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Sleeping sickness and the central nervous system* 
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ABSTRACT 

PENTREATH, V.W., BAUGH, P.J. & LAVIN, D.R. 1994. Sleeping sickness and the central nervous 
system. Onderstepoort Journal of Veterinary Research, 61:369- 377 

Chronic African trypanosomiasis is associated with progressive behavioural deficits, for which there 
is a complex underlying central nervous system (CNS) pathology. This has been extensively studied 
in man and a range of experimental animals. An initial meningitis, which can occur quite early in the 
infection, is followed by a breakdown of the choroid plexus, movement of the parasite into certain 
localized brain areas, and subsequent encephalitis. The encephalitis consists of a chronic, widespread 
inflammation with perivascular infiltrations of B-cells, plasma cells, inactivated T-cells and macrophages. 
The blood-brain barrier is damaged and a vasogenic oedema ensues. Astrocytes and microglia become 
reactive and the cytokine/mediator network is perturbed. The alterations in some of these signalling 
substances, e.g. the prostaglandins, may induce some of the behavioural changes, e.g. the hypersomnia. 
The immunopathology in the CNS may be brought about by elevated levels of active substances in 
the cerebrospinal fluid, caused by parasite infection. 

INTRODUCTION 

Several species and strains of African trypanosomas 
affect the central nervous system (CNS). These be­
long principally to the Trypanosoma brucei group, 
which leaves the circulatory system and penetrates 
the extracellular spaces in the host tissues. Man is 
affected by T. b. rhodesiense and T. b. gambiense. 
The chronic Gambian form produces the classic neuro­
logical manifestations of sleeping sickness, with pro­
gressive mental deterioration, reversed sleep pattern, 
and eventually permanent sleep and coma (Apted 
1970). Signs of CNS involvement have only rarely 
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been documented for cattle and other animals in the 
field (Wellde, Reardon, Chumo, Kovatch, Waema, 
Wykoff, Mwangi, Boyce & Williams 1989), although 
this may be due to a lack of appropriate behavioural 
studies. However, the sleeping sickness state devel­
ops in a range of experimental infections in primates 
and rodents with T. b. rhodesiense, T. b. gambiense 
and T. b. brucei, and in cattle also with mixed infec­
tions of T. b. brucei and T. congolense (Masake, 
Nantulya, Akol & Musoke 1984). Some of these in­
fections, e.g. in rodents, monkeys and goats, have 
been extensively studied in relation to the changes 
affecting the nervous system (Jennings & Gray 1983; 
Schmidt 1983; Mutayoba, Meyer, Osaso & Gombe 
1989). 

Much effort has been made to elucidate the changes 
which underline the neurological manifestations. The 
majority of studies have been made on the animal 
models. Different medical and experimental aspects 
of sleeping sickness and the nervous system were 
summarized by Apted (1970), Greenwood & Whittle 
(1980), Pentreath (1989) and Hunter & Kennedy 

369 



Sleeping sickness and the central nervous system 

370 

FIG. 1 Electron micrograph of the choroid plexus (third ventricle; V) of mouse 20 d p.i. with Trypano­
soma brucei brucei. The tissue was preserved by perfusion with 2% glutaraldehyde, post-fixation 
in 1 %osmium tetroxide and embedding in Araldite. Large numbers of parasite (some arrowed) 
occupy the stromal space (S) which has become expanded and vacuolated, between the capil­
laries (c) and choroid epithelium (EP). The epithelium, normally continuous, is at this point 
being maintained by a macrophage (M). The scale is 2 flm 

FIG. 2 Electron micrograph of the choroid plexus, from the same tissue as described in Fig. 1. This 
micrograph shows parasites occupying intracellular locations within the stromal cells (arrows). 
The inset shows details of this. The trypanosome is partially enclosed by membranes belonging 
to the stromal cell (small arrows). The significance of the penetration of the cells by the para­
site is not yet clear, but it is interpreted here as a prelude to cell damage. The scale is 2 flm; 
inset 0,5 ~~m 



(1992). More recently, comparative accounts of the 
nervous system in African and South American tryp­
anosomosis have been made (Villanueva 1993; 
Pentreath 1994b). The purpose of this paper is to 
discuss certain areas and recent developments 
which may point the way in understanding the CNS 
involvement in African sleeping sickness. 

STRUCTURALANDINFLAMMATORYCHANGES 
The different strains ofT. brucei occupy the meninges 
fairly soon after infection, producing the meningitis. 
A key stage in the pathology is the injury to the chor­
oid plexus, with trypanosomes filling the stromal 
spaces and with obvious evidence of damage to the 
epithelium. This has been noted in several studies 
with T. b. gambiense and T. b. rhodesiense in rodents 
and primates (Van Marek, Le Ray, Beckers, Jacob, 
Wery & Gigase 1981; Rudin , Poltera & Jenni 1983; 
Schmidt 1983). Some features of the damage are il­
lustrated in Fig. 1 and 2, which are from our unpub­
lished studies with T. b. brucei in mice. The parasites 
have access to the cerebrospinal fluid (CSF) and, 
subsequently, via the sub-arachnoidal spaces, to 
the perivascular extensions (Virchow-Robin spaces) 
which extend into the brain. It seems likely that this 
is a determinant in the progression from meningitis 
to encephalitis, with the development of the peri­
vascular infiltrations (cuffing) in the brain (Green­
wood & Whittle 1980; Schmidt 1983; Adams, Hailer, 
Boa, Doua, Dago & Konian 1986). Human CSF is 
not, however, a very favourable medium for parasite 
suNival (Pentreath, Owolabi & Doua 1992). The infil­
trations in the meninges and perivascular cuffs con­
tain large numbers of B-lymphocytes and plasma 
cells, morular cells (Matt cells) and macrophages 
(Greenwood & Whittle 1980). 

