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Abstract

Human African trypanosomiasis (HAT), also known as sleeping sickness, is one of the Africa’s 'neglected diseases’ and is
caused by infection with protozoan parasites of the Trypanosoma genus. Transmitted by the bite of the tsetse fly, it puts 70
million people at risk throughout sub-Saharan Africa and is usually fatal if untreated or inadequately treated. In this brief
overview, some important recent developments in this disease are outlined. These cover various aspects including a reduc-
tion in disease incidence, newly recognised parasite reservoir sites in humans, disease outcome, novel diagnostic methods,
new and improved treatment, and disease neuropathogenesis.
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Human African trypanosomiasis (HAT), which is also called
sleeping sickness, continues as one of the Africa’s major
killer diseases which is greatly feared and occurred in 36
countries throughout sub-Saharan Africa where 70 million
people are at risk of the disease [1-3]. HAT is caused by
protozoan parasites of the genus Trypanosoma which are
transmitted to the susceptible host via the bite of the blood-
sucking tsetse fly of the genus Glossina [1, 2]. The two vari-
ants of HAT are the West African form caused by Trypa-
nosoma brucei gambiense (T. b. gambiense) and the East
African form caused by Trypanosoma brucei rhodesiense (T.
b. rhodesiense), resulting in a disease lasting months to years
in the former case and an acute disease lasting a few weeks
in the latter case [1, 3]. While T. b. gambiense causes about
95-97% of total HAT cases, with T. b. rhodesiense causing
about 3—5% of all cases, the latter variant constitutes about
18% of the total disease risk and also causes about two-thirds
of HAT cases in US and European visitors to the East Afri-
can safari parks [4, 5]. In the early (stage 1) haemolymphatic
phase of infection after the initial bite of the tsetse fly, the
parasites multiply and spread throughout the bloodstream,
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lymphatic system and systemic organs, following which
the parasites cross the blood-brain barrier (BBB) to enter
the central nervous system (CNS) causing the late (stage 2)
encephalitic phase resulting in a wide variety of neurological
symptoms [6]. If untreated, or inadequately treated, HAT is
almost always fatal. Over the last few years, there have been
several advances in this field and in this brief updating over-
view some of these are outlined. Overall, the advances have
been in the disease incidence, the parasite reservoir sites in
humans, disease outcome, novel diagnostic methods, new
and improved treatment, and disease neuropathogenesis.
The precise incidence of HAT has always been difficult
to determine and an influential World Health Organisation
(WHO) report in 1998 suggested that there were at that time
about 300,000 new cases of HAT every year [7]. While it is
possible that this may have overestimated the true incidence
of the disease, which is difficult to determine accurately, the
rapid and progressive decline in the annual number of new
cases of HAT since then has been impressive. This result has
been achieved as a result of the combined and coordinated
work of WHO, African governments, non-governmental
organisations, charities and other bodies [1]. Thus, in 2009
WHO estimated that there were as few as 9878 new HAT
cases per year, and by 2014 the number of reported cases
was reduced to 3796 cases ( with < 15,000 estimated new
cases) [2, 8], and by 2016 the figure was further reduced to
2184 new cases per year [9]. It is, therefore, not surprising
that WHO perceives as realistic goals both the elimination
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of sleeping sickness as a public health problem by 2020 and
the achievement of interruption of its transmission by 2030
[9]. It should be appreciated, however, that HAT caused by
T. b. rhodesiense will be extremely difficult to eliminate in
the future because cattle are the animal reservoirs of the
human parasites (as opposed to the human reservoir of the
parasites causing 7. b. gambiense) and mass culling of cattle
is neither desirable nor probably achievable. However, by
combining vector control to limit the tsetse fly population
with isolation and treatment of humans with 7. b. gambiense,
the latter disease may be potentially eliminated.

