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Highlights 

- The skin is transformed from an initial barrier to a reservoir tissue. 

 

- Skin-dwelling trypanosomes sustain transmission and complicate diagnosis. 

 

- Trypanosomes modulate and adopt innate skin responses to enhance early infection. 

 

- Motility enables trypanosomes to avoid immune elimination in skin and bloodstream. 

 

- Potential of CD4+ T-cell based vaccination strategies against conserved parasite and salivary 

epitopes.  

  



Abstract 

Human African trypanosomes rely for their transmission on tsetse flies (Glossina sp.) that inoculate 

parasites into the skin during blood feeding. The absence of a protective vaccine, limited knowledge 

about the infection immunology and the existence of asymptomatic carriers sustaining transmission 

are major outstanding challenges towards elimination. All these relate to the skin where (i) parasites 

persist and transmit to tsetse flies and (ii) a successful vaccination strategy should ideally be effective. 

Host immune processes and parasite strategies that underlie early infection and skin tropism are 

essential aspects to comprehend the transmission-success of trypanosomes and the failure in vaccine 

development. Recent insights into the early infection establishment may pave the way to novel 

strategies aimed at blocking transmission.    
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Introduction  

Human African trypanosomiasis (HAT) or sleeping sickness is caused by extracellular protozoan 

parasites transmitted by tsetse flies (Glossina sp.). Approximately 97% of the HAT cases are caused by 

Trypanosoma brucei gambiense, 3% by T. b. rhodesiense, whereas atypical infections with veterinary 

trypanosome species have also been described [1]. As a result of continued control efforts, the 

incidence has been reduced to 997 reported cases in 2018 (WHO website; URL: 

https://www.who.int/trypanosomiasis_african/en/). A sustained active transmission in remaining HAT 

foci involves the skin as (i) a stringent barrier where trypanosomes overcome host immune responses 

to establish infection and (ii) an anatomical reservoir where transmissible trypanosomes persist and 

remain undetected in asymptomatic individuals [2*-4]. Major constraints in developing a successful 

vaccine have been the well-known hallmarks of trypanosomiasis: antigenic variation and severe 

suppression and exhaustion of lymphocyte responses [5]. The earliest skin – trypanosome 

immunological interactions may offer windows of opportunity for intervention although current 

insights remain scarce because experimental infection models mostly bypass the skin and exclude the 

tsetse vector. 

 

The skin as an immunological barrier and site of parasite persistence: to transmit or not to transmit, 

that is the question! 

African trypanosomes use the pool feeding behaviour of tsetse flies to breach the skin barrier and 

enabling deposition in the dermis (BOX). Infected tsetse flies display an altered feeding behavior, 

enhancing the likelihood of parasite transmission and inoculation at multiple sites in the skin [6]. The 

introduced infective metacyclic forms (MCF) subsequently need to escape immune elimination and 

differentiate into proliferative slender bloodstream form (BSF) trypomastigotes (Fig. 1). Parasites 

remain in the bite site vicinity, distribute in the skin or move into afferent lymphatic ducts and draining 

lymph nodes as route of systemic colonization [3]. From the blood stream, parasites also re-access the 

dermis and subcutaneous tissue where they maintain stable levels [4]. Trypanosomes in extravascular 

spaces in the skin show a backward-forward movement [4,7] with entanglement between collagen 

fibres and intricate interactions with dermal adipocytes [3]. These may support the long-term 

persistence in the skin, compatible with uptake by the bloodfeeding vector [3,4], a feature also 

reported for other pathogens such as Leishmania [8] and Borrelia [9]. Essential for successful 

acquisition by the tsetse fly is differentiation of BSFs into insect-preadapted stumpy forms (Fig. 1, [10]) 

which are estimated to constitute on average approximately 20% of the skin burden [4]. 

Human exposure experiments have shown substantial interindividual variation in susceptibility within 

a geographical area, with a >5-fold difference between the lowest infective dose (<200) and the highest 

non-infective MCF dose (>1000) [11]. Epidemiological studies suggest that human genetic 

polymorphisms in some cytokine genes (IL-1, IL-1RN) and loci involved in serum trypanolysis 

(Apolipoprotein L1 allele variant G2, haptoglobin/haptoglobin related protein) are associated with 

level of resistance [12,13]. All these polymorphisms point to involvement of innate responses that may 

already act during early skin infection. 