Of particular significance is the hyperplasia and re­
active changes in the astrocytes and microglial cells, 
also associated with the cuffs in both man (Adams 
eta/. 1986) and rodents (Stevens & Moulton 1977), 
which are discussed further below. 

The parasite may enter the CNS parenchyma. This 
does not appear to be a widespread influx, compar­
able to that in lymphoid or connective tissue, except 
in some terminal disease states. In the rodent model, 
trypanosomes selectively enter areas with a reduced 
blood-brain barrier (e.g. pineal, area postrema and 
circumventricular organs) at relatively early stages 
of the infection and it has been suggested that this 
may lead to the disturbed rhythms and neuro-endo­
crine dysfunctions (Schultzberg, Ambatsis, Samuels­
son, Kristensson & Van Meirvenne 1988). The rela­
tionship between the extravascular spread of para­
sites and the reduced blood-brain barrier might be 
due to access of signalling substances which pro­
mote parasite entry and growth, rather than easier 
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physical access. A likely substance is interferon-y 
(IFN-y), which has been shown to enhance growth 
of T. b. brucei in lymphoid tissue and possibly in dor­
sal root ganglia (Bakheit 1993), and which may be 
released from cos+ T-cells which infiltrate the same 
brain areas (Schultzberg, Olsson, Samuelsson, Maeh­
len & Kristensson 1989). 

The pitu itary is also damaged by the parasites. In 
sheep and rodents, for example, T. b. brucei causes 
extensive damage to the microvasculature and pene­
trates extravascularly (lkede & Losos 1975; Schultz­
berg eta/. 1988). T. congolense causes focal degen­
erative changes in the pituitary of cattle, but in con­
trast toT. brucei, does not penetrate the nerve tissue 
(Abebe, Shaw & Eley 1993). 

Recent studies with the rodent model and T. b. bru­
cei have additionally shown that there is progressive 
damage to the blood-brain barrier. Tracer substances, 
which in normal rats cannot cross the barrier, can 
pass freely to many brain area:s in the late stages of 
the disease. At the same time, there are progressive 
decreases in brain-density, increases in brain-sodium 
and some reduction in brain-potassium levels which 
show that widespread vasogenic oedema is occur­
ring (Philip, Dascombe, Fraser & Pentreath 1994, un­
published data). 

Thus, the data from a number of studies made chief­
ly on experimental animal models, show that African 
trypanosomosis causes multiple pathological changes 
in the structure of the CNS. These descriptions pro­
vide some insights into the inflammatory changes in 
the neNe tissue, which accompany the disease. How­
ever, for an understanding of the mechanisms under­
lying the neurological manifestations, a knowledge 
of the immune changes in the CNS must also be ob­
tained. 

IMMUNE CHANGES 
Although the mammalian CNS was traditionally con­
sidered an "immune privileged" site, this view is rap­
idly changing, since it is now appreciated that the tis­
sue can mount effective immune responses (Benven­
iste 1993). These may frequently be of a suppressive 
nature, presumably to protect against inflammatory 
damage. However, there is evidence that a number 
of infections and disease states (e.g. viral infections 
and multiple sclerosis) may induce immunopathologi­
cal changes, with, e.g., over-production of cytokines 
which, in turn, may lead to aggravated pathology 
(Benveniste 1993) . There is, moreover, much to be 
learnt about the general nature of the immune 
changes in nerve tissue, and this restricts the inter­
pretation for sleeping sickness. 

A striking situation regarding the brain immunopath­
ology concerns the post-treatment encephalopathy 
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which occurs in approximately 5% of late-stage pa­
tients treated with melarsoprol. In these cases, there 
appears to be a violent inflammatory response in the 
CNS, leading to convulsions, coma and death a few 
days following treatment. This reaction could be due 
to the massive release of antigenic material from the 
parasites killed inside the brain attaching to the brain 
cells, which become a target for the immune response 
(Pepin & Milord 1991). Alternatively, the response 
may be due to the incomplete killing of trypanosomes 
behind the blood-brain barrier, which then provoke 
the reactive encephalopathy (Jennings, Hunter, Ken­
nedy & Murray 1993). 