An important recent finding in this context is the remark-
able observation that in humans the skin is a reservoir for
the trypanosome parasites [10]. This finding of extravascular
trypanosomes occurred in skin biopsies from individuals
who were undiagnosed and in whom parasites could not be
detected in the blood. In experimentally infected mice, the
authors also found that parasites could be detected in their
skin and could even be transmitted to a tsetse fly vector [10].
These striking findings call into question the long-term goal
of disease elimination and may also have great relevance to
current diagnosis and treatment.

While HAT is usually a fatal disease in the absence of
adequate treatment, more recent studies have indicated that
this is not always the case. A small number of infected indi-
viduals appear to be tolerant of or resistant to trypanosomal
infection without exhibiting any clinical features of disease
in an analogous way to certain breeds of cattle such as the
Ndama and West African Shorthorn which have been shown
to be trypanotolerant with genetically determined resistance
to infection [9, 11]. Thus, a few patients with T. b. gambi-
ense infection maintain an asymptomatic state and can be
aparasitaemic and also seropositive or even seronegative [12,
13]. Some of these individuals had either declined treat-
ment or had self-cured, with the latter being regarded as
resistant rather than tolerant of infection [12, 13]. It is cur-
rently unknown just how widespread this phenomenon is or
whether patients who are tolerant and seropositive pose a
risk of infection to others and so should be treated accord-
ingly. Relevant to this is the recent report of a man infected
with T. b. gambiense who had survived 29 years with the
disease [14]. Whether prolonged survival with disease is a
rarity or more common than had previously been thought
remains to be seen.

Diagnosis of HAT should ideally always be established
by direct visualisation of the trypanosomes in the blood or
lymph nodes when samples are examined under a micro-
scope. While this is usually possible in T. b. rhodesiense
cases because of the high levels of parasitaemia, this may
well not be possible in the case of T. b. gambiense infec-
tion where the parasitaemia is cyclical, possibly related to
a greater adaptation of the parasite to the host [1, 3, 11].
Therefore, serological methods have been used for several

years in the latter case. Recently, so-called rapid diagnos-
tic tests (RDTs) such as the SD BIOLINE HAT have been
developed which have high specificities and sensitivities,
and which use serological techniques to recognise a variety
of trypanosome antigens such as different variable surface
glycoproteins (VSG) [15, 16]. These RDTs may supersede
the older card agglutination test for trypanosomiasis (CATT)
which is useful as a screening test, especially in regions of
high HAT incidence. However, it should be appreciated that
a positive RDT may not necessarily establish that an infec-
tion has occurred as it may just reflect an anti-trypanosomal
immune response to a bite by an infected fly, and also it is
unable to distinguish between an active trypanosomal infec-
tion and a previous exposure to HAT which may have been
treated successfully [9]. Nevertheless, the advent of RDTs
represents a very useful addition to the diagnostic armamen-
tarium for HAT.

Diagnostic staging to distinguish between the early and
late stage of HAT is also extremely important to achieve,
especially in view of the toxic nature of drugs for CNS dis-
ease (see below), but unfortunately this has proved very
problematic in practice. The WHO criteria for the defini-
tion of late-stage (CNS) disease is based on the examination
of the cerebrospinal fluid (CSF) by lumbar puncture (LP)
and is the presence of > 5 White blood cells (WBC)/mm?
and/or the presence of trypanosomes [1, 3]. While widely
used, this criterion is not generally accepted with differ-
ent physicians using different CSF WBC criteria to define
late-stage disease. There is also a dissociation between the
biological definition of late-stage disease and the criteria
used for instigating late-stage drugs [3]. Although several
reports have purported to show novel CSF criteria for defin-
ing CNS disease [1, 9] these have all been compared to the
WHO CSF criteria which certainly do not represent a gold
standard. This ’circular argument problem’ has persisted and
has recently been discussed in detail [17].

