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HUMAN AFRICAN TRYPANOSOMIASIS (HAT), SLEEP-
ING SICKNESS, IS A REEMERGENT ENDEMIC PARASIT-
IC DISEASE IN INTERTROPICAL AFRICA, ALTHOUGH 
dramatic figures of 450,000 cases in 1997 have dropped to 60 to 
80,000.1 Two trypanosome groups (Trypanosoma brucei, T.b., 
gambiense [T.b.g.] and rhodesiense) are transmitted to humans 
by tsetse flies in 2 geographic areas (Western and Central Af-
rica humid forest, and Eastern Africa arborous savannah), pro-
voking a slowly or rapidly evolutive disease, respectively. The 
course of the disease evolves in 2 different stages. The hemo-
lymphatic “Stage I” occurs 1 to 3 weeks after the bite and the 
formation of a nodule (trypanome) at the inoculation site, with 
intermittent fever, lymph-node swelling, splenomegaly, skin 
eruption, and headaches as the main features. Stage I ends when 
trypanosomes cross the blood-brain barrier to penetrate the cen-
tral nervous system (CNS), leading insidiously to the meningo-

encephalitic “Stage II.” Stage II is characterized by CNS infec-
tion with neurologic (pyramidal, extrapyramidal, and cerebellar 
signs) and psychiatric (anxiety, aggressiveness, confusion, etc.) 
symptoms, including especially sleep disturbances.

Stage determination is crucial because treatment procedures 
differ between Stage I and Stage II: well-tolerated pentamidine at 
Stage I versus toxic medications at Stage II. For example, treat-
ment with melarsoprol, an arseniate used since 1949, may lead to 
the development of a reactive arsenical encephalopathy with le-
thal outcome in approximately half the patients.2 However, there 
are no highly specific clinical signs nor biologic tests for stage 
determination. Cerebrospinal fluid (CSF) examination remains 
the centerpiece in assessing the evolutive stage. Presence of try-
panosomes in the CSF indicates Stage II, as trypanosomes have 
entered the CNS. The main problem resides in that trypanosome 
detection is not sensitive. Cell count in the CSF is not specific 
and cut-offs have been arbitrarily proposed.3-5 Recent meetings of 
experts organized jointly between the World Health Organization 
(WHO) and FIND (Foundation for Innovative New Diagnostics) 
were held in Geneva in 2006 (Joint Meeting for the launching 
of the new FIND/WHO Initiative for development of diagnostic 
tests to support the control of human African trypanosomiasis, 
WHO, Geneva, Switzerland, February 6, 2006; Meeting on HAT 
Staging Markers, FIND, Geneva, November 30, 2006). Recom-
mendations were that 3 cases were to be considered: fewer than 
5 cells/µL of CSF without any trypanosome in the sample (Stage 
I); more than 20 cells/µL of CSF and/or presence of trypanosome 
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(Stage II); and an intermediate stage between those cell-count 
limits, the sample being free of any trypanosome.6,7

Considering the difficulty of stage determination, the in-
ternational community has recently stressed the importance 
of reenforcing specific and sensitive diagnostic methods.6-7 
Polysomnography has been proposed as a potential diagnosis 
and follow-up tool in T.b.g. HAT.8 Polysomnographic features 
in Stage II comprise major sleep disturbances with alterations 
in the 24-hour sleep-wake distribution and alterations of sleep 
structure with the occurrence of sleep-onset rapid eye move-
ment (REM) periods (SOREMPs).9

T.b.g. HAT shares some features with narcolepsy, such as se-
vere excessive daytime sleepiness (EDS), sleep fragmentation, 

and especially the occurrence of SOREMPs.8,9 Cataplexy has not 
been individualized in T.b.g. HAT because advanced cases of the 
disease are rare nowadays, due to the efforts sustained to detect 
and treat patients at the earliest stage. However, descriptions of 
cataplexy-like events such as sudden loss of muscle tone have 
been reported in the literature, especially in the well-documented 
cases described by Lhermitte (1910),10 and have been seen regu-
larly on amateur films. Because neuropathologic studies have 
shown severe and selective loss of hypocretin neurons in the pos-
terior hypothalamus in narcoleptic brains,11,12 the hypothesis that 
sleep disturbances in T.b.g. HAT may result from hypothalamic 
damage to the hypocretin system was explored.

