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Abstract. The levels of tumor necrosis factor-a (TNF-a) in sera from Tiypaizosoina briicei gainbiense-infected 
patients from the endemic region of Bok0 Songho (Bouenza focus in Congo) were measured. An increase was 
observed in sera from patients (geometric mean = 53.75 pg/ml, n = 69) compared with control subjects from the 
same endemic area (6.72 pg/ml, n = 31). The patients were classified as being in the early (blood lymphatic) stage 
and late (meningo-encephalitic) stage of disease according to the presence of parasites and cells in cerebrospinal fluid 
(CSF). An increase in TNF-a was noted in late stage patients (68.42 pg/ml, n = 28) compared with early stage 
patients (43.68 pg/ml, n = 41). Those patients with fever, asthenia, and edema and those with neurologic signs had 
higher levels of TNF-a (89.36 pg/ml, n = 26) than others (38.07 pglml, n = 43). No differences in TNF-a levels 
were seen when trypanosomes' were detected in one location (blood, lymph nodes, or CSF) or two or three locations. 
These data show that the levels of TNF-a in serum of T. b. gainbieizse-infected patients were correlated with disease 
severity (presence of signs of inflammation or presence of major neurologic signs) and indicate that TNF-a could be 
involved in some aspects of human African trypanosomiasis physiopathology. 

Human African trypanosomiasis, or sleeping sickness, is 
caused by Trypanosonza brucei gainbiense and T. b. rliode- 
siense.'** At least 45 million people in Africa are estimated 
to be exposed to trypanosomiasis. In the early stage of the 
disease (blood-lymphatic phase), the parasites invade the 
blood and the lymphatic system. The most common signs 
are intermittent fever, headache, joint pain, edema, hepatos- 
plenomegaly, and lymphadenopathies. The late (meningo- 
encephalitic phase) stage of the disease starts when trypano- 
somes cross the blood brain barrier, at which time, besides 
nonspecific symptomatology, various neurologic signs are 
noted. Hypergammaglobulinemia, autoantibodies, immune 
complexes, and immunodepression have also been ob- 
served?. Cytokines may contribute to the nonspecific symp- 
tomatology (fever) as well as these immunologic abnormal- 
ities?*'j 

Tumor necrosis factor-a (TNF-a) is involved in numerous 
physiologic functions and has also been implicated in the 
pathogenesis of septic shock and systemic inflammatory re- 
a c t i o n ~ . ~ ~  Increased TNF-a levels have been demonstrated 
in the sera of patients with bacterial, viral, and parasitic in- 
fections, such as malaria or leishmaniasis.8-I2 In human ma- 
laria, increased serum levels of TNF-a have been correlated 
with severity of disease." Alterations in the cytokine net- 
work during African trypanosomiasis have not yet been es- 
tablished although certain clinical manifestations suggest 
such modifications. In this study, we evaluated the level of 
TNF-a in sera of patients with African trypanosomiasis and 
the correlation of these levels with the stage and activity of 
the disease. 

SUBJECTS, MATERIALS, AND METHODS 

Subjects. The study was carried out in 69 Congolese suf- 
fering from sleeping sickness (fenia1e:male ratio = I .3: 1, 4- 
72 years of age, mean I! SD age = 31.4 t 21.1) and 31 
uninfected subjects (fema1e:male ratio = 1:1, 3-68 years of 
age, mean t SD age t 19.5) living in the endemic 

region of Bok0 Songho (Bouenza focus in Congo). During 
a mass screening for sleeping sickness, patients with trypan- 
osomiasis were diagnosed on the basis of serologic and par- 
asitologic r e s ~ l t s . ' ~  All patients analyzed in this study were 
serologically and parasitologically positive. Patients with 
trypanosomiasis infections and control subjects were all par- 
asitologically negative for malaria and filariasis. No subject 
presented any additional clinical pathology. Pregnant women 
were excluded. Controls were all parasitologically and se- 
rologically negative for trypanosomes. 

