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Human African trypanosomiasis (sleeping sickness) occurs in sub-Saharan Africa. It is caused by the protozoan
parasite Trypanosoma brucei, transmitted by tsetse ﬂies. Almost all cases are due to Trypanosoma brucei gambiense,
which is indigenous to west and central Africa. Prevalence is strongly dependent on control measures, which are
often neglected during periods of political instability, thus leading to resurgence. With fewer than 12 000 cases of this
disabling and fatal disease reported per year, trypanosomiasis belongs to the most neglected tropical diseases. The
clinical presentation is complex, and diagnosis and treatment diﬃcult. The available drugs are old, complicated to
administer, and can cause severe adverse reactions. New diagnostic methods and safe and eﬀective drugs are urgently
needed. Vector control, to reduce the number of ﬂies in existing foci, needs to be organised on a pan-African basis.
WHO has stated that if national control programmes, international organisations, research institutes, and
philanthropic partners engage in concerted action, elimination of this disease might even be possible.

Introduction
Human African trypanosomiasis, which is fatal if left
untreated, aﬀects rural populations in sub-Saharan
Africa. Its prevalence has changed during the past
100 years largely because of control and intervention
programmes. After major outbreaks at the beginning of
the 19th century, the disease was almost eliminated in
the mid-1960s, followed by resurgence in the late 1990s
and a fall in the number of cases in recent years. Although
the present number of cases (50 000–70 000) seems
negligible on a worldwide scale, the characteristics and
focal distribution of the disease can have a great
socioeconomic eﬀect on aﬀected villages.
Diagnosis and treatment is unsatisfactory and needs
more research and development. As one of the most
neglected tropical diseases, African trypanosomiasis
could catch the attention of initiatives and public–private
partnerships. With new methods to diagnose and treat
patients and to control transmission by the tsetse ﬂy,
elimination of the disease might be possible.

Epidemiology
The geographical range of human African trypanosomiasis (sleeping sickness) is restricted to sub-Saharan Africa
(ﬁgure 1), where there are suitable habitats for its vector,
the tsetse ﬂy. Together with the animal form of African
trypanosomiasis, known as nagana, human disease is a
major cause of rural underdevelopment in sub-Saharan
Africa. Although the disease has also been reported in
urban and periurban areas,1 it mainly aﬀects poor and

Search strategy and selection criteria
We did a PubMed search using the keywords: “tsetse”,
“trypanosomiasis”, “trypanosomes”, “sleeping sickness”,
“T b gambiense”, “T b rhodesiense”, “treatment”,
“pentamidine”, “suramin”, “melarsoprol”, “eﬂornithine”, and
“DFMO”, in various combinations. Additional sources were
the Programme against African Trypanosomiasis (PAAT)
Tsetse & Trypanosomiasis Information (2005–2008) and
personal topic-speciﬁc databases of RB and CB.
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remote rural regions. Disease transmission occurs in
children and adults during activities such as farming,
hunting, ﬁshing, or washing clothes.
The African trypanosomes pathogenic for man belong to
the species Trypanosoma brucei, which has three subspecies:
T b gambiense, which causes endemic disease in central
and west Africa; T b rhodesiense, which causes more acute
disease in east and southern Africa (ﬁgure 1); and T b brucei,
which usually infects domestic and wild animals but not
man. The strict geographical separation between
T b gambiense and T b rhodesiense could soon change,
however, because the continued spread of T b rhodesiense
in Uganda towards the northwest might cause an overlap
of the distributions of the two forms of disease.2 Sporadic
reports have appeared of disease in man caused by nonhuman-pathogenic trypanosome species. These species
are T b brucei,3 T congolense,4 and T evansi.5
Three major epidemics have ravaged the continent in
the past century.6 The ﬁrst, which largely aﬀected
equatorial Africa, took place between 1896 and 1906, and
killed an estimated 800 000 people.7 A second major
epidemic between 1920 and the late 1940s prompted the
colonial powers to invest in vector control and mobile
teams to undertake active surveillance of the
population—two strategies that are still the pillars of
control. These control mechanisms were initially
eﬀective, and the disease was almost eradicated in the
early 1960s. However, after the advent of independence
there was a collapse of surveillance and control activities
in most endemic countries, often exacerbated by civil
conﬂicts. This collapse led to a progressive re-emergence
of the disease, which reached a peak in the late 1990s in
the Democratic Republic of the Congo (DRC), Angola,
Central African Republic, southern Sudan, and Uganda
(ﬁgure 2).8–14
Since this peak of infection in the 1990s, increased
control activities have succeeded in rolling back disease
related to T b gambiense in several countries.15–17 In the
24 countries regarded as endemic for such disease, there
was a 69% reduction in the number of reported cases
between 1997 and 2006 (from 36 585 to 11 382). However,
T b rhodesiense disease, which contributed only 4% (n=486)
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of all reported cases in 2006, showed no similar decrease
because only a few endemic countries implemented
control programmes.18 However, these ﬁgures should be
regarded with caution since under-reporting is known to
mask the true burden of T b rhodesiense disease.19,20 The
decrease in reported T b gambiense infections is
encouraging, but because African trypanosomiasis mainly
aﬀects remote rural communities in regions with poor
health infrastructures, many cases certainly remain
undiagnosed or unreported, and the true burden of
disease in Africa remains unknown. WHO used a ratio of
1:3–4 to calculate the ﬁgure of 50 000–70 000 new cases in
2004.21 Hidden pockets of highly endemic T b gambiense
disease remain, as shown by the high number of patients
(n=1800) diagnosed and treated by Médecins Sans
Frontières between July, 2007, and June, 2008, in two
remote areas of Central African Republic (Batangafo) and
DRC (Doruma and Banda) (C F, unpublished data).
Similarly, the local burden of T b rhodesiense illness on
individuals and health services remains high in some
aﬀected areas.22
Human African trypanosomiasis due to T b gambiense is
very rare in short-term tourists, but has been reported in
immigrants, refugees, and expatriates resident for long
periods in rural areas.23–26 Because of its long incubation
time and chronicity, the disease should be considered even
if a patient’s last stay in an endemic region occurred many
years ago. The number of tourists infected in countries
that report the most local patients is low, probably because
these countries are rarely visited by travellers (ﬁgure 1). By
contrast, disease due to T b rhodesiense has been reported
in short-term tourists travelling to east African game
reserves, mainly in Tanzania,27–30 but also in Botswana,
Rwanda, Kenya, and Malawi.31

Vector and parasite
Trypanosomes are transmitted by blood-feeding tsetse
ﬂies of the genus Glossina from one mammalian host to
another. Both male and female ﬂies are blood-feeders
and can thus bring about transmission. About 30 species
and subspecies of tsetse ﬂies exist, and these are separated into three groups that prefer diﬀerent habitats32 and
show diﬀerent abilities to transmit T b gambiense or
T b rhodesiense sleeping sickness. The ﬂies’ biology has
one major peculiarity—they are viviparous. The female
ﬂy deposits a fully developed larva, which burrows into
the soil, pupates, and emerges as an adult ﬂy a month
later. Newly-hatched ﬂies have never been reported to be
infected with trypanosomes. The ﬂy ﬁrst needs to feed
on an infected mammalian host, after which the parasites
enter the digestive tract. During the following 3–5 weeks
they undergo several diﬀerentiation steps, including
migration to the salivary glands, where they develop into
the infective form. The complex process of establishment
in the midgut and maturation in the salivary glands
depends on many factors, some favouring and others
inhibiting its completion (ﬁgure 3).33 Completion of the
www.thelancet.com Vol 375 January 9, 2010
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Figure 1: Distribution of human African trypanosomiasis with incidences and risk for travellers
The black line divides the areas in which Trypanosoma brucei gambiense prevails and those in which
Trypanosoma brucei rhodesiense predominates (J Blum, Swiss Tropical Institute).

cycle in the ﬂy is rare in the ﬁeld, in that only about 0·1%
of ﬂies carry a mature infection that can be transmitted
when the ﬂy bites another host.
Trypanosomes are unicellular organisms (protozoa)
that belong to the family Trypanosomatidae and the
genus Trypanosoma.34 The elongated cells are 15–30 μm
long and constantly move with the help of a ﬂagellum.
They have the cellular organisation of eukaryotic cells,
with one tubular mitochondrion that contains the
kinetoplast, which is a condensation of the circular
mitochondrial DNA. In the initial phase of infection,
trypanosomes are restricted to the lymph and blood
systems (ﬁgure 4). At a later stage they are also seen in
brain parenchyma and cerebrospinal ﬂuid (CSF),35 but
are generally extracellular.
Normal human plasma contains a trypanosome lytic
factor. This factor destroys trypanosomes pathogenic for
animals, whereas T b gambiense and T b rhodesiense are
resistant to it, each by means of a diﬀerent mechanism.36
The trypanosome lytic factor has two components,
apolipoprotein L1 and haptoglobin-related protein, which
are especially active when assembled in one high-density
lipoprotein.37 One reported human infection with T evansi
might have been attributable to an absence of
apolipoprotein L1 in the patient.38
149
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Figure 2: Trypanosoma brucei gambiense: comparison between population placed under active surveillance and new cases
Number of reported cases (columns) and population screened (circles), Africa, 1939–2004. Reproduced under the creative commons licence from reference 6.

