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Abstract: African trypanosomiasis (AT) is caused by extracellular hemoflagellates of the genus 

Trypanosoma and develops into a fatal disease for man and animals. The immune response and 

pathogenesis associated with the illness are complex and still poorly understood. However, they 

seem to be characterized by extensive changes in lymphoid tissues of the infected host, involving 

a complex network of interactions between cells and their products, which are controlled by 

specific parasite molecules. Various studies suggest that cytokine responses influence the 

outcome of AT; however, the precise role of individual cytokines remains unclear and may 

depend on the animal model and the parasite strain. This review focuses on how the parasite 

manipulates the immunoregulatory mechanisms in the generation of host cytokine response 

and their relationship with macrophages activation in the experimental model of the African 

sleeping sickness.
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Introduction
The African parasites of the species Trypanosoma brucei are extracellular 

hemoflagellate protozoa transmitted by the bite of the tsetse fly, capable of infecting 

both humans and livestock. The subspecies T. b. rhodesiense and T. b. gambiense are 

the causative agents of the acute and chronic forms of the disease commonly known 

as sleeping sickness (in humans). T. b. brucei is one the chief pathogens infecting 

livestock,1 producing a disease known as nagana. Annually, about 45,000 new cases 

of human African trypanosomiasis (AT) are reported; however, it is estimated that 

there are about 500,000 people infected with this disease, and moreover, that more than 

60 million people are continuously exposed to the danger caused by T. b. rhodesiense 

and T. b. Gambiense.2 The disease is characterized by an early hemolymphatic stage 

followed by a meningo-encephalitic stage, in which trypanosomes and/or increased 

numbers of leukocytes are found in the cerebrospinal fluid.3

African trypanosomes can powerfully modulate their host immune system. These 

parasites evade the immune responses mainly by modification of their variant surface 

glycoproteins (VSGs) by means of a complex process referred to as antigenic variation.4 

To complete their life cycle, trypanosomes require an essential developmental step in 

a mammalian host, consequently having to cope with the constant assail of the host 

immune system, while creating a state of equilibrated growth regulation that ensures 

optimal survival and effective transmission.5

The molecular mechanisms that trypanosomes employ in order to survive 

and proliferate in the bloodstream of their mammalian hosts have been objects of 
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investigation for most of the past century, but still the immune 

responses and pathogenesis processes that occur in a mam-

malian ailing with AT are poorly understood. It is known, 

however, that different strains of mice display different 

degrees of susceptibility to the disease,6 and this might be 

of use in the study of the mechanisms underlying resistance 

to African trypanosomes. Infecting mice with these parasites 

results in the proliferation of T and B cells, and also in the 

activation of macrophages in the spleen and bone marrow, 

followed by the inability of either T or B cells to respond 

to mitogens or specific antigens7 and also the destruction of 

lymphoid structures. Therefore, it is legitimate to claim that 

infection with African trypanosomes induces multiple disor-

ders in the immune system. Also, the intricate cytokine net-

work that controls the host cell-mediated immune response 

in experimental AT comes as a difficulty to the investigation 

of the mechanisms underlying regulation of the infection, 

due to the complex interactions between the host immune 

response and the parasite survival strategies; hence, it is with 

great difficulty that the mechanisms that govern resistance 

and susceptibility to the disease are being characterized.

While some mouse strains are more resistant to the 

infection by T. brucei (like C57BL/6) and survive longer 

(more than 30 days after the infection), suffering in the end 

from severe pathology, other strains (like BALB/c) are more 

susceptible and succumb rapidly to the infection (usually 

in less than or around 20 days).8 Therefore, the terminology 

“resistant”/“susceptible” will be used bearing in mind that, 

in fact, there are no actual resistant models for T. brucei 

infections, only relatively resistant and highly susceptible 

animals. Studies aiming to explain the susceptibility of 

the different mouse strains to AT are so far inconclusive 

for the T. brucei model (as opposed to studies using 

T. congolense, for example).8,9

Several studies report the influence of the cytokine 

response in the parasite’s development; however, the precise 

role of each individual cytokine remains unclear and may 

depend on the animal model, the parasite strain, or both. In 

this paper, the focus is on the network of cytokine responses 

and its relation with macrophages and other cell types in the 

experimental animal model of infection with T. brucei.