Serum samples. To minimize alterations of blood com- 
ponents and to standardize samples, blood was collected be- 
tween 1O:OO AM and noon and allowed to clot at room tem- 
perature for 2 hr. The serum was separated by centrifugation 
(600 X g for 10 min), frozen at -2O"C, and stored at -80°C 
until use. 

Clinical and laboratory analysis. Serologic responses 
were determined with the Testrypm Card Agglutination Test 
(CATT) (Smith Kline RIT, Rixensard, Belgium) on whole 
blood and samples reacted positively in at least one of the 
following serologic tests: quantitative CATT on serum, in- 
direct immunofluorescence, and indirect hemagglutination 
(Cellognost@; Behring Institue, Marburg, Germany). Para- 
sites were found in one or more of the following biological 
fluids: blood, lymph node aspirate, and, when required, in 
cerebrospinal fluid (CSF) either by direct microscopic ex- 
amination or by using mini anion-exchange c o l ~ m n s . ' ~  A 
questionnaire on previous illness, and general signs and 
symptoms of infection was completed and a physical ex- 
amination for adenopathies and neurologic signs was per- 
formed on each patient by a physician. The involvement of 
the central nervous system (CNS) (late stage of African try- 
panosomiasis) was based on CSF analysis (presence of the 
parasite and cell count). 

Determination of TNF-a levels. The TNF-a levels were 
determined for each sample in duplicate using a sandwich 
radio immunoassay (TNF-a IRMA; Medgenix, Brussels, 
Belgium). Several monoclonal antibodies directed to distinct 
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Levels of tumor necrosis factor-alpha (TNF-alpha) in 
sera of control subjects (Africans living in an endemic area, n = 31) 
and patients with human African trypanosomiasis (n = 69). The 
dashed lines represent the geometric means of each group. 

FIGURE 1. 

epitopes of TNF-a and bound to the bottom of tubes were 
used as capture antibodies. Serum samples or standard 
amounts of TNF-a and 12SI-labeled anti-TNF-a (trace anti- 
bodies) were added to each tube. After the samples were 
washed with phosphate-buffered saline, pH 7.4, containing 
0.5% Tween 20, counts were determined. Values of TNF-a 
in samples were obtained from a curve obtained from stan- 
dards. This assay does not cross-react with TNF-ß, interleu- 
kin-1 (IL-l), IL-6 or interferon-y (IFN-y), and its sensitivity 
is 1 pg/ml. 

Statistical analysis. Geometric means, which were con- 
sidered more representative of each data group of TNF-a 
levels than arithmetic means, and 95% confidence intervals 
(CIS) were calculated. The TNF-a levels were not normally 
distributed. Comparison between groups were made using a 
nonparametric test (Mann-Whitney U test). Tests of signifi- 
cance were two-tailed. All P values less than 0.05 were con- 
sidered significant. The arithmetic mean ? standard devia- 
tion was used for mean ages of control and patient groups. 

RESULTS 

Increase in TNF-a! levels in trypanosomiasis. Figure 1 
shows the levels of TNF-a in sera of control subjects and 
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FIGURE 2. Levels of tumor necrosis factor-alpha (TNF-alpha) in 
early (n = 41) and late (n = 28) stage patients with human African 
trypanosomiasis. The dashed lines represent the geometric means of 
each group. 

patients. The geometric mean of TNF-a in control subjects 
was 6.72 pg/ml (CI = 1.77-25.53). Significantly higher lev- 
els of TNF-a were observed in patients (53.75 pglml, CI = 
13.52-201.94; P < 0.0001). High levels of TNF-a were also 
found in the CSF of eight patients but could not be measured 
in the others because of insufficient quantities. 

Forty-one patients with four or less cells/mm3 and no par- 
asites in the CSF were considered to be early stage (blood 
lymphatic phase) patients and 28 patients with more than 
four cells/mm3 or with parasites in the CSF were considered 
to be late stage (meningo-encephalitic phase) patients. Com- 
pared with the control group, significantly higher levels of 
serum TNF-a were measured in the two patient groups. An 
increase in serum TNF-a levels (Figure 2) was observed in 
late stage patients (68.42 pg/ml, CI = 36.19-238.34) com- 
pared with early stage patients (43.68 pglml, CI = 22.11- 
165.82, P = 0.025). 