The aims of the present study were (1) to compare CSF lev-
els of hypocretin-1 to clinical and polysomnographic charac-
teristics of patients at different stages of T.b.g. HAT and (2) 
to compare the results with those of narcoleptic patients and 
neurologic controls.

Patients and methods

Patients

Patients were recruited during a field survey in Angola in 
2003. The investigation was conducted in the hilly (1100-1200 
m altitude) Kwanza Norte province (Samba-Cajù and Cam-
abatela). The protocol was approved by the public health au-
thorities of Angola (Ministry of Health), and all included pa-
tients gave their informed consent to participate.

Patients’ interview and clinical signs were collected and are 
summarized in Table 1. Briefly, EDS (defined as the inability 
to stay awake and alert during the major waking episodes of 
the day, resulting in unintended lapses into sleep), insomnia 
(defined by a repeated difficulty with sleep initiation, duration, 
consolidation, or quality, resulting in daytime impairment), fa-
tigue (defined as lack of energy, listlessness, or weariness as 
from labor), sensory and gait disturbances, presence of primi-
tive reflexes (palmomental reflex, sucking reflex), modified ten-
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Figure 1—CSF hypocretin-1 levels among narcolepsy with cata-
plexy, Trypanosoma brucei gambiense human African trypano-
somiasis patients at stage I, intermediate stage and stage II, and 
other neurological disorders. Each data point represents the crude 
concentration of CSF hypocretin-1 in one individual patient. The 
cut-offs for normal (>200 pg/mL) and low (<110 pg/mL) hypocre-
tin-1 levels are represented. Mean values are shown as a horizon-
tal bar for each group.

Table 1—Clinical, Biological and Polysomnographic Data Obtained in 25 Patients Affected with T.b.g. Human African Trypanosomiasis

	 Stage I n = 13	 Intermediate stage n = 8	 Stage II n = 4	 P
Clinical symptoms
Sex ratio (M/F)	 3/10	 2/6	 2/2	 ns
Age, mean ± SD	 29.4 ± 14.4	 43.0 ± 15.8	 29.8 ± 13.3	 ns
BMI, mean ± SD	 20.5 ± 3.5	 19.7 ± 3.2	 17.1 ± 1.6	 ns
Worsening of condition,* n	 0	 4	 1	 0.028
Fever, n	 10	 6	 4	 ns
Fatigue, n	 3	 3	 3	 ns
Daytime sleepiness, n	 1	 0	 2	 0.03
Insomnia, n	 1	 1	 2	 ns
Anorexia, n	 1	 2	 1	 ns
Cephalalgia, n	 11	 7	 3	 ns
CSF findings
Hypocretin-1 level, mean ± SD	 424.1± 142.6	 467.8 ± 68.5	 320.5 ± 101.2	 ns
Abnormal hypocretin-1 level, n	 1**	 0	 1	 ns

*Worsening of clinical symptoms, i.e., severely affected in term of general, neurological and/or psychiatric status, with a clear alteration in 
quality of life.
**abnormal polysomnography
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don reflexes (abolition or exaggerated with a possibility of a 
Babinski sign), psychiatric disorders (confusion, mood swings, 
agitation, aggressive behavior, euphoria, absent gaze, mutism, 
and indifference), anorexia (defined as lack of appetite, the pa-
tient does not look for his food by himself or herself), fever 
(defined as a feeling of being hot, hot flashes), cephalalgia (any 
kind of headache), abnormal movements such as tremor (rest-
ing, postural, or kinetic tremor, on left and/or right side and on 
upper or lower limbs), or myoclonic jerks were noted.

Out of 32 patients with parasitologically confirmed and un-
treated T.b.g. HAT, 25 patients (7 men and 18 women; mean age, 
33.8 ± 15.5 years; body mass index, 19.7 ± 3.3 kg/m2) underwent 
CSF examination. Stage determination was obtained following 
the recommendations from the 2006 expert meetings cited above. 
Among the 25 patients, 13 were classified as being at Stage I, 8 at 
the intermediate stage, and 4 at Stage II (Table 1).