Neuro-immune changes are an obvious feature during 
the acute and chronic infections and studies have 
been aimed at unravelling these. The cellular changes 
already summarized above, include perivascular cuf­
fing with B-cells (mainly plasma cells) , morular cells, 
activated T -cells, macrophages and reactive astro­
cytes and microglia. In the areas of reduced blood­
brain barrier which are selectively penetrated by tryp­
anosomes, there may be induction of major histo­
compatability complex (MHC) class I antigen expres­
sion associated with the infiltration of macrophages 
and T-cells (Schultzberg eta/. 1989). Other aspects 
of the immunopathology have recently been discuss­
ed by Hunter & Kennedy (1992), and will be only 
briefly mentioned here. Firstly, immune complexes 
between trypanosome antigens and antibodies could 
be deposited in the CNS, leading to complement ac­
tivation and vascular damage (Poltera 1980; Lam­
bert, Berney & Kazyumba 1981 ). This suggestion has 
not, however, been supported by others (see Hunter 
& Kennedy 1992). Secondly, auto-antibodies may be 
generated against a range of CNS tissue structures 
in humans and animals. These include myelin com­
ponents and gangliosides (Asonganyi, Lando & Ngu 
1989; Amevigbe, Jauberteau-Marchan, Bouteille, 
Doua, Breton, Nicolas & Dumas 1992; Hunter, Jen­
nings, Tierney, Murray & Kennedy 1992b), as well 
as antibodies against the neurons in different brain 
regions (Poltera 1980). The antibodies against myelin 
may be associated with the demyelination observed 
in some late-stage cases (Dumas & Boa 1988). 
However, caution must again be exercised, since the 
auto-antibodies may be the result of the damage 
caused by the parasites, rather than its cause. 

A new area of growing importance concerns the 
neuroglial cells with immune accessory functions, in 
particular the astrocytes. These cells may help co­
ordinate immune responses in the CNS via the cyto­
kine/mediator network. Some aspects of their re­
sponses in trypanosomiasis are discussed further. 

Roles of astrocytes 

Astrocytes make up approximately half the volume 
of grey matter in the CNS and may outnumber the 
neurons. The cells are multifunctional in ways which 
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are generally supportive or protective of the neurons. 
If the CNS is damaged by physical , microbial or 
chemical insults, astrocytes may respond by a set­
back of reactions called reactive gliosis. This consists 
of a complex, graded alteration in phenotype with a 
large range of structural and metabolic alterations 
(Eddleston & Mucke 1993). Although the significance 
of many of the reactive changes are at present a 
mystery, they include altered expression and secre­
tion (generally increased) in a range of growth fac­
tors, cytokines and mediator substances, and altered 
cell contact/recognition properties (e.g. increased 
MHC class I and class II expression), which have 
immune-accessory properties (Hertz, McFarlin & 
Waksman 1990) . The astrocytes act in harmony with 
the endothelial cells, microglia and lymphocytes to 
regulate the inflammatory responses in nerve tissue. 

It is well known that reactive astrogliosis is a hall­
mark of the chronic inflammation which accompanies 
African sleeping sickness (Stevens & Moulton 1977; 
Adams eta/. 1986; Anthoons, Van Marek, Gigase & 
Stevens 1989), and it was suggested that the astro­
cytes might control the CNS inflammatory responses 
(Pentreath 1989). Studies with mice have shown that 
astrocyte activation can precede the chronic inflam­
matory changes and that there is increased expres­
sion in the brain (presumed partly in astrocytes) of 
mRNA for several cytokines which can activate dif­
ferent components of the immune response (Hunter, 
Gow, Kennedy, Jennings & Murray 1991 ; Hunter, 
Jennings, Kennedy & Murray 1992a). These are 
summarized in Table 1. In relation to these findings 
it is important to note that difluoromethylornithine 

TABLE 1 Cytokine mRNA in brains of mice infected with Trypano­
soma brucei brucei 

Cytokine Control Day 21 p.i. Post -treatment 
encephalitis 

lnterleukin-1 a* + + ++ 

lnterleukin-2 - - -

lnterleukin-4 - - + 

lnterleukin-6* - + -

lnterferon-y - + -

Macrophage - + + 
inflammatory 
protein-1 

Tumour necrosis - + ++ 
factor-a* 

* Cytokines produced by astrocytes. Data from Hunter et at. 
(1991 ; 1992a) 

+ Significant increase 
- Significant decrease 



(DFMO), a successful drug for the treatment of late­
stage T. b. gambiense, which can produce rapid im­
provement of the neurological syndrome, has been 
shown to reduce the astrogliosis caused by some 
forms of mechanical damage to the brain (Zoli, Zini, 
Grimaldi, Biagini & Agnati 1993). 

Attempts have been made to analyse some of the 
cellular responses to trypanosomes in culture. Be­
cause of the importance of prostaglandins (PG5

) in 
regulating the cytokine network, and in controlling 
sleep patterns (Hayaishi 1991), a study was made 
of their production by mouse fibroblasts and astro­
cytes in vitro (Aiafiatayo, Cookson & Pentreath 1994). 
Disrupted T. b. brucei components caused strong 
stimulation of PGD2 and PGE2 production by both 
cell types, similar to the effects of bacterial endotoxin. 
The parasite components and endotoxin together, 
caused further increases in prostaglandin production. 
Since previous studies of ours had shown that levels 
of PGD2, a potent sleep-inducing substance (Hayaishi 
1991 ), were selectively elevated in the CSF of late­
stage sleeping sickness patients, it was suggested 
that they might have been derived from astrocytes 
activated by the parasite material (Aiafiatayo et a/. 
1994). 