Levels of TNF-a and disease activity. Patients were clas- 
sified into four groups according to clinical signs and stage 
of infection (Figure 3). Patients in the first phase were di- 
vided into two groups according to the intensity of general 
signs of inflammation (fever, asthenia, edema), indicating an 
active period of the disease. Patients with these clinical signs 
(n = 14) had higher levels of serum TNF-a than patients 
with no or mild symptoms (n = 27). The difference was 
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FIGURE 3. Levels of tumor necrosis factor-alpha (3°F-alpha) in 
individuals with human African trypanosomiasis in the early stage 
with no or mild symptoms (n = 28) (first column), in the early stage 
with clinical signs (patent) (n = 15) (second column), in the late 
stage with mild symptoms (n = 16) (third column), and in the late 
stage with major neurologic signs (n = 12) (fourth column). The 
dashed lines represent the geometric means of each group. 

significant: 82.72 pg/ml (CI = 34.32-199.39) for the first 
group and 31.74 p g l d  (CI = 11.06-90.95) for bhe latter 
group (P  < 0.001). The difference between the latter group 
and control subjects was also significant (P < 0.001). 

Patients in the late stage were divided into two groups 
according to the presence or absence of major neurologic 
signs (sensory disturbances, ataxia, convulsions, chorea, 
tremors, disturbed circadian rhythms, endocrine abnormali- 
ties). Patients with major neurologic signs (n = 12) had 
higher levels of TNF-a than those in the milder late stage 
group (n = 16): 97.79 pglml (CI = 28.01-341.42) versus 
52.34 pg/ml (CI = 19.52-140.32) ( P  < 0.006). 

All patients of the early or late stage of the disease with 
clinical signs (n = 26) had higher levels of TNF-a than the 
other patients (n = 43): 89.36 pg/ml (CI = 31.08-256.92 ) 
versus 38.07 pg/ml (CI = 12.36-1 17.2 ) (P  < 0.001) (Figure 

In the patients in whom parasites were observed in the 
blood, there was no correlation between TNF-a concentra- 
tion and parasitemia. There were no differences in TNF-ar 
serum leyels between those patients with trypanosomes in 
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FIGURE 4. Levels of tumor necrosis factor-alpha (TNF-alpha) in 
sera of control subjects (Africans living in an endemic area, n = 
31), in patients with human African trypanosomiasis with no or mild 
clinical signs (n = 43), and in patients with clinical signs (n = 26). 
The dashed lines represent the geometric means of each group. 

both blood and lymph nodes and those with parasites in the 
blood alone. 

DISCUSSION 

The present study reports a marked elevation of TNF-a 
levels in patients with African trypanosomiasis and a cor- 
relation between high levels of TNF-a and disease severity. 
The difference between TNF-a levels in the early and late 
stages was less significant (P = 0.025). The results of this 
study were concerned with TNF-a levels observed in only 
one focus (Boko Songho focus in Congo). However, we 
were also able to obtain the sera of two patients from Cote 
d'Ivoire. In the sera of these two patients, an increase in the 
TNF-a level was also observed. This probably means that 
trypanosomiasis induces an increase in TNF-a levels and 
that the phenomenon is not limited to T. b. gambiense strains 
from Congo. Studies in other foci would be necessary to 
confirm this possibility. The search for endogenous media- 
tors of cachexia in parasitic diseases led to the isolation of 
cachectin in sera of cattle and rabbits infected with trypano- 
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somes.I5 Peptide sequence analysis revealed that TNF-a and 
cachectin are the same m ~ l e c u l e . ~ ~  