While drug therapy for early-stage HAT has been effec-
tive and only mildly toxic intravenous [[V] suramin for 7. b.
rhodesiense and intramuscular or IV pentamidine for 7. b.
gambiense, the drugs currently used for late-stage disease
are very toxic [1-3]. Melarsoprol is the first-line drug for
CNS T. b. rhodesiense and, while effective, it is very painful
to administer and cause a post-treatment reactive encepha-
lopathy (PTRE) in about 10% of cases, about half of which
are fatal and recent studies indicate a fatality rate of about
6% with this drug [1, 2]. Melarsoprol is also effective against
CNS T b. gambiense but was superseded as first-line therapy
by NECT (nifurtimox—eflornithine combination therapy) for
this variant [18], but this drug combination is ineffective
against CNS T. b. rhodesiense [1]. An orally effective drug
for late-stage disease that is free of side effects would, there-
fore, be of great therapeutic value and might also obviate the
requirement for an LP to analyse the CSF. Over the last few

@ Springer



2336

Journal of Neurology (2019) 266:2334-2337

years, several novel and orally administered drugs for CNS
HAT have, therefore, been developed, or are in the process
of development, or are under critical evaluation.

In a randomised phase 2/3 study over a period of
18 months in the DRC and Central African Republic, it was
recently reported that the nitroheterocyclic drug oral fexini-
dazole was successful in treating 91% of patients with late-
stage T. b. gambiense disease compared with a success rate
of 98% of patients who had been treated with NECT [19].
The side effects attributed to two therapies were similar.
This is a significant advance though the European Medicines
Agency (EMA) noted that in the subpopulation of patients
with a CSF WBC of > 100/mm? the efficacy of fexinidazole
was 86.9% compared with 98.7% in the NECT arm, indicat-
ing that the risk of failure was greater with fexinidazole in
this subgroup [20]. For this reason, the EMA recommended
that HAT patients with CSF WBC of > 100/mm? should only
be treated with fexinidazole if no other adequate treatment
such as NECT is available or tolerated. Further studies with
fexinidazole are awaited including the extent to which it may
or may not be effective in cases of late-stage HAT due to T.
b. rhodesiense.

There are also other novel oral drugs in the pipeline. A
notable one is a compound called SCYX-7158 which is a
member of the oxaborole group. In a mouse model of HAT,
this drug cured late-stage disease and was also shown to
have a good safety profile in a phase 1 study in humans
[21]. It is now undergoing evaluation in a phase 2/3 trial
in CNS HAT and the results are eagerly awaited. A differ-
ent approach has been to modify the melarsoprol drug itself
to make it less toxic but orally administered and equally
efficacious. Melarsoprol cyclodextrin inclusion complexes
(’complexed melarsoprol), which are constructed by incor-
porating the melarsoprol drug into a cyclodextrin molecule,
were shown to be effective in curing late-stage disease in a
very well-established mouse model of HAT while also being
free of over toxic effects [22]. This drug now has dual EMA/
US Food and Drug Administration (FDA) designation as an
’orphan drug’ for the treatment of African sleeping sickness.
The EMA has also approved a trial protocol for a first in
man phase 2 trial of this drug in T. b. rhodesiense HAT. It is
hoped that such a trial can start in the near future.