Trypanosomes are surrounded by a surface coat
composed of a variant surface glycoprotein that protects
them from lytic factors in human plasma.39 When
infection occurs, this glycoprotein is recognised by the
host’s immune system, which starts producing IgM and
IgG antibodies. These antibodies neutralise the
corresponding trypanosomes, leading to a decrease of
parasitaemia. However, a few of the trypanosomes will
have changed their surface coats to a new variant surface
glycoprotein type that is not aﬀected by the circulating
antibodies, so that they can continue to proliferate until
new antibodies are produced. This sequence continues,
and the immune system is not able to eliminate the
parasites. About 2000 variant surface glycoprotein genes,
including many pseudogenes, are present in the genome
of T brucei,40,41 whereas T b gambiense probably has fewer.
Only one such glycoprotein is expressed at a speciﬁc
time. The switch occurs either by transport of a variant
surface glycoprotein gene to one of 20 expression sites
situated on diﬀerent telomeres, or by silencing of an
active telomere and activation of a telomere on another
chromosome. Because of this high degree of antigenic
variation, development of a vaccine is unlikely to be
feasible.42
Domestic and wild animals can also become infected
with T b gambiense43 and T b rhodesiense. Although they do
not fall ill, they have an epidemiological role as carriers or
reservoir animals from which tsetse ﬂies can acquire an
infection.44 For T b rhodesiense, which is a zoonosis that is
usually transmitted from animals to man, cattle are an
important reservoir,45,46 although most wild animals species
in game parks can harbour human-pathogenic
trypanosomes. For T b gambiense, which is anthroponotic—ie, it mostly depends on human-to-human
transmission—man provides the main reservoir. Animals
play a less important part, but pigs and some wild animal
species have been reported as being a reservoir.47,43
150

Clinical features
The disease appears in two stages, the ﬁrst
haemolymphatic stage and the second meningoencephalitic stage, which is characterised by invasion of
the CNS. The penetration of trypanosomes through the
blood-brain barrier is an active process48 and occurs at or
near intracellular junctions. Disease caused by either of
the two parasites leads to coma and death if left untreated.
T b gambiense infection is characterised by a chronic
progressive course. According to models based on
survival analysis, the estimated average duration of such
infection is around 3 years, which is evenly divided
between the ﬁrst and second stages.49 T b rhodesiense
disease is usually acute, and death occurs within weeks
or months.50
A trypanosomal chancre (a reaction at the location of
the tsetse ﬂy bite) is rarely seen with T b gambiense, but
occurs in 19% of patients infected with T b rhodesiense.
The leading signs and symptoms of the ﬁrst stage are
chronic and intermittent fever, headache, pruritus,
lymphadenopathy, and, to a lesser extent, hepatosplenomegaly. In the second stage, sleep disturbances and neuropsychiatric disorders dominate the clinical presentation.
Fever is intermittent, with attacks lasting from a day to
a week, separated by intervals of a few days to a month or
longer,51 and is rarely seen in the second stage.52 The
febrile episodes correspond to a type 1 inﬂammatory
reaction associated with activation of macrophage-1 cells
and high concentrations of interferon γ, tumour necrosis
factor, reactive oxygen intermediates or metabolites, and
nitric oxide. This reaction controls parasite invasion and
proliferation, but the exacerbated immune response can
induce collateral tissue damage.53 To alleviate parasiteelicited pathological changes the host can mount type 2
immune responses consisting of sequential production
of interleukin 10 and interleukin 4 or interleukin 1 that
can induce macrophage-2 cells with anti-inﬂammatory
www.thelancet.com Vol 375 January 9, 2010
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properties.53 The mechanism of antigenic variation on
the surface of the parasite allows it to persist and to elicit
new parasitic waves.
Sleep disorder is a leading symptom of the second
stage and is the one that gave the disease its name.
Somnographic studies have shown that the disease
causes dysregulation of the circadian rhythm of the
sleep/wake cycle and a fragmentation of the sleeping
pattern rather than the frequently reported inversion of
sleep.54 In severe cases the circadian rhythm of prolactin,
renin, growth hormone, and cortisol secretion
disappears.54,55 The neurological symptoms include
tremor, fasciculations, general motor weakness, paralysis
of a limb, hemiparesis, akinesia, and abnormal
movements such as dyskinesia or chorea-athetosis.
There might be Parkinson-like movements due to
muscular hypertension, non-speciﬁc movement
disorders, and speech disorders. Abnormal archaic
reﬂexes can also arise. These disorders are rarely seen
during the ﬁrst stage and increase in frequency with the
duration of the disease.52,56 Psychiatric symptoms such as
irritability, psychotic reactions, aggressive behaviour, or
inactivity with apathy can dominate the clinical picture.56
In Europe, infected immigrants have sometimes been
wrongly admitted to psychiatric clinics.57
Cardiac involvement documented by electrocardiogram
(ECG) changes is frequently seen in T b gambiense
disease, but is rarely of clinical relevance. The most
frequent ECG changes are QTc prolongation,
repolarisation changes, and low voltage. In T b rhodesiense
infection, myopericarditis can be more severe.58,59 By
contrast with heart problems in Chagas disease, which is
caused by another trypanosome, T cruzi, arrhythmias,
conduction problems and blocks, and congestive heart
failure are rare in African trypanosomiasis.60,61 Endocrine
disorders of the thyroid and adrenocortical function can
take the form of hypofunction or hyperfunction, but
rarely demand speciﬁc treatment.62 These symptoms are
more pronounced in T b rhodesiense disease.63
The symptomatology of human African trypanosomiasis in travellers is strikingly diﬀerent from the
usual textbook descriptions of African patients, and is
similar for both T b gambiense and T b rhodesiense
infections,51 presenting as an acute febrile disease with
temperatures up to 40–41°C.21,22 In travellers, a chancre at
the inoculation site24 and a trypanosomal rash22 are more
frequently seen, and results of laboratory tests show
greater abnormalities than in patients from endemic
countries. Severe haematological disorders, impaired
kidney function, electrolyte disturbances, high
concentrations of C-reactive protein and liver enzymes
have been described.26,27,64,65
A great diversity of clinical pictures can be seen in
patients infected by T b gambiense, ranging from acute
disease to chronic forms. Asymptomatic carriers are also
reported.66,67 Whereas an initial genetic characterisation
of the infecting T b gambiense in patients in Côte d’Ivoire
www.thelancet.com Vol 375 January 9, 2010
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Figure 3: Life cycle of African trypanosomes
In man the bloodstream forms show a polymorphism with (A) dividing (black arrows) slender forms, (B) intermediate
forms, and (C) stumpy forms. In the tsetse ﬂy vector, bloodstream forms transform to (D) dividing midgut forms, then
to (E) the migrating epimastigote forms, which develop in the salivary glands to (F) the infective metacyclic forms,
which are injected during the next blood meal into the mammalian host. Reproduced from Vickerman K.
Developmental cycles and biology of pathogenic trypanosomes. Br Med Bull 1985; 41: 105–14, with permission of
Oxford University Press.

showed little genetic polymorphism,66 a PCR analysis
done some years later did detect DNA of T brucei sensu
lato in healthy carriers. These parasites might represent
a distinct and previously unrecognised genetic group of
trypanosomes, other than T b gambiense or T b rhodesiense.
An infection or coinfection with these T brucei sensu lato
could cause a slow and gradual development of
morbidity.68 Additionally, infections of people with
trypanosomes thought to be non-pathogenic for man
have been described in case reports.69
Typically, T b rhodesiense disease progresses very rapidly;
however, in the southern countries of east Africa, in
particular Malawi, a more chronic form has been
reported. These two distinct clinical forms have been
associated with two genotypes of the SRA gene.
Additionally, tumour necrosis factor α concentration was
high in early-stage patients in Uganda, whereas in Malawi
high concentrations of transforming growth factor β
concentrations were seen.70 However, the apparently
151
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Figure 4: Trypanosomes among blood cells

Figure 5: Screening for trypanosomiasis taking place under mango trees in Kajo-Keji county, Sudan

much slower progression into the second disease stage
in the chronic form hampers direct comparison of the
populations and further investigation of this topic will be
needed.