  



BOX: The complexity of the infectious inoculum provides decoys and immune modulators 

Microbial diversity in the infection inoculum 

Several parasite forms are present in the salivary glands, recently studied in higher resolution using a 

single-cell transcriptome approach [14**]. The mature metacyclic trypanosomes are considered the 

only infectious stage, whereas the impact of immature stages in the skin remains unclear. MCF are 

particularly infective when compared to BSF parasites [3], suggesting stage-specific adaptations to 

support dermal infection establishment such as upregulation of spermidine/trypanothione 

biosynthetic pathway genes, variant-specific surface glycoproteins (VSG) and other surface proteins 

(calflagins, Fam10) (Fig. 1). 

Insect and skin microbiota can also significantly impact parasite transmission and exacerbate disease, 

by affecting dermal IL-1β levels and neutrophil recruitment [15*,16]. Unlike Leishmania-infected sand 

flies with an obstructed anterior midgut, tsetse flies do not show a regurgitation response and are less 

likely to introduce large numbers of bacteria. Related to viral determinants, epidemiological studies 

did so far not reveal substantial co-presence of trypanosomes and viruses (e.g. the salivary gland 

hypertrophy virus) in tsetse flies [17]. Nevertheless, an infective bite is likely to trigger a (recall) 

response that is broader than to trypanosomal antigens only.  

The tsetse salivary potion 

Tsetse saliva was shown to favor early infection onset linked to suppression of inflammatory gene (il-

1, il-6) transcription in the skin [18]. The saliva composition is strongly conserved amongst tsetse 

species [19] and consist of factors that may disarm danger signals and inflammatory triggers (e.g. 

lectins and inhibitors of purinergic signaling, complement, elastase and cathepsin G), modulate B cell 

responses and trigger TH2-skewed immunity [20]. Several of the saliva proteins associate with the 

parasite surface (unpublished data), ensuring their activity in the immediate parasite 

microenvironment. However, immunization against total saliva by repeated tsetse exposure does not 

confer resistance but in the contrary promotes early systemic colonization, re-emphasizing the 

complexity of the parasite-vector-host tripartite interaction that needs to be considered when 

studying infections and evaluating vaccines [21].   

 

The skin immunological repertoire in face of invading trypanosomes 

Transcriptional studies showed that the bite-inflicted skin damage is sufficient to trigger inflammatory 

cytokines and chemokines (il-1, il-6, cxcl1, cxcl5) with a concomitant neutrophil recruitment within 

hours of infection [22**]. Infective bites occasionally result in the formation of a skin ulceration or 

chancre, most often with the more virulent T. b. rhodesiense infections [1]. After primary infiltration 

of neutrophils, CD4+ and CD8+ lymphocytes, plasma cells and monocytes access the skin site from 

24 hours onwards [22**,23]. The role of the steady-state and recruited skin immunological repertoire 

during trypanosomiasis and parasite evasion strategies largely remain blind spots in our knowledge, 

although some assumptions can be made based on experimental infections in mice (Fig. 2). 

 

Innate humoral factors act early upon trypanosome infection 



Upon introduction in the human skin during tsetse probing and the generation of a dermal blood pool, 

trypanosomes need to escape lysis by a range of innate humoral factors: complement and 

apolipoprotein L1 (ApoL1) as active constituent of two lytic high-density lipoprotein fractions 

(trypanosome lytic factor-1 and -2, TLF-1 and TLF-2). The parasite surface VSG coat, already expressed 

on MCFs (Fig. 1), confers resistance to complement lysis by preventing progression of the alternative 

complement activation pathway beyond the C3 convertase [24,25]. While ApoL1 confers innate 

resistance against animal trypanosome species by forming pores in lysosomal and mitochondrial 

membranes, T. b. rhodesiense and T. b. gambiense have evolved different strategies to overcome lysis 

(reviewed in [26,27]). This is achieved by inhibiting the pore-forming activity (serum resistance-

associated protein, SRA), reducing uptake (mutation or reduced expression of the haptoglobin-

hemoglobin receptor), inducing membrane stiffening (T. b. gambiense-specific glycoprotein, TgsGP) or 

increasing proteolytic turnover in digestive vacuoles (cysteine protease activity). Indications of an 

evolutionary arms race between the trypanosome and host humoral factors are given by the frequency 

in African populations of ApoL1 allelic variants that are less potently neutralized by SRA and therefore 

kill T. b. rhodesiense, but as a downside may trigger chronic kidney disease [28,29]. Trypanosoma 

evansi and T. b. brucei also show a remarkable phenotypic plasticity enabling resistance to prolonged 

TLF exposure and imposing a potential future risk of emerging atypical human infections [26]. 