Recent advances in our understanding of disease neu-
ropathogenesis have been steady but, in my view, incremen-
tal rather than dramatic. A crucial tool in this respect has
been the use of experimental animal models of early- and
late-stage HAT, in particular the use of a highly reproducible
mouse model which closely mirrors the human disease both
clinically and neuropathologically [11, 23]. Two particular,
and related, areas of advancement have been the use of mod-
ern imaging techniques such as magnetic resonance imaging
(MRI) and bioluminescence imaging to better understand
the disease and also focus on BBB function at various stages
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of disease progression. Thus, MRI can be used to assess
the degree of BBB damage, which can be quantified, dur-
ing experimental trypanosomiasis infection, and this has
been shown previously not to correlate with the degree of
inflammatory cell infiltration [24, 25]. Leaking of contrast
agent within the BBB, indicating impairment, has also been
shown to occur prior to the development of CNS disease,
and this BBB damage progresses as the disease advances
[24]. Bioluminescence imaging has also been applied to
experimental HAT infection. For example, it was recently
shown that using such non-invasive imaging with intravital
multi-photon microscopy and a genetically modified Trypa-
nosoma brucei brucei expressing luciferase, trypanosomes
enter the brain meninges as early as day 5 postinfection [26].
Such technology should prove useful during the process of
drug screening for treating trypanosomiasis infections. The
modern notion of an early invasion of trypanosomes into the
CNS was also supported in such a murine model in a study
using intravital brain imaging where bloodstream forms of 7.
b. brucei and T. b. rhodesiense entered the brain parenchyma
within hours, before a significant level of microvascular
inflammation became detectable and in the absence of overt
cerebral injury [27]. The significance of such early invasion
of the brain by the trypanosomes is not yet determined but
it is consistent with the hitherto surprising presence of neu-
rological features being detected during the early-stage of
T. b. rhodesiense infection in HAT patients in Uganda and
Malawi [28]. Further, the increasing use of genetically modi-
fied trypanosomes with specific alterations is very likely to
enhance our knowledge of the evidently complex interaction
between host immunological defences and harmful parasite-
induced factors, in particular at the level of the BBB.

Compliance with ethical standards

Conflicts of interest I declare that I have no conflicts of interest to re-
port.

References

1. Kennedy PGE (2013) Clinical features, diagnosis, and treatment
of human African trypanosomiasis (sleeping sickness) (2013).
Lancet Neurol 12:186-194. https://doi.org/10.1016/S1474
-4422(12)70296-X

2. Biischer P, Cecchi G, Jamonneau V, Priotto G (2017) Human
African trypanosomiasis. Lancet 390:2397-2409. https://doi.
org/10.1016/S0140-6736(17)31510-6

3. Kennedy PGE (2004) Human African trypanosomiasis of the
CNS: current issues and challenges. J Clin Invest 113:496-504.
https://doi.org/10.1172/1C1200421052

4. Simarro PP, Cecchi G, Franco JR, Paone M, Diarra A, Ruiz-Pos-
tigo JA et al (2012) Estimating and mapping the population at risk
of sleeping sickness. PLoS Negl Trop Dis 6:e1859. https://doi.
org/10.1371/journal.pntd.0001859


https://doi.org/10.1016/S1474-4422(12)70296-X
https://doi.org/10.1016/S1474-4422(12)70296-X
https://doi.org/10.1016/S0140-6736(17)31510-6
https://doi.org/10.1016/S0140-6736(17)31510-6
https://doi.org/10.1172/JCI200421052
https://doi.org/10.1371/journal.pntd.0001859
https://doi.org/10.1371/journal.pntd.0001859

Journal of Neurology (2019) 266:2334-2337

2337

10.

11.

12.

13.

14.

15.

16.

17.

Simarro PP, Franco JR, Cecchi G, Paone M, Diarra A, Ruiz
Postigo JA et al (2012) Human African trypanosomiasis in non-
endemic countries (2000-2010). J Travel Med 19:44-53. https://
doi.org/10.1111/5.1708-8305.2011.00576.x

Kennedy PGE (2008) The continuing problem of Human Afri-
can trypanosomiasis (sleeping sickness). Ann Neurol 64:116-126.
https://doi.org/10.1002/ana.21429

WHO (1998) Control and surveillance of African trypanosomiai-
sis. WHO technical report series,Geneva, vol 881, pp 1-113
WHO (2018) Neglected diseases data interactive map.
WHOIWorld Health Organization. https://apps.who.int/negle
cted_diseases/ntddata/hat/hat.html

Kennedy PGE, Rodgers J (2019) Clinical and neuropathogenetic
aspects of human African trypanosomiasis. Front Immunol 10:39.
https://doi.org/10.3389/fimmu.2019.00039

