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Abstract: Salivarian trypanosomes are extracellular parasites affecting humans, livestock and game 

animals. Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense are human infective sub-

species of T. brucei causing Human African Trypanosomosis (HAT - sleeping sickness). The related 

T. b. brucei parasite lacks the resistance to survive in human serum, and only inflicts animal infec-

tions. Animal Trypanosomosis (AT) is not restricted to Africa, but is present on all continents. T. 

congolense and T. vivax are the most widespread pathogenic trypanosomes in sub-Sahara Africa. 

Trough mechanical transmission, T. vivax has however been introduced into South America. T. ev-

ansi is a unique animal trypanosome that is found in vast territories around the world and can cause 

atypical Human Trypanosomosis (aHT). All salivarian trypanosomes are well adapted to survival 

inside the host’s immune system. This is not a hostile environment for these parasite, but this is the 

place where they thrive. Here we provide an overview of the latest insights into the host-parasite 

interaction and the unique survival strategies allowing trypanosomes to outsmart the immune sys-

tem. In addition, we review new developments in treatment and diagnosis as well the issues that 

have hampered the development of field-applicable anti-trypanosome vaccines for the implemen-

tation of sustainable disease control. 
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1. Introduction 

Trypanosomosis is a general name for diseases caused by trypanosomes, which affect 

both humans and animals hampering the socio-economic development of numerous en-

demic countries. Trypanosomes are protozoan parasites mostly transmitted by blood-

feeding vectors. For some trypanosomes, transmission requires that part of the life cycle 

is completed inside the tsetse fly. This is the case for all T. brucei subspecies and is also the 

most efficient way of transmission for T. congolense and T. vivax. The latter can however 

also be passed through mechanical transmission, as is the case for T. evansi. A unique sit-

uation occurs in case of T. equiperdum, which is closely related to T. evansi, but sexually 

transmitted between equines and hence does not fit the sensu stricto definition of a sali-

varian trypanosome. There is only one salivarian trypanosome that is considered to be a 

true zoonotic parasite, i.e. Trypanosoma brucei rhodesiense. This East-African trypanosome 

has an extended mammalian host reservoir that includes both game and domestic animals 

[1-3]. This makes the full eradication of HAT (Human African Trypanosomosis) nearly 
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impossible [4]. T. b. rhodesiense causes an acute, most often deadly form of HAT. Due to 

this high-virulence characteristics, this form of sleeping sickness only count for a mere 2% 

of the total number of HAT cases. This means that the Trypanosoma brucei gambiense para-

site, occurring in West- and Central-Africa, is responsible for the remaining 98% of all 

HAT cases. This parasite induces a much more chronic infection. With the human popu-

lation being the main T. b. gambiense reservoir, these infections should be considered as an 

anthroponosis, rather than a zoonosis. The elimination of T. b. gambiense HAT as a ne-

glected disease threat to sub-Sahara Africa, is set to be attained by 2030 [4]. Trypanosoma 

evansi is in general not considered to be a human parasite, although several human infec-

tions have been reported in recent years, as ‘atypical’ Human Trypanosomosis [5]. The 

main reservoir for this parasite consist of domestic and game animals, making it a poten-

tial zoonotic threat to a large group of the humans that live mainly in rural Asian areas, 

where close contact with cattle and in particular water buffalo still occurs on a daily base 

[6].  

Salivarian trypanosomes evolved to survive in a mammalian blood and lymph envi-

ronment. Hence, they acquired the capacity to escape various immune defense mecha-

nisms. At the same time, the basic principles of biological evolution result in the fact that 

trypanosome adapt to interactions with a host avoiding collateral damage. Indeed, with a 

host surviving for a prolonged period of time, the parasite ensures maximal probability 

of transmission. This favorable relation is seen in several trypanotolerant African mammal 

species [7]. Interestingly, salivarian trypanosomes remain extracellularly throughout their 

lifecycle. The latter is different from most other protozoan parasites that ensure optimal 

survival by hiding inside host cells. This means that trypanosomes are continuously ex-

posed to attacks by the host innate immune system, as well as the adaptive humoral im-

mune system. To thrive in this environment, salivarian trypanosomes have acquired mul-

tiple evolutionary strategies to evade and even destroy the host immune system. If infec-

tions are allowed to go on for prolonged periods of time, they will result in the death of 

susceptible host animals [8]. It is however rare that animals will succumb to excessive 

parasitemia levels in the blood or lymph fluid. Most often, AAT-associated death is the 

result from uncontrolled opportunistic infections, metabolic disorders such as inflamma-

tory cachexia, or even neurological complication particularly in case of T. equiperdum. Dur-

ing HAT, crossing of the blood-brain barrier will lead to the initiation of a lethal neuro-

pathogenic stage of infection, the so-called second stage of infection and reason behind 

the name ‘sleeping sickness’ [9]. To understand the immunopathology of trypanosomosis, 

most experimental studies have focused on mouse T. b. brucei infections. While this ap-

proach limits the operational risks for researchers, the working model has been shown to 

reflect most basic characteristics of infections with T. b. rhodesiense, T. b. gambiense and T. 

evansi. One limitation in this case is the fact that mouse infections do not naturally result 

in cerebral complications. A second limitation could be that most experimental mouse 

research is conducted with trypanosome stabilates that give ‘good’ infections under la-

boratory conditions. This means that work is being conducted with mouse-adapted para-

sites that might have acquired characteristics that are no longer reflecting the dominant 

features of non-adapted parasite. This is particularly the case for T. vivax research, where 

field isolates are normally not able to infect laboratory mice. Hence, virtually all published 

host-parasite interaction data in this case are derived from a single isolate that was 

adapted to laboratory rodents several decades ago, i.e. the Y468 clone that originated from 

a field sampling in Nigeria [10]. 

While preventive vaccination for trypanosomosis would be the only sustainable way 

to get both HAT and AAT under control and a world-wide scale, no such approach exists 

today [11]. For this reason, disease control relies on the screening and diagnosis of sus-

pected victims, in combination with treatment. Vector control has been added to this strat-

egy in several geographic locations, but this can only be successful when the vector range 

and reservoir is limited [12,13]. As failure of anti-trypanosome vaccine experiments are 

hard to pass through the traditional peer-review publication pipeline, conclusions about 
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the reasons behind the lack of any successful strategy have to be deducted from the mere 

lack of publications showing the translation of so-called promising laboratory results, into 

real field applications [8]. In contrast, there are multiple data available showing that tryp-

anosomosis, in particular in case of T. evansi, results in a general state of immunosuppres-

sion as well as the abrogation of commercial veterinary vaccine efficacy, and this for vac-

cines that are totally unrelated to the trypanosome infection itself [14]. All these effects are 

related to the general detrimental activity of trypanosomes on the host B and T cell com-

partment, an activity that is part of the parasite defense against the host antibody immune 

system. 

2. The lifecycle of trypanosomes 

The lifecycle of salivarian trypanosomes has to be split into two categories: one that 

requires a developmental stage in the tsetse vector, the definitive host where sexual re-

production occasionally does occur, and the other in which transmission occurs through 

mechanical passage, through contaminated mouth parts of insects or other blood consum-

ing animals such as vampire bats. As virtually all human infections are the resulted of an 

infected tsetse bite, this transmission mode and the associated trypanosome lifecycle has 

traditionally received the most attention. Both T. b. rhodesiense and T. b. gambiense need the 

African tsetse to complete their lifecycle (genus Glossina, with ‘tsetse’ itself meaning ‘fly’ 

in the Tswana language of southern Africa) [15]. Alternation between two completely dis-

tinct host species requires that parasites undergo differentiation in the mammalian blood-

stream, resulting in the presence of both long slender parasites (i.e. proliferative form), 

and the short stumpy parasites (i.e. the non-proliferative form). When taken up by the 

tsetse during a blood meal, it is the short stumpy form that allows the continuation of the 

lifecycle. While confronting the digestive system of the fly, parasites must resist a strongly 

alkaline enzyme-rich environment. This is obtained by rapid differentiation into procyclic 

trypomastigotes, and subsequent multiplication by binary fission. After penetration of the 

peritrophic matrix that covers the gut epithelium, parasites migrate to the ventriculus 

where they transform into long and short epimastigotes through asymmetrical division. 

Short epimastigotes can migrate to the tsetse salivary glands, where they differentiate into 

infective metacyclic trypomastigotes that can undergo meiotic division [16]. The latter is 

not an obligatory step to complete the lifecycle, but it allows the parasite to increasing 

genetic variability [17,18]. The full tsetse cycle takes about 3 weeks to be completed [19] 

(Figure 1). Interestingly, saliva-stage parasites are able to downregulate the capacity of 

the tsetse to inject saliva into the bite site. As fly saliva contains anticoagulants and anti-

platelets aggregation, this results in a decreased feeding efficiency, and in turn will in-

crease the tsetse feeding frequency on multiple hosts. This increases parasite transmission 
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chances [20]. Tsetse saliva also accelerates T. brucei infection by inhibiting bite site inflam-

mation [21,22].  

Figure 1. The lifecycles of salivarian trypanosomes. For most HAT and AAT associated trypano-

somes, the tsetse (fly) serves as a central transmission vector.  Most of the developmental stages of 

the trypanosome, as well as occasional sexual reproduction take place inside the fly, making it the 

definitive host for the trypanosome. This is the case for all T. brucei sub-species, T. congolense and T. 

vivax. The latter two can also be transmitted by mechanical transmission, involving mostly non-

tsetse biting flies. T. evansi is mainly transmitted by mechanical transmission through a wide host 

reservoir, while the closely related T. equiperdum is a sexually remitted parasites of equines. 