 

Keratinocytes, fibroblasts and adipocytes: somatic cells with immunological functions 

Somatic cells of the epidermis (keratinocytes) and dermis (fibroblasts and adipocytes) fulfill 

immunological functions during infections by the production of cytokines, chemokines and 

antimicrobial peptides (AMP) [30,31]. Following bite-induced tissue injury, keratinocytes can sense 

danger signals and trigger inflammation (e.g. by releasing IL-1β and IL-18) following recognition by TLRs 

and produce AMPs [30]. Especially cathelicidins may kill T. brucei, although BSF are more resistant than 

insect forms [32]. Surprisingly, trypanosomes adhere to adipocytes [3] that also represent a source of 

cathelicidins. As trypanosomes preferentially target adipose tissue, this suggests a favorable 

metabolic/immunological interaction with these cells from which fatty acids may be catabolized as an 

alternative energy source [33]. Early in vitro culture work showed that adipocytes and fibroblasts 

trigger parasite expansion which may be important during early infection and differentiation [34].  

 

Mast cells and neutrophils: innate responses may assist early trypanosome infection onset 

Skin-resident mast cells (MC) are immune sentinels with pattern recognition receptors and IgG/IgE 

responsive Fc receptors enabling rapid and selective responses to danger signals, trypanosomes and a 

major allergen in tsetse saliva (i.e. tsetse antigen 5, TAg5). MCs can selectively release prestored and 

de novo synthetized pro-inflammatory and vasoactive mediators, cytokines and chemokines. MCs 

thereby stimulate cellular recruitment and the activation of a plethora of somatic cells and immune 

cells at the local infection site as well as cells distally in draining lymph nodes (reviewed in [35]). For 

instance, release of prestored TNF can stimulate the recruitment of neutrophils by activation of 

vascular endothelium, trigger DC maturation and induce lymph node hypertrophy due to lymphocyte 

retention. MCs are also increasingly believed to play a role as nonconventional antigen-presenting cells 

[36]. Although their action against trypanosomes in unknown, MCs may exert direct antiparasitic 

activity through release of microbicidal factors including AMPs, production of reactive oxygen species, 



pathogen internalization and formation of MC extracellular traps [37]. Despite their role as sentinels 

and catalysts/modulators of innate and adaptive immune responses, MCs remain underexplored as 

target cell during parasitic diseases [35,38].  

During early infection, two recruitment waves of neutrophils were observed resulting in multifocal 

infiltrates centered around blood vessels: one associated with the skin damage and one triggered by 

the expanding parasites [4,22**]. Neutrophils can potentially contribute to parasite control through (i) 

engulfment and destruction in phagolysosomes, (ii) secretion of microbicidal factors, (iii) inducing 

hostile inflammatory conditions and (iv) the release of neutrophil extracellular traps (NETs) (reviewed 

in [39]). Despite their presumed role as barrier to infection, neutrophils fail to engulf and eliminate 

viable trypanosomes in which parasite motility seems to play a role as escape mechanism [22**]. The 

local inflammatory environment with the degranulation of MCs/neutrophils in the skin may be 

preferred by stumpy forms that are more resistant to external proteolytic/acidic stress [40]. 

Surprisingly, neutropenic mouse models revealed that parasites benefit from neutrophil functions 

during infection onset, without major changes in systemic cytokine levels (IFN-γ, IL1β, TNF-α, IL10, IL-

12) [22**]. This identified neutrophils as important regulators of the early infection, as is the case 

during Leishmania infections [41]. Unravelling the trypanosome-neutrophil interaction and the 

exploration of single gene targets in parasite motility amenable for drug discovery [42**] could offer 

novel therapeutic options. 

 

Macrophages and dendritic cells: role in trypanosome control, antigen presentation and Th-skewing  

Classically activated (M1) macrophages are major effectors against trypanosomes relying on reactive 

oxygen and nitrogen species, trypanolytic activity of soluble TNF and engulfment of (opsonized) 

parasites. Macrophages respond to VSG moieties (scavenger receptor type A) and CpG motifs in 

trypanosomal genomic DNA (TLR9) and produce a plethora of pro-inflammatory cytokines such as TNF-

α, IL-6 and IL-12, especially following priming with IFN-γ [43]. Given their abundance in the skin and 

additional monocyte-recruitment within the first days of infection [22**], these cells could be major 

contributors to the skin barrier function. The importance of iNOS/NO and TNF in parasite control 

during intradermal infections was demonstrated for T. congolense [44]. Nevertheless, other 

trypanosome species and strains may exhibit different levels of susceptibility to these M1 mediators. 