Mediator substances and neurotransmitters 
in the brain and CSF 

The levels of mediator substances in the brain and 
CSF can provide a measure of metabolic, disease 

TABLE 2 Alterations in monoamine transmitters and their metab­
olites in mice with chronic Trypanosoma brucei brucei 
infections 

Brain Dop- Norad- Homo- 5-Hy- 5-Hy-
region amine renaline vanillic droxy- droxy-

acid trypt- indole-
amine acetic 

acid 

Cere-
t bellum 

Brain-
t t ~ t stem 

Hypo-
t t thalamus 

Striatum t t 

Hippo-
t t campus 

Cortex ~ t 

The arrows indicate increases or decreases relative to uninfected 
(control) animals. [Summarized from Stibbs & Curtis (1987); Am ole 
et a/. (1989)] 
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and immune changes within the CNS. This is also 
relevant for pyrogenic, somnogenic and disordered 
states such as occurs in sleeping sickness. The cat­
echolamine- and indolealkylamine-transmitter sub­
stances have been investigated in rodent brain be­
cause of their well known involvements in the ner­
vous control of sleep mechanisms (Stibbs & Curtis 
1987; Amole, Sharpless, Wittner & Tanowitz 1989). 
The studies, summarized in Table 2, strongly sug­
gest an increased turnover of the catecholamines, 
dopamine and noradrenaline (because of the in­
creased levels of the breakdown product homovanil­
lic acid) , and 5-hydroxytryptamine (increased catabo­
lite 5-hydroxyindoleacetic acid) in several brain re­
gions. No significant alterations in acetylcholine or 
associated metabolites were detected. 

The increases in cytokine mANA in the brains of in­
fected mice, summarized in Table 1, might be as­
sociated with immunopathology and behavioural 
changes. Overproduction of tumour necrosis factor-a 
(TNF-a), for instance, can produce inflammatory 
damage, and elevated interleukin-1 (I L-1) induces 
sleep and fever. Unfortunately, experimental evi­
dence is not yet available to determine whether the 
increases in mANA are associated with increased 
release of these substances into the extracellular 
spaces and CSF. In a study of the CSF of late-stage 
patients from the Cote d'lvoire, no elevation of IL-1 
was detected (Pentreath, Rees, Owolabi, Phil ip & 
Doua 1990). However, in the same group of patients 
there were some very large increases in PGD2, and 
it was proposed that this could account for the hyper­
somnia (Pentreath eta/. 1990; Hayaishi 1991). This 
prostaglandin has also been shown to have impor­
tant roles in immunosuppression (Goodwin & Webb 
1980), suppression of luteinizing hormone release 
(Kinoshita, Nakai, Katakami, lmura, Shimizu & Hayai­
shi 1982) and hyperalgesia (Malmberg & Yaksh 
1992), which are also major symptoms of sleeping 
sickness. 

We have recently extended the studies of prosta­
glandins in the CSF of sleeping sickness patients to 
analysis with gas chromatography/mass spectrosco­
py (GC-MS). This is important because it provides 
very accurate chemical identification and quantifica­
tion compared to our previous studies in which radio­
immunoassay techniques were used (Pentreath eta/. 
1990). This is an ongoing study for which the metho­
dology is relatively time-consuming, and to date we 
have obtained results for samples from six patients 
at the Projet de Recherches Cliniques sur le Trypan­
osomiase (P.R.C.T.) Daloa, collected as described 
previously (Pentreath eta/. 1990). The patients were 
diagnosed as having CNS involvement according to 
the criteria of CSF protein > 40 mg % and/or white­
blood-cell count > 5/mm3

, and/or the presence of tryp­
anosomes (Table 3). The patients were treated with 
Arsobal and further CSF samples were taken 4-6 
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TABLE 3 Prostaglandin levels in the CSF of late-stage Trypanosoma brucei gambiense patients 

Pre-treatment Post-treatment 

Patient Protein Wbc Trypan- PGD2 PGE2 PGF2a Pro- Wbc Trypan- PGD2 PGE2 PGF2a 
no. (mg%) count osoma (ng/mQ) (ng/mQ) (ng/mQ) tein count osoma (ng/mQ) (ng/mQ) (ng/mQ) 

(cells/ {45 f! Q 

mm3
) CSF) 

1729 41 1332 40 - 12,0 388,0 

1730 36 276 3 - - 119,0 

1731 48 686 0 195,0 104,0 97,0 

1732 33 1138 7 11 ,0 6,3 44,0 

1733 39 656 800 34,0 3,8 40,0 

1734 52 220 10 2,3 -

- not available 

weeks later. Prostaglandins were analysed by GC­
MS according to the established methods (Barrow 
& Taylor 1987) . The results are summarized in Table 
3. PGD2 and PGE2 levels in several patients were 
markedly elevated, with a maximum value of 195 ng/ 
me for PGD2. The values fell following chemothera­
py, but were still high. In health, these prostaglandins 
may be present in CSF in concentrations of tens of 
pg/me, or be absent, whereas the present values 
were ng/me. We also measured PGF2a . Less is 
known, from a functional point of view, about this 
closely related prostaglandin . Increased levels may 
be associated with increased metabolism of other 
prostaglandins. It is markedly increased in the plas­
ma of rats infected with T. congolense, and this may 
account for the suppression of corpus luteum func­
tion (Mutayoba eta/. 1989). The values in the CSF 
of all the sleeping sickness patients were also mark­
edly elevated (pre-treatment range 5,0-388 ng/me) 
and reduced after chemotherapy (range 4,3-204 ng/ 
me). Again in health, values of the substance are a 
few pg/me CSF. These studies, although on a small 
patient sample, provide further strength to the pros­
taglandins being seriously perturbed by the chronic 
inflammation in the CNS during late-stage sleeping 
sickness. 