After successful transmission, metacyclic parasites that enter the mammalian blood 

circulation will use a surface glycoprotein called the metacyclic variant surface glycopro-

tein (mVSG) as a first defense against the any host antibody attack [23]. However, as tryp-

anosomes have a very limited repertoire of mVSG encoding genes, surface recognition by 

host antibodies will quickly improve. Therefore, prolonged survival requires a new adap-

tion approach by the parasite and proliferating longs slender bloodstream trypanosome 

use a much wider range of bloodstream form VSGs [23]. As T. brucei parasites have access 

to a battery of over 1000 VSG genes and pseudo-genes, expressed from approximately 15-

20 expression sites, this strategy has been suggested to allow the trypanosome to outrun 

the host antibody response for an ‘eternal’ period of time [8,11,24]. One interesting issue 

here is that if the parasite would be ‘too’ successful in evading immune control, this would 

lead to the unfortunate death of its host. In order to avoid this, trypanosomes have devel-

oped quorum sensing mechanisms that have been studied best for T. brucei. This system 

regulates the transition from the dividing long slenders bloodstream forms to the non-

dividing short stumpy forms [25]. It involves the oligopeptidase transporter TbGPR89 as 

a ‘sensor’ for peptide breakdown products, an activity attributed to the action of proteases 

secreted by the parasite [26]. Besides limiting peak parasite levels, this system also pre-

pares the parasite for transition to the tsetse vector [27]. Finally, quorum sensing most 

likely also monitors the inflammatory state of the host, contributing to parasitemia peak-

height control in function of host pathology development [28,29].  

Compared to the knowledge available about the life cycle of T. brucei, the cycle of 

other salivarian trypanosomes is less well documented [30-32]. Interestingly T. congolense 

and T. vivax are more effective in establishing tsetse infections as compared to T. brucei, 

with T. congolense being particularly effective in reaching the proboscis of the fly. Here, 

trypomastigote-epimastigote transformation occurs. Hence, while both T. brucei and T. 
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congolense are transmitted through the same vector, there are differences in the way the 

two trypanosomes infect and occupy the body of the teste. It is possible that T. brucei 

adopted a survival strategy in the salivary gland, as this niche would not be preoccupied 

by the much more efficiently growing T. congolense parasites. Finally, meiotic reproduc-

tion in the teste vector has also been reported for T. congolense to occur [33]. 

Because of its mechanical transmission, T. evansi has a much simplified lifecycle. 

Here, the long-slender morphology is the only form seen in the bloodstream of the mam-

malian host. In fact, it is accepted by many that T. evansi is a ‘variant’ of T. brucei, having 

lost the kinetoplast DNA (kDNA) which is essential for development in the gut of the 

tsetse fly [34,35]. One could assume that the loss of the capacity to infect the tsetse vector 

would have resulted in a detrimental evolutionary step for the trypanosome, but that is 

obviously not the case. Instead, T. evansi very efficiently relies on fly-free transmission. 

Indeed, non-tsetse mediated spread has allowed the parasite to move and be transported 

to most parts the world, aided by the fact that many infected animals hardly show any 

symptoms [36]. T. evansi is now found in various northern and southern regions of Africa, 

South and Central America, the Middle-East, China, the Indian subcontinent, South-east 

Asia, parts of Oceania and occasionally even in Europe [6,37-39] (Figure 2). The main host 

reservoir depends mostly on local agriculture conditions and includes horses, camels and 

buffalos local. Wildlife such as capybaras and deer can also serve as host reservoir as well 

as cattle, pigs, goats and dogs [36,37]. Of note is the fact that its global distribution allowed 

T. evansi to be historically discovered as the first pathogenic trypanosome, responsible for 

the animal disease ‘surra’ in India [37]. This ‘first’ discovery has more recently triggered 

a debate on nomenclature of salivarian trypanosomes as a whole [40].  

Figure 2. Salivarian trypanosomes have a vast near-worldwide distribution. Tsetse transmitted T. 

brucei parasites occur only in sub-Sahara Africa, with the human-infective T. b. gambiense being 

present in West- and Central Africa, while T. b. rhodesiense is restricted to East-Africa. T. congolense 

has a similar sub-Sahara Africa distribution. Due to the possibility of mechanical transmission, T. 

vivax has a wider distribution and occurs in sub-Sahara Africa as well as South America. T. evansi 

has in even wider geographic distribution, including locations on 4 different continents. T. 

equiperdum has a rather unique distribution pattern as it does not use insect vector transmission as 

a means of propagation. 

 

3. Trypanosomosis and the human biochemical defense system 

T. b. rhodesiense HAT is a rare disease that recently has only been reported in six East-

African countries [4,41]. However, there is a general impression that current local cases 
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are being underreported as rhodesiense HAT account for two-thirds of all tourist HAT 

cases [42]. T. b. gambiense HAT was still reported in 15 sub-Saharan countries in 2018 [4,41] 

(Figure 2). HAT infections are characterized by a first hemolymphatic phase, with 

parasites invading the host’s circulatory and lymphatic systems, causing immune-

dysfunction. Initial infection is mainly characterized by fever, weakness, enlarged lymph 

nodes, and joint pains. Once the parasite passes through the blood-brain barrier, the 

disease enters meningo-encephalitic ‘second stage’, causing neuropsychiatric symptoms 

such as daytime sleepiness and nocturnal insomnia as a result of the fragmentation of the 

circadian rhythm [43,44]. These symptoms precede the death of the victim, if left 

untreated. Symptoms of both rhodesiense and gambiense HAT are very similar, with the 

main difference being that it takes in general much longer for the disease to progress into 

the second stage in case of gambiense HAT. As already outlined, humans are resistant to 

T. b. brucei, T. congolense and T. vivax, and in most cases even T. evansi. This is due to an 

intrinsic ‘innate’ biochemical resistance that is present in human serum (as well as the 

serum of gorillas and certain old-world monkeys such as baboons). This activity is 

embodied by two factors called TLF1 and TLF2 [45,46]. Both factors are high-density 

lipoprotein complexes containing apolipoprotein A1, the primate-specific ion channel-

forming protein apolipoprotein L-1 (APOL1) and the hemoglobin binding protein 

haptoglobin-related protein (HPR) [47-49]. TLF2 contains additional IgM molecules 

[45,50]. Despite the fact that activity of TLF2 has been known for long to be the major 

trypanolytic factor [51,52], TLF1 is the better studied factor due to the relative easiness of 

purification. The functional mechanisms of both TLF1 lysis of trypanosomes in general, 

and the resistance of human infective trypanosomes, has been most rigorously studied in 

a T. b. brucei/T. b. rhodesiense comparison, despite T. b. gambiense HAT being obviously the 

most important problem for human health. This is due to the fact that the resistance 

mechanism of T. b. gambiense is more complex and diverse, as outlined below. The main 

idea behind this innate defense interaction, is the problem the trypanosomes faces during 

the rapid proliferation phase, i.e. the need for uptake of host iron. This is ensured by the 

surface expression of a specific heterodimer surface receptor consisting of the VSG-related 

molecules ESAG6 and ESAG7 [53,54]. However, trypanosomes acquire additional iron 

through the scavenging of heme groups, abundantly available as part of hemoglobin. This 

hemoglobin is often bound to other compounds, forming complexes such as TLF1.  In T. 

brucei, uptake of TLF1, is mediated by the specific receptor TbHpHbR (Haptoglobin-

Hemoglobin Receptor) [55,56]. TLF2 uptake occurs in large independent of the TbHpHbR 

receptor [57], but involves IgM-mediated uptake [50]. In both cases, the central role of 

APOL1 is crucial for the trypanosome membrane disruptions induced by NHS [58,59]. 

Interestingly, baboon APOL1 is much more potent than human APOL1. This results in the 

fact that baboon serum confers resistant not only against non-human infective 

trypanosomes, but also the human infective trypanosomes causing HAT [60,61]. As T. b. 

rhodesiense is a human pathogen, it is resistant to the lytic action of APOL1. This property 

is linked to the expression of the serum resistant antigen SRA, a molecule that can 

physically block the formation of the pore-forming conformation of APLO1 inside the 

endocytosis track of the parasite [62-65]. To understand the NHS resistance of T. b 

gambiense, it should first be flagged that this is not a homogenous family of parasites, but 

is separated into two groups. Group 1 T. b. gambiense parasites exhibit consistent NHS 

resistance, show little genetic variation within a given geographic location, and are 

characterized by the genetic marker TgsGP [66]. Group 2 T. b. gambiense parasites are a 

much more heterogeneous group of organisms lacking a specific marker, showing 

variable NHS resistance, being much closer related to T. b. rhodesiense and T. b. brucei, and 

representing the zoonotic side of gambiense HAT [5]. NHS resistance of T. b. gambiense 

has so far mainly been studied in function of TLF1 activity, with the Group 1 parasites 

exhibiting a reduced uptake of the complex [67], linked to reduced expression and 

mutation of the HpHb-receptor [56,68-70]. While the TgsGP molecule further improves 

APOL1 resistance by reducing trypanosomal membrane fluidity [71,72], a cysteine 

protease has been identified as a third factor contribution Group 1 T. b. gambiense NHS 
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resistance [72]. Group 2 T. b. gambiense parasites show a variable degree of resistance that 

is independent of TLF1 uptake [73]. In addition, with TgsGP not being universally present 

in Group 2 parasite, and no information available with respect to the exact nature of the 

cysteine protease activity involvement in APOL1 resistance, it is not clear if this 

mechanism is active in Group 2 T. b. gambiense either. Taken the lack of data that could 

universally explain the TLF1 resistance of T. b. gambiense parasites, combined with the lack 

of any functional data on TLF2 resistance, it is clear that the explanation of the true nature 

of T. b. gambiense resistance is still awaiting full elucidation [74]. 

As already outlined above, T. evansi is a mechanically transmitted animal parasite 

that has the widest geographic distribution range of all salivarian trypanosomes (Figure 

2). Whether or not the infection can be considered as a zoonosis threat is a matter of debate.  