Diagnosis
The diagnosis and staging of T b gambiense disease rely
on laboratory examinations, because the clinical features
of the disease are not suﬃciently speciﬁc.23,71,72 A threestep approach is used within control programmes and
for individual patients: screening, diagnostic conﬁrmation, and staging.
The card agglutination test for trypanosomiasis/
T b gambiense (CATT), developed in the late 1970s, can
be done on serum, capillary blood obtained from a
ﬁnger prick, or blood from impregnated ﬁlter papers.73–75
CATT is a fast and practical serological test that allows
hundreds of individuals to be screened daily, and is
reported to be 87–98% sensitive and 93–95% speciﬁc.76–80
152

CATT is the best-adapted and most eﬃcient screening
method, and is widely used for mass population
screening in endemic areas (ﬁgure 5).81,82 However, since
the test is used in populations where the prevalence of
African trypanosomiasis is usually less than 5%, the
positive predictive value of a positive CATT remains too
low for conﬁrmation of the disease. There are indications
that CATT results might be misleading in speciﬁc areas
as a result of the absence of the LiTat 1·3 antigene.83
Other highly sensitive serological tests, such as
immunoﬂuorescence or enzyme-linked immunosorbent
assays, are generally used in non-endemic countries to
screen individuals with suggestive clinical features or
previous exposure.79,84 Since serological tests are not
100% sensitive, health professionals are advised to
search for trypanosomes in individuals with negative
serological tests who have had a recent infection
(chancre) or a strong clinical suspicion of African
trypanosomiasis.
The microscopic examination of lymph node aspirate
and blood, or both, is needed for parasitological
conﬁrmation. The delay between sampling and
examination should be kept as short as possible to avoid
lysis of trypanosomes. When present, a cervical lymph
node is punctured and the fresh aspirate swiftly
examined. The sensitivity of lymph node palpation and
aspiration varies from 40% to 80% dependent on
parasite strain, stage of disease (this test is more
sensitive during the ﬁrst stage), and prevalence of other
diseases that cause lymphadenopathy.85,86 Because
examination of thin or thick blood ﬁlms has very low
sensitivity, concentration methods such as the
microhaematocrit centrifugation technique,87 quantitative buﬀy coat,88,89 and miniature anion-exchange
centrifugation technique90 should be used.82,91,92 Serial
examinations on consecutive days increase the sensitivity
of blood examination techniques. Detection of parasite
nucleic acids by PCR might become useful as a more
sensitive approach, but existing tests need further
standardisation and clinical validation.71 Some
investigators recommend treatment of individuals with
high CATT titres (≥1:16), even if parasitological
examination is negative, in populations with high
disease prevalence (>1%), especially when the most
sensitive blood detection methods (quantitative buﬀy
coat or miniature anion-exchange centrifugation
technique) cannot be used.93,94 This strategy should not
be applied when disease prevalence is low.95
Because treatment diﬀers substantially between the
ﬁrst and second stage, diﬀerentiation between them by
examination of the CSF after lumbar puncture is
essential.96 According to WHO recommendations75 the
presence in CSF of more than ﬁve white blood cells
per μL, trypanosomes, or increased protein content
(>370 mg/L) deﬁnes second-stage disease. The ﬁve cells
per μL threshold is most widely used, but some
controversy exists about the group of patients with six to
www.thelancet.com Vol 375 January 9, 2010
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20 cells per μL, because this group is composed of
individuals with or without signs of neuroinﬂammation
and with various clinical responses to pentamidine,
which is the drug used to treat ﬁrst-stage disease.97–100
Whereas the microscopic ﬁnding of trypanosomes is
diagnostic of second-stage disease, the clinical
signiﬁcance of a positive PCR on a CSF sample is
controversial.101,102 Total protein measurement in the CSF
is no longer recommended. By contrast, increased IgM
concentrations in CSF, caused by synthesis within the
spinal cord, are an early and speciﬁc marker of CNS
invasion.103–105 A ﬁeld-designed latex agglutination test for
IgM in CSF has shown promising results, but needs
further validation.106 Antibodies against neuroﬁlaments,
galactocerebrosides, neuroﬁlaments, and glial ﬁbrillary
acidic proteins are also promising CSF markers of
second-stage disease.107–109
The diagnostic approach for T b rhodesiense disease
diﬀers from that for T b gambiense in several ways. First,
there is no serological screening test for T b rhodesiense.
Rather, the identiﬁcation of suspected cases relies on
the non-speciﬁc clinical presentation and history of
exposure. Second, parasitological conﬁrmation is easier
for T b rhodesiense, because the density of blood
circulating parasites is higher than for T b gambiense. A
thin or thick blood smear is usually suﬃcient to conﬁrm
diagnosis. And third, biological indices such as
haemoglobin and platelet counts, and coagulation tests
are more frequently or substantially changed in African
trypanosomiasis caused by T b rhodesiense than in that
caused by T b gambiense, but these ﬁndings remain
non-speciﬁc.
Research and development of methods for diagnosis
and staging of disease have been revitalised, notably
through an initiative launched in 2006 by WHO and the
Foundation for Innovative New Diagnostics (FIND).110
Stage

Present research eﬀorts focus on several areas: (i)
recombinant or native trypanosome antigens that could
be used to develop an improved serological test; (ii)
methods to detect parasite antigens in blood or CSF; (iii)
proteomic ﬁngerprinting; (iv) low-tech PCR methods
such as loop-mediated isothermal ampliﬁcation or
oligochromatography; and (v) new blood or CSF markers
of second-stage disease.111–115

Treatment
Pentamidine
Few drugs are available to treat human African
trypanosomiasis and selection is based mainly on the
disease stage and causative pathogen (table). At present,
all drugs are donated to WHO by the producers.116,117
Pentamidine is the drug of choice for treatment of ﬁrststage disease caused by T b gambiense. It is given
intramuscularly for a week , unless it can be given as an
intravenous infusion in saline over 2 h. There is
pharmacokinetic evidence that three injections might be
equally eﬀective,118,119 and a comparative clinical trial is in
progress to test this strategy (trial registration
ISRCTN55042030). By contrast, the use of pentamidine
in intermediate-stage disease (ie, up to ten or 20 white
blood cells per μL in CSF)120 has produced equivocal
outcomes97,99,100 and should not be generally recommended.
Attention has been drawn to an unintended modiﬁcation
of the dose calculation from the base to the salt,121 but this
change should lead to a clariﬁcation of the label rather
than a change in practice, because pentamidine at the
currently used dose is still very eﬀective. Pentamidine is
generally well tolerated. When given by intramuscular
injection, site pain and transient swelling, abdominal
pain and gastrointestinal problems, and hypoglycaemia
(5–40%) are the most frequently reported adverse
events.122 Other important adverse drug reactions such

Route of application Dosing

For FIND see http://www.
ﬁnddiagnostics.org

Main adverse drug reactions

Trypanosoma brucei gambiense
Pentamidine*

First

Intramuscular

4 mg/kg bodyweight at 24 h intervals for 7 days

Hypoglycaemia, injection site pain, diarrhoea, nausea,
vomiting

Eﬂornithine

Second

Intravenous
Infusion of >30 min

100 mg/kg bodyweight at 6 h intervals for
14 days

Diarrhoea, nausea, vomiting, convulsions; anaemia,
leucopenia, and thrombocytopenia

Melarsoprol†

Second

Intravenous

2·2 mg/kg bodyweight at 24 h intervals for
10 days

Encephalopathic syndromes, skin reactions (pruritus,
maculopapular eruptions), peripheral motoric (palsy) or
sensorial (paraesthesia) neuropathies, thrombophlebitis

Trypanosoma brucei rhodesiense
Suramin*

First

Intravenous

Test dose of 4–5 mg/kg bodyweight at day 1, then Hypersensitivity reactions (acute, late); albuminuria,
cylinduria, haematuria, peripheral neuropathy
ﬁve injections of 20 mg/kg bodyweight every
7 days (eg, day 3, 10, 17, 24, 31); maximum dose
per injection 1 g

Melarsoprol*

Second

Intravenous

Three series of 3·6, 3·6, 3·6 mg/kg bodyweight,
the series spaced by intervals of 7 days;
maximum dose per day 180 mg

Encephalopathic syndromes, skin reactions (pruritus,
maculopapular eruptions), peripheral motoric (palsy) or
sensorial (paraesthesia) neuropathies, thrombophlebitis

*Endemic countries: according to national legislature or guidelines. †Only where eﬂornithine is not available or where melarsoprol is ﬁrst-line treatment according to
national guidelines.

Table: Standard treatments for human African trypanosomiasis and main adverse reactions
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as leucopenia, thrombocytopenia, hyperkalaemia, and
QT-prolongation, which are seen in treatment of other
diseases (eg, Pneumocystis jirovecii infection123), are rarely
reported, probably because of the scarcity of adequate
methods for patient monitoring.

emergence of resistance to melarsoprol, in which a
P2 adenosine transporter might be implicated.129 So far,
however, diﬃculties in retrieval of T b gambiense isolates
from patients have hampered demonstration of parasite
resistance.