Moreover, trypanosomes can manipulate the antitrypanosomal activity of macrophages from outside 

and from within the cell: (i) upon parasite engulfment, transmembrane receptor-like adenylate 

cyclases can reduce TNF-α synthesis [45], (ii) secreted factors such as Kinesin Heavy Chain 1 (TbKHC1) 

can suppress iNOS activity levels by inducing IL-10 [46] and (iii) metabolites (i.e. ketoacids) inhibit IL-

1β induction [47*]. Many more parasite factors are likely involved in intercellular communication and 

virulence and may be enriched in high fusogenic extracellular vesicles (EVs) [48]. Some of the 

constituents may act as protein mimetics or exert so-called “moonlighting” activities, i.e. targeting 

unexpected host components [49].  

Dermal dendritic cells and Langerhans cells are the major antigen-presenting cells of the skin, 

differentiating upon uptake of antigens and migrating to T cell-rich areas of the draining lymph nodes 

[30,31]. The waves of neutrophil influx observed in infected skin [22**] could participate in the 

recruitment and regulation of activation of monocyte-derived dendritic cells. The crosstalk of 

moderate numbers of neutrophils with DCs could trigger both DC activation and inactivation (reviewed 

in [50]). Following engulfment of apoptotic/necrotic neutrophils that may accumulate early upon 



intradermal infection, DCs can induce tolerogenic conditions as a result of a reduced expression of 

costimulatory molecules and inflammatory cytokines [50]. Experiments with murine DCs indicate that 

both TNF and VSG trigger TH2 instructing maturation profiles favouring the induction of CD4+ T cells 

without antitrypanosomal activity [51].  

 

ILC, NK, NKT and T cells: sources of IFN-γ and paradigm shift to T cells as important anti-parasitic 

effectors  

Early IFN-γ production contributes to macrophage M1-priming and parasite control. Dermal γδ T cells 

and dendritic epidermal T cells (DETCs) are non-MHC restricted T cells responding to skin injury and 

represent putative sources of IFN-γ [30]. During viral skin infections, γδ T cells can form immune 

synapses with proximal MCs resulting in γδ T cell proliferation and production of IFN-γ [36]. ILC1 innate 

lymphoid cells and recruited NK and NKT cells can be additional IFN-γ sources. Infections in perforin-

deficient (Prf1-/-) mice suggest little effect of NK cytolytic activity on early T. brucei control [52], 

whereas NK cells do play a critical perforin-dependent role during T. congolense infection [53]. In liver 

and spleen, NK and NKT cells are reported to be the earliest systemic IFN-γ sources, CD8+ and to a 

lesser extent CD4+ T cells predominate a few days later [54]. The relatively limited contribution of CD4+ 

T cells may arise from TH2 skewing and exclusive responsiveness against peptides of the hypervariable 

N-terminal domain of VSG, which would reduce recall and limit antigen-specific IFN-γ production [55]. 

In contrast, IFN-γ production by CD8+ T cells is triggered non-specifically by the trypanosome-derived 

lymphocyte triggering factor TLTF [56]. Depletion experiments showed that CD4+ T lymphocytes play 

a key role in chancre development, but without significantly impacting infection and time of parasite 

appearance in blood [57]. Major reasons may be recognition of hypervariable T cell epitopes and 

profound immunosuppression that occurs rapidly upon experimental infection. Various mechanisms 

contribute hereto (reviewed in [5,58]): the membrane protein Trypanosome Suppression 

Immunomodulating Factor (TSIF), NO and prostaglandins from myeloid derived suppressor cells, 

reduced MHC class II-presentation and lower interleukin-2 (IL-2) and IL-2 receptor (IL-2R) expression 

by T cells.  