Consequences of macrophage 
activation in AT
The involvement of macrophages in experimental AT has 

been comprehensively established in several experiments,10–12 

with different studies demonstrating that (1) macrophage 

activation can be detected within a few days of infection 

with African trypanosomes,13,14 (2) there is a severe increase 

in activated macrophages in the tissues of trypanosome-

infected animals,15–18 and (3) lymphoid organs of infected 

mice become markedly enlarged during infection due to 

a disproportionate increase in macrophages within these 

tissues.19 Also, mice infected with African trypanosomes 

show increased production of interleukin (IL)-12, tumor 

necrosis factor (TNF)-α, nitric oxide (NO), superoxide 

anion, and derived hydrogen peroxide, produced as a result 

of the oxidative burst.15–17 This macrophage activation has 

been well documented in previous studies, but there are also 

data implicating macrophages in the immune dysfunction 

and downregulation of adaptive immunity characteristic 

of AT.18–20 In fact, one of the remarkable features of the 

trypanosome infections is the strong generalized suppression 

of the immune responses, which have been reported to affect 

a large variety of both the humoral and the cellular immune 

functions.21

Besides the roles of classically activated macrophages 

(M1) in parasite control and pathogeneses, and of alterna-

tively activated macrophages (M2) in anti-inflammatory 

mechanisms, both cell types seem to participate in the 

immunosuppression typical of AT.22 Also, the suppressive 

activities of M1 and M2 cells might contribute to the inability 

of infected hosts to mount a long-lived memory response.22

Interestingly, Harris et al23 have demonstrated that deoxy-

ribonucleic acid (DNA) from T. b. rhodesiense is released 

during infection and is capable of modulating macrophage 

activity in vitro. Moreover, this study has shown that the 

appearance of DNA in the blood and tissues of infected mice 

may play a critical role in the response of macrophages to 

the parasite within the first several days following infection. 

This early response may be a critical component of relative 

resistance in AT.

TNF-α
The role of TNF-α in trypanosome-associated immunopathology 

during infection has been demonstrated in a number of studies 

documenting, for instance, (1) the enhanced expression of 

TNF-α mRNA in the brain of T. brucei-infected mice,24 (2) the 

association between TNF-α production by monocytes and the 

severity of disease-associated anemia in trypanosome-infected 

cattle,21 (3) the correlation between serum TNF-α levels 

and the severity of neuropathological symptoms in human 

sleeping sickness,25 and (4) the involvement of TNF-α in 

trypanosome-elicited immunosuppression.26 Taken together, 

the accumulated knowledge about trypanosome-elicited 

production of TNF-α indicates that this cytokine exerts dual 
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effects during trypanosome infections, influencing both the 

parasite and the host.5

Controversially, TNF-α has been reported protective to 

the host, in cases in which it exhibits static and lytic effects 

on the T. brucei parasites.5,27,28 In accordance, TNF-deficient 

mice showed increased parasitemia in both T. b. brucei and 

T. b. rhodesiense infection.5,29 However, the direct effector 

function of TNF-α on trypanosomes is only confirmed in 

a limited number of T. brucei strains and is not a general 

operating mechanism.30

NO
Research on the role of NO in AT has also generated interest-

ing, and contradictory, results. Therefore, the exact role for 

this molecule is yet to be clearly understood. Paradoxical 

results have been reported, and different groups describe 

conflicting outcomes, even when taking into account that 

different clones of the parasite may produce different results 

and should be interpreted accordingly.

For instance, it has been demonstrated by Sternberg and 

McGuigan31 that both peritoneal and splenic cell cultures 

from infected mice release nitrite and that this release 

correlates with suppressed splenic T-cell proliferative 

responses to concanavalin A (ConA). The same work showed 

that, in T. brucei infection, the activation of macrophages to 

produce NO leads to impaired lymphocyte responses and 

immunosuppression. Accordingly, it has also been shown 

that the chemical inhibition of NO synthase (NOS) produces 

an improved control of the first wave of parasitemia and a 

restoration of lymphoproliferative responses.32

In contrast, Mabbott et  al,33 working with a different 

strain of T. brucei, presented evidence for an NO-dependent 

inhibition of the parasite growth when its bloodstream form 

was added to peritoneal macrophages activated in vitro. 