Suramin

Eﬂornithine

Suramin is used for ﬁrst-stage T b rhodesiense disease, but
is generally avoided against T b gambiense disease in
western and central Africa because where Onchocerca spp
are also present, its high activity against these parasites
can expose patients to the risk of severe allergic reactions.
The recommended dose regimens for suramin are
complex and last up to 30 days.124 The compound
deteriorates rapidly in air and should be injected
immediately after dilution in distilled water.125 Adverse
drug reactions are frequent but usually mild and
reversible,
including
nephrotoxicity,
peripheral
neuropathy, and bone marrow toxicity with
agranulocytosis and thrombocytopenia. Rare acute and
late hypersensitivity reactions can occur,32 of which the
acute reaction is the reason for the low test dose generally
applied before treatment initiation.

Eﬂornithine is the only new molecule for the treatment
of human African trypanosomiasis that has been
registered in the past 50 years. Several studies comparing
melarsoprol with eﬂornithine have shown a clearly
reduced mortality with eﬂornithine, which is therefore
recommended as the ﬁrst-line treatment for second-stage
T b gambiense disease,130–132 but the use of eﬂornithine
against T b rhodesiense is not advised, because this
organism is innately less susceptible to the drug than is
T b gambiense.133 Treatment of T b gambiense infection
with eﬂornithine lasts for 2 weeks, and because of the
short half-life of the drug, four short infusions per day
are necessary (see table). This regimen hampers the
replacement of melarsoprol by eﬂornithine in rural
public treatment facilities. The provision of kits by WHO,
including all the necessary ancillary materials, could
mitigate some of the diﬃculties.134 Attempts were made
to reduce the diﬃculty of drug administration by use of
an oral formulation, but were abandoned after a
pharmacokinetic trial gave discouraging results.135,136
Adverse drug reactions are similar to those of other
cytostatic drugs, and include bone marrow toxicity
leading to anaemia, leucopenia, and thrombocytopenia
(25–50%), gastrointestinal symptoms (10–39%), and
convulsions (7%).137 Superimposed bacterial infection at
the catheter site can lead to life-threatening sepsis, but
this event can be prevented by adequate nursing care.138

Melarsoprol
The organoarsenic compound melarsoprol remains the
most widely used drug for treatment of second-stage
disease caused by T b gambiense in resource-poor
countries where the new drug eﬂornithine is not available
or aﬀordable, and it is the only choice for second-stage
T b rhodesiense. For T b gambiense an abridged treatment
schedule of ten injections on consecutive days was
recommended by the International Scientiﬁc Council for
Trypanosomiasis Research and Control.126 For treatment
of T b rhodesiense, various lengthy and complex treatment
schedules are still used (table); work on the abridged
schedule is continuing. Adverse reactions to melarsoprol
are frequent and can be severe or even life-threatening.
The most important reaction is an encephalopathic
syndrome, which occurs with very variable frequency in
an average 4·7% of T b gambiense and 8·0% of
T b rhodesiense patients, with a case fatality rate of 44%
and 57%, respectively.127 For the management of
encephalopathic syndrome, dexamethasone and
diazepam are recommended.122 Careful monitoring of the
patient during treatment is crucial and although not
indicative, the appearance of fever or fever combined
with headaches can be regarded as warning signs.128
Skin reactions such as pruritus and maculopapular
eruptions are fairly common, but severe complications
such as bullous eruptions occur in less than 1% of
cases.78,126 Peripheral motor (palsy) or sensorial
(paraesthesia) neuropathies have been reported. A good
injection technique is mandatory to mitigate the irritating
and painful eﬀects of the injections, often leading to
thrombophlebitis. In several foci, treatment failures have
reached 30% of those treated. These failures suggest the
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Prevention and control
There is no vaccine against trypanosome infection, and
chemoprophylaxis is not recommended because of the
toxicity of the drugs and the low risk of infection. The
only preventive measure is reduction of tsetse ﬂy bites.
The ﬂies are attracted to dark colours, in particular blue
and black, and to the motion of vehicles. They can bite
through thin clothes, and insect repellents provide only
part protection. Travellers can take some preventive
measures, such as avoidance of areas where tsetse ﬂies
are known to be present, travelling in cars with screened
or closed windows in endemic foci, use of insect
repellents, and clothes of wrist and ankle length. After a
person is bitten by a tsetse ﬂy, they should be monitored,
although the risk of an infection is low. If a chancre,
fever, or other symptom develops, an aspirate of the
chancre, the blood, and possibly a lymph node aspirate
should be examined for the presence of trypanosomes.
In T b gambiense areas the CATT could be used.
The most important control measure for T b gambiense
disease is active case-ﬁnding followed by treatment of the
identiﬁed patients. Infected people can remain
www.thelancet.com Vol 375 January 9, 2010
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asymptomatic for long periods before they develop signs
of sleeping sickness, but they always act as a reservoir.
Although animals have a less important role as reservoirs
for T b gambiense, for T b rhodesiense, domestic (cattle,
dogs) and wild animals (mainly antelopes) provide a vast
reservoir that should be taken into consideration for
control.139,140 Vector control by use of tsetse ﬂy traps or
screens, in combination with odours that attract the ﬂies,
or insecticides, helps to reduce the ﬂy density.
Chemoprophylaxis is no longer in use because of the
poor risk-beneﬁt ratio caused by the adverse eﬀects of the
drugs.
The biological cycle of human African trypanosomiasis
is very fragile because transmission through the tsetse ﬂy
is complex and slow. As a result, even in countries where
the disease is endemic, less than 0·1% of ﬂies carry
mature parasites. The prevalence in man is also low apart
from in epidemic foci. If the density of ﬂies and infected
individuals is lower than crucial limits, transmission can
break down. This situation is more likely to occur for
disease due to T b gambiense (small animal reservoir)
than for that caused by T b rhodesiense (substantial
reservoir of domestic and wild animals).
In 2002, the WHO HAT [human African trypanosomiasis] control and surveillance programme
established a worldwide alliance to eliminate sleeping
sickness.141 Even earlier, the Pan-African Tsetse and
Trypanosomiasis Eradication Campaign (PATTEC) was
founded as a taskforce uniting African countries aﬀected
by African trypanosomiasis to ﬁght and eventually
eliminate the disease.142 The main strategy of PATTEC is
elimination of the tsetse ﬂy in isolated foci through an
integrated approach that combines insecticide spraying,
traps, and the sterile insect technique. The use of sterile
male ﬂies resulted in the eradication of tsetse ﬂies on
Unguja Island in Zanzibar,143 but the enormous cost of
this method is likely to restrict its use, especially in areas
where several vector species cause transmission. Many
tsetse control experts do not share the PATTEC view,
but rather advocate the use of simple technologies such
as traps in combination with insecticides and
attractants.144 For the region endemic for T b rhodesiense
a restricted application of insecticides to cattle (especially
belly and legs) represents a cost-eﬀective method of
tsetse control.145
Elimination of African trypanosomiasis is thought to
be feasible by WHO.15 However, a prerequisite is to have
new reliable methods for diagnosis and staging, and new,
safe, eﬀective, and easy-to-apply drugs for both stages of
disease. Furthermore, participation of the national
programmes of all aﬀected African countries is
paramount. To guarantee sustainability, additional
partners are needed—international organisations, nongovernmental organisations, and philanthropic organisations—to maintain the eﬀort over decades. If this
strategy can be realised, eﬀorts to eliminate the disease
will have a real chance of success.
www.thelancet.com Vol 375 January 9, 2010

Research priorities
Recent eﬀorts have focused on ﬁnding optimum
therapeutic regimens and on development of combination
therapy with drugs already registered or those used to
treat related diseases. For example, the oral drug
nifurtimox, registered for treatment of Chagas disease,
was considered for compassionate treatment, in
combination with other trypanocidal drugs, of patients
who did not respond to melarsoprol.146 Gastrointestinal
disturbances with nausea, abdominal pains, and vomiting
are very frequent, and neurological adverse reactions
with general convulsions, tremor, or agitation can occur.32
The frequency of adverse reactions increases with
treatment duration and all are rapidly reversible after
discontinuation of the drug.147
Various combinations of eﬂornithine, melarsoprol,
and nifurtimox have been tested and in all trials the
eﬃcacy was better than with monotherapy. However,
combinations containing melarsoprol resulted in very
high rates of severe adverse drug reactions.146,148 As a
result of those investigations, a multicountry trial of
nifurtimox-eﬂornithine combination therapy was
undertaken to compare the standard eﬂornithine
therapy with an abridged regimen consisting of
200 mg/kg of eﬂornithine given as a short intravenous
infusion every 12 h for 7 days, combined with nifurtimox
5 mg/kg given orally every 8 h for 10 days. This regimen
reduces the number of infusions from 56 to 14 and
the treatment duration from 14 to 10 days.149,150 Some
data reported so far suggest the combination is
rather well tolerated and has a good intermediary
eﬀectiveness.150
The development of new medicines against human
African trypanosomiasis underwent a serious setback
when the new oral ﬁrst-stage diamidine drug, pafuramidine
maleate (DB289), failed almost at the end of the
development programme because of nephrotoxicity.151,152
However, a back-up programme identiﬁed new diamidines
that could cure a CNS mouse model of infection (JE Hall
and R Brun, unpublished results). Currently, no molecules
are at the stage of clinical development for treatment of
African trypanosomiasis. However, one molecule, the
nitroimidazole fexinidazole, has been advanced from
discovery to the preclinical stage, and proﬁling is in
progress. If this process is successful, the ﬁrst phase 1
studies in man should begin in 2009.153,154
Contributors
RB designed the article and drafted the sections on parasite and vector,
and control. JB and FC drafted the clinical and diagnostic sections and
contributed illustrations to the epidemiology. CB drafted the section on
treatment and was responsible for an in-depth review of published work.
All authors were involved in the ﬁnalisation of the manuscript and
approved the ﬁnal version.
Conﬂicts of interest
We declare that we have no conﬂicts of interest.
Acknowledgments
We thank Jennifer Jenkins for helpful discussion and critical reading of
the manuscript.