 

B cells: facing the extensive evasion strategies of the trypanosome   

Experimental infections of B cell deficient (µMT-/-) mice and T/B cell deficient (RAG-2-/-) mice with BSF 

T. brucei indicate that the intrinsic skin barrier function is independent of B and T lymphocytes [44]. 

Trypanosomes are in fact masters in escape from B cell responses, mainly based on (i) antigenic 

variation of the dense VSG coat (including changes in glycosylation [59*]) and of antibody-exposed 

regions of other surface proteins (e.g. transferrin receptor [60*]), (ii) rapid VSG recycling to remove 

surface-bound IgGs [61], (iii) induction of polyclonal B cell responses [62] giving rise to poly-specific 

antibodies that may saturate opsonization mechanisms and (iv) (partial) impairment of B cell 

lymphopoiesis and memory which is particularly the case in mice [63,64]. Understanding the 

mechanistic basis of B cell dysfunction and the implication of NK cytolytic activity [52] and IFN-γ related 

inflammatory mechanisms [58] will be essential in further guiding vaccine development. Currently, 

substantial research is also conducted on the mechanisms of antigenic variation which depends on 

gene control to ensure single (monoallelic) VSG expression and a machinery for antigen switching. 

Upon inoculation in the host, MCF already express a protective (M-)VSG coat and, following 



differentiation into BSF, maintenance of monoallelic B-VSG expression is essential to prevent rapid 

immune clearance [65**]. Understanding the underlying mechanisms [66] could offer future 

therapeutic opportunities.  

 

Trypanosome infection of the skin: from an initial barrier to a reservoir tissue  

Although the skin represents a stringent barrier for infection, it transforms into a reservoir tissue where 

parasites dwell without triggering major inflammatory cell infiltration [4]. Although intriguing, the 

underlying host and parasite factors are currently unknown. Trypanosomes can be very resilient and 

subvert the antimicrobial functions of the skin immunological repertoire (see “The skin immunological 

repertoire in face of invading trypanosomes”). How the characteristics of the dermal parasite 

population differ from those in the blood stream and adipose tissue may shed some light on specific 

interactions with this tissue. While IFN-γ production and macrophage activation is important for 

parasite control, they can be countered by IL-10, of which transcripts are detected in the skin within 

4.5 hours post-infection [22**]. IL-10 is crucial to limit tissue damage due to the uncontrolled type 1 

inflammation during trypanosome infections [67]. Several parasite factors are capable of subverting 

inflammatory responses (vide supra, [45-47*]), including TbKHC1 that induces IL-10 and arginase-1 in 

myeloid cells [46]. The accumulation of myeloid-derived suppressor cells (MDSCs) in infected tissues 

can also suppress T cell proliferation and IFN-γ production [68]. Regulatory T cells (Tregs) are another 

known source of IL-10 during trypanosomiasis, limiting IFN-γ production and reducing macrophage 

TNF-α and NO production [67,69]. Tregs thereby also suppress the antiparasitic responses mediated 

by activation of macrophages [69,70] and their expansion in draining lymph nodes and spleen 

enhances susceptibility to skin infection [71]. Such contribution of Tregs in the skin may balance 

inflammatory responses and enable chronic infection without pathogenic damage. 

 

The skin-trypanosome interface: opportunities for vaccination? 

Vaccination approaches targeting the MCFs at initial dermal infection may act before parasite and/or 

host factors undermine adaptive immunity. A recent immunization study demonstrated only a 

moderate impact of antibodies against a metacyclic surface antigen [14**], suggesting that 

combination or alternative vaccination approaches are required to confer superior resistance [72]. 

Targeting of virulence factors to interfere with infection establishment in the skin could be an 

attractive strategy. Reports from Leishmania indicate that some glycolytic enzymes, which are 

enriched in EVs, deserve exploration as vaccine candidates [73]. Strategies to induce TH1-memory to 

conserved epitopes (membrane-proximal/C-terminal VSG domains or invariant surface glycoproteins) 

prior to infection [72], especially in the form of skin-resident memory T cells (TRM), may also be 

attractive to trigger rapid protective responses. This concept is being explored in leishmaniasis [74*] 

where IFN-γ producing CD4+ TRM can contribute to parasite control at the dermal site of infection. Such 

approach would ensure a rapid local IFN-γ release, additional recruitment of IFN-γ producing (short-

lived) T effector (TEFF) cells, and activation of antiparasitic activities in macrophages and recruited 

inflammatory monocytes at the bite site. Vaccination strategies to efficiently raise TRM and maintain 

TEFF cells or obtain a similar type of response would be highly beneficial [74*]. Given the implication of 



excessive IFN-γ in pathogenicity, a localized TH1 recall/delayed type hypersensitivity response against 

salivary antigens could serve as an attractive adjunct to parasite antigens [21]. 