Furthermore, this work suggested that T. brucei is not sus-

ceptible to NO-mediated killing in vivo. On the other hand, 

the T. brucei clone, LouTat1, is known to be sensitive to NO 

and to die rapidly in culture in its presence, while addition 

of NG-monomethyl L-arginine (L-NMMA), an inhibitor of 

the L-arginine-NO metabolic pathway, is able to inhibit NO 

release and revoke its cytotoxic effect on trypanosomes.20 

A different investigation by Vincendeau et  al34 showed 

that the trypanostatic activity of activated macrophages is 

inhibited by the addition of L-NMMA, indicating a role for 

NO as the effector molecule. The same work showed that, 

contrary to trypanosomes treated with N
2
 gas, trypanosomes 

treated with NO gas do not proliferate in vitro on normal 

macrophages. Compared with mice infected with control 

parasites, mice infected with NO-treated parasites have 

decreased parasitemia in the first days post-infection and 

have a prolonged survival.

Studies using knockout mice have also been utilized in 

the attempt to clarify the role of NO in T. brucei infections; 

induced NOS (iNOS)-/- mice behaved similarly to fully 

immune-competent control mice.35 However, treatment 

studies using a specific NOS inhibitor (NG-nitro-L-arginine 

methyl ester), in addition to one knockout-mice study, high-

lighted the role of NO in T. brucei-induced immunosuppres-

sion and anemia.36

Interestingly, it has been shown37 that NO is involved in 

the inhibition of ConA-induced T-cell proliferation in the 

spleen and in the lymph nodes during the early (in particular 

before the first peak of parasitemia) but not the late stage 

of infection and, in addition, that T. brucei elicits different 

suppressive mechanisms in these lymphoid compartments 

that are sequentially activated in function of the stage of 

infection.

More particularly, in the case of the human sleeping-

sickness disease, a concise report38 suggests that the dura-

tion of early-stage infection after a fly bite is critical in 

determining NO responses and that NO synthesis is strongly 

downregulated at a point within the first 40 days of infection 

with T. brucei. The same work has shown that a decline in 

NOS activity as infection progresses is consistent with sig-

nificantly elevated interferon (IFN)-γ levels in the early stage 

of infection, with a subsequent decline in late-stage infection. 

The decline in the expression of this T helper (Th)-1 cytokine 

is not accompanied by any increase in Th-2 cytokine levels 

in the plasma of sleeping-sickness patients, as evidenced by 

the low level of IL-4 at all stages of infection.39 Interestingly, 

there seems to be no increase in the nitrate levels in the 

central nervous system of the human patients in this study, 

during infection.

IFN-γ
It has been shown that experimental infection with T. brucei 

infection elicits different tissue- and infection stage-dependent 

suppressive mechanisms. According to several results 

described by Darji et al,26,40 IFN-γ appears to act as a key 

molecule in the T. brucei-elicited suppression of T-cell pro-

liferative responses, since addition of anti-IFN-γ antibodies 

to co-cultures of suppressive cells and mitogen-stimulated 

lymph node cells restores T-cell proliferation.26 Also, it has 

been found that: (1) CD8+ T cells are responsible for this 

IFN-γ hyperproduction,41 which is in accordance with reports 

showing that lymph node cells from T. brucei-infected mice 
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are hyperresponsive for IFN-γ production despite impaired 