Another area attracting increasing attention, is the 
interactions between the mediator substances and 
the trypanosomas. IFN-y acts as a growth-stimulatory 
substance for T. b. brucei, which may explain the 
preferential homing of the parasite in the lymphoid 
tissue (Bakhiet 1993) and the sensory ganglia (Ene­
roth, Bakhiet, Olsson & Kristensson 1992) . There is 
also indirect evidence that prostaglandins may pro­
mote division (Jack, Black, Reed & Davis 1984). In 
contrast, nitric oxide (NO) and TN F-a are toxic to the 
parasites (Lucas, Magez, Songa, Darji, Hamers & De 
Baetselier 1993; Lucas, Magez, De Leys, Fransen, 
Scheerlinck, Rampelberg, Sablon & De Baetselier 
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5,0 

(mg %) (cells/ {45 f! Q 

mm3
) CSF) 

33 36 0 - 12,0 204,0 

28 38 0 - - 47,0 

26 118 0 46,0 6,9 51 ,0 

21 30 0 7,6 3,2 21 ,0 

22 28 0 - - 39,0 

45 68 0 1,6 - 4,3 

TABLE 4 Mediators affecting growth of Trypanosoma brucei bru­
cei 

Mediator Effect 

lnterferon-y Promote division 

Prostaglandins Promote division 
Nitric oxide Trypanostatic 

Tumour necrosis factor-a Trypanostatic 

Data from Jacket a/. (1984) , Vincendeau eta/. (1992) , Bakhiet 
(1993) , Lucas eta/. (1993; 1994) 

TABLE 5 Trypanosome products implicated in initiating the im­
mune and pathological changes within the central ner­
vous system 

Trypanosome products 

Variable antigenic coat 

Phospholipase A 

Proteases (especially cysteine) 
Saturated fatty acids (B cell mitogens) 

Aromatic amino acid derivatives (e.g. tryptophol) 
Endotoxin-like substances* 

* Data sources summarized in Tizard eta/. (1978) and Pentreath 
(1994a) 

1994; Vincendeau, Daulouede, Veyret, Darde, Boute­
ille & Lemesre 1992). These features are summar­
ized in Table 4. 

Trypanosome products causing pathology 

An area of longstanding enquiry is the nature of the 
biologically active products from African trypano­
somas which are responsible for the damage to the 
host. The studies reviewed by Tizard, Nielsen , Seed 
& Hall (1978) were undertaken with a view to under­
standing the inflammation and pathology in a range 
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CNS neuropathogenesis in African sleeping sickness 

Trypanosome 

t 
Choroid damage 

t 
Biologically active products 

(e.g. endotoxins) in CSF 

Chronic inflammation 
in CNS 

Astrocyte/microglial 
activation 

Cytokine/mediator 
production 

WBC infiltration 
(cuffing) 

Blood-brain-barrier 
damage 

FIG. 3 Suggested sequence of events in the pathogenesis of sleeping sickness in the central nervous system 

of blood and other peripheral tissues, but such sub­
stances must also be important for initiating the im­
mune and pathological changes within the CNS. 
Some of the different types of trypanosome products 
which have been implicated are listed in Table 5. 

Many ofthe clinical and laboratory criteria are similar 
in trypanosomosis and endotoxaemia. These include 
the polyclonal enhancement and subsequent immuno­
suppression, the hypergammaglobulinaemia, comple­
ment and kinin activation, and also the fever, head­
ache and hypersomnia. It has been suggested that 
such aspects of the pathology in sleeping sickness 
may be due to the presence of non-specific endotoxin­
like substances (Greenwood 197 4) . We therefore 
studied the levels of the endotoxins in the sera of 
mice infected with T. b. brucei, using the Limu/us 
amoebocyte lysate (LAL) test (Aiafiatayo, Crawley, 
Oppenheim & Pentreath 1993). This showed that 
serum endotoxin levels were elevated during infec­
tion, and that some parasite components also con­
tained endotoxin-like activity. Intercurrent bacterial 
infections were a common feature of the infected ani­
mals. It was suggested that the raised endotoxins 
might be derived from multiple sources, including the 
parasite, the intercurrent infections, or intestinal and 
hepatic damage {Aiafiatayo et a/. 1993; Pentreath 
1994a). 

We have recently extended these endotoxin meas­
urements to the serum and CSF of late-stage patients 
at the P.R.C.T. , Daloa. Our findings (Pentreath, Alafia­
tayo, Crawley & Oppenheim 1994, unpublished data) 

have shown that the endotoxin levels are markedly 
elevated in both fluid compartments, with a close 
correlation in the raised levels between the two com­
partments. 

