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Abstract. The human pathogenic trypanosomatids such as Trypanosoma brucei, Trypanosoma cruzi, and 

Leishmania spp. are protozoan parasites causing sleeping sickness, Chagas disease and leishmaniasis, which 

affect millions of people in Asia, Africa, and the Americas. During the infection, trypanosomatids bypass and 

sustain the immune system aggression, which facilitates the conversion into a chronic inflammatory state 

thus leading to cumulative damage, usually associated with long-term evolution and, ultimately, the death 

of the host. To date, the mediators of the immune response involved in this process a re not well understood. 

Molecular studies, involving both glycobiology and genomics are identifying mediators from helminth 

parasites that are correlated with immune regulation. Specialized pro-resolving mediators (SPMs) are 

enzymatically derived from essential fatty acids and have critical roles in coordinating the resolution of 

inflammation, thus restoring tissue homeostasis after a parasite infection.  
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Introduction 
 
Clinical Epidemiology Pathogenesis of Human 
Parasites 
 
Trypanosomatids. Trypanosomatids are 
present in human pathology by genera 
Trypanosoma and Leishmania. These genera 
are transmitted to humans by 
hematophagous insects. They are compulsory 
dixenous, with both anthroponotic and 
zoonotic life-cycles. 
 
The main human diseases produced by species 
within these genera are: African 
trypanosomiasis (sleeping sickness) produced 
by Trypanosoma brucei; American 
trypanosomiasis (Chagas disease) produced by 
Trypanosoma cruzi and leishmaniasis, 
produced by approximately 20 species of 
Leishmania genus. The most frequent species of 
Leishmania producing human diseases are 
those within L. donovani complex (L. donovani 
and L. infantum) for visceral leishmaniasis, L. 
braziliensis for the mucocoutaneous form and 
L. major, L. tropica, L. aethiopica and L. 
mexicana for cutaneous leishmaniasis, 
respectively. 
 
Leishmania. Leishmaniasis is endemic in the 
Mediterranean region, Asia, Africa and America 
and is considered to be one of the seven most 
important tropical diseases, according to WHO 
[Arita et al., 2007]. The major importance of 
leishmaniasis as public health issue arises from 
its potentially fatal outcome. 
 
Natural vectors for Leishmania spp. 
transmission are sand flies females: 
Phlebotomus spp. in the Old World, Lutzomyia 
spp. in the New World and Forcipomyia 
(subgenus Lashiohelea) spp. in Australasia 
regions. 
 
Reservoirs for human pathogenic Leishmania 
spp. are dogs, rodents, and many other 
mammals, including humans (considered as 
main reservoir for L. donovani and L. tropica) 
[Rassi et al., 2012; Hemmige et al., 2012]. 
 
The most frequent type of leishmaniasis is the 
cutaneous form, but the most severe form is 
the visceral one, also known as kala-azar. 

Visceral leishmaniasis (VL) is fatal in 95% of 
cases if left untreated. Main symptoms include: 
fever (occurring at irregular intervals), weight 
loss, hepatomegaly, splenomegaly and anemia. 
An estimated 50 000 to 90 000 new cases of 
visceral leishmaniasis occur worldwide each 
year. In 2015, more than 90% of new cases 
reported to WHO occurred in 7 countries: Brazil, 
Ethiopia, India, Kenya, Somalia, South Sudan 
and Sudan[*]. 
 
Cutaneous leishmaniasis (CL), the most 
common form of the disease evolves with ulcers 
on the exposed parts of the skin. The ulcerative 
lesions leave life-long scars producing serious 
disability. It is estimated that between 600 000 
to 1 million new cases of cutaneous 
leishmaniasis occur worldwide annually. 
Around 95% of these cases occur in the 
Americas, the Mediterranean basin, the Middle 
East and Central Asia [Ackermann et al., 2017]. 
 
Mucocutaneous leishmaniasis (MCL) occurs 
mainly in South America (Bolivia, Brazil, Peru) 
and East Africa (Ethiophia) [Ackermann et al., 
2017]. Main symptom is represented by partial 
or total destruction of the mucous membranes 
of the nose, mouth and throat. 
 