T-cell mitogenesis;2,40 (2) T. brucei-mediated hyperproduc-

tion of IFN-γ is tissue- and infection-stage dependent;15 and 

(3) there is increased IFN-γ production during AT.42

In fact, it has been suggested32 that T. brucei-mediated 

induction of IFN-γ production may represent the first event 

in the pathway of suppression, since very large numbers of 

IFN-γ-producing CD8+ T cells can be detected in infected 

rats as early as 12 hours post-infection.41 This fast IFN-γ 

production in vivo is most probably induced directly by the 

parasite, since T. brucei-released factors are described as 

capable of triggering in a non-antigen-specific way a rapid 

release of IFN-γ by CD8+ cells.40,43

IFN-γ-mediated macrophage activation also results 

in simultaneous increased production of TNF-α and NO, 

which are respectively trypanolytic and trypanostatic for  

T. brucei.27,28,44 Moreover, NO generated by IFN-γ-dependent 

macrophages contributes to the inhibition of T-cell 

proliferation.37 Interestingly, addition of exogenous IFN-γ 

to cultures containing lymph node cells from infected IFN-γ 

knockout mice does not impair proliferation despite NO 

production in such cultures. Thus, during late-stage infection, 

an IFN-γ-independent suppressive mechanism is elicited in 

the spleen, whereas in the lymph nodes, IFN-γ is required 

yet is not sufficient to inhibit T-cell proliferation.37

Furthermore, it has been demonstrated that high levels of 

IFN-γ are associated with enhanced susceptibility to T. brucei 

infection (and consequentially to the immunosuppression 

of T cells described before) and the production of iNOS in 

macrophages isolated from infected mice.35 However, it has 

also been shown that IFN-γ knockout mice are susceptible 

to infection by T. brucei.45,46 Therefore, even though the 

experimental data suggest that IFN-γ plays a central role 

in the pathway of immunosuppression, this cytokine is not 

probably the sole effector of suppression; it seems more likely 

that IFN-γ is required yet not sufficient to inhibit mitogen-

induced T-cell proliferation.

Finally, IFN-γ also induces the production of a mitogen-

activated protein kinase that contributes to the proliferation of 

trypanosomes in the bloodstream.47 This binding, activation, 

and secretion of IFN-γ by CD8+ T cells might then stimu-

late the exponential growth of the bloodstream forms of a 

pleomorphic T. brucei population, suggesting an important 

function for CD8 molecules and CD8+ T cells during the 

course of experimental AT. The increased production of IFN-γ 

rules the macrophage activation that results in the secretion 

of TNF-α and NO, which are both important molecules for 

parasite control.

Prostaglandins (PGs)
The generation of PGs by macrophages is also implicated in 

the suppression mechanism of lymphocyte response during 

T. brucei infection.40 PGs are described as responsible for 

inhibiting IL-2 production; furthermore, CD4+ and CD8+  

T cells are unable to express IL-2 receptor in the presence of 

indomethacin (a PG inhibitor), suggesting a PG-independent 

mechanism.48 Experiments to address the role of NO or PG in 

T-cell suppression suggest that in the early phase of infection, 

simultaneous inhibition of both NO and PG synthesis with 

specific inhibitors reverses the suppressor cell activity; 

however, such treatment does not affect the late stage of 

the disease,49 from which it is reasonable to conclude that 

NO and PG are partially responsible for the suppressor-cell 

effect in AT.

It has also been suggested that resistance to T. brucei 

infection requires a temporal activation of pro- and anti-

inflammatory mechanisms.12 MacLean et  al38 have dem-

onstrated a strong anti-inflammatory cytokine response 

in human AT. Several papers indicate that the interac-

tion of African trypanosomes with macrophages, other 

trypanosomes, or their products, results in the secretion of 

pro-inflammatory molecules such as TNF-α, IL-1, IL-6, and 

NO by macrophages.5,13,16 These molecules are able to acti-

vate lymphocytes, mainly CD8+ T cells, to produce IFN-γ. 

An interesting observation is that bone marrow-derived 

macrophages (BMDMs) from C57BL/6 mice (partially resis-

tant to AT) produce TNF-α and IL-12, while BMDM from 

Balb/c mice (susceptible to AT) produce IL-6 and IL-10.50

The role of VSGs in the 
development of cytokine responses
Trypanosomes subsist extracellularly in the blood and tissues 

and must therefore circumvent the host immune system. This 

deed is mainly achieved by means of an amazing adaptive 

mechanism: antigenic variation. The bloodstream form of 

trypanosomes is entirely covered with a monolayer made of 

107 copies of the trypanosome’s major surface antigen: the 

membrane form of the VSG,8 a highly variable molecule where 

the antigenicity is very high.2,51 The presence of the VSG coat 

creates a physical barrier that protects the parasite against the 

effector mechanisms of the immune system4,52 and, moreover, 

hampers immunization against the trypanosomes and leaves 

chemotherapy as the only disease-control method.