Tumor necrosis factor-a is known to induce fever, asthe- 
nia, anemia, and hypertriglyceridemia, which are observed 
in African trypanosomiasis. We observed that high levels of 
TNF-a are associated with the presence of patent inflam- 
matory signs in the early phase of trypanosomiasis and of 
major neurologic signs in the late phase. Because of the mo- 
bility of the population and the limited duration of our stay, 
we were able to obtain serum samples after treatment from 
only three patients. In these, a decrease in the TNF-a level 
was found one week after treatment. This is in agreement 
with the association between increased serum TNF-a levels 
and disease severity in other parasitic diseased.]l* In leish- 
maniasis, an increased TNF-a level is a marker of disease 
activity and a rapid decrease in the TNF-a level is observed 
after effective therapy. In malaria, high levels of TNF-a are 
associated with manifestations of seveie malaria but are not 
specific to cerebral malaria. Moreover, a persistently in- 
creased serum TNF-a level probably contributes to the hy- 
pergammaglobulinemia observed in trypanosomiasis be- 
cause the role of TNF-a on activation, proliferation, and dif- 
ferentiation of B lymphocytes has been shown.’7. 

Besides its role in the pathophysiology of African trypan- 
osomiasis, TNF-LY participates in the mechanisms leading to 
trypanosome elimination: TNF-a acts indirectly in a cascade 
of events leading to cell activation or directly on parasites 
through its cytotoxic propert ie~.’~ In murine models, mac- 
rophage activation induced by IFN-), exerts a powerful an- 
timicrobial effect on various microorganisms including try- 
panosomes. Tumor necrosis factor-a participates in IFN-y- 
mediated antimicrobial activity and can act as an autocrine 
f a c t ~ r . ~ ~ * ~  In a recent study, initial control of parasitemia in 
T. b. brucei-infected mice was diminished by injection of 
anti-TNF-a antibodies.25 

The mechanism leading to enhanced production of TNF- 
a is still not understood. In vitro, Leishmania amazonensis 
are able to induce TNF-a production by human monocyte- 
derived macrophages.I2 Monocytes-macrophages are the 
most potent TNF-a-producing cells. Trypanosomes can be 
the direct stimulus for TNF-a synthesis by macrophages or 
can act indirectly through other cells. Recently, a factor re- 
leased by T. b. brucei that binds and activates CD8+ lym- 
phocytes has been found. This factor induces IFN--y secre- 
tion that is an activator of TNF-a production.26 

The mechanisms leading to TNF-a production in trypan- 
osomiasis deserve further work. Mice chronically infected 
with T. b. brucei after treatment with subcurative doses of a 
trypanocidal compound develop inflammatory lesions of the 
CNS. The presence of TNF-a RNA transcripts in the CNS 
of these mice suggest that TNF-a production plays a role in 
these lesions.27 Also, TNF-a and other cytokines contribute 
to the generation of somnogenic molecules such as IL-1.28 
It is known that anti-TNF-a antibodies cause an improve- 
ment in septic shock  patient^.'^ This, along with the higher 
levels of TNF-a detected in the sera of patients with severe 
African trypanosomiasis, are in favor of the role of this cy- 
tokine in the generation of generalized inflammation and 
possibly of the associated neurologic signs. 

Acknowledgments: We thank Dr. L. Letenneur (Departement d’In- 

formatique) for the statistical analysis, and J. Sneed for help in the 
preparation of this article. 

Financial support: This work was supported by grants from the In- 
stitut National de la Sante et de la Recherche Medicale (CRE 
920610), the Conseil Regional d’Aquitaine, and the TDRNHO Spe- 
cial Program for Research and Training in Tropical Diseases. 

Authors’ addresses: Marie Claire Okomo-Assoumou, Sylvie Dau- 
louede, and Philippe Vincendeau, Laboratoire de Parasitologie, Uni- 
versity de Bordeaux II, 146 rue Leo Saignat, Bat 3A 3eme Etage, 
33076 Bordeaux Cedex, France. Jean-Loup Lemesre and Alexis 
N’Zila-Mouanda, Laboratoire des Grandes Endemies Tropicales, 
Unite de Biologie Parasitaire ORSTOM, Montpellier Cedex 1, 
France. 