Blood Samples

Blood and CSF samples were taken from each patient be-
tween 09:00 and 17:00 in the course of conventional diagnostic 
procedures. Samples were stored immediately in liquid nitro-
gen for transportation, then at -80°C until use.

Polysomnographic Recordings

The continuous 24-hour polysomnographic recordings were 
collected on Vitaport 2 ambulatory systems (Temec, Kerkrade, 

The Netherlands). Traces were visually analyzed in 20-second 
epochs according to standard criteria13 using the PRANA soft-
ware (PhiTools, Strasbourg, France). Because 5 patients had 
been previously treated and 1 patient had died from cerebral 
malaria before examination, polysomnographic recordings 
were considered in 19 patients, but only 17 traces were readable 
(Table 2). Sleep-wake disruptions were analyzed as previously 
proposed 8,9: (0) undisturbed sleep-wake distribution, sleeping 
at night and staying awake during the day; (1) fragmented sleep 
with normal day-night (nychthemeral) distribution, with con-
served higher nighttime sleep than daytime sleep; and (2) major 
disturbance of the sleep-wake cycle (circadian dysrhythmia: 
sleep and wake episodes alternating throughout the 24-hour cy-
cle, with nearly the same amount of sleep time during daytime 
and nighttime). The number of SOREMPs (refer to any sleep 
onset in which REM sleep occurs within a lapse of 0 to 15 min-
utes after the onset of sleep) in each sleep episode was noted. 
REM sleep latency was determined to be the time of the first 
epoch of sleep in the sleep episode (2 different sleep episodes 
separated by at least 15 minutes of uninterrupted wakefulness) 
to the beginning of the first epoch of REM sleep (defined as 
more than 15 seconds of REM sleep in a 30-second epoch) re-
gardless of the intervening stages of sleep or wakefulness.14

Hypocretin Radioimmunoassay

CSF hypocretin-1 (orexin-A) level was determined in dupli-
cate from CSF samples in all patients without prior extraction 
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C

Figure 2—Hypnograms obtained from 24-hour polysomnographic recordings in three patients before treatment (W: wakefulness; 1, 2, 3, 4: 
Stages 1, 2, 3, 4, PS: paradoxical sleep or rapid eye movement sleep, REM sleep):
A. Patient S27 diagnosed as being at intermediate stage of HAT with normal sleep patterns. CSF hypocretin-1 level was 388 pg/mL
B. Patient SC9 diagnosed as being at intermediate stage with disturbed night sleep patterns, but with a normal nychthemeral distribution. Ar-
row indicates the presence of one SOREMP. CSF hypocretin-1 level was 492 pg/mL
C. Patient SC3 diagnosed as being at stage II with nychthemeral dysrhythmia, abnormal nighttime sleep, and frequent occurrences of sleep on-
set REM periods among the 24-hour polysomnography. Arrows indicate the presence of SOREMPs. CSF hypocretin-1 level was 194 pg/mL
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neurological conditions, 517.32 ± 194.5 pg/mL (n= 53, extreme 
123 to 996) (P < 0.001) (Fig. 1). Tukey HSD post-hoc analysis 
revealed that, as a group, HAT patients had higher CSF hypo-
cretin-1 levels than narcoleptic patients (P <0.0001) but lower 
levels than neurological controls (P < 0.03).