Capewell P, Cren-Travaille C, Marchesi F, Johnston P, Clucas C,
Benson RA et al (2016) The skin is a significant but overlooked
anatomical reservoir for vectorborne African trypanosomes. Elife
5:17716. https://doi.org/10.7554/eLife.17716

Kennedy PGE (2010) The fatal sleep. Luath Press, Edinburgh
Jamonneau V, Ravel S, Garcia A, Koffi M, Truc P, Laveissiere C
et al (2004) Characterization of Trypanosoma brucei s.lI. infecting
asymptomatic sleeping sickness patients in Cote d’Ivoire: a new
genetic group? Ann Trop Med Parasitol 98:329-337. https://doi.
org/10.1179/000349804225003406

Jamonneau V, Ilboudo H, Kabore J, Kaba D, KoffiM Solano P
et al (2012) Untreated human infections by Trypanosoma brucei
gambiense are not 100% fatal. PLoS Negl Trop Dis 6:e1691. https
://doi.org/10.1371/journal.pntd.0001691

Sudarshi D, Lawrence S, Pickrell WO, Eligar V, Walters R, Qua-
deri S et al (2014) Human African trypanosomiasis presenting
at least 29 years after infection—-what can this teach us about
the pathogenesis and control of this neglected tropical disease?
PLoS Negl Trop Dis 8:¢3349. https://doi.org/10.1371/journ
al.pntd.0003349

Bisser S, Lumbala C, Nguertoum E, Kande V, Flevaud L, Vatunga
G et al (2016) Sensitivity and specificity of a prototype rapid diag-
nostic test for the detection of Trypanosoma brucei gambiense
infection: a multi-centric prospective study. PLoS Negl Trop Dis
10:e0004608. https://doi.org/10.1371/journal.pntd.0004608
Lumbala C, Bieler S, Kayembe S, Makabuza J, Ongarello S,
Ndung’u JM (2018) Prospective evaluation of a rapid diagnostic
test for Trypanosoma brucei gambiense infection developed using
recombinant antigens. PLoS Negl Trop Dis 12:e0006386. https://
doi.org/10.1371/journal.pntd.0006386

Njamnshi AK, Gettinby G, Kennedy PGE (2017) The challenging
problem of disease staging in human African trypanosomiasis
(sleeping sickness): a new approach to a circular question. Trans

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

R Soc Trop Med Hyg 111:199-203. https://doi.org/10.1093/trstm
h/trx034

Priotto G, Kasparian S, Mutombo W, Ngouama D, Ghorashian
S, Arnold U et al (2009) Nifurtimox-eflornithine combination
therapy for second-stage African Trypanosoma brucei gambi-
ense trypanosomiasis: a multicentre, randomised, phase III, non-
inferiority trial. Lancet 374:56—64. https://doi.org/10.1016/S0140
-6736(09)61117-X

Mesu V, Kalonji WM, Bardonneau C, Mordt OV, Blesson S,
Simon F et al (2017) Oral fexinidazole for late-stage African
Trypanosoma brucei gambiense trypanosomiasis: a pivotal mul-
ticentre, randomised, non-inferiority trial. Lancet 391:144-154.
https://doi.org/10.1016/S0140-6736(17)32758-7

European Medicines Agency (EMA). https://www.ema.europa.eu/
en/fexinidazole-winthrop-h-w-2320

Jacobs RT, Nare B, Wring SA, Orr MD, Chen D, Sligar JM et al
(2011) SCYX-7158, an orally-active benzoxaborole for the treat-
ment of stage 2 human African trypanosomiasis. PLoS Negl Trop
Dis 5:e1151. https://doi.org/10.1371/journal.pntd.0001151
Rodgers J, Jones A, Gibaud S, Bradley B, McCabe C, Barrett
MP et al (2011) Melarsoprol cyclodextrin inclusion complexes
as promising oral candidates for the treatment of human Afri-
can trypanosomiasis. PLoS Negl Trop Dis 5:¢1308. https://doi.
org/10.1371/journal.pntd.0001308