There have been several case reports of atypical T. evansi Human Trypanosomosis. In none 

of these cases it is clear how transmission occurred, although all infections occurred in the 

vicinity of infected livestock [75]. When the first aHT case was reported in India, 

susceptibility of the patient coincided with a mutation at the level of the apol1 gene, 

possibly explaining the lack of NHS trypanolytic activity [76]. A second case in Vietnam 

however occurred in a patient with functional copies of the apol1 gene, and normal serum 

APOL1 levels [77]. This indicates that the true mechanism by which T. evansi parasites 

have acquired a serum resistance mechanisms still needs to be elucidated, or that different 

parasites have acquired different mechanisms, similarly to the situation outlined above 

with Group 2 T. b. gambiense. The latter notion could be supported by the fact that that T. 

evansi parasites are actually a group of heterogeneous parasites with multiple 

independent origins. They often are closely related to T. brucei parasites found in the same 

geographic regains, and only distantly related to other T. evansi parasites found in more 

remote locations [78,79]. Hence, more efforts remains to be done to fully understand the 

nature of the trypanosome-host interplay during aHT. 

4. Innate and adaptive immunity to trypanosomosis 

The impact of trypanosomosis on the host innate and adaptive immune response has 

recent been reviewed in great details at the level of both B and T cell biology and with a 

link to inflammatory macrophage biology [8]. As already outlined above, trypanosome 

have adopted a system of antigenic coat variation to allow escape from the antibody 

immune system [24]. The surface expression of a dense layer of VSGs is crucial here, as (i) 

it allows regular escape from antibody attacks itself through epitope variation, (ii) it 

provides for antibody surface clearance through lateral movement of VSG-antibody 

complexes towards the flagellar pocket, where endocytosis results in surface ‘cleaning’ 

[80] (iii) it constitutes a physical defence barrier, making complement mediated attacks 

nearly irrelevant for parasitemia control [81] as well as a scavenger system to prevent 

complement surface fixation by VSG shedding [82], and (iv) it serves as a highly 

immunogenic decoy and immunomodulatory  interaction surface with the immune 

system, that ultimately seems to deregulate the immune system in favour of the parasite. 

The latter starts with the inflammatory properties of the VSG-GPI anchor itself [83], 

driving early infection in the host towards the production of IFN and TNF [84-86], 

coinciding with both macrophage and neutrophil activation in vital organism such as the 

spleen and the liver [87-89]. While this might help the host to control parasitemia through 

multiple immune mechanisms such as parasite phagocytosis and parasite growth control 

[90,91], it also drives deregulation and destruction of the host B cell compartment [92]. 

Finally, these infection-induced immune complication result in a failure of anti-VSG recall 

responses as well as a failure of other memory B cell responses [29,93]. The latter could be 

considered as collateral damage, but the loss of anti-VSG memory by the host means that 

‘old’ or ‘previously used’ VSG molecules can be re-used later on in infection. In addition, 

newly arising mosaic VSG variants that can carry cross-reactive epitopes can also be 

expressed on the surface as fully functional VSG coats [94] (Figure 3). Deregulation of the 

B cell compartment by the trypanosome also requires a parasite intervention at the T cell 

level, taken the crucial role that T cells play in resistance to trypanosomosis [95]. Indeed, 
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even if antigenic variation were to be fully efficient at the level of the surface exposed VSG 

epitopes, more structural cryptic conserved parts of the VSG will trigger the induction of 

memory T cells that would be able to rapidly help any newly arising B cells against any 

newly arising VSG variant [96,97]. To avoid this form happening, trypanosomes have 

adopted mechanisms of T cell suppression [98,99]. 

Figure 3. (A) Salivarian trypanosomen use antigenic variation of their surface coat as a first defense 

layer against host antibody attacks. During early infection, quorum sensing ensures that peak par-

asitemia does not reach lethal levels (1). After clearance of the first variant, parasitaemia is charac-

terized by the presence of parasite expressing a novel VSG coat, usually giving rise to several low-

peak infections (2). Improved peak control results from a combination of antibody activity, innate 

inflammatory responses and intrinsic quorum sensing. Subsequent parasitemia waves start to be 

comprised of multiple VSG variants that occur at the same time, indicating a loss of proper antibody 

mediated parasite population control. In experimental models, infection will most often result in 

late-stage uncontrolled parasitemia. (B) As early parasitemia progresses in mice, infection-associ-

ated splenomegaly results in an initial increase in organ size and cellularity (7 dpi). By 14 dpi, spleen 

cell numbers usually drop and important populations such as Marginal Zone B cells start to disap-

pear. Organ structure is also completely destroyed. As infection progresses, most adaptive immune 

cell populations collapse, while the spleen is being filled with non-immune cells such as pre-eryth-

rocytes. This stage of spleen dysfunction coincides with the loss of parasitemia control. The diameter 

of the pie-charts is representative of the total spleen numbers during infection. Percentages of all 

major immune cell populations are indicated in the color-coded pie charts. 

5. Recent advances in the diagnosis of HAT and AT 

As the clinical signs of trypanosomosis are unspecific, the ‘only’ accepted way of 

confirmed diagnosis before treatment, especially in case of human infections, is by 

microscopic identification of the parasite. Based on general symptoms such as fever, 

anemia, and hemodilution, HAT patients are often misdiagnosed as malaria victims. 

Correct early diagnosis is however essential for successful treatment. To improve 
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microcopy detection, blood analysis can be performed on the buffy coat [100]. Mini ion 

exchange chromatography (mAECT) can be used to eluate parasites from blood samples, 

prior to microscopy analysis [101,102]. Fluorescent dyes that intercalates nucleic acids 

have been shown to improve the microscopy detection limit, but are not often used under 

field conditions [103]. When parasites cannot be detected in the blood, microscopy 

analysis of aspirate fluid from swollen cervical lymph nodes can be used as an alternative 

method, while cerebrospinal fluid can be analyzed to confirm the neurological state of the 

infection [42,104]. One main issue with all the techniques mentioned here, is the fact that 

they are all extremely labor consuming when disease prevalence is low. For this reason, a 

number of pre-screening methods have been developed, aiming at excluding true 

negative individuals. Implementation of the card agglutination test (CATT) for the 

detection of T. b. gambiense over 40 years ago, was a major breakthrough [105]. A similar 

test exists for T. evansi [106]. No equivalent test unfortunately exists for the detection of T. 

b. rhodesiense. CATT is based on the detection of antibodies that cross-react with particular 

VSG molecules, and has a high Negative Predictive Value (NPV) as well as high sensitivity 

and specificity. The test has however a relatively low Positive Predictive Value (PPV) 

meaning that all CATT-positive individuals require a parasitological screening, a 

technique that is time consuming and requires a skilled analysts [107]. When a CATT 

positive score is confirmed by microscopy, patients undergo a ‘staging’ screening through 

a cerebrospinal fluid analysis. This invasive technique is absolutely required for correct 

choice of treatment [104].  

In recent years, multiple efforts have been undertaken to transform CATT into more 

user-friendly lateral flow format that can be used a point-of-care (POC) diagnostic tool 

[108-112]. Important is that all these test are based on antibody detection, which is a 

measurement of exposure, and not infection. As such, it is unlikely that any of these 

approaches will have a drastically improved PPV. Hence, today there is still a need for the 

implementation of diagnostic tools that can detect the parasite, or components 

released/secreted by the parasite. While PCR is obviously suitable for direct pathogen 

detection, this technique has limitations in resource-poor field POC settings. Here, loop-

mediated isothermal amplification (LAMP) appears to be easier to implement technology 

[113-115]. Development of easy-to-use high-PPV diagnostic tools for trypanosomosis is 

crucial, especially now that disease prevalence is in decline. A second factor that has to be 

taking into account is that when the human reservoir is being controlled, the relative 

importance of zoonotic transmission increases. Hence, it is clear that large herd screenings 

of asymptomatic animals that serve as an everlasting reservoir for human infective 

parasites will become more important [116]. This means that in order to implement a 

sustainable control of worldwide trypanosomosis, the development of tools for the 

detection of animal trypanosomosis needs to receive more attention. In this context the 

targeting of T. evansi is of utmost importance. So far, diagnosis of this parasite has heavily 

relied on the detection of one specific VSG, i.e. the very common RoTat1.2 VSG, by either 

antibody detection or by molecular biology methods [106,117]. Unfortunately, this makes 

the test unsuitable for T. evansi detection in regions where RoTat1.2-negative T. evansi 

Type A or B parasites occur [78,118]. For the detection of T. evansi Type B, a highly 

sensitive LAMP assay has been developed [119]. One of the most recent developments for 

the detection of T. evansi is the implementation of recombinase polymerase amplification 

(RPA) combined with lateral flow detection [120]. Here, the detection of T. evansi is 

achieved through isothermal DNA amplification at 39°C, resulting in an easy-format 

readout within 20 minutes. Finally, also for the detection of T. congolense a rapid diagnostic 

POC tool has been developed, this time based on nanobody technology [121]. This assay 

detects pyruvate kinase that is secreted by metabolically active trypanosomes and hence 

can be used as high PPV test for the detection of active parasitemia, and as a test-of-cure 

after anti-trypanosome drug therapy [121]. Active trypanosome case detection using 

nanobody-based technology has also been proposed by targeting the secreted T. congolense 

glycolytic enzyme aldolase [122-124], as well as the T. evansi secreted enzyme enolase 

[125]. In all these setting, nanobodies, derived from single-chain camelid antibodies, have 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

proven to be successful in binding target epitopes that remains accessible even in the 

presence of anti-parasite immune response. Due to the unique configuration of 

nanobodies, combined with their small size, they can avoid epitope binding competition 

with infection-induced host antibody (Figure 4). 