Table 2 gives hypocretin-1 values in 17 patients in whom 
polysomnographic recordings were readable, as well as a sum-
mary of biological, clinical and sleep data for each patient. 
Only two HAT patients showed abnormal levels of CSF hypo-
cretin-1 (Table 2). A 15 year-old female (SC12) was found with 
undetectable CSF hypocretin-1 levels. She reported fever, ce-
phalalgia and EDS without any nocturnal insomnia, sleep at-
tacks, clear-cut cataplexy, hypnagogic hallucinations or sleep 
paralysis. Clinical examination failed to report any pyramidal, 
extrapyramidal and cerebellar signs, psychiatric symptoms, or 
episodes of anorexia or bulimia. She was classified as being at 
stage I according to the presence of only 1 cell/µL in CSF and 
absence of any trypanosome. The continuous 24-h polysom-
nography revealed a complete disruption of the circadian oc-
currence of sleep and wakefulness episodes, and the occurrence 
of three SOREMPs. Patient SC3, a 27-year old man, showed 
intermediate CSF hypocretin-1 levels (194 pg/mL). This patient 
was affected with stage II (179 cells/µL and presence of try-
panosomes in the CSF), accompanied by an alteration of general 
state, fever, cephalalgia, EDS and nocturnal insomnia, sensory 
and gait disturbances, and confusion. The 24-h polysomnogra-
phy revealed a severe disruption of the circadian sleep-wake 
cycle, and the occurrence of four SOREMPs.

The complaint of EDS occurred in only three patients (Table 
2: SC3, SC6, SC12), two of them having low or intermediate 
CSF hypocretin-1 level, and two being at stage II. The con-
tinuous 24-h polysomnographic recordings revealed high sleep 
fragmentation with nychthemeral disruption in six patients in-
cluding three patients at stage I and three at stage II (Table 2). 

using [125I] radioimmunoassay kits (Phoenix Peptide, Phoenix 
Pharmaceuticals, Inc., Belmont, CA) in accordance with the 
manufacturer’s instructions. The detection limit was 40 pg/mL, 
and intraassay variability was less than 10%. CSF hypocretin-1 
levels below 110 pg/mL were considered as low, intermediate 
between 110 and 200 pg/mL and normal over 200 pg/mL, as 
already reported in Mignot et al.15 Results were compared to 
available samples from our Reference centre from narcolep-
tic patients with cataplexy (n=26) but also to normal values 
obtained from CSF from patients with neurological diseases 
known not to affect the hypocretin system (neurodegenerative, 
inflammatory and vascular disorders; n= 53), after duplicating 
the measure with the Leiden reference centre. All values were 
finally back-referenced to Stanford reference samples.

Statistical Analysis

Statistical analyses were performed using one-way analysis 
of variance (ANOVA) or χ2 test, depending on data distributions 
to compare CSF hypocretin levels among T.b.g. HAT patients at 
different stages, and between HAT patients, narcoleptic patients 
and other non infectious neurological disorders. Contrast analy-
ses were carried out with Tukey HSD test. Data are reported as 
mean ± standard deviation (SD). Statistical significance was set 
at P < 0.05.

Results

Mean (± SD) CSF hypocretin-1 level in T.b.g. HAT was 
421.5 ± 123.4 pg/mL (n= 25, extreme 0 to 579 pg/mL), without 
statistical differences between stage evolution (Fig. 1, Table 1). 
CSF hypocretin-1 levels in HAT patients were significantly dif-
ferent from narcolepsy with cataplexy patients, 40.16 ± 60.18 
pg/mL (n= 26, extreme 0 to 271 pg/mL) and to other various 

Table 2—Individual Data Obtained in the 17 Patients with Completed Polysomnography

Patient	 CSF cells/µL	 CSF T+	 Stage from CSF	 EDS	 Clinical	 CSF hypocretin-1	 Sleep-wake	 SOREMP
					     stage	 pg/mL	 fragmentation	 (number)
SC12	 1	 No	 I	 Yes	 I	 0	 2	 3
SC3	 179	 Yes	 II	 Yes	 II	 194	 2	 4
SC6	 490	 Yes	 II	 Yes	 II	 379	 2	 5
SC7	 0	 No	 I	 No	 I	 402	 2	 5
SC18	 1	 No	 I	 No	 I	 548	 2	 3
SC2	 4	 Yes	 II	 No	 I	 287	 2	 3
SC1	 7	 No	 IS	 No	 I	 499	 1	 2
SC5	 1	 No	 I	 No	 I	 468	 1	 1
SC9	 11	 No	 IS	 No	 IS	 492	 1	 1
SC28	 2	 No	 I	 No	 IS	 351	 1	 1
SC4	 22	 Yes	 II	 No	 II	 422	 0	 0
SC11	 2	 No	 I	 No	 I	 420	 0	 0
SC14	 3	 No	 I	 No	 I	 489	 0	 0
SC21	 1	 No	 I	 No	 I	 508	 1	 0
SC27	 18	 No	 IS	 No	 IS	 388	 0	 0
SC29	 9	 No	 IS	 No	 IS	 532	 1	 0
SC30	 1	 No	 I	 No	 I	 488	 1	 0