155

Seminar

References
1
Robays J, Ebeja Kadima A, Lutumba P, et al. Human African
trypanosomiasis amongst urban residents in Kinshasa:
a case-control study. Trop Med Int Health 2004; 9: 869–75.
2
Picozzi K, Fevre EM, Odiit M, et al. Sleeping sickness in Uganda:
a thin line between two fatal diseases. BMJ 2005; 331: 1238–41.
3
Deborggraeve S, Koﬃ M, Jamonneau V, et al. Molecular analysis of
archived blood slides reveals an atypical human Trypanosoma
infection. Diagn Microbiol Infect Dis 2008; 61: 428–33.
4
Truc P, Jamonneau V, N’Guessan P, N’Dri L, Diallo PB, Cuny G.
Trypanosoma brucei ssp. and T congolense: mixed human infection in
Cote d’Ivoire. Trans R Soc Trop Med Hyg 1998; 92: 537–38.
5
Joshi PP, Shegokar VR, Powar RM, et al. Human trypanosomiasis
caused by Trypanosoma evansi in India: the ﬁrst case report.
Am J Trop Med Hyg 2005; 73: 491–95.
6
Steverding D. The history of African trypanosomiasis.
Parasit Vectors 2008; 1: 3.
7
Louis FJ, Simarro PP. Rough start for the ﬁght against sleeping
sickness in French equatorial Africa. Med Trop (Mars) 2005;
65: 251–57 (in French).
8
Smith DH, Pepin J, Stich AHR. Human African trypanosomiasis:
an emerging public health crisis. BMJ 1998; 54: 341–55.
9
Barrett MP. The fall and rise of sleeping sickness. Lancet 1999;
353: 1113–14.
10 Paquet C, Castilla J, Mbulamberi D, Beaulieu MF,
Gastellu Etchegorry MG, Moren A. Trypanosomiasis from
Trypanosoma brucei gambiense in the center of north-west Uganda.
Evaluation of 5 years of control (1987-1991). Bull Soc Pathol Exot
1995; 88: 38–41 (in French).
11 Moore A, Richer M. Re-emergence of epidemic sleeping sickness in
southern Sudan. Trop Med Int Health 2001; 6: 342–47.
12 Stanghellini A, Josenando T. The situation of sleeping sickness in
Angola: a calamity. Trop Med Int Health 2001; 6: 330–34.
13 Ekwanzala M, Pepin J, Khonde N, Molisho S, Bruneel H,
De Wals P. In the heart of darkness: sleeping sickness in Zaire.
Lancet 1996; 348: 1427–30.
14 Van Nieuwenhove S. Sleeping sickness resurgence in the DRC:
the past decade. Trop Med Int Health 2001; 6: 335–41.
15 Barrett MP. The rise and fall of sleeping sickness. Lancet 2006;
367: 1377–78.
16 Abel PM, Kiala G, Loa V, et al. Retaking sleeping sickness control in
Angola. Trop Med Int Health 2004; 9: 141–48.
17 Lutumba P. Trypanosomiasis control, Democratic Republic of
Congo, 1993–2003. Emerg Infect Dis 2005; 11: 1382–89.
18 Simarro PP, Jannin J, Cattand P. Eliminating human African
trypanosomiasis: where do we stand and what comes next.
PLoS Med 2008; 5: e55.
19 Odiit M, Coleman PG, Liu WC, et al. Quantifying the level of
under-detection of Trypanosoma brucei rhodesiense sleeping sickness
cases. Trop Med Int Health 2005; 10: 840–49.
20 Fevre EM, Wissmann BV, Welburn SC, Lutumba P. The burden of
human African trypanosomiasis. PLoS Negl Trop Dis 2008; 2: e333.
21 WHO. Human African trypanosomiasis (sleeping sickness):
epidemiological update. Wkly Epidemiol Rec 2006; 8: 71–80.
22 Fevre EM, Odiit M, Coleman PG, Woolhouse ME, Welburn SC.
Estimating the burden of rhodesiense sleeping sickness during an
outbreak in Serere, eastern Uganda. BMC Public Health 2008; 8: 96.
23 Bisoﬃ Z, Beltrame A, Monteiro G, et al. African trypanosomiasis
gambiense, Italy. Emerg Infect Dis 2005; 11: 1745–47.
24 Iborra C, Danis M, Bricaire F, Caumes E. A traveler returning from
Central Africa with fever and a skin lesion. Clin Infect Dis 1999;
28: 679–80.
25 Ezzedine K, Darie H, Le Bras M, Malvy D. Skin features
accompanying imported human African trypanosomiasis:
hemolymphatic Trypanosoma gambiense infection among two
French expatriates with dermatologic manifestations. J Travel Med
2007; 14: 192–96.
26 Lejon V, Boelaert M, Jannin J, Moore A, Buscher P. The challenge
of Trypanosoma brucei gambiense sleeping sickness diagnosis outside
Africa. Lancet Infect Dis 2003; 3: 804–08.
27 Jelinek T, Bisoﬃ Z, Bonazzi L, et al. Cluster of African
trypanosomiasis in travelers to Tanzanian national parks.
Emerg Infect Dis 2002; 8: 634–35.

156

28

29

30

31

32

33
34

35

36

37

38

39
40

41

42
43

44
45

46

47

48

49

50

51

Mendonca MM, Rasica M, van Thiel PP, Richter C, Kager PA,
Wismans PJ. Three patients with African sleeping sickness
following a visit to Tanzania. Ned Tijdschr Geneeskd 2002;
146: 2552–56 (in Dutch).
Moore AC, Ryan ET, Waldron MA. Case records of the
Massachusetts General Hospital. Weekly clinicopathological
exercises. Case 20-2002. A 37-year-old man with fever,
hepatosplenomegaly, and a cutaneous foot lesion after a trip to
Africa. N Engl J Med 2002; 346: 2069–76.
Moore DA, Edwards M, Escombe R, et al. African trypanosomiasis
in travelers returning to the United Kingdom. Emerg Infect Dis
2002; 8: 74–76.
Spencer HCJ, Gibson JJ Jr, Brodsky RE, Schultz MG. Imported
African trypanosomiasis in the United States. Ann Intern Med 1975;
82: 633–38.
Jordan AM. Tsetse-ﬂies (Glossinidae). In: Lane RP, Crosskey RW,
eds. Medical insects and arachnids. London: Chapman and Hall,
1993: 333–88.
Macleod ET, Darby AC, Maudlin I, Welburn SC. Factors aﬀecting
trypanosome maturation in tsetse ﬂies. PLoS ONE 2007; 2: e239.
Stevens JR, Brisse S. Systematics of trypanosomes of medical and
veterinary importance. In: Maudlin I, Holmes PH, Miles MA, eds.
The trypanosomiases. Wallingford: CABI Publishing, 2004: 1–23.
Burri C, Brun R. Human African trypanosomiasis. In: Cook G,
Zumla A, eds. Manson’s Tropical Diseases. 22nd edn. London:
WB Saunders, 2008: 1307–25.
Vanhamme L, Pays E. The trypanosome lytic factor of human
serum and the molecular basis of sleeping sickness. Int J Parasitol
2004; 34: 887–98.
Shiﬂett AM, Faulkner SD, Cotlin LF, Widener J, Stephens N,
Hajduk SL. African trypanosomes: intracellular traﬃcking of host
defense molecules. J Eukaryot Microbiol 2007; 54: 18–21.
Vanhollebeke B, Truc P, Poelvoorde P, et al. Human Trypanosoma
evansi infection linked to a lack of apolipoprotein L-I. N Engl J Med
2006; 355: 2752–56.
Taylor JE, Rudenko G. Switching trypanosome coats: what’s in the
wardrobe? Trends Genet 2006; 22: 614–20.
Marcello L, Barry JD. Analysis of the VSG gene silent archive in
Trypanosoma brucei reveals that mosaic gene expression is
prominent in antigenic variation and is favored by archive
substructure. Genome Res 2007; 17: 1344–52.
Marcello L, Barry JD. From silent genes to noisy populations—
dialogue between the genotype and phenotypes of antigenic
variation. J Eukaryot Microbiol 2007; 54: 14–17.
Stuart K, Brun R, Croft S, et al. Kinetoplastids: related protozoan
pathogens, diﬀerent diseases. J Clin Invest 2008; 118: 1301–10.
Njiokou F, Laveissiere C, Simo G, et al. Wild fauna as a probable
animal reservoir for Trypanosoma brucei gambiense in Cameroon.
Infect Genet Evol 2006; 6: 147–53.
Brun R, Balmer O. New developments in human African
trypanosomiasis. Curr Opin Infect Dis 2006; 19: 415–20.
Enyaru JC, Matovu E, Nerima B, Akol M, Sebikali C. Detection of
T.b. rhodesiense trypanosomes in humans and domestic animals in
south east Uganda by ampliﬁcation of serum resistance-associated
gene. Ann N Y Acad Sci 2006; 1081: 311–19.
Welburn SC, Picozzi K, Fevre EM, et al. Identiﬁcation of
human-infective trypanosomes in animal reservoir of sleeping
sickness in Uganda by means of serum-resistance-associated (SRA)
gene. Lancet 2001; 358: 2017–19.
Simo G, Asonganyi T, Nkinin SW, Njiokou F, Herder S. High
prevalence of Trypanosoma brucei gambiense group 1 in pigs from the
Fontem sleeping sickness focus in Cameroon. Vet Parasitol 2006;
139: 57–66.
Masocha W, Rottenberg ME, Kristensson K. Migration of African
trypanosomes across the blood-brain barrier. Physiol Behav 2007;
92: 110–14.
Checchi F, Filipe JA, Haydon DT, Chandramohan D, Chappuis F.
Estimates of the duration of the early and late stage of gambiense
sleeping sickness. BMC Infect Dis 2008; 8: 16.
Odiit M, Kansiime F, Enyaru JC. Duration of symptoms and case
fatality of sleeping sickness caused by Trypanosoma brucei
rhodesiense in Tororo, Uganda. East Afr Med J 1997; 74: 792–95.
Duggan AJ, Hutchinson MP. Sleeping sickness in Europeans:
a review of 109 cases. J Trop Med Hyg 1966; 69: 124–31.