Reprint requests: Philippe Vincendeau, Laboratoire de Parasitologie, 
University de Bordeaux II, 146 rue Leo Saignat, Bat 3A 3eme Etage, 
33076 Bordeaux Cedex, France. 

REFERENCES 

1. Greenwood BM, Whittle HC, 1980. The pathogenesis of sleep- 
ing sickness. Trans R Soc Trop Med Hyg 74: 716-723. 

2. Van Meirvenne N, Le Ray D, 1985. Diagnosis of African and 
American trypanosomiasis. Br Med Bull 41: 156-161. 

3. Wery M, Mulumba PM, Lambert PH, Kazyumba L, 1982. He- 
matological manifestations, diagnosis, and immunopathology 
of African trypanosomiasis. Seiizin Heriiatol 19: 83-92. 

4. Amevigbe M, Jauberteau-Marchan M-O, Bouteille B, Doua F, 
Breton J-C, Nicolas J-A, Dumas M, 1992. Human African 
trypanosomiasis: presence of antibodies to galactocerebro- 
sides. Ain J Trop Med Hyg 47: 652-662. 

5. Cannon JG, Tompkins RG, Gelfand JA, 1990. Circulating in- 
terleukin-1 and tumor necrosis factor in septic shock and ex- 
perimental endotoxin fever. J Infect Dis 161: 79-84. 

6. St. Georgiev V, Albright JF, 1993. Cytokines and their role as 
growth factors and in regulation of immune response. Anri 
NY Acad Sci 685: 584-602. 

7. Cerami A, Beutler B, 1988. The role of cachectidTNF in en- 
dotoxic shock and cachexia. bnnzunol Today 9: 28-31. 

8. Amman AJ, Palladino MA, Volberding P, Abrams D, Martin 
NL, Conant M, 1987. Tumor necrosis factor alpha and beta 
in acquired immunodeficiency syndrome (AIDS) and AIDS- 
related complex. J Clin Imnzunol 7: 481-485. 

9. Waage A, Halstensen A, Espevik A, 1987. Association between 
tumor necrosis factor in serum and fatal outcome in patients 
with meningococcal disease. Lancet i: 355-357. 

10. Scuderi P, Sterling KE, Lam KS, Finley PR, Ryan ICI, Ray CG, 
Peterssen E, Slymen DJ, Salmon SE, 1986. Raised serum 
levels of tumour necrosis factor in parasitic infections. Lancei 
ii: 1364-1365. 

11. Schaffer N, Grau GE, Hedberg K, Davachi F, Lyamba B, High- 
tower AW, Breman JG, Nguyen-Dinh P, 1991. Tumor necrosis 
factor and severe malaria. J Iizfect Dis 163: 96-101. 

12. Barral-Netto M, Badaro R, Barra1 A, Almeida RP, Santos SB, 
Badaro F, Pedral-Sampaio D, Carvalho EM, Falcoff E, Falcoff 
R, 1991. Tumor necrosis factor (cachectin) in human visceral 
leishmaniasis. J I iz jk t  Dis 163: 853-857. 

13. Authie E, Cuisance D, Force-Barge P, Frezil JL, Gouteux JP, 
Jannin J, Lancíen J, Laveissiere C, Lemesre JL, Mathieu-Dau- 
de E, Necheman S, Noireau E, Penchenier L, Tibayrenc M, 
Truc P, 1991. Some new prospects in the epidemiology and 
fight against human African trypanosomiasis. Res Rev Pdr- 
asirol 51: 29-46. 

14. Lunisden WHR, Kimber CD, Evans DA, Doig SJ, 1979. 
Trypanosoma brucei: miniature anion-exchange centrifuga- 
tion technique for detection of low parasitaemias: adaptation 
for field use. Tram R Soc Trop Med Hyg 73: 312-317. 

15. Rouzer CA, Cerami A, 1980. Hypertriglyceridemia associated 
with Tiypaizosoinu brucei bnicei infection in rabbits: role of 
defective triglyceride removal. Mol Biockein Parusifol 2: 3 1- 
37. 