CSF: cerebrospinal fluid; T+: presence of trypanosomes in the CSF; EDS: excessive daytime sleepiness; IS intermediate stage; Sleep-wake 
fragmentation: 0, non fragmented sleep with or without daytime nap; 1, fragmented sleep with normal day/night (nychthemeral) distribution; 
2: major disturbance of the sleep-wake cycle (polyphasic sleep).
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treatment, we may finally assume that the risk of this patient to 
be concomitantly affected with HAT and hypocretin deficient 
narcolepsy was low. Another patient reporting EDS (SC3), 
who was at stage II and showed an intermediate value in CSF 
hypocretin-1 level, also had a disturbed polysomnography. 
However, the other stage II patient reporting EDS (SC6) and 
with disturbed polysomnography did not have any impairment 
in hypocretin-1 secretion.

Since the description of SOREMPs in patients with narco-
lepsy, narcolepsy has often been regarded as a disorder of REM 
sleep generation.11,16, However, SOREMPs also exist in other 
rare sleep disorders and in normal adults as recently reported in a 
large community-based study with high body mass index (BMI) 
and frequent antidepressants intake.17 In the present study, BMI 
was quite low and none of the patients was treated with antide-
pressants. In the present study, SOREMPs and sleep fragmenta-
tion were observed especially in stage II patients, although one of 
them (SC4) had no abnormal sleep patterns. Furthermore, three 
patients among 13 at stage I or intermediate stage showed dis-
turbed sleep patterns with one SOREMP, and four patients more 
than 1 SOREMP (Table 2). The present data seem to indicate 
that the occurrence of one SOREMP may represent a threshold 
indicating an involvement of CNS dysfunction.

A dramatic decrease in the number of hypocretin-containing 
neurons of the hypothalamus and undetectable CSF hypocre-
tin-1 level have been reported in most patients with narcolepsy-
cataplexy.12,15,18 In addition, a low CSF hypocretin-1 level was 
highly specific (99.1%) and sensitive (88.5%) for narcolepsy 
with cataplexy.15,18 Only rare other neurological conditions as 
encephalopathy, Guillain-Barré in a large proportion of Asian 
patients and traumatic brain injury are associated with low CSF 
hypocretin levels.15,18-20 We reported in the present study that 
CSF hypocretin-1 levels were significantly higher in T.b.g. HAT 
patients than in narcoleptic patients with cataplexy but lower 
than in the patients with other neurological conditions. We 
may note that our neurological controls but also T.b.g. HAT pa-
tients present higher CSF hypocretin-1 levels when compared 
to values of normal healthy subjects,15 findings in relationship 
with ��������������������������������������������������������the use of different CSF samples and with the high inte-
rassay variability of the RIA kit. However, we measured the 
CSF samples at different concentrations for the correct deter-
mination of CSF hypocretin-1 levels and all CSF hypocretin 
values reported in the present study were transformed to the 
Stanford reference values. A dysfunction of the hypothalamic 
hypocretin region may be involved in T.b.g. HAT especially in 
cases of sleep disturbances. Hence, two of the three patients 
with a complaint of EDS had abnormal CSF hypocretin-1 level, 
including one patient with undetectable level being an excep-
tional condition in absence of narcolepsy-cataplexy. We also 
found that the presence of major sleep-wake cycle disruptions 
was significantly associated with lower CSF hypocretin-1 level, 
with a same tendency for the presence of SOREMPs. One may 
also hypothesize that nocturnal sleep-wake disturbances were 
caused by other non-specific symptoms frequently reported in 
HAT patients such as pain and headache, and not by the disease 
process per se. However, our results do not favor this hypoth-
esis and previous studies in HAT revealed that nocturnal sleep-
wake disturbances were correlated to HAT stages evolution.8,9 
Furthermore, previous reports observed no differences in sleep 