www.thelancet.com Vol 375 January 9, 2010

Seminar

52

53

54

55
56
57

58
59
60

61

62

63

64
65

66

67

68

69

70

71

72

73

74

Blum J, Schmid C, Burri C. Clinical aspects of 2541 patients with
second stage human African trypanosomiasis. Acta Trop 2006;
97: 55–64.
Stijlemans B, Guilliams M, Raes G, Beschin A, Magez S,
De Baetselier P. African trypanosomosis: from immune escape and
immunopathology to immune intervention. Vet Parasitol 2007;
148: 3–13.
Buguet A, Bourdon L, Bisser S, Chapotot F, Radomski MW,
Dumas M. Sleeping sickness: major disorders of circadian rhythm.
Med Trop (Mars) 2001; 61: 328–39 (in French).
Lundkvist GB, Kristensson K, Bentivoglio M. Why trypanosomes
cause sleeping sickness. Physiology (Bethesda) 2004; 19: 198–206.
Kennedy PG. Human African trypanosomiasis—neurological
aspects. J Neurol 2006; 253: 411–16.
Bedat-Millet AL, Charpentier S, Monge SMF, Woimant F.
Psychiatric presentation of human African trypanosomiasis:
overview of diagnostic pitfalls, interest of diﬂuoromethylornithine
treatment and contribution of magnetic resonance imaging.
Rev Neurol (Paris) 2000; 156: 505–09.
De Raadt P, Koten JW. Myocarditis in Rhodesiense trypanosomiasis.
East Afr Med J 1968; 45: 128–32.
Koten JW, De Raadt P. Myocarditis in Trypanosoma rhodesiense
infections. Trans R Soc Trop Med Hyg 1969; 63: 485–89.
Blum JA, Burri C, Hatz C, Kazumba L, Mangoni P, Zellweger MJ.
Sleeping hearts: the role of the heart in sleeping sickness
(human African trypanosomiasis). Trop Med Int Health 2007;
12: 1422–32.
Blum JA, Zellweger MJ, Burri C, Hatz C. Cardiac involvement in
African and American trypanosomiasis. Lancet Infect Dis 2008;
8: 631–41.
Blum JA, Schmid C, Hatz C, et al. Sleeping glands?—The role of
endocrine disorders in sleeping sickness (T.b. gambiense Human
African Trypanosomiasis). Acta Trop 2007; 104: 16–24.
Reincke M, Arlt W, Heppner C, Petzke F, Chrousos GP, Allolio B.
Neuroendocrine dysfunction in African trypanosomiasis. The role
of cytokines. Ann N Y Acad Sci 1998; 840: 809–21.
Oscherwitz SL. East African trypanosomiasis. J Travel Med 2003;
10: 141–43.
Ripamonti D, Massari M, Arici C, et al. African sleeping sickness
in tourists returning from Tanzania: the ﬁrst 2 Italian cases from
a small outbreak among European travelers. Clin Infect Dis 2002;
34: E18–22.
Jamonneau V, Garcia A, Ravel S, et al. Genetic characterization of
Trypanosoma brucei gambiense and clinical evolution of human
African trypanosomiasis in Cote d’Ivoire. Trop Med Int Health 2002;
7: 610–21.
Jamonneau V, Garcia A, Frezil JL, et al. Clinical and biological
evolution of human trypanosomiasis in Côte d’Ivoire.
Ann Trop Med Parasitol 2000; 94: 831–35.
Jamonneau V, Ravel S, Garcia A, et al. Characterization of
Trypanosoma brucei s.l. infecting asymptomatic sleeping-sickness
patients in Cote d’Ivoire: a new genetic group?
Ann Trop Med Parasitol 2004; 98: 329–37.
Blum J, Beck BR, Brun R, Hatz C. Clinical and serologic responses
to human ‘apathogenic’ trypanosomes. Trans R Soc Trop Med Hyg
2005; 99: 795–97.
MacLean L, Chisi JE, Odiit M, et al. Severity of human African
trypanosomiasis in east Africa is associated with geographic
location, parasite genotype, and host inﬂammatory cytokine
response proﬁle. Infect Immun 2004; 72: 7040–44.
Chappuis F, Loutan L, Simarro P, Lejon V, Buscher P. Options for
ﬁeld diagnosis of human African trypanosomiasis.
Clin Microbiol Rev 2005; 18: 133–46.
Lejon V, Buscher P. Cerebrospinal ﬂuid in human African
trypanosomiasis: a key to diagnosis, therapeutic decision and
post-treatment follow-up. Trop Med Int Health 2005; 10: 395–403.
Magnus E, Vervoort T, Van Meirvenne N. A card agglutination test
with stained trypanosomes (CATT) for the serological diagnosis of
T.b. gambiense trypanosomiasis. Ann Soc Belge Med Trop 1978;
58: 169–76.
Chappuis F, Pittet A, Bovier PA, et al. Field evaluation of the
CATT/Trypanosoma brucei gambiense on blood-impregnated ﬁlter
papers for diagnosis of human African trypanosomiasis in southern
Sudan. Trop Med Int Health 2002; 7: 942–48.