 
Figure 4. Later flow assays are ideal as POC tools. In case of nanobody-based LFAs, the test line 

consists of a printed line of highly specific nanobodies (Nbs) that can capture their target even in 

the presence of host antibodies that bind the same antigen (Ag). This can be achieved due to the 

unique nature of heavy-chain camelid antibodies (HcIgG) that bind their target in the absence of the 

light chain that is present in conventional antibodies (IgG). Detection of a parasite Ag can be done 

using a gold-conjugating second sandwich Nb that is pre-incubated on the conjugation pad. At the 

moment of sample application, the detection Nb will bind the target, and together they will migrate 

towards the printed capturing line. Sandwich formation and Ag accumulation will result in the 

development if a red line. A second control line is used to ensure the correct interpretation of the 

test results. Ag-detecting LFAs can be used as proof-of-infection, as well as test-of-cure. This makes 

the format unique as compared to antigen detecting LFAs. The latter measure ‘exposure’ rather than 

active infection. 

6. Recent advances is treatment of HAT 

For nearly a century, treatment of HAT has relied on a very limited set of drugs that 

all have or a string of severe negative side effects. This includes pentamidine for the 

treatment of first-stage T. b. gambiense HAT, and nifurtimox or eflornithine for the 

treatment of second-stage T. b. gambiense HAT. Suramin as well as melarsoprol have been 

used for treatment of first-stage T. b. rhodesiense HAT. Being an arsenical compound, 

melarsoprol shows however extreme high toxicity and severe side effects, inducing 

reactive encephalopathy as a major fatal outcome in up to 10% of patients. Hence, in 

optimal circumstances, this drug should be restricted in its use for treatment of second-

stage T. b. rhodesiense infection only [126]. In 2009, a new drug regiment for the treatment 

of second-stage T. b. gambiense HAT was proposed, using a combination of nifurtimox and 

eflornithine (NECT) [127]. This mixed therapy reduces the complexity of the previously 

used eflornithine therapy. Both drugs are provided free of charge by the WHO to endemic 

countries, with a kit containing all the material needed for its administration. Most 

recently, in 2018, fexinidazole has been made available as an oral therapy for T. b. 

gambiense HAT and has been incorporated in the WHO interim guidelines as one of the 

first-line treatments for HAT [128]. The drug can also be used to cure non-severe second-

stage patients [129]. 
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Treatment of T. congolense and T. vivax animal trypanosomosis is relies in large on 

the use of diminazene diaceturate, isometamidium and unfortunately homidium 

(ethidium bromide)  [130]. While diminazene diaceturate can be also used effectively for 

the treatment of T. evansi infections, it has not been register for use in human, even not for 

aHT, due to severe side effects of the treatment in animal, including dogs [131].  

Diminazene cannot cross the blood-brain barrier, therefore it is not effective in the case of 

CNS infections [130]. Taken the lack of systematic data on aHT caused by T. evansi, there 

has been no registered treatment strategy for this disease so far. However in the cases of 

aHT outlined above, successful cure was obtained after treating with suramin [75]. 

7. The lack of anti-trypanosome vaccination still hampers sustainable disease con-

trol  

Till now, no vaccine strategy is available for the prevention of either human or 

animal trypanosomosis. Early-on in trypanosome immunology research, it was 

discovered that the dense surface presence of the VSG, together with the inexhaustible 

gene repertoire of VSG-encoding genes allows, the parasite to escape from any major 

antibody attack [24]. However, in between the VSGs, there are a number of invariant 

surface glycoproteins present, that have been the target of several alternative vaccination 

approaches. None of these have however resulted in any field application [11]. A major 

hurdle in the development of anti-trypanosome vaccines is the fact that salivarian 

trypanosomes have acquired to ability to cause significant and permanent damage to the 

mammalian humoral immune system. In experimental T. brucei models, this has been 

shown to result in the non-specific loss vaccine induced B cell memory responses as well 

as T cell memory [93,132]. It is not clear whether or not this pathology affects human 

infections, as this has not been properly addressed by any field study. The only data 

available to date relates to the fact that T. b. gambiense HAT results in the significant 

reduction of anti-measles host antibodies, in individuals vaccinated against this non-

related infectious disease. Upon recovery after HAT treatment, these anti-measles titers 

remained low, but above the theoretic threshold considered ‘protective’ in the test used 

[133]. Whether or not this assessment is correct has not been verified, but taken the 

previously published warning that HAT results in false-positive scores in HIV antibody 

diagnostic test [134], it could well be that the detrimental effect of HAT on human vaccine 

memory is greater than so far reported. However, based on experimental mouse studies, 

it can be anticipated that the damage done to the human immune system would be far 

greater in infections with high parasitemia levels, i.e. T. b. rhodesiense infection. 

Unfortunately, no human data is available that would allow to confer the validity of the 

observations obtained in virulent mouse trypanosome infection models. As for the 

negative impact of T. evansi on the mammalian immune memory compartment, all data 

available is derived from animal infection models. Here it has been shown that the 

parasite undermines memory responses of several non-related vaccines [14,135,136]. 

Hence, it could be expected that also in atypical T. evansi Human Trypanosomosis, the 

destruction of the host B cell compartment could be one of the detrimental outcomes of 

infection. With respect to T. congolense and T. vivax infections, field data on the detrimental 

effect of infection on vaccine induced memory is lacking, but experimental models for 

both infections have shown that also here a severe detrimental impact on the host B cell 

compartment is being induced [94,95]. 

8. Conclusion 

In the last 10-15 years, a tremendous effort has been done to bring T. b. gambiense 

HAT under control and eliminate the public health treat of the disease in sub-Sahara 

Africa. This achievement is the result of an international collaboration not just between 

affected countries, but also with research communities within universities, partner 

organizations such as DNDi (Drugs for Neglected Diseases initiative), FIND (Foundation 

for Innovative New Diagnostics), BMGF (Bill & Melinda Gates Foundation) and numerus 

national research and grant-providing organizations from European countries and the 
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USA. If efforts are sustained, it appears that transmission of Group 1 gambiense HAT can 

be brought to a minimum by 2030. However, it would be a serious mistake to assume that 

this is the end of HAT as a disease. Indeed, both T. b. rhodesiense and T. b. gambiense Group 

2 HAT have not been receiving the same level of attention, and the zoonotic nature of 

these infections makes them much harder to control. Control of T. congolense AAT and T. 

vivax AT is even further from being realized. Finally, while T. evansi AT is the most 

widespread form of animal trypanosomosis spanning 5 continents the human aHT 

disease variant is rare and as such has not been receiving any serious attention. However, 

with the ever increasing geographic presence of T. evansi, this form of trypanosomosis 

could increase in the future, unless its animal reservoir is being tackled in a systematic 

manner. Without the availability of a field-applicable anti-trypanosome vaccine, this will 

be a very task that will required continued dedication and an international partnership 

between countries where the disease is endemic, and countries that risk of importing the 

disease through traffic of seemingly healthy but infected animals.   

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

Author Contributions: All authors have read and agreed to the published version of the manu-

script. 

Funding: The work of the co-authors mention in this chapter was supported by multiple research 

grant of the Foundation for Scientific Research / Fonds voor Wetenschappelijk Onderzoek – Vlaan-

deren (G.0.028.10.N.10 / G01516N / G013518N) as well as several PhD fellowships, a UGent BOF 

startkrediet (01N01518) and the Strategic Research Program of the Vrije Universiteit Brussel (SRP3 

/ SRP63) as well as core Research Center funding of the Ghent University Global Campus. An inter-

national bilateral FWO-CNRC grant (G.0.525.13.N), the NIH-R21grant (R21AI111072-01A1-SF424) 

and the EU/FP7 NANOTRYP funding (HEALTH-2007-2.3.4-1) provided crucial support allowing 

the development of Nb-based and LAMP diagnostic technology. Vaccine research has been spon-

sored by a Bill & Melinda Gates Foundation grant (641K760). The funders had no role in any of the 

study designs, data collection and analysis, decision to publish, or preparation of this manuscript. 

Acknowledgments: The authors are grateful to all collaborators who have contributed to the scien-

tific progress that has been made by the Center for Biomedical Research at the Ghent University 

Global Campus and the Immuno-parasitology unit of the Laboratory for Cellular and Molecular 

Immunology at the Vrije Universiteit Brussel. We want to thank I particular Miss Hang Thi Thu 

Nguyen for the help with finalizing and processing this manuscript.   

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Hutchinson, O.C.; Fèvre Em Fau - Carrington, M.; Carrington M Fau - Welburn, S.C.; Welburn, S.C. Lessons learned from 

the emergence of a new Trypanosoma brucei rhodesiense sleeping sickness focus in Uganda. 

2. Squarre, D.; Hayashida, K.; Gaithuma, A.; Chambaro, H.; Kawai, N.; Moonga, L.; Namangala, B.; Sugimoto, C.; Yamagishi, 

J. Diversity of trypanosomes in wildlife of the Kafue ecosystem, Zambia. 

3. Moloo, S.K.; Grootenhuis Jg Fau - Jenni, L.; Jenni L Fau - Brun, R.; Brun R Fau - van Meirvenne, N.; van Meirvenne N Fau - 

Murray, M.; Murray, M. Trypanosoma brucei rhodesiense: variation in human serum resistance after transmission between 

bushbuck and domestic ruminants by Glossina morsitans morsitans. 

4. Franco, J.A.-O.; Cecchi, G.; Priotto, G.; Paone, M.; Diarra, A.; Grout, L.; Simarro, P.P.; Zhao, W.; Argaw, D. Monitoring the 

elimination of human African trypanosomiasis at continental and country level: Update to 2018. 

5. Jamonneau, V.; Truc, P.; Grébaut, P.; Herder, S.; Ravel, S.; Solano, P.; De Meeus, T. Trypanosoma brucei gambiense Group 

2: The Unusual Suspect. 

6. Aregawi, W.A.-O.; Agga, G.E.; Abdi, R.D.; Büscher, P. Systematic review and meta-analysis on the global distribution, host 

range, and prevalence of Trypanosoma evansi. 

7. Yaro, M.; Munyard, K.A.; Stear, M.J.; Groth, D.M. Combatting African Animal Trypanosomiasis (AAT) in livestock: The 

potential role of trypanotolerance. 