Figure 2 represents examples of hypnograms obtained from 
24-hour polysomnography of three patients before treatment at 
three different stages of evolution. Comparisons between sleep-
wake pattern groups revealed that patients with severe sleep-
wake cycle disruptions (score at 2) had significantly lower CSF 
hypocretin-1 levels when compared to patients with normal 
or only mild (score at 0 or 1) sleep-wake cycle abnormalities 
(mean ± SD at 301.7 ± 77.3 vs 459.8 ± 17.0 pg/mL, P= 0.0068) 
(Table 2). However, this difference did not hold when patients 
with abnormal CSF hypocretin-1 levels (SC3 and SC12) were 
excepted from the statistic.

The occurrence of at least one SOREMP among sleep epi-
sodes was noted in 10 patients and at least two SOREMPs in 
seven. Among the latter patients, two exhibited abnormal CSF 
hypocretin levels. Although non significant, there was a tenden-
cy for CSF hypocretin-1 differences between patients with at 
least two SOREMPS and those with none or only one SOREMP 
(mean ± SD at 329.9 ± 188.4 vs 455.8 ± 57.9, respectively, 
P=0.083).

Considering specifically the occurrence of SOREMP and 
their relation to CSF cell count staging including stage II (>20 
cells/µL of CSF) and stage I (<5 cells/µL), we noted that stage 
II patients differed significantly from the stage I group, with 
3.0 ± 2.2 SOREMPs per 24-h for the former group vs. 1.2 ± 1.6 
for the latter group (P=0.039). In this case, CSF hypocretin-1 
values were lower even non significant in the stage II group 
(320.5 ± 101.2 pg/mL) than in stage I patients (424.1 ± 142.6 
pg/mL). When patients with abnormal CSF hypocretin-1 results 
(SC3 and SC12) were excluded, mean values ± SD gave 465.4 
± 61.2 pg/mL in stage I patients vs. 362.7 ± 69.0 pg/mL in stage 
II patients, the difference becoming significant (P=0.036).

Discussion

As previously hypothesized, polysomnography may rep-
resent a diagnostic tool to distinguish the two stages of T.b. 
gambiense HAT.8 The occurrence of SOREMP and/or sleep 
disruptions are thought to be important to diagnose the CNS 
involvement, especially in misclassified intermediate or stage 
I patients, in whom clinical and laboratory findings often fail 
to determine accurately the passage from stage I to stage II. 
Despite an extensive immune reaction during the initial hemo-
lymphatic stage, EDS remains classically absent. In addition, 
only two patients at stage II did report EDS. However, one pa-
tient classed as stage I from CSF counts (SC12) complained of 
EDS and had undetectable CSF hypocretin-1. As this patient 
had also a highly disturbed polysomnography, it may be that 
the case could have been misclassified. One may hypothesize 
that patient SC12 was affected with both T.b. gambiense HAT 
and narcolepsy. However, the occurrence of both conditions 
concomitantly remains improbable, due to the rarity of the nar-
colepsy disorder, the absence of positive history of EDS before 
the HAT onset, and the absence of other features of narcolepsy 
such as sleep attacks, clear-cut cataplexy, hypnagogic halluci-
nations, sleep paralysis, obesity or parasomnias. In addition, 
no clear clinical or polysomnographic differences except the 
severe EDS allows to distinguish patient SC12 from other HAT 
patients of the present study. Despite the absence of HLA typ-
ing and the absence of possibility to interview the patient after 
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In conclusion, the present investigation is not in favor of an 
unique implication of the hypocretin system in T.b.g. HAT, but 
dysfunction of the hypothalamic hypocretin region cannot be 
discarded regarding the observed sleep disturbances. Further 
studies that focus on sleep, SOREMPs, the presence of clear-
cut cataplexy, HLA DQ typing and CSF hypocretin-1 and pro-
lactin measurements before and after melarsoprol treatment in 
HAT patients are warranted.
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