Expression of the VSG is essential in the antigenic 

variation process and eventually exhausts the host immune 

system in benefit of the parasite.2 This is a very interesting 

ability, and several researchers have based their works on 
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the quest for finding invariable surface proteins that could 

contribute to the development of vaccine preparations or 

therapeutic targets, since the repertoire of genes coding for 

VSGs is very large, and vaccination against trypanosomiasis 

based on the variant antigens is believed to be impracticable.53 

In fact, the trypanosome genome contains hundreds of VSG 

genes of which very few are fully functional (7%), and the 

majority are full-length pseudogenes (with frame shifts and/

or in-frame stop codons);4,54 the current idea is that the actual 

functional VSG gene repertoire is small, and that the creation 

of mosaic VSGs via antigenic variation mechanisms offers 

the significant possibility of escaping the immune system, 

together with the active destruction of B-cell memory.

VSGs are anchored to the parasite membrane by a glyco-

sylphosphatidylinositol (GPI) structure. These proteins have 

been associated with the development of a polarized Th-1 

immune response in resistant mice infected with AT,41 and 

more importantly, they have been reported as being able to 

directly activate macrophages, suggesting an interaction of 

host macrophages with this protein during parasite infection. 

The work described by Hertz et al35 was the first to demon-

strate that the relative resistance of mice infected with AT 

could be associated with a strong Th-1 cell response to VSG 

antigens from T. brucei. The host resistance to the disease 

was associated with the presence of IFN-γ, with susceptible 

animals unable to elicit a compensatory Th-2 cell response 

in the absence of Th-1 cell cytokine responses. Paulnock 

and Coller55 have shown that VSG glycoproteins released by 

trypanosomes bind to the macrophage membrane, inducing 

potent macrophage activation as a result of the interaction of 

the GPI membrane anchor with these cells. This suggests that 

the VSG molecules are highly immunogenic for all mouse 

strains upon immunization, even if the ability of animals to 

mount the VSG-specific B-cell response after infection dif-

fers noticeably, in accordance to the degree of susceptibility 

of a particular strain to the disease.

In the murine model, it has been shown that the VSG-

specific cytokine responses associated with the resistance to 

AT are infection-stage dependent, with the type-I cytokine 

responses being critical during the early stage of infection, 

and the type-II cytokine responses more important during 

the late and chronic phases of the disease.

Trypanosome-derived lymphocyte 
triggering factor (TLTF) and CD8+ 
T-cell participation in AT
The host–parasite interaction, in particular the bidirec-

tional signaling between T. b. brucei and CD8+ T cells, 

involves reciprocal action of the parasite-derived TLTF, 

and lymphocyte-derived IFN-γ,56 which as discussed before, 

increases dramatically in the blood just a few hours after 

infection with the parasite.

The TLTF molecule is therefore a secreted component that 

binds to the CD8 molecule of CD8+ T cells and prompts them 

to produce IFN-γ,56,57 which in turn stimulates proliferation 

of T. b. brucei.57 Secretion of TLTF is a constitutive, active, 

dose-response process.56

In accordance with these findings, it has been shown 

that animals depleted of CD8+ T cells experience a decrease 

in the IFN-γ blood levels. These results, however, contrast 

with the fact that depletion of CD4+ T cells induces the same 

level of IFN-γ as in wild-type animals of the same strain, 

infected with the same parasite.23 According to Hamadien 

et al,58 wild-type mice show high parasitemia accompanied 

by high TLTF levels and low anti-TLTF antibodies at day 3 

post-infection, and low TLTF levels measured together with 

increased anti-TLTF antibodies at day 21 post-infection. In 

the same experiment, knockout IFN-γ mice exhibit very low 

parasitemia, TLTF and anti-TLTF antibody levels, with the 

overall data demonstrating a role for IFN-γ in the generation 

of neutralizing antibodies to TLTF.58

Th-2 cytokine activation in AT
The involvement of Th-2 cytokines in the course of AT in 

mice is attributed to an exaggerated control of Th-1 cytokine 

activation. Aiming to prevent the excessive production of 

IFN-γ (a Th-1-type cytokine), IL-10 may be responsible for 

maintaining the balance between pathogenic and protective 

immune responses during the infection,32 suggesting a crucial 

role of IL-10 cytokine (a Th-2-type cytokine) in the enhanced 

survival of mice and downregulation of Th-1 responses and 

early inflammatory immune responses.