8. Radwanska, M.; Vereecke, N.; Deleeuw, V.; Pinto, J.; Magez, S. Salivarian Trypanosomosis: A Review of Parasites Involved, 

Their Global Distribution and Their Interaction With the Innate and Adaptive Mammalian Host Immune System. 

9. Kennedy, P.G.E.; Rodgers, J. Clinical and Neuropathogenetic Aspects of Human African Trypanosomiasis. 

10. Gibson, W. The origins of the trypanosome genome strains Trypanosoma brucei brucei TREU 927, T. b. gambiense DAL 972, 

T. vivax Y486 and T. congolense IL3000. 

11. Magez, S.; Pinto Torres, J.E.; Obishakin, E.; Radwanska, M. Infections With Extracellular Trypanosomes Require Control by 

Efficient Innate Immune Mechanisms and Can Result in the Destruction of the Mammalian Humoral Immune System. 

12. Muhanguzi, D.; Picozzi, K.; Hatendorf, J.; Thrusfield, M.; Welburn, S.C.; Kabasa, J.D.; Waiswa, C. Improvements on 

restricted insecticide application protocol for control of Human and Animal African Trypanosomiasis in eastern Uganda. 

13. Lehane, M.; Alfaroukh, I.; Bucheton, B.; Camara, M.; Harris, A.; Kaba, D.; Lumbala, C.; Peka, M.; Rayaisse, J.B.; Waiswa, C.; 

et al. Tsetse Control and the Elimination of Gambian Sleeping Sickness. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

14. Holland, W.G.; My Ln Fau - Dung, T.V.; Dung Tv Fau - Thanh, N.G.; Thanh Ng Fau - Tam, P.T.; Tam Pt Fau - Vercruysse, 

J.; Vercruysse J Fau - Goddeeris, B.M.; Goddeeris, B.M. The influence of T. evansi infection on the immuno-responsiveness 

of experimentally infected water buffaloes. 

15. Wamwiri, F.A.-O.; Changasi, R.E. Tsetse Flies (Glossina) as Vectors of Human African Trypanosomiasis: A Review. 

16. Van Den Abbeele, J.; Claes Y Fau - van Bockstaele, D.; van Bockstaele D Fau - Le Ray, D.; Le Ray D Fau - Coosemans, M.; 

Coosemans, M. Trypanosoma brucei spp. development in the tsetse fly: characterization of the post-mesocyclic stages in the 

foregut and proboscis. 

17. Gibson, W. Liaisons dangereuses: sexual recombination among pathogenic trypanosomes. 

18. Gibson, W.; Peacock, L. Fluorescent proteins reveal what trypanosomes get up to inside the tsetse fly. 

19. Sharma, R.; Gluenz E Fau - Peacock, L.; Peacock L Fau - Gibson, W.; Gibson W Fau - Gull, K.; Gull K Fau - Carrington, M.; 

Carrington, M. The heart of darkness: growth and form of Trypanosoma brucei in the tsetse fly. 

20. Van Den Abbeele, J.; Caljon G Fau - De Ridder, K.; De Ridder K Fau - De Baetselier, P.; De Baetselier P Fau - Coosemans, 

M.; Coosemans, M. Trypanosoma brucei modifies the tsetse salivary composition, altering the fly feeding behavior that 

favors parasite transmission. 

21. Caljon, G.; Van Den Abbeele J Fau - Stijlemans, B.; Stijlemans B Fau - Coosemans, M.; Coosemans M Fau - De Baetselier, P.; 

De Baetselier P Fau - Magez, S.; Magez, S. Tsetse fly saliva accelerates the onset of Trypanosoma brucei infection in a mouse 

model associated with a reduced host inflammatory response. 

22. Caljon, G.; De Ridder K Fau - De Baetselier, P.; De Baetselier P Fau - Coosemans, M.; Coosemans M Fau - Van Den Abbeele, 

J.; Van Den Abbeele, J. Identification of a tsetse fly salivary protein with dual inhibitory action on human platelet 

aggregation. 

23. Kolev, N.G.; Ramsdell, T.K.; Tschudi, C. Temperature shift activates bloodstream VSG expression site promoters in 

Trypanosoma brucei. 

24. Bangs, J.A.-O. Evolution of Antigenic Variation in African Trypanosomes: Variant Surface Glycoprotein Expression, 

Structure, and Function. 

25. Vassella, E.; Reuner B Fau - Yutzy, B.; Yutzy B Fau - Boshart, M.; Boshart, M. Differentiation of African trypanosomes is 

controlled by a density sensing mechanism which signals cell cycle arrest via the cAMP pathway. 

26. Rojas, F.; Silvester, E.; Young, J.; Milne, R.; Tettey, M.; Houston, D.R.; Walkinshaw, M.D.; Pérez-Pi, I.; Auer, M.; Denton, H.; 

et al. Oligopeptide Signaling through TbGPR89 Drives Trypanosome Quorum Sensing. 

27. Rojas, F.; Matthews, K.R. Quorum sensing in African trypanosomes. 

28. Magez, S.; Truyens C Fau - Merimi, M.; Merimi M Fau - Radwanska, M.; Radwanska M Fau - Stijlemans, B.; Stijlemans B 

Fau - Brouckaert, P.; Brouckaert P Fau - Brombacher, F.; Brombacher F Fau - Pays, E.; Pays E Fau - De Baetselier, P.; De 

Baetselier, P. P75 tumor necrosis factor-receptor shedding occurs as a protective host response during African 

trypanosomiasis. 

29. Magez, S.; Schwegmann A Fau - Atkinson, R.; Atkinson R Fau - Claes, F.; Claes F Fau - Drennan, M.; Drennan M Fau - De 

Baetselier, P.; De Baetselier P Fau - Brombacher, F.; Brombacher, F. The role of B-cells and IgM antibodies in parasitemia, 

anemia, and VSG switching in Trypanosoma brucei-infected mice. 

30. Peacock, L.; Cook S Fau - Ferris, V.; Ferris V Fau - Bailey, M.; Bailey M Fau - Gibson, W.; Gibson, W. The life cycle of 

Trypanosoma (Nannomonas) congolense in the tsetse fly. 

31. Gibson, W.; Peacock, L.; Hutchinson, R. Microarchitecture of the tsetse fly proboscis. 

32. Ooi, C.P.; Schuster, S.; Cren-Travaillé, C.; Bertiaux, E.; Cosson, A.; Goyard, S.; Perrot, S.; Rotureau, B. The Cyclical 

Development of Trypanosoma vivax in the Tsetse Fly Involves an Asymmetric Division. 

33. Morrison, L.J.; Tweedie A Fau - Black, A.; Black A Fau - Pinchbeck, G.L.; Pinchbeck Gl Fau - Christley, R.M.; Christley Rm 

Fau - Schoenefeld, A.; Schoenefeld A Fau - Hertz-Fowler, C.; Hertz-Fowler C Fau - MacLeod, A.; MacLeod A Fau - Turner, 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

C.M.R.; Turner Cm Fau - Tait, A.; Tait, A. Discovery of mating in the major African livestock pathogen Trypanosoma 

congolense. 

34. Borst P Fau - Fase-Fowler, F.; Fase-Fowler F Fau - Gibson, W.C.; Gibson, W.C. Kinetoplast DNA of Trypanosoma evansi. 

35. Zweygarth, E.; Kaminsky R Fau - Webster, P.; Webster, P. Trypanosoma brucei evansi: dyskinetoplasia and loss of infectivity 

after long-term in vitro cultivation. 

36. Desquesnes, M.; Dargantes A Fau - Lai, D.-H.; Lai Dh Fau - Lun, Z.-R.; Lun Zr Fau - Holzmuller, P.; Holzmuller P Fau - 

Jittapalapong, S.; Jittapalapong, S. Trypanosoma evansi and surra: a review and perspectives on transmission, epidemiology 

and control, impact, and zoonotic aspects. 

37. Desquesnes, M.; Holzmuller P Fau - Lai, D.-H.; Lai Dh Fau - Dargantes, A.; Dargantes A Fau - Lun, Z.-R.; Lun Zr Fau - 

Jittaplapong, S.; Jittaplapong, S. Trypanosoma evansi and surra: a review and perspectives on origin, history, distribution, 

taxonomy, morphology, hosts, and pathogenic effects. 

38. Gutierrez, C.; Desquesnes M Fau - Touratier, L.; Touratier L Fau - Büscher, P.; Büscher, P. Trypanosoma evansi: recent 

outbreaks in Europe. 

39. Gutiérrez, C.; Tamarit, A.; González-Martín, M.; Tejedor-Junco, M.T. Control and eventual eradication of Trypanosoma 

evansi infection in dromedary camels after an episodic outbreak in mainland Spain: an example in a non-endemic area. 

40. Molinari, J.A.-O.; Moreno, S.A. Trypanosoma brucei Plimmer & Bradford, 1899 is a synonym of T. evansi (Steel, 1885) 

according to current knowledge and by application of nomenclature rules. 

41. Organization, W.H. Human African trypanosomiasis Epidemiological situation. Available online: 

https://www.who.int/trypanosomiasis_african/country/en/ (accessed on  

42. Kennedy, P.G.E. Update on human African trypanosomiasis (sleeping sickness). 

43. Masocha, W.; Kristensson, K. Human African trypanosomiasis: How do the parasites enter and cause dysfunctions of the 

nervous system in murine models? 

44. Bentivoglio, M.; Kristensson, K.; Rottenberg, M.E. Circumventricular Organs and Parasite Neurotropism: Neglected Gates 

to the Brain? 

45. Raper, J.; Fung R Fau - Ghiso, J.; Ghiso J Fau - Nussenzweig, V.; Nussenzweig V Fau - Tomlinson, S.; Tomlinson, S. 

Characterization of a novel trypanosome lytic factor from human serum. 

46. Thomson, R.; Genovese, G.; Canon, C.; Kovacsics, D.; Higgins, M.K.; Carrington, M.; Winkler, C.A.; Kopp, J.; Rotimi, C.; 

Adeyemo, A.; et al. Evolution of the primate trypanolytic factor APOL1. 