The number of infected persons is much higher 
than the reported cases as, fortunately, a small 
proportion of those infected with Leishmania 
spp. will develop the disease. Nevertheless, 
asymptomatic carriers, reported to be as high as 
90% [Engwerda et al., 2004] may represent a 
risk due to the possibility of transmission of the 
parasite from asymptomatic blood donors 
[Cardo, 2006; Fakhar et al., 2008], requiring 
action within this domain in both endemic and 
non-endemic countries [Reesink , 2005]. 
 
The vector bites a healthy human/animal and 
inoculates metacyclic promastigotes (the 
infective stage of Leishmania) by regurgitating 
the gut content at the bite site. From the 
tegument where they are inoculated the 
promastigotes are phagocytized by local 
macrophages and Langerhans cells producing a 
localized lesion (CL). During this stage, 
circulatory monocytes are not involved. 
Promastigotes enter macrophages mainly 
through immunoglobulin-mediated phagocytosis 
[Torres-Guerrero et al., 2017]. A tyrosine kinase, 
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known as Abl2, facilitates amastigote uptake by 
macrophages (demonstrated in L. amazonensis). 
Inside the phagolysosomes, promastigotes 
differentiate into amastigotes and multiply by 
binary fission, evading the immune response 
[Wetzel et al., 2016]. 
 
The evasion of the host immune response is 
performed through the intervention of several 
virulence factors, such as lipophosphoglycans 
and kinetoplastide proteasomes. According to 
the type of host reaction, the disease may either 
remain localized, have a spontaneous healing or 
become generalized and progressive. Various 
types of immune responses are observed during 
different Leishmania spp. infections, resulting in 
parasite clearance but also contributing to the 
pathogenesis, thus increasing the complexity of 
the course of the disease. Depending on the type 
of leishmaniasis developed, opposite treatment 
strategies, which either boost or inhibit the 
inflammatory response, have shown efficacy 
[Rossi and Fasel, 2017]. 
 
The pathophysiologic base of clinical 
expression is a change in the immune response 
from Th1 to Th2, with increased production of 
interleukin-4 (IL-4) and IL-6 or inhibition of 
the IL-12, gamma interferon (IFNγ), tumor 
necrosis factor alpha (TNFα) and production of 
nitric oxide (NO) [Chang et al., 2003]. Healing 
process is mediated by the activity of CD8 T- 
lymphocytes with production of IFNγ. 
Progression of the disease has been associated 
with a Th2 type response and greater 
production of IL-5, IL-10 and transforming 
growth factor beta (TGFβ). However, L. major 
antigens induce proliferation of the CD4 T-
lymphocytes, initiated by natural killer cells, 
with an important production of IFNγ and IL-4, 
which prevents the development of chronic 
forms [Colas et al., 2018; Ajdari et al., 2000]. 
Humoral immunity is missing in localized CL, 
while specific antibodies are detected in MC. 
 
Abnormal patterns of resistance have been 
described in VL, related to class II molecules of 
the major histocompatibility complex. In VL, the 
activity of intracellular parasite is linked to 
activation of Th1-associated inflammation. 
Likewise, the population of IgD (hi) B cells was 
found to grow threefold during the progression 
of VL. IgDhi B10 B cells are a novel, unexplored, 

B cell immune regulatory cell and represent a 
potential new target in chronic infectious 
disease therapy [Schaut et al., 2016]. 
 
In both forms, there is an association between 
CD4 Th1 lymphocytes with resistance and Th2 
lymphocytes with susceptibility, respectively. 
When patients have an intense cellular 
response, the clinic form is a localized CL, while 
a diffuse CL, with a severe evolution and 
frequently a fatal outcome, is an expression of a 
Th2 type response. 
 
Trypanosoma. African trypanosomiasis is 
produced by Trypanosoma brucei. Natural 
vectors for transmission of T. brucei are mainly 
Glossina spp. (e.g., Tsetse fly) but development 
in other vectors were also described (e.g., 
aquatic leeches) [Hayes et al., 2014]. 
 
Reservoirs for African Trypanosoma spp may be 
reptiles, fish, birds and mammals, including 
humans [Franco et al., 2014]. 
 