CONCLUSIONS 

The complex pathology in the CNS of man and 
animals with chronic African trypanosomosis has 
multiple components. The mechanisms underlying 
the changes are starting to be unravelled, in conjunc­
tion with the growing understanding of neuro-immune 
mechanisms and the roles of neuroglial cells . Al­
though much of the neuropathogenesis remains a 
mystery, several emerging features have prompted 
us to present the following hypothesis (Fig. 3). In this 
the breaching of the choroid by the trypanosomes 
is an important event, because the parasites will then 
have access to the CSF and Virchow-Robin spaces. 
With the progressive choroid damage, parasite prod­
ucts, endotoxins and endotoxin-like substances, to­
gether with elevated concentrations of cytokine/ 
mediator substances, will accumulate in the CSF. 
This will be due, in part, to equilibration with the plas­
ma. Relatively small numbers of parasites penetrate 
the parenchyma, except in the very late and terminal 
disease stages. The biologically active substances 
circulating in the CSF will have access, via the junc­
tions between the ependymal cells and the Virchow­
Robin spaces, to the parenchyma. These sub­
stances, in particular the endotoxin-like substances, 
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induce astrocyte and microglial activation. This, in 
turn , leads to the chronic inflammatory state, with 
lymphocyte/macrophage infiltration, and damage to 
the blood-brain barrier. The alterations in the cyto­
kine/mediator levels in the brain underly the changes 
in behaviour with, e.g. hypersomnia induced by the 
elevated prostaglandins. 

ACKNOWLEDGEMENTS 

The work has been supported by the UNDP/World 
Bank/WHO Special Programme for Research and 
Training in Tropical Diseases. We thank R.A. Ala­
fiatayo, M.R. Cookson, B. Crawley, F. Doua, L.S. 
Mayes and B.A. Oppenheim for assistance. 

REFERENCES 

ABEBE, G .. SHAW, M.K. & ELEY, R.M. 1993. Trypanosoma con­
golense in the microvasculature of the pituitary gland of experi­
mentally infected Boran cattle (Bas indicus). Veterinary Path­
ology, 30:401 - 409. 

ADAMS, J.H. , HALLER, L., BOA, F.Y. , DOUA, F., DAGO, A. & 
KONIAN, K. 1986. Human African trypanosomiasis (T. b. gam­
biense). A study of 16 fatal cases of sleeping sickness with 
some observations on acute arsenical encephalopathy. Neuro­
pathology and Applied Neurobiology, 12:81-94. 

ALAFIATAYO, R.A., CRAWLEY, B., OPPENHEIM, B.A. & PENT­
REATH, V.W. 1993. Endotoxins and the pathogenesis of Tryp­
anosoma brucei brucei infection in mice. Parasitology, 107: 
49- 53. 

ALAFIATAYO, R.A. , COOKSON, M.R. & PENTREATH, V.W. 
1994. Production of prostaglandins 0 2 and E2 by mouse f ibro­
blasts and astrocytes in culture caused by Trypanosoma brucei 
brucei products and endotoxin. Parasitology Research, 80: 
223- 229. 

AMEVIGBE, M.D D , JAUBERTEAU-MARCHAN, M.O., BOU­
TEILLE, B., DOUA, F., BRETON, J-C., NICOLAS, J.A. & 
DUMAS, M. 1992. Human African trypanosomiasis: presence 
of antibodies to galactocerebrosides. American Journal of Trop­
ical Medicine and Hygiene, 47:652- 662. 

AMOLE, B., SHARPLESS, N., WID NER, M. & TANOWITZ, H. B. 
1989. Neurochemical measurements in the brains of mice 
infected with Trypanosoma brucei (TREU 667). Annals of Tropi­
cal Medicine and Parasitology, 83:225-231 . 

ANTHOONS, J.A.M.S., VAN MAACK, E.A.E., GIGASE, P.J.J. & 
STEVENS, W.J. 1989. Immunohistochemical characterization 
of the mononuclear cells in the brain of the rat with an experi­
mental chronic Trypanosoma brucei gambiense infection. Para­
sitology Research, 75:251- 256. 

APTED, F.I.C. 1970. Clinical manifestations and diagnosis of 
sleeping sickness, in The African Trypanosomiases, edited by 
H.W. Mull igan. London: G. Allen & Unwin: 661- 683. 

ASONGANYI , T., LANDO, G. & NGU, J.L. 1989. Serum antibodies 
against human brain myelin proteins in Gambian trypanoso­
miasis. Annals de Ia Societe beige de Medecine tropicale , 69: 
213- 221. 

BAKHIET, A.M.O. 1993. lmmunopathogenesis of experimental Af­
rican trypanosomiasis. Interactions between Trypanosoma bru­
cei brucei, Cos• T cells and interferon gamma. Karolinska Insti­
tute, Stockholm. 

376 

BARROW, S.E. & TAYLOR, G.W. 1987. Gas and mass spec­
trometry of eicosanoids, in Prostaglandins and Related Sub­
stances. A Practical Approach, edited by C. Benedetto, R.G. 
McDonald-Gibson, S. Nigam & T.F. Slater. Oxford: Slater IRL 
Press: 99- 141 . 

BENVENISTE, E.N. 1993. Astrocyte-microglia interactions, in As­
trocytes. Pharmacology and Function , edited by S. Murphy. 
London: Academic Press: 355-382. 

DUMAS, M. & BOA, F.Y. 1988. Human African trypanosomiasis, 
in Handbook of Clinical Neurology, 8, edited by P.J. Vinken , 
G.W. Bruyn & H.L. Klawens. Amsterdam: Elsevier: 339- 344. 

EDDLESTON, E. & MUCKE, L. 1993. Molecular profile of reactive 
astrocytes-implications for their role in neurologic disease. 
Neuroscience, 54:15- 36. 