47. Vanhollebeke, B.; Nielsen Mj Fau - Watanabe, Y.; Watanabe Y Fau - Truc, P.; Truc P Fau - Vanhamme, L.; Vanhamme L Fau 

- Nakajima, K.; Nakajima K Fau - Moestrup, S.K.; Moestrup Sk Fau - Pays, E.; Pays, E. Distinct roles of haptoglobin-related 

protein and apolipoprotein L-I in trypanolysis by human serum. 

48. Vanwalleghem, G.; Fontaine, F.; Lecordier, L.; Tebabi, P.; Klewe, K.; Nolan, D.P.; Yamaryo-Botté, Y.; Botté, C.; Kremer, A.; 

Burkard, G.S.; et al. Coupling of lysosomal and mitochondrial membrane permeabilization in trypanolysis by APOL1. 

49. Thomson, R.; Finkelstein, A. Human trypanolytic factor APOL1 forms pH-gated cation-selective channels in planar lipid 

bilayers: relevance to trypanosome lysis. 

50. Verdi, J.; Zipkin, R.; Hillman, E.; Gertsch, R.A.; Pangburn, S.J.; Thomson, R.; Papavasiliou, N.; Sternberg, J.; Raper, J. 

Inducible Germline IgMs Bridge Trypanosome Lytic Factor Assembly and Parasite Recognition. 

51. Raper, J.; Nussenzweig V Fau - Tomlinson, S.; Tomlinson, S. The main lytic factor of Trypanosoma brucei brucei in normal 

human serum is not high density lipoprotein. 

52. Molina Portela, M.P.; Raper J Fau - Tomlinson, S.; Tomlinson, S. An investigation into the mechanism of trypanosome lysis 

by human serum factors. 

53. Salmon, D.; Hanocq-Quertier J Fau - Paturiaux-Hanocq, F.; Paturiaux-Hanocq F Fau - Pays, A.; Pays A Fau - Tebabi, P.; 

Tebabi P Fau - Nolan, D.P.; Nolan Dp Fau - Michel, A.; Michel A Fau - Pays, E.; Pays, E. Characterization of the ligand-

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

binding site of the transferrin receptor in Trypanosoma brucei demonstrates a structural relationship with the N-terminal 

domain of the variant surface glycoprotein. 

54. Kariuki, C.K.; Stijlemans, B.; Magez, S. The Trypanosomal Transferrin Receptor of Trypanosoma Brucei-A Review. LID - 

10.3390/tropicalmed4040126 [doi] LID - 126. 

55. Vanhollebeke, B.; De Muylder G Fau - Nielsen, M.J.; Nielsen Mj Fau - Pays, A.; Pays A Fau - Tebabi, P.; Tebabi P Fau - Dieu, 

M.; Dieu M Fau - Raes, M.; Raes M Fau - Moestrup, S.K.; Moestrup Sk Fau - Pays, E.; Pays, E. A haptoglobin-hemoglobin 

receptor conveys innate immunity to Trypanosoma brucei in humans. 

56. Bullard, W.; Kieft R Fau - Capewell, P.; Capewell P Fau - Veitch, N.J.; Veitch Nj Fau - Macleod, A.; Macleod A Fau - Hajduk, 

S.L.; Hajduk, S.L. Haptoglobin-hemoglobin receptor independent killing of African trypanosomes by human serum and 

trypanosome lytic factors. 

57. Lecordier, L.; Uzureau P Fau - Tebabi, P.; Tebabi P Fau - Pérez-Morga, D.; Pérez-Morga D Fau - Nolan, D.; Nolan D Fau - 

Schumann Burkard, G.; Schumann Burkard G Fau - Roditi, I.; Roditi I Fau - Pays, E.; Pays, E. Identification of Trypanosoma 

brucei components involved in trypanolysis by normal human serum. 

58. Vanhamme, L.; Paturiaux-Hanocq F Fau - Poelvoorde, P.; Poelvoorde P Fau - Nolan, D.P.; Nolan Dp Fau - Lins, L.; Lins L 

Fau - Van Den Abbeele, J.; Van Den Abbeele J Fau - Pays, A.; Pays A Fau - Tebabi, P.; Tebabi P Fau - Van Xong, H.; Van 

Xong H Fau - Jacquet, A.; Jacquet A Fau - Moguilevsky, N.; et al. Apolipoprotein L-I is the trypanosome lytic factor of human 

serum. 

59. Baral, T.N.; Magez S Fau - Stijlemans, B.; Stijlemans B Fau - Conrath, K.; Conrath K Fau - Vanhollebeke, B.; Vanhollebeke B 

Fau - Pays, E.; Pays E Fau - Muyldermans, S.; Muyldermans S Fau - De Baetselier, P.; De Baetselier, P. Experimental therapy 

of African trypanosomiasis with a nanobody-conjugated human trypanolytic factor. 

60. Cooper, A.; Capewell, P.; Clucas, C.; Veitch, N.; Weir, W.; Thomson, R.; Raper, J.; MacLeod, A. A Primate APOL1 Variant 

That Kills Trypanosoma brucei gambiense. 

61. Thomson, R.; Molina-Portela P Fau - Mott, H.; Mott H Fau - Carrington, M.; Carrington M Fau - Raper, J.; Raper, J. 

Hydrodynamic gene delivery of baboon trypanosome lytic factor eliminates both animal and human-infective African 

trypanosomes. 

62. De Greef, C.; Imberechts H Fau - Matthyssens, G.; Matthyssens G Fau - Van Meirvenne, N.; Van Meirvenne N Fau - Hamers, 

R.; Hamers, R. A gene expressed only in serum-resistant variants of Trypanosoma brucei rhodesiense. 

63. De Greef, C.; Chimfwembe E Fau - Kihang'a Wabacha, J.; Kihang'a Wabacha J Fau - Bajyana Songa, E.; Bajyana Songa E Fau 

- Hamers, R.; Hamers, R. Only the serum-resistant bloodstream forms of Trypanosoma brucei rhodesiense express the serum 

resistance associated (SRA) protein. 

64. De Greef, C.; Hamers, R. The serum resistance-associated (SRA) gene of Trypanosoma brucei rhodesiense encodes a variant 

surface glycoprotein-like protein. 

65. Xong, H.V.; Vanhamme L Fau - Chamekh, M.; Chamekh M Fau - Chimfwembe, C.E.; Chimfwembe Ce Fau - Van Den 

Abbeele, J.; Van Den Abbeele J Fau - Pays, A.; Pays A Fau - Van Meirvenne, N.; Van Meirvenne N Fau - Hamers, R.; Hamers 

R Fau - De Baetselier, P.; De Baetselier P Fau - Pays, E.; Pays, E. A VSG expression site-associated gene confers resistance to 

human serum in Trypanosoma rhodesiense. 

66. Radwanska, M.; Claes F Fau - Magez, S.; Magez S Fau - Magnus, E.; Magnus E Fau - Perez-Morga, D.; Perez-Morga D Fau - 

Pays, E.; Pays E Fau - Büscher, P.; Büscher, P. Novel primer sequences for polymerase chain reaction-based detection of 

Trypanosoma brucei gambiense. 

67. Kieft, R.; Capewell P Fau - Turner, C.M.R.; Turner Cm Fau - Veitch, N.J.; Veitch Nj Fau - MacLeod, A.; MacLeod A Fau - 

Hajduk, S.; Hajduk, S. Mechanism of Trypanosoma brucei gambiense (group 1) resistance to human trypanosome lytic 

factor. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

68. Higgins, M.K.; Tkachenko O Fau - Brown, A.; Brown A Fau - Reed, J.; Reed J Fau - Raper, J.; Raper J Fau - Carrington, M.; 

Carrington, M. Structure of the trypanosome haptoglobin-hemoglobin receptor and implications for nutrient uptake and 

innate immunity. 

69. DeJesus, E.; Kieft R Fau - Albright, B.; Albright B Fau - Stephens, N.A.; Stephens Na Fau - Hajduk, S.L.; Hajduk, S.L. A single 

amino acid substitution in the group 1 Trypanosoma brucei gambiense haptoglobin-hemoglobin receptor abolishes TLF-1 

binding. 

70. Lane-Serff, H.; MacGregor, P.; Lowe, E.D.; Carrington, M.; Higgins, M.K. Structural basis for ligand and innate immunity 

factor uptake by the trypanosome haptoglobin-haemoglobin receptor. 

71. Capewell, P.; Clucas C Fau - DeJesus, E.; DeJesus E Fau - Kieft, R.; Kieft R Fau - Hajduk, S.; Hajduk S Fau - Veitch, N.; Veitch 

N Fau - Steketee, P.C.; Steketee Pc Fau - Cooper, A.; Cooper A Fau - Weir, W.; Weir W Fau - MacLeod, A.; MacLeod, A. The 

TgsGP gene is essential for resistance to human serum in Trypanosoma brucei gambiense. 

72. Uzureau, P.; Uzureau S Fau - Lecordier, L.; Lecordier L Fau - Fontaine, F.; Fontaine F Fau - Tebabi, P.; Tebabi P Fau - Homblé, 

F.; Homblé F Fau - Grélard, A.; Grélard A Fau - Zhendre, V.; Zhendre V Fau - Nolan, D.P.; Nolan Dp Fau - Lins, L.; Lins L 

Fau - Crowet, J.-M.; et al. Mechanism of Trypanosoma brucei gambiense resistance to human serum. 

73. Capewell, P.; Veitch Nj Fau - Turner, C.M.R.; Turner Cm Fau - Raper, J.; Raper J Fau - Berriman, M.; Berriman M Fau - 

Hajduk, S.L.; Hajduk Sl Fau - MacLeod, A.; MacLeod, A. Differences between Trypanosoma brucei gambiense groups 1 and 

2 in their resistance to killing by trypanolytic factor 1. 