West African trypanosomiasis caused by T. 
brucei gambiense has a long (10-17 months), 
mild chronic evolution of several years, until it 
ends fatally due to involvement of central 
nervous system (CNS). East African 
trypanosomiasis caused by T. brucei rhodesiense 
has an acute, short (3 weeks to 2 months), 
severe evolution with a fatal outcome in about 
one year [Lynne, 2001]. 
 
Metacyclic trypomastigotes are introduced 
through the skin by the bite of an infected 
vector. Local inflammatory reaction is 
initiated at the site, with the development of a 
nodule/chancre in a few days. This lesion 
heals spontaneously in 1 to 2 weeks, but 
systemic disease may progress without CNS 
involvement (hemolymphatic stage) and the 
infection may cure without symptoms. 
Symptomatic cases will present with irregular, 
alternate fever episodes, night sweats, 
headaches, pain in the joints, 
lymphadenopathy, stiffness, transient edema 
and sometimes pruritus. The second stage of 
the disease is characterized by the invasion of 
the CNS, as the parasite crosses the blood-
brain barrier, with behavioral and personality 
changes, somnolence progressing to 
meningoencephalitis, coma and death [**]. 
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Chagas disease (American trypanosomiasis) 
is produced by Trypanosoma cruzi. 
 
Natural vectors for T. cruzi transmission are 
Triatoma infestans (triatomine bug) and 
Rhodnius prolixus. The transmission occurs 
through the infected faeces of the blood-
sucking triatomine bug, which usually bites 
during night, an exposed area of the skin, such 
as the face. The insect defecates close to the 
bite and T. cruzi is introduced in the body by 
the bitten person, which scratches the area due 
to the itch (caused by the bite) and puts the 
faeces in contact with the bite site. 
 
Chagas disease use to be confined to American 
continent, but nowadays, due to increased 
travel and population movement, it has spread 
to other continents, as confirmed by cases 
reported in Europa and Asia. Another 
important change in the epidemiology of 
Chagas disease happened over the past 30 
years, together with the spread of HIV, and has 
led to the emergence of T. cruzi/HIV co-
infections, making its diagnosis more difficult. 
Chagas disease reactivated in HIV patients 
expresses severe neurological symptoms that 
can lead to misdiagnosis, particularly with 
cerebral toxoplasmosis [***]. 
 
Evolution of Chagas disease has two phases: 
the acute phase, mostly asymptomatic or with 
non-specific symptoms, and the chronic phase, 
sometimes also symptomless, but which may 
progress to severe cardiac, digestive and 
neurological manifestations, if undiagnosed 
and left untreated. Diagnosis is made by direct 
microscopy during acute stage and by serologic 
techniques during chronic stage. The disease is 
curable if treatment starts during acute phase, 
but if diagnosis is made late and treatment is 
started in chronic stage, complications may 
require lifelong treatment. 
 
Role and biosynthesis of specialized Pro-
resolving Mediators in trypanosomatids-induced 
diseases 
 
A large percentage of infections are clinically 
asymptomatic, highlighting that parasite-
controlled down-regulation of the immune 
response might diminish pathology [Maizels 
and Yazdanbakhsh, 2003]. The first synergy 

between the innate and acquired immune 
compartments systems occurs when certain 
actors, which are part of the innate system 
such as antigenpresenting cells (APCs), 
present antigens to the T cells belonging to the 
adaptive system. Firstly presented in 1986, the 
“polarization” hypothesis of adaptive immune 
reply was that on encountering a certain 
antigen presented by APC, naïve CD4+Tcells 
acquired an exclusive effector 
immunophenotype, depicting the ultimate 
stage of nonreversible differentiation and 
being designated by distinct effector cytokines 
[Cătană et al., 2015]. 
 
Most of the research on the immunological 
management of protozoan infections has been 
concentrated on acute inflammation. Due to the 
complex nature of environmental modulation, 
the classic aspect of the immune response to 
parasite are those of a “modified T helper 2 
(TH2)-cell response” subtype, expressed by 
high levels of interleukin-4 (IL-4), IL-10, low 
levels of interferon-γ (IFN- γ) as well as 
depressed IgE reactions [Maizels and 
Yazdanbakhsh, 2003]. 
 
