (100 % 

specificity). This study also showed that the CIATT was more sensitive than some parasitological tests done in parallel 

(lymph node aspirates, mAECT, mHCT and CSF single and double centrifugation techniques). However, this test could 

not detect minute antigens in circulation, necessitating the need to test suspect cases after one to two weeks [38].  

Antigen detection tests enable detection of active infection, unlike antibody detection tests which can detect persistent 

antibodies still in circulation months after the infection has been cleared due to treatment or self cure. This means that the 

CIATT can be used in post treatment follow-up, and the ability to assess post treatment follow up with finger prick blood 

could eliminate the need for lumber puncture, a painful and intrusive method undergone by patients during post treatment 

follow ups.  

LATEX/T. b. gambiense: 

The LATEX/T. b. gambiense utilizes the combination of three predominant VATs, namely LiTat 1.3, LiTat 1.5 and LiTat 

1.6 (VAT G16/6) of bloodstream T. b. gambiense parasites. The incorporation of three VATs predominantly expressed 

during T. b. gambiense infection broadens the geographic user-range of this test.  
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Partially purified antigens are adsorbed on latex particles/beads, and equal amounts of diluted blood samples are mixed 

with the latex reagent and spread onto a 1.5 cm reaction zone with a dark background (Jamonneau et al., 2000). Agitating 

the card at 70 rpm for five minutes enables the antigens to agglutinate with the VAT specific antibodies present in the 

blood, which are visible as white macroscopic agglutinations [28], [39]. 

The specificity of LATEX/T. b. gambiense test was reported to be 98.1% in a study conducted in Cote d’Ivoire. Despite 

being highly specific, test requires qualified personnel, is time consuming and the requirement of microplates complicates 

its application in the field setting [36]. In addition, mixing more than one antigen in the same reaction reagent reduces the 

reactivity of the individual antigens in the final mixture, reducing the sensitivity of the test.  

Enzyme-linked immunosorbent assay (ELISA): 

The enzyme-linked immunosorbent assay (ELISA) is an immunological test that indirectly demonstrates the presence of 

an infecting parasite in body fluids. In contrast to CATT and LATEX tests, ELISA makes use of markers to enable the 

detection/visualization of antigen–antibody complexes.  

ELISA has been used in the serodiagnosis of sleeping sickness to detect anti-trypanosome specific antibodies in serum 

and CSF [29] or saliva [40]. ELISA has also found application in the staging of the disease, as anti-trypanosome specific 

antibodies or cerebrospinal IgM immunoglobulin whose levels are elevated in the CSF during infection [41]–[43].  

Trypanosome antigens are prepared by infecting laboratory rodents, and the trypanosomes are collected by differential 

centrifugation, resuspended in saline, lysed via sonication and centrifuged to remove insoluble cell debris [44]. The test 

antigens (crude or pure) are adsorbed on microplates at different dilution factors, and diluted sera/CSF added. An enzyme 

conjugate (antigen specific antibody conjugated to an enzyme such as alkaline phosphatase or horse radish peroxidase) 

subsequently added followed by the enzymes substrate. The optical density is read at a specific wavelength, with the 

extinction value obtained being a measure of the quantity of enzyme-labeled immunoglobulin bound to the antigen – 

antibody complex [45]. 

ELISA/T. b. gambiense is highly sensitive [45] and specific (98.5%) [31], cost effective and has acceptable 

reproducibility. However, this test suffers from variable sensitivities, and can only be applied in reference centers with 

highly skilled technicians, who are more often lacking in poor remote areas. In addition, cross reactions with antibodies 

from patients infected with Leishmaniasis is a concern, leading to false positives (Knapen et al., 1977). A sensitive micro-

ELISA for T. b. rhodesiense is also described by [46], but this test too suffers from cross reaction by antibodies specific 

to, and antigens of Leishmania donovani and T. cruzi.  

An antigen based ELISA for sleeping sickness diagnosis is also described, which is sensitive and not limited by cross 

reactions with sera collected from patients infected with common tropical diseases. In addition, detection of trypanosome 

specific antigens circulating in the body fluids provides direct evidence of active infection [47]. Using a monoclonal 

antibody elicited against invariant surface protein at the procyclic stage of the parasites, [48] describes an indirect ELISA 

tool for diagnosis of Rhodesian HAT. In this study, the antigen ELISA was 100% specific, and 90% sensitive, and could 

also detect six samples which were parasitologically negative. However, this test could not detect some parasitologically 

confirmed cases, a limitation attributable to low amounts of antibody produced or during early stages of the disease [48].  