 

Conclusions and perspectives 

Limited studies have so far addressed the early interactions between tsetse transmitted trypanosomes 

and the skin immunological repertoire, although this may be essential to trigger novel intervention 

strategies. This is especially relevant because traditional vaccination approaches against African 

trypanosomiasis have not been rewarding. In addition, the remarkable phenotypic plasticity of 

veterinary trypanosome species conferring increased human serum resistance may represent an 

emerging threat to human health.  

Intriguingly, the skin switches from an initial barrier to a reservoir where parasites can persist. 

Understanding how parasites not only avoid/modulate host immunity (i.e. serum lysis, macrophage 

activation, antigen-presentation, T and B cell responses) but also benefit from early innate immune 

responses in the dermis (e.g. neutrophil functions) are major outstanding challenges. Skin-dwelling 

trypanosomes can also escape parasitological diagnosis, sustaining transmission and hampering 

elimination campaigns. Given this major hurdle, novel point-of-care detection methods and treatment 

schemes to efficiently eliminate dermal parasite burdens need to be established. Parasite motility, 

maintenance of monoallelic expression, parasite differentiation and metabolic processes all have 

immunological implications and may represent important future targets for drug discovery.  

Since the finding that T cells not only stimulate B cell responses but also constitute important effectors 

during trypanosomiasis, new vaccination approaches may be triggered aimed at stimulating 

macrophage antiparasitic activity in the skin by inducing TH1 (TRM and TEFF) responses, similar to what 

is explored for leishmaniasis. Identification of conserved metacyclic surface epitopes and TH1-

stimulating tsetse salivary antigens will be valuable in this process. Preclinical evaluation also will 

require the highly needed inclusion of natural transmission models to obtain a strong proof-of-

concept.  
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Figure 1. T. brucei changes upon transition from the tsetse salivary gland to the mammalian host. 

Selection of gene ontology terms (indicated in blue, [10,14**,75]), changes in surface properties and 

specific genes associated with the different life cycle stages of T. brucei (epimastigote, pre-metacyclic, 

mature MCF and BSF) in the insect vector and the mammalian host. Indicated in red are the genes 

involved in parasite transition from one life cycle stage to another. TCA: tricarboxylic acid, M-VSG and 

B-VSG: metacyclic and bloodstream variant surface glycoprotein, BARP: brucei alanine rich protein, 

PAD1: protein associated with differentiation, RBP: RNA-binding protein, REG9.1: regulator of ESAG 9, 

BDF3: bromodomain factor. 

  



 

Figure 2. Immune interactions of the skin with tsetse fly transmitted trypanosomes. The early 

immunological processes in the skin following a natural infection are yet poorly understood. (1) 

Infected tsetse flies inoculate a complex mixture of MCF with microbial and salivary factors (BOX) that 

cause inflammation and modulate various responses at the infection site. MCF need to overcome 

innate killing by complement, TLF and AMPs and differentiate into BSF trypanosomes. (2) Somatic and 

skin-resident immune cells, e.g. keratinocytes and mast cells, are responding to the tissue injury and 

pathogen exposure and orchestrate the recruitment and activation of immune cells. (3) Macrophages 

in a classical/M1 activation state are the major contributors to parasite control, responding to 

trypanosomal pathogen-associated molecular patterns especially in the presence of IFN-γ that may 

come from various cellular sources. Trypanosomes and host IL-10 can suppress macrophage M1 

activation. (4) Recruited neutrophils are unable to eliminate trypanosomes by phagocytosis and 

enhance early systemic infection. The role of degranulation and NETosis remain to be understood as 

well as the parasite mechanisms to overcome effective killing by neutrophils. (5) DCs engulf apoptotic 

neutrophils and are triggered by TNF and VSG to acquire a TH2-skewing phenotype. T and B cell 

responses are modulated by various parasite virulence factors. (6) From the dermis, parasites gain 

access to the afferent lymph through a yet unknown mechanism as a route to systemic infection. 

Trypanosomes persisting in the skin interact with the extracellular matrix and dermal adipocytes. (7) 

Stumpy BSF in the skin are transmissible to tsetse flies. Parasite immunomodulators are indicated in 

red. ECM: extracellular matrix; TSIF: trypanosome suppression immunomodulating factor; TLTF: T 

lymphocyte-triggering factor; KHC: kinesin heavy chain; AdC: adenylate cyclase.  