74. Capewell, P.; Cooper, A.; Clucas, C.; Weir, W.; Macleod, A. A co-evolutionary arms race: trypanosomes shaping the human 

genome, humans shaping the trypanosome genome. 

75. Truc, P.; Büscher P Fau - Cuny, G.; Cuny G Fau - Gonzatti, M.I.; Gonzatti Mi Fau - Jannin, J.; Jannin J Fau - Joshi, P.; Joshi P 

Fau - Juyal, P.; Juyal P Fau - Lun, Z.-R.; Lun Zr Fau - Mattioli, R.; Mattioli R Fau - Pays, E.; Pays E Fau - Simarro, P.P.; et al. 

Atypical human infections by animal trypanosomes. 

76. Vanhollebeke, B.; Truc P Fau - Poelvoorde, P.; Poelvoorde P Fau - Pays, A.; Pays A Fau - Joshi, P.P.; Joshi Pp Fau - Katti, R.; 

Katti R Fau - Jannin, J.G.; Jannin Jg Fau - Pays, E.; Pays, E. Human Trypanosoma evansi infection linked to a lack of 

apolipoprotein L-I. 

77. Van Vinh Chau, N.; Buu Chau, L.; Desquesnes, M.; Herder, S.; Phu Huong Lan, N.; Campbell, J.I.; Van Cuong, N.; Yimming, 

B.; Chalermwong, P.; Jittapalapong, S.; et al. A Clinical and Epidemiological Investigation of the First Reported Human 

Infection With the Zoonotic Parasite Trypanosoma evansi in Southeast Asia. 

78. Kamidi, C.A.-O.X.; Saarman, N.P.; Dion, K.; Mireji, P.O.; Ouma, C.; Murilla, G.; Aksoy, S.; Schnaufer, A.; Caccone, A. 

Multiple evolutionary origins of Trypanosoma evansi in Kenya. 

79. Carnes, J.; Anupama, A.; Balmer, O.; Jackson, A.; Lewis, M.; Brown, R.; Cestari, I.; Desquesnes, M.; Gendrin, C.; Hertz-

Fowler, C.; et al. Genome and phylogenetic analyses of Trypanosoma evansi reveal extensive similarity to T. brucei and 

multiple independent origins for dyskinetoplasty. 

80. Engstler, M.; Pfohl T Fau - Herminghaus, S.; Herminghaus S Fau - Boshart, M.; Boshart M Fau - Wiegertjes, G.; Wiegertjes 

G Fau - Heddergott, N.; Heddergott N Fau - Overath, P.; Overath, P. Hydrodynamic flow-mediated protein sorting on the 

cell surface of trypanosomes. 

81. La Greca, F.; Haynes C Fau - Stijlemans, B.; Stijlemans B Fau - De Trez, C.; De Trez C Fau - Magez, S.; Magez, S. Antibody-

mediated control of Trypanosoma vivax infection fails in the absence of tumour necrosis factor. 

82. Frevert, U.; Reinwald, E. Trypanosoma congolense bloodstream forms evade complement lysis in vitro by shedding of 

immune complexes. 

83. Magez, S.; Stijlemans B Fau - Radwanska, M.; Radwanska M Fau - Pays, E.; Pays E Fau - Ferguson, M.A.; Ferguson Ma Fau 

- De Baetselier, P.; De Baetselier, P. The glycosyl-inositol-phosphate and dimyristoylglycerol moieties of the 

glycosylphosphatidylinositol anchor of the trypanosome variant-specific surface glycoprotein are distinct macrophage-

activating factors. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

84. Hertz, C.J.; Filutowicz H Fau - Mansfield, J.M.; Mansfield, J.M. Resistance to the African trypanosomes is IFN-gamma 

dependent. 

85. Wu, H.; Liu, G.; Shi, M. Interferon Gamma in African Trypanosome Infections: Friends or Foes? 

86. Magez, S.; Lucas R Fau - Darji, A.; Darji A Fau - Songa, E.B.; Songa Eb Fau - Hamers, R.; Hamers R Fau - De Baetselier, P.; 

De Baetselier, P. Murine tumour necrosis factor plays a protective role during the initial phase of the experimental infection 

with Trypanosoma brucei brucei. 

87. Deleeuw, V.A.-O.; Phạm, H.T.T.; De Poorter, I.; Janssens, I.; De Trez, C.; Radwanska, M.A.-O.; Magez, S.A.-O. Trypanosoma 

brucei brucei causes a rapid and persistent influx of neutrophils in the spleen of infected mice. 

88. De Trez, C.; Stijlemans, B.; Bockstal, V.; Cnops, J.; Korf, H.; Van Snick, J.; Caljon, G.; Muraille, E.; Humphreys, I.R.; Boon, L.; 

et al. A Critical Blimp-1-Dependent IL-10 Regulatory Pathway in T Cells Protects From a Lethal Pro-inflammatory Cytokine 

Storm During Acute Experimental Trypanosoma brucei Infection. 

89. Cnops, J.; De Trez, C.; Stijlemans, B.; Keirsse, J.; Kauffmann, F.; Barkhuizen, M.; Keeton, R.; Boon, L.; Brombacher, F.; Magez, 

S. NK-, NKT- and CD8-Derived IFNγ Drives Myeloid Cell Activation and Erythrophagocytosis, Resulting in 

Trypanosomosis-Associated Acute Anemia. 

90. Pan, W.; Ogunremi O Fau - Wei, G.; Wei G Fau - Shi, M.; Shi M Fau - Tabel, H.; Tabel, H. CR3 (CD11b/CD18) is the major 

macrophage receptor for IgM antibody-mediated phagocytosis of African trypanosomes: diverse effect on subsequent 

synthesis of tumor necrosis factor alpha and nitric oxide. 

91. Magez, S.; Radwanska M Fau - Beschin, A.; Beschin A Fau - Sekikawa, K.; Sekikawa K Fau - De Baetselier, P.; De Baetselier, 

P. Tumor necrosis factor alpha is a key mediator in the regulation of experimental Trypanosoma brucei infections. 

92. Cnops, J.; De Trez, C.; Bulte, D.; Radwanska, M.; Ryffel, B.; Magez, S. IFN-γ mediates early B-cell loss in experimental 

African trypanosomosis. 

93. Radwanska, M.; Guirnalda P Fau - De Trez, C.; De Trez C Fau - Ryffel, B.; Ryffel B Fau - Black, S.; Black S Fau - Magez, S.; 

Magez, S. Trypanosomiasis-induced B cell apoptosis results in loss of protective anti-parasite antibody responses and 

abolishment of vaccine-induced memory responses. 

94. Hall, J.P.; Wang H Fau - Barry, J.D.; Barry, J.D. Mosaic VSGs and the scale of Trypanosoma brucei antigenic variation. 

95. De Gee, A.L.; Levine Rf Fau - Mansfield, J.M.; Mansfield, J.M. Genetics of resistance to the African trypanosomes. VI. 

Heredity of resistance and variable surface glycoprotein-specific immune responses. 

96. Dagenais, T.R.; Demick Kp Fau - Bangs, J.D.; Bangs Jd Fau - Forest, K.T.; Forest Kt Fau - Paulnock, D.M.; Paulnock Dm Fau 

- Mansfield, J.M.; Mansfield, J.M. T-cell responses to the trypanosome variant surface glycoprotein are not limited to 

hypervariable subregions. 

97. Dagenais, T.R.; Freeman Be Fau - Demick, K.P.; Demick Kp Fau - Paulnock, D.M.; Paulnock Dm Fau - Mansfield, J.M.; 

Mansfield, J.M. Processing and presentation of variant surface glycoprotein molecules to T cells in African trypanosomiasis. 

98. Schleifer, K.W.; Mansfield, J.M. Suppressor macrophages in African trypanosomiasis inhibit T cell proliferative responses 

by nitric oxide and prostaglandins. 

99. Sileghem, M.; Flynn, J.N. Suppression of interleukin 2 secretion and interleukin 2 receptor expression during tsetse-

transmitted trypanosomiasis in cattle. 

100. Bailey, J.W.; Smith, D.H. The quantitative buffy coat for the diagnosis of trypanosomes. 

101. Büscher, P.; Mumba Ngoyi D Fau - Kaboré, J.; Kaboré J Fau - Lejon, V.; Lejon V Fau - Robays, J.; Robays J Fau - Jamonneau, 

V.; Jamonneau V Fau - Bebronne, N.; Bebronne N Fau - Van der Veken, W.; Van der Veken W Fau - Biéler, S.; Biéler, S. 

Improved Models of Mini Anion Exchange Centrifugation Technique (mAECT) and Modified Single Centrifugation (MSC) 

for sleeping sickness diagnosis and staging. 

102. Lejon, V.; Büscher, P.; Nzoumbou-Boko, R.; Bossard, G.; Jamonneau, V.; Bucheton, B.; Truc, P.; Lemesre, J.L.; Solano, P.A.-

O.; Vincendeau, P.A.-O. The separation of trypanosomes from blood by anion exchange chromatography: From Sheila 

Lanham's discovery 50 years ago to a gold standard for sleeping sickness diagnosis. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

103. Biéler, S.; Matovu E Fau - Mitashi, P.; Mitashi P Fau - Ssewannyana, E.; Ssewannyana E Fau - Bi Shamamba, S.K.; Bi 

Shamamba Sk Fau - Bessell, P.R.; Bessell Pr Fau - Ndung'u, J.M.; Ndung'u, J.M. Improved detection of Trypanosoma brucei 

by lysis of red blood cells, concentration and LED fluorescence microscopy. 

104. Lejon, V.; Büscher, P. Review Article: cerebrospinal fluid in human African trypanosomiasis: a key to diagnosis, therapeutic 

decision and post-treatment follow-up. 

105. Magnus E Fau - Vervoort, T.; Vervoort T Fau - Van Meirvenne, N.; Van Meirvenne, N. A card-agglutination test with stained 

trypanosomes (C.A.T.T.) for the serological diagnosis of T. b. gambiense trypanosomiasis. 