ENEROTH, P. , BAKHIET, M. OLSSON, T. & KRISTENSSON, K. 
1992. Bidirectional signals between Trypanosoma brucei brucei 
and dorsal root ganglia neurons. Journal of Neurocytology, 21: 
846- 852. 

GOODWIN, J.S. & WEBB, D.R. 1980. Regulation of the immune 
response by prostaglandins. Clinical Immunology and Immuno­
pathology, 15:106- 122. 

GREENWOOD, B.M. 1974. Possible role of a B-cell mitogen in 
hypergammaglobulinaemia in malaria and trypanosomiasis. 
Lancet, 16 March: 435-436. 

GREENWOOD, B.M. & WHITILE, H.C. 1980. The pathogenesis 
of sleeping sickness. Transactions of the Royal Society of 
Tropical Medicine and Hygiene, 74:716- 725. 

HAYAISHI, 0 . 1991 . Molecular mechanisms of sleep-wake regula­
tion: roles of prostaglandins 0 2 and E2 . FASEB Journal, 5: 
2575-2581 . 

HERTZ, L. MCFARLIN, D.E. & WAKSMAN, B. H. 1990. Astrocy1es: 
auxiliary cells for immune responses in the central nervous sys­
tem? Immunology Today, 11 :265- 268. 

HUNTER, C.A., GOW, J.W. , KENNEDY, P.G.E., JENNINGS, F.W. 
& MURRAY, M. 1991 . Immunopathology of experimental Af­
rican sleeping sickness: detection of cytokine mANA in the 
brains of Trypanosoma brucei brucei infected mice. Infection 
and Immunity, 59:4636-4646. 

HUNTER, C.A. & KENNEDY, P.G.E. 1992. Immunopathology in 
central nervous system human African trypanosomiasis. Journal 
of Neuroimmunology, 36:91 - 95. 

HUNTER, C.A. , JENNINGS, F.W., KENNEDY, P.G.E. & MURRAY, 
M. 1992a. Astrocyte activation correlates with cytokine produc­
tion in central nervous system of Trypanosoma brucei brucei 
infected mice. Laboratory Investigation, 67:635- 642. 

HUNTER, C.A. , JENNINGS, F.W., TIERNEY, J.F. , MURRAY, M. 
& KENNEDY, P.G.E. 1992b. Correlation of autoantibody t itres 
with central nervous system pathology in experimental African 
trypanosomiasis. Journal of Neuroimmunology, 41 :143- 148. 

IKEDE, B.O. & LOSOS, G.J. 1975. Pathogenesis of Trypanosoma 
brucei infection in sheep. II. Hypophyseal and other endocrine 
lesions. Journal of Comparative Pathology, 85:37-44. 

JACK, R.M., BLACK, S.J., REED, S.L. & DAVIS, C.F. 1984.1ndo­
methacin promotes differentiation of Trypanosoma brucei. Infec­
tions and Immunity, 43:445-448. 

JENNINGS, F.W. & GRAY, G.D. 1983. Relapsed parasitaemia 
following chemotherapy of chronic Trypanosoma brucei in mice 
and its relation to cerebral trypanosomas. Contributions to 
Microbiology and Immunology, 7: 147- 154. 

JENNINGS, F.W. , HUNTER, C.A., KENNEDY, P.G.E. & MURRAY, 
M. 1993. Chemotherapy of Trypanosoma brucei infection of the 
central nervous system: the use of a rapid chemotherapeutic 
regime and the development of post-treatment encephalopathies. 



Transactions of the Royal Society of Tropical Medicine and Hy­
giene, 87:224-226. 

KINOSHITA, F, NAKAI, Y., KATAKAMI, H., IMURA, H., SHIMIZU, 
T. & HAYAISHI, 0. 1982. Suppressive effect of prostaglandin 
(PG) D2 on pulsatile luteinizing hormone release in conscious 
castrated rats. Endocrinology, 110:2207-2209. 

LAMBERT, P.H., BERNEY, M. & KAZYUMBA, G. 1981. Immune 
complexes in serum and cerebrospinal fluid in African trypan­
osomiasis. Correlation with polyclonal B cell activation and with 
intracerebral immunoglobulin synthesis. Journal of Clinical in­
vestigation, 67:77-85. 

LUCAS, R., MAGEZ, S., SONGA, B., DARJI, A., HAMERS, R. & 
DE BAETSELIER, P. 1993. A role for TNF during African try­
panosomiasis: involvement in parasite control, immunosup­
pression and pathology. Research in Immunology, 114:370-
376. 

LUCAS, R., MAGEZ, S., DE LEYS, R., FRANSEN, L., SCHEER­
LINCK, J-P., RAMPELBERG, M., SABLON, E. & DE BAETSE­
LIER, P. 1994. Mapping the lectin-like activity of tumor necrosis 
factor. Science, 263:814-817. 

MALMBERG, A.B. & YAKSH, T.L. 1992. Hyperalgesia mediated 
by spinal glutamate or substance P receptor blocked by spinal 
cyclo-oxygenase inhibition. Science, 257:1276-1279 

MASAKE , RA, NANTULYA, V.M., AKOL, G.N.O. & MUSOKE, 
A.J. 1984. Cerebral trypanosomiasis in cattle with mixed Tryp­
anosoma congolense and T. b. brucei infections. Acta Tropica, 
41 :237-246. 