The Th1 vs Th2 “polarization model” was 
described twentyfive years ago in the context 
of the impact of infectious agents on human 
homeostasis. Each deregulation in the immune 
response responsible for chronic inflammation 
is genetically programmed. Besides Th1 and 
Th2, two alternative subsets have latterly been 
presented: Th17 cells and CD4+CD25+T 
regulatory cells. Moreover, the Th17/Treg 
balance prevents or promotes inflammation 
[Cătană et al., 2015]. 
 
In addition, molecular studies, involving both 
glycobiology and genomics are identifying 
mediators from helminth parasites that are 
correlated with immune regulation [Maizels 
and Yazdanbakhsh, 2003]. 
 
Nevertheless, when the acute infection does 
not end in an acceptable manner, excessive 
inflammation could lead to chronic damage to 
the inflamed tissue. Recently, a second active 
process, called resolution of inflammation, has 
been suggested to be a key process in the 
control of parasite burden and in the initiation 
of chronic infection, respectively. Resolution of 
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inflammation is orchestrated by specific 
biomolecules named specialized proresolving 
mediators (SPMs) that promote the normal 
function of infected tissues [Tabas and Glass, 
2013; Serhan, 2014] (figure 1). 
 
Specialized pro-resolving mediators (SPMs) 
are enzymatically derived from essential fatty 
acids and have critical roles in coordinating 
the resolution of inflammation, thus restoring 
tissue homeostasis after a parasite infection. It 
is generally accepted that host responses to 
tissue infection pathogens bring out acute 
inflammation in an attempt to control 
exogenous invading agents. Therefore, SPMs 
are lipid mediators that are part of a larger 
family of cell-signalling immunoresolving 
molecules, which includes proteins and gases 
that together restrain the inflammatory 
process and consequently resolve the 
infection. This type of immunoresolvents are 
different from immunosuppressive mediators 
as they not only stop inflammation but also 
activate host defence [Basil and Levy, 2016]. 
 
SPMs who contribute to the proresolution 
pathway in both Trypanosomatids and host 

include: eicosanoid-derived lipids such as 
resolvins, at increased levels, cytokines such 
as interleukin (IL)-10, transforming growth 
factor (TGF)-β as well as other proteins such 
as Annexin-V. [Colas et al., 2018; López-Muñoz 
et al., 2018]. 
 
On the one hand, lipoxins, prostaglandins and 
leukotriens are derived from omega-6 
arachidonic acid, which could be enzimatically 
oxigenated at position 12/15 by 12/15-
lipoxygenase (LOX) activity. On the other 
hand, resolvin D/E series, depending on the 
lipid substrate and enzyme activity, protectin 
D1 and maresin R1, are all derived from 
omega-3 polyunsaturated fatty acids such as 
eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). Enzymes 
involved in their conversion into bioactive 
products are 12/15-LOX and aspirin (ASA)-
acetylated cyclooxygenase-2. Each mediator 
has various effects on target cells including 
angiogenesis, tissue damage, PMN infiltration, 
transendothelial migration and proliferation, 
as well as neuroprotective actions and tissue 
regeneration. Thromboxane (Tx)-A2, RvD1, 
D5 and E2 are parasite-derived. 

 
 

 
 

Figure 1. Biosynthesis of bioactive lipids mediators produced by both host and Trypanosomatids 
 

Abbreviations: COX-1/2- Cyclooxygenase; ECs-; LOX-12/15- Lipoxygenase; LX- lipoxin; MaR1-maresin R1;  
MCs-microglial cells; MECs-mucosal epithelial cells; MF- macrophage; MO-monocyte; PD1- protectin D1;  

PMN-polymorphonuclear leukocytes; Rv E1/E2/D1/D2/D5- resolvin E1/E2/D1/D2/D5. 
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For instance, during T. cruzi infection depicted 
in experimental models of chronic heart 
disease, Resolvin D1 (RvD1) has been 
correlated with a decline in the inflammatory 
status, fibrosis thus increasing host protective 
responses during infections. In addition, the 
same SPM controls the cellular immune reply 
in patients with Chagas disease. RvD1 is 
enzymatically produced by sequential 
oxygenations of docosahexaenoic acid (DHA) 
and by two lipoxygenases (LO) such as 15-LO 
and 5-LO [Hong et al., 2003]. T cruzi also 
produces RvD5 and RvE2, which can stimulate 
host-protective responses, and thromboxane 
(TxA2) with prothrombotic and 
proinflammatory activities, respectively 
[Ashton et al., 2007; Oh et al., 2012]. The 
clearance of inflammation-associated tissue 
damage is also associated with other anti-
inflammatory bioactive mediators produced by 
the oxidation of polyunsaturated fatty acids 
(PUFAs) such as arachidonic acid in the 
presence of 12/15-LOX, a pertinent future 
target for clinical purposes [Ackermann et al., 
2017]. 
 