www.thelancet.com Vol 375 January 9, 2010

75

76

77

78
79

80

81

82

83

84

85

86

87
88

89

90

91

92

93

Noireau F, Forcebarge P, Cattand P. Evaluation of Testryp CATT
applied to samples of dried blood for the diagnosis of sleeping
sickness. Bull World Health Organ 1991; 69: 607–08.
Penchenier L, Grebaut P, Njokou F, Eboo Eyenga V, Buscher P.
Evaluation of LATEX/T.b.gambiense for mass screening of
Trypanosoma brucei gambiense sleeping sickness in central Africa.
Acta Trop 2003; 85: 31–37.
Truc P, Lejon V, Magnus E, et al. Evaluation of the micro-CATT,
CATT/Trypanosoma brucei gambiense, and LATEX/T b gambiense
methods for serodiagnosis and surveillance of human African
trypanosomiasis in west and central Africa. Bull World Health Organ
2002; 80: 882–86.
WHO. Control and surveillance of African trypanosomiasis.
Geneva: World Health Organization, 1998.
Noireau F, Lemesre JL, Nzoukoudi MY, Louembet MT,
Gouteux JPF, Frezil JL. Serodiagnosis of sleeping sickness in the
Republic of the Congo: comparison of indirect immunoﬂuorescent
antibody test and card agglutination test. Trans R Soc Trop Med Hyg
1988; 82: 237–40.
Jamonneau V, Truc P, Garcia A, Magnus E, Buscher P. Preliminary
evaluation of LATEX/T. b. gambiense and alternative versions of
CATT/T. b. gambiense for the serodiagnosis of Human African
Trypanosomiasis of a population at risk in Cote d’Ivoire:
considerations for mass-screening. Acta Trop 2000; 76: 175–83.
Lutumba P, Robays J, Miaka C, et al. The eﬃciency of diﬀerent
detection strategies of human African trypanosomiasis by T. b.
gambiense. Trop Med Int Health 2005; 10: 347–56 (in French).
Robays J, Bilengue MM, Stuyft PV, Boelaert M. The eﬀectiveness
of active population screening and treatment for sleeping sickness
control in the Democratic Republic of Congo. Trop Med Int Health
2004; 9: 542–50.
Dukes P, Gibson WC, Gashumba JK, et al. Absence of the LiTat 1·3
(CATT antigen) gene in Trypanosoma brucei gambiense stocks from
Cameroon. Acta Trop 1992; 51: 123–34.
Lejon V, Buscher P, Magnus E, Moons A, Wouters I,
Van Meirvenne N. A semi-quantitative ELISA for detection of
Trypanosoma brucei gambiense speciﬁc antibodies in serum and
cerebrospinal ﬂuid of sleeping sickness patients. Acta Trop 1998;
69: 151–64.
Simarro PP, Louis FJ, Jannin J. Sleeping sickness, forgotten illness:
what are the consequences in the ﬁeld? Med Trop (Mars) 2003;
63: 231–35 (in French).
Van Meirvenne N. Biological diagnosis of human African
trypanosomiasis. In: Dumas M, Bouteille B, Buguet A, eds.
Progress in human African trypanosomiasis, sleeping sickness.
Paris: Springer-Verlag, 1999: 235–252.
Woo PT. The haematocrit centrifuge technique for the diagnosis
of African trypanosomiasis. Acta Trop 1970; 27: 384–86.
Truc P, Jamonneau V, N’Guessan P, Diallo PB, Garcia A.
Parasitological diagnosis of human African trypanosomiasis:
a comparison of the OBC and miniature anion-exchange
centrifugation techniques. Trans R Soc Trop Med Hyg 1998;
92: 288–89.
Ancelle T, Paugam A, Bourlioux F, Merad A, Vigier JP. Detection of
trypanosomes in blood by the quantitative buﬀy coat (QBC)
technique: experimental evaluation. Med Trop (Mars) 1997;
57: 245–48 (in French).
Lumsden WGR, Kimber CD, Evans DA, Doigs J. Trypanosoma
brucei: miniature anion-exchange centrifugation for detection of
low parasitemias: adaptation for ﬁeld use. Trans R Soc Trop Med Hyg
1979; 73: 313–17.
Lutumba P, Meheus F, Robays J, et al. Cost-eﬀectiveness of
algorithms for conﬁrmation test of human African trypanosomiasis.
Emerg Infect Dis 2007; 13: 1484–90.
Lutumba P, Robays J, Miaka C, et al. Validity, cost and feasibility
of the mAECT and CTC conﬁrmation tests after diagnosis of
African sleeping sickness. Trop Med Int Health 2006; 11: 470–78
(in French).
Chappuis F, Stivalello E, Adams K, Kidane S, Pittet A, Bovier PA.
Card agglutination test for trypanosomiasis (CATT) end-dilution
titer and cerebrospinal ﬂuid cell count as predictors of human
African trypanosomiasis (Trypanosoma brucei gambiense) among
serologically suspected individuals in southern Sudan.
Am J Trop Med Hyg 2004; 71: 313–17.

157

Seminar

94

95

96

97

98

99

100

101

102

103

104
105

106

107

108

109

110

111
112

113

114

115

158

Simarro PP, Ruiz JA, Franco JR, Josenando T. Attitude towards
CATT-positive individuals without parasitological conﬁrmation in
the African Trypanosomiasis (T.b. gambiense) focus of Quicama
(Angola). Trop Med Int Health 1999; 4: 858–61.
Inojosa WO, Augusto I, Bisoﬃ Z, et al. Diagnosing human African
trypanosomiasis in Angola using a card agglutination test:
observational study of active and passive case ﬁnding strategies.
BMJ 2006; 332: 1479.
Kennedy PG. Diagnosing central nervous system trypanosomiasis:
two stage or not to stage? Trans R Soc Trop Med Hyg 2008;
102: 306–07.
Lejon V, Legros D, Savignoni A, Etchegorry MG, Mbulamberi D,
Buscher P. Neuro-inﬂammatory risk factors for treatment failure in
“early second stage” sleeping sickness patients treated with
pentamidine. J Neuroimmunol 2003; 144: 132–38.
Lejon V, Reiber H, Legros D, et al. Intrathecal immune response
pattern for improved diagnosis of central nervous system
involvement in trypanosomiasis. J Infect Dis 2003; 187: 1475–83.
Ruiz JA, Simarro PP, Josenando T. Control of human African
trypanosomiasis in the Quicama focus, Angola.
Bull World Health Organ 2002; 80: 738–45.
Balasegaram M, Harris S, Checchi F, Hamel C, Karunakara U.
Treatment outcomes and risk factors for relapse in patients with
early-stage human African trypanosomiasis (HAT) in the Republic
of the Congo. Bull World Health Organ 2006; 84: 777–82.
Truc P, Jamonneau V, Cuny G, Frezil JL. Use of polymerase chain
reaction in human African trypanosomiasis stage determination
and follow-up. Bull World Health Organ 1999; 77: 745–48.
Jamonneau V, Solano P, Garcia A, et al. Stage determination and
therapeutic decision in human African trypanosomiasis: value of
polymerase chain reaction and immunoglobulin M quantiﬁcation
on the cerebrospinal ﬂuid of sleeping sickness patients in Cote
d’Ivoire. Trop Med Int Health 2003; 8: 589–94.
Bisser S, Lejon V, Preux PM, et al. Blood-cerebrospinal ﬂuid barrier
and intrathecal immunoglobulins compared to ﬁeld diagnosis of
central nervous system involvement in sleeping sickness.
J Neurol Sci 2002; 193: 127–35.
Greenwood BM, Whittle HC. Cerebrospinal-ﬂuid IgM in patients
with sleeping-sickness. Lancet 1973; 2: 525–27.
Lejon V, Sindic CJM, Van Antwerpen M-P, et al. Human African
trypanosomiasis: quantitative and qualitative assessment of
intrathecal immune response. Eur J Neurol 2003; 10: 711–19.
Lejon V, Legros D, Richer M, et al. IgM quantiﬁcation in the
cerebrospinal ﬂuid of sleeping sickness patients by a latex card
agglutination test. Trop Med Int Health 2002; 7: 685–92.
Ayed Z, Brindel I, Bouteille B, et al. Detection and
characterization of autoantibodies directed against neuroﬁlament
proteins in human African trypanosomiasis. Am J Trop Med Hyg
1997; 57: 1–6.
Lejon V, Rosengren LE, Buscher P, Karlsson JE, Sema HN.
Detection of light subunit neuroﬁlament and glial ﬁbrillary acidic
protein in cerebrospinal ﬂuid of Trypanosoma brucei gambienseinfected patients. Am J Trop Med Hyg 1999; 60: 94–98.
Courtioux B, Bisser S, M’Belesso P, et al. Dot enzyme-linked
immunosorbent assay for more reliable staging of patients with
Human African trypanosomiasis. J Clin Microbiol 2005; 43: 4789–95.
Steverding D. A new initiative for the development of new
diagnostic tests for human African trypanosomiasis.
Kinetoplastid Biol Dis 2006; 5: 1.
Deborggraeve S, Claes F, Laurent T, et al. Molecular dipstick test for
diagnosis of sleeping sickness. J Clin Microbiol 2006; 44: 2884–89.
Hutchinson OC, Webb H, Picozzi K, Welburn S, Carrington M.
Candidate protein selection for diagnostic markers of African
trypanosomiasis. Trends Parasitol 2004; 20: 519–23.
Njiru ZK, Mikosza AS, Matovu E, et al. African trypanosomiasis:
Sensitive and rapid detection of the sub-genus Trypanozoon by
loop-mediated isothermal ampliﬁcation (LAMP) of parasite DNA.
Int J Parasitol 2008; 38: 589–99.
Agranoﬀ D, Stich A, Abel P, Krishna S. Proteomic ﬁngerprinting
for the diagnosis of human African trypanosomiasis.
Trends Parasitol 2005; 21: 154–57.
Papadopoulos MC, Abel PM, Agranoﬀ D, et al. A novel and accurate
diagnostic test for human African trypanosomiasis. Lancet 2004;
363: 1358–63.