16. Beutler B, Greenwald D, Hulmes JD, Chang M, Pan YC, Math- 



TNF-(Y AND HUMAN AFRICAN TRYPANOSOMIASIS 543 

ison J, Ulevitch R, Cerami A, 1985. Identity of TNF and the 
macrophage-secreted factor cachectin. Nature 316: 552-554. 

17. Kehr1 JH, Miller A, Fauci AS, 1987. Effect of tumor necrosis 
factor a on mitogen-activated human B cells. J Exp Med 166: 

18. Roldan E, Rodriguez C, Navas G, Parra C, Brieva JE, 1992. 
Cytokine network regulating terminal maturation of human 
bone narrow B cells capable of spontaneous and high rate of 
Ig secretion in vitro. J Inztnunol 149: 2367-2371. 

19. Lucas R, Magez S, De Leys R, Fransen L, Scheerlinck JP, Ram- 
pelberg M, Sablon E, De Baetselier P, 1994. Mapping the 
lectin-like activity of tumor necrosis factor. Science 263: 
8 14-8 17. 

20. Green SJ, Crawford RM, Hockmeyer JT, Meltzer MS, Nacy CA, 
1990. Leishnzania major amastigotes initiate the L-arginine- 
dependent killing mechanism in IFN-y-stimulated macro! 
phages by induction of tumor necrosis factor-a. J lmtnunal 
145: 4290-4297. 

21. Liew FY, Li Y, Millott S, 1990. Tumor necrosis factor-a syner- 
gizes with IFN-y in mediating killing of Leishmania nzajor 
through the induction of nitric oxide. J Inznzunol 145: 4306- 
4310. 

22. Clark IA, Hunt NH, Butcher GA, Cowden WB, 1987. Inhibition 
of murine malaria (Plasmodium chabaudi) in vivo by recom- 
binant interferon or tumor necrosis factor, and its enhance- 

786-791. 

ment by butylated hydroxyanisole. J Inzmunol 139: 3493- 
3496. 

23. Stevenson MM, Tam ME Nowotarski M, 1990. Role of inter- 
feron-y and tumor necrosis factor in host resistance to Plus- 
tnodiunt chabaudi AS. Immunol Lett 25: 115-122. 

24. Vincendeau P, Daulouede S, 1991. Macrophage cytostatic effect 
on Trypanosoma musculi involves an L-arginine-dependent 
mechanism. J Inzmunol 146: 4338-4343. 

25. Lucas R, Magez S, Songa B, Darji A, Hamers R, De Baetselier 
P, 1993. A role for TNF during African trypanosomiasis: in- 
volvement in parasite control, immunosuppression and pa- 
thology. Res Inzmunol 144: 370-375. 

26. Olsson T, Bakhiet M, Edlund C ,  Hojeberg B, Van der Meide 
PH, Kristensson K, 1991. Bidirectional activating signals be- 
tween Trypanosoma brucei and CD8f T cells: a trypano- 
some-released factor triggers interferon-? production that 
stimulates parasite growth. Eur J bnmunol 21: 2447-2454. 

27. Hunter CA, Cow JW, Kennedy PGE, Jennings FW, Murray M, 
1991. Immunopathology of experimental African sleeping 
sickness: detection of cytokine mRNA in the brains of 
Trypanosoma brucei brucei-infected mice. Infecr Immun 59: 
4636-4640. 

28. Pentreath VW, 1989. Neurobiology of sleeping sickness. Par- 
asitol Today 7: 215-218. 

29. Hinds CJ, 1991. Monoclonal antibodies in sepsis and septic 
shock. B r  Med J 304: 132-133. 



NUMBER 5 

The American Tourna1 of 

MEDICIN 
HYGIENE 

I 

O F F I C I A L  O R G A N  O F  
THE AMERICAN SOCIETY OF TROPICAL MEDICINE AND HYGIENE ' i  

es e 
?M 86 
.Js-&' 