Kennedy PGE (2006) Diagnostic and neuropathogenesis issues in
human African trypanosomiasis. Int J Parasitol 36:505-512
Rodgers J, McCabe C, Gettinby G, Bradley B, Condon B, Ken-
nedy PGE (2011) Magnetic resonance imaging to assess blood-
brain barrier damage in murine trypanosomiasis. Am J Trop Med
Hyg 84:344-350. https://doi.org/10.4269/ajtmh.2011.10-0487
Rodgers J, Bradley B (2017) Kennedy PGE (2018) Delineating
neuroinflammation, parasite CNS invasion, and blood-brain bar-
rier dysfunction in an experimental murine model of human Afri-
can trypanosomiasis. Methods. https://doi.org/10.1016/j.ymeth
.2017.06.015

Myburgh E, Coles JA, Ritchie R, Kennedy PGE, McLatchie
AP, Rodgers J, Taylor MC, Barrett MP, Brewer JM, Mottram JC
(2013) In vivo imaging of trypanosome-brain interactions and
development of a rapid screening test for drugs against CNS stage
trypanosomiasis. PLoS Negl Trop Dis 7:e2384

Frevert U, Movila A, Nikolskaia OV, Raper J, Mackey ZB,
Abdulla M et al (2012) Early invasion of brain parenchyma
by African trypanosomes. PLoS ONE 7:e43913. https://doi.
org/10.1371/journal.pone.0043913

MacLean LM, Odiit M, Chisi JE, Kennedy PG, Sternberg JM
(2010) Focus specific clinical profiles in human African trypano-
somiasis caused by Trypanosoma brucei rhodesiense. PLoS Negl
Trop Dis 4:€906. https://doi.org/10.1371/journal.pntd.0000906

@ Springer


https://doi.org/10.1111/j.1708-8305.2011.00576.x
https://doi.org/10.1111/j.1708-8305.2011.00576.x
https://doi.org/10.1002/ana.21429
https://apps.who.int/neglected_diseases/ntddata/hat/hat.html
https://apps.who.int/neglected_diseases/ntddata/hat/hat.html
https://doi.org/10.3389/fimmu.2019.00039
https://doi.org/10.7554/eLife.17716
https://doi.org/10.1179/000349804225003406
https://doi.org/10.1179/000349804225003406
https://doi.org/10.1371/journal.pntd.0001691
https://doi.org/10.1371/journal.pntd.0001691
https://doi.org/10.1371/journal.pntd.0003349
https://doi.org/10.1371/journal.pntd.0003349
https://doi.org/10.1371/journal.pntd.0004608
https://doi.org/10.1371/journal.pntd.0006386
https://doi.org/10.1371/journal.pntd.0006386
https://doi.org/10.1093/trstmh/trx034
https://doi.org/10.1093/trstmh/trx034
https://doi.org/10.1016/S0140-6736(09)61117-X
https://doi.org/10.1016/S0140-6736(09)61117-X
https://doi.org/10.1016/S0140-6736(17)32758-7
https://www.ema.europa.eu/en/fexinidazole-winthrop-h-w-2320
https://www.ema.europa.eu/en/fexinidazole-winthrop-h-w-2320
https://doi.org/10.1371/journal.pntd.0001151
https://doi.org/10.1371/journal.pntd.0001308
https://doi.org/10.1371/journal.pntd.0001308
https://doi.org/10.4269/ajtmh.2011.10-0487
https://doi.org/10.1016/j.ymeth.2017.06.015
https://doi.org/10.1016/j.ymeth.2017.06.015
https://doi.org/10.1371/journal.pone.0043913
https://doi.org/10.1371/journal.pone.0043913
https://doi.org/10.1371/journal.pntd.0000906

	Update on human African trypanosomiasis (sleeping sickness)
	Abstract
	References