Experiments with mice deficient in IL-4  have shown 

that the parasitemia is unaltered when compared with wild-

type control mice. In contrast, when IL-10-deficient mice 

are infected with T. brucei parasites, the first peak of para-

sitemia is appropriately controlled, but the mice succumb 

to infection-associated pathologies within days of parasite 

elimination.8,46,59 It has furthermore been demonstrated that 

in both IL-4- and IL-10-deficient C57BL/6 mice (relatively 

resistant), infection with T. brucei causes a significantly 

shorter survival period than in infected wild-type mice, 

indicating that IL-10 might be crucial for enhanced survival 

of mice infected with T. brucei.46

On the contrary, Inoue et al47 suggest that CD4+ T cells 

may have power over the parasitemia in T. brucei infection 
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via the IL-4 pathway. According to their results, both IL-4 and 

IFN-γ are detected in T. b. gambiense-infected mice. Serum 

concentrations of these cytokines decrease in CD4+ T-cell-

depleted mice. It has been shown that CD4+ T-cell-regulated 

IL-4 production is crucial for controlling T. b. gambiense 

infections in mice,47 and on the contrary, that IL-4 knockout 

mice do not show any alteration in the parasite control.45 

However, Namangala et al60 showed that during the chronic 

stage of infection, Th-2 cytokine production as well as an 

immunoglobulin G1 antibody response to the trypanosome 

antigens is linked to the longer survival of the host in the  

T. brucei infection model. Moreover, in the case of the human 

disease, the levels of IL-10 and IL-6 in the brain have been 

shown to be associated with the protection from neuroinflam-

matory pathology.61

It is generally known that classically activated mac-

rophages are associated with a Th-1 immune response and 

inhibit T-cell proliferation via the production of PGs, reactive 

oxygen intermediates, and NO. In contrast, alternatively 

activated macrophages develop in the context of a Th-2 

immune setting and make use of their suppressive potential by 

secreting IL-10.60 Importantly, the two macrophage subsets 

are antagonistically regulated: alternative macrophages are 

induced by IL-4 and inhibited by IFN-γ, whereas classical 

macrophages are induced by IFN-γ and inhibited by IL-4.60 

Accordingly, Namangala et al62 have shown that T. b. brucei 

might educe classically activated suppressive macrophages. 

Although this work does not agree with the idea that the Th-1 

immune response is protective during AT,45,50,53 one cannot 

exclude that a switch to a Th-2 cytokine response during the 

late/chronic phase of infection may be more beneficial to the 

host, leading to a persistent but less pathologic infection,53 

since it would reflect the capacity of the host to control the 

parasite first and the pathology later.3

Conclusion
Resistance to T. brucei infection requires a temporal 

activation of pro- and anti-inflammatory mechanisms. 

Characterization of the mechanisms that preside over these 

processes could suggest ways of intervention that might 

lead to ideas about disease control, sterile immunity, or 

vaccination. The precise role of each individual cytokine in 

the phenomena of trypanotolerance remains unclear, since 

animal models have provided conflicting evidence regard-

ing the immunologic factors that influence the magnitude of 

resistance to AT. Different works have, so far, demonstrated 

conflicting roles for cytokines in the immunopathology of 

different experimental models of AT, making it difficult to 

foretell whether cytokines play a protective role by contrib-

uting to immune eradication of the microbial attack or are 

causing inflammatory damage and disease.

In the future, full advantage should be taken of the 

different genetic backgrounds of the different strains of 

mice in studies using gene deletion, monoclonal antibody, 

or cytokine treatment to solve the many remaining ques-

tions that surround trypanosomiasis pathogenesis and 

the development of new treatment modalities. Moreover, 

since the major pathological feature of AT is neurological 

damage involving type-1-related inflammatory mediators, 

understanding the function of classically and alternatively 

activated macrophages in the murine models could be useful 

for future intervention strategies. Also, it is clear that the role 

of macrophage activation and other elements of the innate 

immune system in regulating host resistance is complex and 

remains to be fully elucidated.
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