Leishmania spp. infections display increased 
levels of SPMs such as Resolvin D1, Annexin-V 
and lipoxins, closely related to the cutaneous 
manifestation of this pathology. However, 
these mediators seem to have different roles in 
visceral and cutaneous leishmaniasis. Finally, 
despite the fact that T. brucei infections are 
poorly understood in terms of their 
communication with the inflammatory process, 
it has been demonstrated that arachidonic 
acid-derived lipids function as crucial 
modulators of parasite burden and the host 
immune feedback. Production of these 
mediators paralleled serum levels of cytokines 
such as IL-10 and TGF-β, being related to 
increased infection. Further research about the 
inflammation resolution course is necessary to 
clarify the host-parasite dialogue and further to 
improve the current therapy, in order to 
ameliorate the harmful status induced by 
chronic trypanosomatids infections [López-
Muñoz et al., 2018]. 
 
Drug induction and actions of SPMs 
 
Acetylsalicylic acid (ASA)-acetylated 
cyclooxygenase 2 (COX-2) produces 5-R-

hydroxyeicosatetranoic acid (5-RHETE) which 
will be enzimatically converted to 15-epi-
lipoxin A4 (15-epi-LXA4) or ASA-triggered 
lipoxin (ATL) in the presence of 5-LO [Serhan, 
2005]. Lx A4 induces the biosynthesis of the 
anti-inflammatory cytokine IL-10, involved in 
resolution by phagocytosis of apoptotic cells 
[Souza et al., 2007; Maderna et al., 2010]. LxA4 
also facilitates the expression of the suppressor 
of cytokine signaling (SOCS) proteins [Machado 
et al., 2006]. Moreover, ASA adjusts COX-2 
activity in order to produce ASA-triggered 
SPMs such as Resolvin D1-4 (AT-RvD1-4) [Dalli 
et al., 2015]. Statins family is another 
captivating group of drugs with anti-
inflammatory properties, which can produce 
the same metabolic switch in COX-2 activity. 
The atorvastatin-induced nitrosylation, 
mediated by a neutrophil-endothelium 
interaction, has protective and anti-
inflammatory activities [Dalli et al., 2015; 
López-Muñoz et al., 2018]. 
 
It is remarkable to understand how LO and 
COX activities are responsible for the 
generation of both inflammatory 
(prostaglandins-PGs and leukotrienes) and 
resolving mediators such as Lx, PDs, Rvs and 
maresins, through a metabolic switch involving 
the production of IL-10 and the activation of 
peroxisome proliferator-activated receptor 
(PPAR)-γ during the acute inflammatory 
process, thus promoting its resolution [Gilroy 
and De Maeyer, 2015; Frolov et al., 2013; 
Croasdell et al., 2015]. RvD1 interferes with the 
production of reactive species (ROS), via LXA4 
receptor, and the generation of pro-
inflammatory cytokines [Qu et al., 2012; 
Miyahara et al., 2013]. 
 
RvE1 blocks NF-kB gene activation and IL-12 
secretion, and also induces LXA4 production 
and mucosal surface clearance of neutrophils 
or PMN apoptosis [Arita et al., 2007; Campbell 
et al., 2007; El Kebir et al., 2012]. PD1 
interferes with COX-2 expression and cytokine 
production, including microglial cell 
interleukins, IFN-γ and TNF. It also exhibits 
neuroprotective functions. Maresins are other 
new mediators of resolution bioactive 
metabolome, which increase tissue 
regeneration [Ariel et al., 2005; Qu et al., 2012; 
Serhan et al., 2015]. 
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In conclusion, the role of the SPMs in the 
trypanosomatid infections, including an 
intense inflammatory reply, give a key 
adjustment toward a calmer and encouraging 
environment for the repair. 
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