MUTAYOBA, B.M., MEYER, H.H.D., OSASO, J. & GOMBE, S. 
1989. Trypanosome-induced increase in prostaglandin F2a and 
its relationship with corpus luteum function in the goat. Therio­
genology, 32:545-555. 

PENTREATH, V.W. 1989. Neurobiology of sleeping sickness. Par­
asitology Today, 5:215-218. 

PENTREATH, V.W., REES, K., OWOLABI, OA, PHILIP, KA & 
DOUA, F. 1990. The somnogenic T lymphocyte suppressor 
prostaglandin D2 is selectively elevated in cerebrospinal flu id 
of advanced sleeping sickness patients. Transactions of the 
Royal Society of Tropical Medicine and Hygiene, 84:795-799. 

PENTREATH, V.W., OWOLABI, OA & DOUA, F. 1992. Survival 
of Trypanosoma brucei brucei in cerebrospinal fluid. Annals of 
Tropical Medicine and Parasitology, 86:29- 34. 

PENTREATH , V.W. 1994a. Endotoxins and their significance for 
murine trypanosomiasis. Parasitology Today, 10:226-229. 

PENTREATH, V.W. 1994b. Trypanosomiasis and the nervous sys­
tem: pathology and immunity. Transactions of the Royal Society 
of Tropical Medicine and Hygiene. In Press. 

PEPIN, J. & MILORD, F. 1991. African trypanosomiasis and drug 
induced encephalopathy: risk factors and pathogenesis. Trans­
actions of the Royal Society of Tropical Medicine and Hygiene, 
85:222-224. 

POL TERA, A.A. 1980. Immunopathological and chemotherapeutic 
studies in experimental trypanosomiasis with special reference 

V.W. PENTREATH, P.J. BAUGH & D.R. LAVIN 

to heart and brain. Transactions of the Royal Society of Tropi­
cal Medicine and Hygiene , 74:706- 715. 

RUDIN, W., POLTERA, AA & JENNI, L. 1983. An EM study on 
cerebral trypanosomiasis in rodents and primates. Contributions 
to Microbiology and Immunology, 7:165-172. 

SCHMIDT, H. 1983. The pathogenesis of trypanosomiasis of the 
CNS. Studies on parasitological and neurohistological findings 
in Trypanosoma rhodesiense infected verve! monkeys. Virshows 
Archives (Pathol. Anat.), 399:333- 343. 

SCHULTZBERG, M.; AMBATSIS, M., SAMUELSSON, E.-B., 
KRISTENSSON, K. & VAN MEIRVENNE, N. 1988. Spread of 
Trypanosoma brucei to the nervous system: early attack on the 
circumventricular organs and sensory ganglia. Journal of Neuro­
science Research, 21:51-61. 

SCHULTZBERG, M., OLSSON, T ., SAMUELSSON, E.B., MAEH­
LEN, J. & KRISTENSSON, K. 1989. Early major histocompati­
bility complex (MHC) class I antigen induction in hypothalamic 
supraoptic and paraventricular nuclei in trypanosome-infected 
rats. Journal of Neuroimmunology, 24:105-112. 

STEVENS, R.R. & MOULTON, J.E. 1977. Experimental menin­
goencephalitis in Trypanosoma brucei infection of deer mice 
(Peromyscus manicu/atus). A light, immunofluorescent, and 
electron microscopic study. Acta neuropathologica (Berlin), 38: 
173-180. 

STIBBS, H.H. & CURTIS, D.A. 1987. Neurochemical changes in 
experimental African trypanosomiasis in voles and mice. Annals 
of Tropical Medicine and Parasitology, 81:673-679. 

TIZARD, 1., NIELSEN, K.H., SEED, J.R. & HALL, J.E. 1978. Bio­
logically active products from African trypanosomes. Microbio­
logical Reviews, 42:661-681. 

VAN MARCK, EAE., LE RAY, D., BECKERS, A., JACOB, W., 
WERY, M. & GIGASE, P.L.J. 1981. Light and electron micro­
scope studies on extravascular Trypanosoma brucei gambiense 
in the brain of chronically infected rodents. Annates Societe 
Beige Medicine tropicale, 61:57-78. 

VILLANUEVA, M.S. 1993. Trypanosomiasis of the central nervous 
system. Seminars in Neurology, 13:209-218. 

VINCENDEAU, P., DAULOUEDE, S., VEYRET, B., DARDE, L., 
BOUTEILLE, B. & LEMESRE, J.L. 1992. Nitric oxide-mediated 
cytostatic activity on Trypanosoma brucei gambiense and Tryp­
anosoma brucei brucei. Experimental Parasitology, 75:353-
360. 

WELLDE, B.T., REARDON, M.J., CHUMO, D.A., KOVATCH, 
R.M., WAEMA, D., WYKOFF, D.E., MWANGI, J., BOYCE, W.L. 
& WILLIAMS, J.S. 1989. Cerebral trypanosomiasis in naturally 
infected cattle in Lambwe Valley, South Nyanza, Kenya. Annals 
of Tropical Medicine and Parasitology, 83, Supplement 1:151-
160. 

ZOLI, M. ZINI, 1., GRIMALDI, R., BIAGINI, G. & AGNATI, L.F. 
1993. Effects of polyamine synthesis blockade on neuronal loss 
and astroglial reaction after transient forebrain ischemia. Inter­
national Journal of Development Neuroscience, 11:175-187. 

377 