Immune trypanolysis test (TL): 

The immune trypanolysis test (TL), is an antibody-compliment mediated serological test that detects antibodies raised 

against specific VATs, revealing/demonstrating prior contact with the parasite. The variable glycoprotein surface coat of 

the trypanosomes, being highly immunogenic, elicits an immune response by the host’s immune system which involves 

the production of antibodies specific to the VATs. These antibodies are able to opsonize, agglutinate and lyse circulating 

trypanosomes [49]. This test can only be applied in reference laboratories, limiting its field applicability.  

Immune trypanolysis test involves the intravenous inoculation of 10
7 

mouse adapted bloodstream trypanosome clones 

expressing predominantly expressed VATs and a control VAT in complement rich cavia serum. Human plasma sample 

(25 µL) is mixed with 25 µL of complement rich serum, and 50 µL of 10
7
 trypanosomes/mL suspension prepared from 

adapted bloodstream form trypanosomes in mice added. The micro-plates are mixed and incubated at room temperature 

for one and a half hours, and the reaction mixture examined under a phase contrast microscope [50].  
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In 1990, Isharaza and Van Meirvenne described a trypanolysis test for the detection of T. b. rhodesiense antibodies in 85 

sera samples collected from Uganda [51]. The study used a panel of twelve T. b. rhodesiense specific VATs (ETat 1/1, 

1/2, 1/3, 1/10, 1/14, 1/18, 1/19, UTat 3/1, 3/7, 1/1 and 4/1) and one control VAT (AnTat 25/1). All the assayed VATs 

were able to detect all the seropositive sera samples albeit with varying proportions. In combination, three of the VATs 

i.e. ETat 1/1, ETat 1/4 and UTat 1/1 showed positive reactions with all sera samples infected with T. b. rhodesiense. 

However, some parasitologically positive sera were missed by the assayed VATs; this can be attributed to low levels of 

anti VAT specific antibodies in circulation [51].  

Another study by Van Meirvenne and colleagues is described, where a panel of twelve predominantly expressed T. b. 

gambiense VATs were used (LiTat 1.1 to LiTat 1.10, and AnTat 11.17 and AnTat 11.20), and a control from T. b. 

rhodesiense; ETatR1 [49]. This study was highly specific (100%) in different studies conducted in T. b. gambiense 

endemic countries such as Equatorial Guinea, Côte d'Ivoire, Gabon, Congo, Uganda (north west part of the country), 

Zaire, Sudan and Nigeria. However, the sensitivities vary depending on the sera dilution factor [49]. In addition, some of 

the VATs included in this study were absent in some countries, narrowing the geographical user range of the test.  

In 2014, Camara et al. evaluated the use of blood spotted filter papers as a substitute for serum or plasma in immune 

trypanolysis test. Blood spotted filter papers can be stored and transported under field conditions, while serum or plasma 

require a cold chain. Notably, their results showed that use of filter papers resulted in decline in sensitivity, but specificity 

was not affected [52].  

Immunofluorescence Antibody Test (IFAT): 

The immunofluorescence antibody test (IFAT) is a serological test for both serum and dried whole blood on filter papers 

which utilizes IgG antibodies conjugated to fluorescein isothiocyanate. Before the introduction of CATT, the IFAT was 

the widely applied serological test in the mass screening of T. b. gambiense infection in the 1970s [53].  

The test procedure includes antigen preparation by inoculating T. b. gambiense in guinea pig or albino rats, blood 

collected after the parasitaemia reaches 2-20 parasites per field; and mixed with heparine-glucose mixture and used to 

prepare thin blood films consisting of 5-50 parasites/field. This is followed by placing of patient serum on a glass plate 

with the prepared antigen, the mixture is washed with phosphate buffered saline (PBS) and fluorescein labeled antihuman 

at a predetermined dilution added. After washing as before, the slides are covered with glycerine-PBS mixture and the 

slides viewed under UV microscopes [54].  

IFAT is easily performed by non specialized laboratory technicians with a read out time of 10 to 30 seconds. However, 

this test is costly and only amenable to laboratory settings.  

3.    EMERGING TRENDS IN SERODIAGNOSIS OF HAT 

A shift from native antigens to synthetically synthesized or recombinant antigens has recently been the focus in the 

serodiagnosis of sleeping sickness. Inadequate specificity due to cross reactivity of target antibodies induced by the body 

against a wide spectrum of native antigens and the necessity to culture infective T. b. gambiense in rodents for mass 

production of native antigens has shifted focus to the synthetic production of peptides that imitate or mimic predominant 

N terminal domain of LiTat 1.3 and LiTat 1.5 VAT epitopes to replace the native T. b. gambiense VSG antigens for 

screening of populations at risk [30]. The diagnostic performance of the synthetic biotinylated peptides were evaluated in 

indirect ELISA, and showed high specificities and sensitivities indicating their potential application in diagnosis of T. b. 

gambiense HAT.  