106. Bajyana Songa E Fau - Kageruka, P.; Kageruka P Fau - Hamers, R.; Hamers, R. The use of the card agglutination test (Testryp 

CATT) for the serodiagnosis of T. evansi infection. 

107. Dama, E.; Camara, O.; Kaba, D.; Koffi, M.; Camara, M.; Compaoré, C.; Ilboudo, H.; Courtin, F.; Kaboré, J.; N'Gouan, E.K.; et 

al. Immune trypanolysis test as a promising bioassay to monitor the elimination of gambiense human African 

trypanosomiasis. 

108. Bisser, S.; Lumbala, C.; Nguertoum, E.; Kande, V.; Flevaud, L.; Vatunga, G.; Boelaert, M.; Büscher, P.; Josenando, T.; Bessell, 

P.R.; et al. Sensitivity and Specificity of a Prototype Rapid Diagnostic Test for the Detection of Trypanosoma brucei 

gambiense Infection: A Multi-centric Prospective Study. 

109. Lumbala, C.A.-O.; Matovu, E.; Sendagire, H.; Kazibwe, A.J.N.; Likwela, J.L.; Muhindo Mavoko, H.; Kayembe, S.; Lutumba, 

P.; Biéler, S.; Van Geertruyden, J.P.; et al. Performance evaluation of a prototype rapid diagnostic test for combined detection 

of gambiense human African trypanosomiasis and malaria. 

110. Büscher, P.; Mertens, P.; Leclipteux, T.; Gilleman, Q.; Jacquet, D.; Mumba-Ngoyi, D.; Pyana, P.P.; Boelaert, M.; Lejon, V. 

Sensitivity and specificity of HAT Sero-K-SeT, a rapid diagnostic test for serodiagnosis of sleeping sickness caused by 

Trypanosoma brucei gambiense: a case-control study. 

111. Jamonneau, V.; Camara, O.; Ilboudo, H.; Peylhard, M.; Koffi, M.; Sakande, H.; N'Dri, L.; Sanou, D.; Dama, E.; Camara, M.; 

et al. Accuracy of individual rapid tests for serodiagnosis of gambiense sleeping sickness in West Africa. 

112. Boelaert, M.; Mukendi, D.; Bottieau, E.; Kalo Lilo, J.R.; Verdonck, K.; Minikulu, L.; Barbé, B.; Gillet, P.; Yansouni, C.P.; 

Chappuis, F.; et al. A Phase III Diagnostic Accuracy Study of a Rapid Diagnostic Test for Diagnosis of Second-Stage Human 

African Trypanosomiasis in the Democratic Republic of the Congo. 

113. Grab, D.A.-O.; Nikolskaia, O.V.; Courtioux, B.; Thekisoe, O.M.M.; Magez, S.; Bogorad, M.; Dumler, J.A.-O.; Bisser, S. Using 

detergent-enhanced LAMP for African trypanosome detection in human cerebrospinal fluid and implications for disease 

staging. 

114. Nikolskaia, O.V.; Thekisoe, O.M.; Dumler, J.S.; Grab, D.J. Loop-Mediated Isothermal Amplification for Detection of the 5.8S 

Ribosomal Ribonucleic Acid Internal Transcribed Spacer 2 Gene Found in Trypanosoma brucei gambiense. 

115. Kuboki, N.; Inoue N Fau - Sakurai, T.; Sakurai T Fau - Di Cello, F.; Di Cello F Fau - Grab, D.J.; Grab Dj Fau - Suzuki, H.; 

Suzuki H Fau - Sugimoto, C.; Sugimoto C Fau - Igarashi, I.; Igarashi, I. Loop-mediated isothermal amplification for detection 

of African trypanosomes. 

116. Berthier, D.; Brenière, S.F.; Bras-Gonçalves, R.; Lemesre, J.L.; Jamonneau, V.; Solano, P.; Lejon, V.; Thévenon, S.; Bucheton, 

B. Tolerance to Trypanosomatids: A Threat, or a Key for Disease Elimination? 

117. Tong, Q.; Chen, R.; Kong, Q.; Goossens, J.; Radwanska, M.; Lou, D.; Ding, J.; Zheng, B.; Fu, Y.; Wang, T.; et al. DNA detection 

of Trypanosoma evansi: Diagnostic validity of a new assay based on loop-mediated isothermal amplification (LAMP). 

118. Njiru, Z.K.; Constantine Cc Fau - Masiga, D.K.; Masiga Dk Fau - Reid, S.A.; Reid Sa Fau - Thompson, R.C.A.; Thompson Rc 

Fau - Gibson, W.C.; Gibson, W.C. Characterization of Trypanosoma evansi type B. 

119. Njiru, Z.K.; Ouma Jo Fau - Enyaru, J.C.; Enyaru Jc Fau - Dargantes, A.P.; Dargantes, A.P. Loop-mediated Isothermal 

Amplification (LAMP) test for detection of Trypanosoma evansi strain B. 

120. Li, Z.; Pinto Torres, J.E.; Goossens, J.; Stijlemans, B.; Sterckx, Y.A.-O.; Magez, S.A.-O. Development of a recombinase 

polymerase amplification lateral flow assay for the detection of active Trypanosoma evansi infections. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1


 

121. Pinto Torres, J.E.; Goossens, J.; Ding, J.; Li, Z.; Lu, S.; Vertommen, D.; Naniima, P.; Chen, R.; Muyldermans, S.A.-O.; Sterckx, 

Y.G.; et al. Development of a Nanobody-based lateral flow assay to detect active Trypanosoma congolense infections. 

122. Pinto, J.; Odongo, S.; Lee, F.; Gaspariunaite, V.; Muyldermans, S.; Magez, S.; Sterckx, Y.A.-O. Structural basis for the high 

specificity of a Trypanosoma congolense immunoassay targeting glycosomal aldolase. 

123. Odongo, S.; Sterckx, Y.G.; Stijlemans, B.; Pillay, D.; Baltz, T.; Muyldermans, S.; Magez, S. An Anti-proteome Nanobody 

Library Approach Yields a Specific Immunoassay for Trypanosoma congolense Diagnosis Targeting Glycosomal Aldolase. 

124. Obishakin, E.; Stijlemans, B.; Santi-Rocca, J.; Vandenberghe, I.; Devreese, B.; Muldermans, S.; Bastin, P.; Magez, S. Generation 

of a nanobody targeting the paraflagellar rod protein of trypanosomes. 

125. Li, Z.; Pinto Torres, J.E.; Goossens, J.; Vertommen, D.A.-O.; Caljon, G.A.-O.; Sterckx, Y.A.-O.; Magez, S.A.-O. An Unbiased 

Immunization Strategy Results in the Identification of Enolase as a Potential Marker for Nanobody-Based Detection of 

Trypanosoma evansi. LID - 10.3390/vaccines8030415 [doi] LID - 415. 

126. Büscher, P.; Cecchi, G.; Jamonneau, V.; Priotto, G. Human African trypanosomiasis. 

127. Yun, O.; Priotto G Fau - Tong, J.; Tong J Fau - Flevaud, L.; Flevaud L Fau - Chappuis, F.; Chappuis, F. NECT is next: 

implementing the new drug combination therapy for Trypanosoma brucei gambiense sleeping sickness. 

128. Neau, P.; Hänel, H.A.-O.; Lameyre, V.; Strub-Wourgaft, N.; Kuykens, L. Innovative Partnerships for the Elimination of 

Human African Trypanosomiasis and the Development of Fexinidazole. LID - 10.3390/tropicalmed5010017 [doi] LID - 17. 

129. Dickie, E.A.; Giordani, F.A.-O.X.; Gould, M.K.; Mäser, P.; Burri, C.; Mottram, J.A.-O.; Rao, S.A.-O.; Barrett, M.P. New Drugs 

for Human African Trypanosomiasis: A Twenty First Century Success Story. LID - 10.3390/tropicalmed5010029 [doi] LID - 

29. 

130. Giordani, F.; Morrison, L.J.; Rowan, T.G.; HP, D.E.K.; Barrett, M.P. The animal trypanosomiases and their chemotherapy: a 

review. 

131. Peregrine, A.S.; Mamman, M. Pharmacology of diminazene: a review. 

132. Black, S.J.; Mansfield, J.M. Prospects for vaccination against pathogenic African trypanosomes. 

133. Lejon, V.; Mumba Ngoyi, D.; Kestens, L.; Boel, L.; Barbé, B.; Kande Betu, V.; van Griensven, J.; Bottieau, E.; Muyembe 

Tamfum, J.J.; Jacobs, J.; et al. Gambiense human african trypanosomiasis and immunological memory: effect on phenotypic 

lymphocyte profiles and humoral immunity. 

134. Lejon, V.; Ngoyi Dm Fau - Ilunga, M.; Ilunga M Fau - Beelaert, G.; Beelaert G Fau - Maes, I.; Maes I Fau - Büscher, P.; Büscher 

P Fau - Fransen, K.; Fransen, K. Low specificities of HIV diagnostic tests caused by Trypanosoma brucei gambiense sleeping 

sickness. 

135. Singla, L.D.; Juyal Pd Fau - Sharma, N.S.; Sharma, N.S. Immune responses to haemorrhagic septicaemia (HS) vaccination in 

Trypanosoma evansi infected buffalo-calves. 

136. Holland, W.G.; Do Tt Fau - Huong, N.T.; Huong Nt Fau - Dung, N.T.; Dung Nt Fau - Thanh, N.G.; Thanh Ng Fau - 

Vercruysse, J.; Vercruysse J Fau - Goddeeris, B.M.; Goddeeris, B.M. The effect of Trypanosoma evansi infection on pig 

performance and vaccination against classical swine fever. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2021                   doi:10.20944/preprints202105.0082.v1

https://doi.org/10.20944/preprints202105.0082.v1