116 International Federation of Pharmaceutical Manufacturers &
Associations. Health partnerships for the developing world.
Sanoﬁ-Aventis sleeping sickness program. http://ifpma.org/index.
php?id=287 (accessed July 9, 2009).
117 Bayer AG. Bayer sustainable development report 2004.
Leverkusen: Bayer AG, 2004. http://www.bayer.co.id/materials/
File_Eng/publication_ﬁle_eng_229_8RXhl.pdf (accessed July 9,
2009).
118 Bronner U. Pharmacokinetics of pentamidine. Focus on treatment
of Trypanosoma gambiense sleeping sickness. PhD thesis, Karolinska
Institute, 1994.
119 Bronner U, Doua F, Ericsson O, et al. Pentamidine concentrations
in plasma, whole blood and cerebrospinal ﬂuid during treatment of
Trypanosoma gambiense infection in Côte d’Ivoire.
Trans R Soc Trop Med Hyg 1991; 85: 608–11.
120 Doua F, Miezan TW, Sanon Singaro JR, Boa Yapo F, Baltz T.
The eﬃcacy of pentamidine in the treatment of early-late stage
Trypanosoma brucei gambiense trypanosomiasis. Am J Trop Med Hyg
1996; 55: 586–88.
121 Dorlo TP, Kager PA. Pentamidine dosage: a base/salt confusion.
PLoS Negl Trop Dis 2008; 2: e225.
122 Médecins Sans Frontières. Clinical guidelines, 7th edn. Paris:
Médecins Sans Frontières, 2007.
123 Anonymous. Pentacarinat(R). In: Arzneimittelkompendium der
Schweiz. Basel: Dokumed AG, 2008. http://www.kompendium.ch
(accessed July 9, 2009).
124 WHO. Epidemiology and control of African trypanosomiasis.
World Health Organ Tech Rep Ser 1986; 739.
125 Gustafsson LL, Beerman B, Aden Abdi Y. Suramin. In:
Gustafsson LL, Beerman B, Aden Abdi Y, eds. Handbook of drugs
for tropical parasitic infections, 1st edn. Basingstoke: Taylor &
Francis, 1987: 160–63.
126 Schmid C, Richer M, Bilenge CM, et al. Eﬀectiveness of a 10-day
melarsoprol schedule for the treatment of late-stage human African
trypanosomiasis: conﬁrmation from a multinational study
(Impamel II). J Infect Dis 2005; 191: 1922–31.
127 Seixas J. Investigations on the encephalopathic syndrome during
melarsoprol treatment of human African trypanosomiasis. PhD
thesis, Instituto de Higiene e Medicina Tropical, Universidade Nova
de Lisboa, 2004.
128 Blum J, Nkunku S, Burri C. Clinical description of encephalopathic
syndromes and risk factors for their occurrence and outcome
during melarsoprol treatment of human African trypanosomiasis.
Trop Med Int Health 2001; 6: 390–400.
129 Barrett MP, Boykin DW, Brun R, Tidwell RR. Human African
trypanosomiasis: pharmacological re-engagement with a neglected
disease. Br J Pharmacol 2007; 152: 1155–71.
130 Chappuis F, Udayraj N, Stietenroth K, Meussen A, Bovier PA.
Eﬂornithine is safer than melarsoprol for the treatment of
second-stage Trypanosoma brucei gambiense human African
trypanosomiasis. Clin Infect Dis 2005; 41: 748–51.
131 Balasegaram M, Harris S, Checchi F, Ghorashian S, Hamel C,
Karunakara U. Melarsoprol versus eﬂornithine for treating latestage Gambian trypanosomiasis in the Republic of the Congo.
Bull World Health Organ 2006; 84: 783–91.
132 Checchi F, Piola P, Ayikoru H, Thomas F, Legros D, Priotto G.
Nifurtimox plus eﬂornithine for late-stage sleeping sickness in
Uganda: a case series. PLoS Negl Trop Dis 2007; 1: e64.
133 Iten M, Mett H, Evans A, Enyaru JC, Brun R, Kaminsky R.
Alterations in ornithine decarboxylase characteristics account for
tolerance of Trypanosoma brucei rhodesiense to D,L-alphadiﬂuoromethylornithine. Antimicrob Agents Chemother 1997;
41: 1922–25.
134 Priotto G, Pinoges L, Fursa IB, et al. Safety and eﬀectiveness of ﬁrst
line eﬂornithine for Trypanosoma brucei gambiense sleeping
sickness in Sudan: cohort study. BMJ 2008; 336: 679–80.
135 Na-Bangchang K, Doua F, Konsil J, Hanpitakpong W,
Kamanikom B, Kuzoe F. The pharmacokinetics of eﬂornithine
(alpha-diﬂuoromethylornithine) in patients with late-stage
T.b. gambiense sleeping sickness. Eur J Clin Pharmacol 2004;
60: 269–78.
136 Jansson R, Malm M, Roth C, Ashton M. Enantioselective and
nonlinear intestinal absorption of eﬂornithine in the rat.
Antimicrob Agents Chemother 2008; 52: 2842–48.

www.thelancet.com Vol 375 January 9, 2010

Seminar

137 Burri C, Brun R. Eﬂornithine for treatment of human African
trypanosomiasis. Parasitol Res 2003; 90 (suppl 1): S49–52.
138 Chappuis F. Eﬂornithine for the treatment of human African
trypanosomiasis: practical perspectives. Dev Sante 2004; 171: 41–47
(in French).
139 Kabasa JD. Public-private partnership works to stamp out sleeping
sickness in Uganda. Trends Parasitol 2007; 23: 191–92.
140 Welburn SC, Coleman PG, Maudlin I, Fevre EM, Odiit M,
Eisler MC. Crisis, what crisis? Control of Rhodesian sleeping
sickness. Trends Parasitol 2006; 22: 123–28.
141 WHO. WHO Programme to eliminate sleeping sickness—building
a global alliance. Geneva: World Health Organization, 2002.
142 African Union. Statement from the Commission of the African
union to the AHP/DFID special workshop on: tsetse control—the
next 100 years, Sept 9–10, 2002, Edinburgh, UK.
143 Vreysen MJ, Saleh KM, Ali MY, et al. Glossina austeni (Diptera:
Glossinidae) eradicated on the island of Unguja, Zanzibar, using
the sterile insect technique. J Econ Entomol 2000; 93: 123–35.
144 Maudlin I. African trypanosomiasis—centennial review.
Ann Trop Med Parasitol 2006; 100: 679–701.
145 Torr SJ, Maudlin I, Vale GA. Less is more: restricted application of
insecticide to cattle to improve the cost and eﬃcacy of tsetse
control. Med Vet Entomol 2007; 21: 53–64.
146 Priotto G, Fogg C, Balasegaram M, et al. Three drug combinations
for late-stage Trypanosoma brucei gambiense sleeping sickness:
a randomized clinical trial in Uganda. PLoS Clin Trials 2006; 1: e39.
147 Pepin J, Milord F, Meurice F, Ethier L, Loko L, Mpia B. High-dose
nifurtimox for arseno-resistant Trypanosoma brucei gambiense
sleeping sickness: an open trial in central Zaire.
Trans R Soc Trop Med Hyg 1992; 86: 254–56.

www.thelancet.com Vol 375 January 9, 2010

148 Bisser S, N’siesi FX, Lejon V, et al. Equivalence trial of melarsoprol
and nifurtimox monotherapy and combination therapy for the
treatment of second-stage trypanosoma brucei gambiense sleeping
sickness. J Infect Dis 2007; 195: 322–29.
149 Chappuis F. Melarsoprol-free drug combinations for second-stage
Gambian sleeping sickness: the way to go. Clin Infect Dis 2007;
45: 1443–45.
150 Priotto G, Kasparian S, Mutombo W, et al. Nifurtimox-eﬂornithine
combination therapy for second-stage African Trypanosoma brucei
gambiense trypanosomiasis: a multicentre, randomised, phase III,
non-inferiority trial. Lancet 2009; 374: 56–64.
151 Pohlig G, Bernhard S, Blum J, et al. Phase 3 trial of pafuramidine
maleate (DB289), a novel, oral drug, for treatment of ﬁrst stage
sleeping sickness: safety and eﬃcacy. 57th Meeting of the American
Society of Tropical Medicine & Hygiene; New Orleans; Dec 7–11,
2008. Abstract 542.
152 Pohlig G, Yeramian PD, Allen JL, et al. Eﬃcacy and safety of DB289,
a new oral drug for treatment of ﬁrst stage sleeping sickness:
preliminary results from phase II trials. Presented at 28th Meeting of
the International Scientiﬁc Council for Trypanosomiasis Research and
Control; Addis Ababa; Sept 26–30, 2005.
153 DNDi newsletter. Fexinidazole: a rediscovered compound
progresses as a preclinical drug candidate for HAT. Geneva: Drugs
for Neglected Diseases Initiative, 2008. http://www.dndi.org/
newsletters/n16/6.php (accessed July 9, 2009).
154 DNDi newsletter. Fexinidazole progresses into clinical
development. Geneva: Drugs for Neglected Diseases Initiative,
2008. http://www.dndi.org/newsletters/n17/en/10_1.htm (accessed
July 9, 2009).

159