Recombinant VSG antigens have also been studied for their diagnostic potentials. Some diagnostic antigens have been 

expressed in different biological systems and assayed for their diagnostic potential. Recombinant LiTat 1.3 and LiTat 1.5 

VATs were expressed as small ubiquitin-like modifier fusion proteins in the yeast Pichia pastoris in 2014 by Rogé and 

colleagues [55], affinity purified and their diagnostic potentials evaluated in ELISA on patient sera. A comparison 

between the recombinant antigens and the native antigens showed that sensitivities and specificities were significantly 

lower for recombinant antigens compared to their native counterparts. When combined, however, recombinant antigens 

recorded sensitivities and specificities of 88.6% and 98.7 % respectively, slightly lower than those of the native antigens 

(93.2 and 100 respectively) but higher than individual antigens. Thus, the high sensitivity and specificity of the 

recombinant antigens, especially in combination, form a basis for the replacement of native antigens whose production is 

costly and unsafe for the laboratory staffs who work on the infective T. b. gambiense strain [55].  
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Rapid diagnostic tests (RDTs) are fast, cheap, and easy to use on whole blood or plasma, do not require electricity or a 

cold chain, making them applicable in screening populations at risk under field conditions with limited resources. 

Furthermore, RDTs provide an alternative to the card agglutination test for trypanosomiasis in T. b. gambiense endemic 

foci. Two RDTs for T. b. gambiense diagnosis have been developed [56], the HAT Sero-Stip and HAT Sero-K-SeT tests 

specific for T. b. gambiense LiTat 1.3 and LiTat 1.5 specific antibodies. The HAT Sero-Stip is a dipstick while the HAT 

Sero-K-SeT is a lateral flow device for assaying both blood and plasma, and cost $2.50 each. These tests were evaluated 

on 296 plasma samples collected from DRC and other samples were obtained from the WHO HAT specimen bank, and 

showed high sensitivities and specificities.  

The HAT Sero K-SET rapid diagnostic test was subsequently developed by Coris Bioconcept and evaluated in DRC on 

493 whole blood samples (134 cases and 359 controls), and illustrated high sensitivity (98.5%) and specificity (98.6%) 

[57]. This kit is stable for long at 4 - 30°C, and the results are ready in 15 min. Another RDT, the SD BIOLINE HAT test, 

co-developed by Foundation of Innovative New Diagnostics (FIND) and launched in 2012 in DRC, is an 

immunochromatographic test that uses native antigens to detect antibodies raised against T. b. gambiense in blood, serum 

or plasma This test kit is stable at ambient temperatures, simple and easy to read and is therefore applicable in the field in 

remote rural areas lacking such amenities as electricity.  

Recently, rapid lateral flow diagnostic tests for diagnosis of Gambian HAT have been developed, which use a 

combination of native LiTat 1.3 and 1.5 VSG antigens [56]. Two prototype RTDs, one developed by Standard Diagnostics 

Inc (SD) based on two recombinant VSGs (LiTat 1.3 and LiTat 1.5), and the second one developed by BBI Solutions 

(BBI) based on recombinant ISG65 and native VSG miTat 1.4 (sVSG117) [58] have been evaluated by Sternberg and 

colleagues [59] and compared to the SD BIOLINE HAT test. This study showed that a predicted performance of two 

recombinant antigens (LiTat 1.5 and ISG65) combination would have the best sensitivities and specificities comparable to 

SD BIOLINE HAT and CATT tests, and could be used in the development of a rapid diagnostic test applicable in the field 

setting [60].  

4.    CONCLUSION 

Antibody – antigen detection tools are of great importance in the screening of populations at risk of trypanosomiasis 

infection, and also in the epidemiological surveillance of the disease, and will play crucial role in elimination of the 

disease due to their ease of application in the field setting. In addition, serological tests are more convinient in detecting 

circulating infections in animals, especially in Rhodesiense HAT prone foci, which are the carriers of the zoonotic T. b. 

rhodesiense.  

The advancement of molecular biology, immunology and technology has improved serological diagnosis of African 

trypanosomiasis (AT), with the introduction of recombinant antigens, synthetic epitopes to replace native antigens and 

rapid diagnostic tests showing great improvements in serodiagnosis of HAT. A commercial serodiagnostic tool for 

Rhodesian HAT detection is however still nonexistent, and more focus need to be channeled towards the acute form of the 

disease, to enable early disease detection and ultimately evade the use of the toxic drug, melarsoprol, the only drug 

available for late stage disease treatment.  
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