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Abstract: Parasites such as protozoa or helminths currently account for greater morbidity and mortality than any other 
class of infectious organisms, particularly in developing countries. The structural and antigenic diversity of pathogenic 
parasites is reflected in the heterogeneity of the adaptive immune responses that they elicit. Protozoa that live within host 
cells are destroyed by cell-mediated immunity, whereas helminths are eliminated by IgE antibody and eosinophil-
mediated killing as well as by other leukocytes. 

The principal innate immune response to protozoa is phagocytosis, but many of these parasites are resistant to phagocytic 
killing and may even replicate within macrophages. Phagocytes also attack helminthic parasites and secrete microbicidal 
substances to kill organisms that are too large to be phagocytosed. Some helminths may also activate the alternative 
pathway of complement. 

The principal defense mechanism against protozoa that survive within macrophages (e.g. Leishmania spp., Toxoplasma 

gondii) is cell-mediated immunity, particularly macrophage activation by TH1 cell-derived cytokines. Protozoa that 
replicate inside various host cells and lyse these cells stimulate specific antibody and cytotoxic T lymphocytes (CTL) 
responses (e.g. Plasmodium spp.). 

Defense against many helminthic infections is mediated by the activation of TH2 cells, which results in production of IgE 
antibodies and activation of eosinophils and mast cells. The combined actions of mast cells and eosinophils lead to 
expulsion and destruction of the parasites. 

Most parasitic infections are chronic because of weak innate immunity and the ability of parasites to evade or resist 
elimination by adaptive immune responses Parasites evade the immune system by varying their antigens during residence 
in vertebrate hosts, by acquiring resistance to immune effector mechanisms, and by masking and shedding their surface 
antigens. 
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1. INTRODUCTION 

 Currently, parasitic infections affect more than 3 billion 
people worldwide and in absence of adequate treatment, they 
result in high morbidity and mortality, especially in 
developing countries. In recent years developed countries 
have witnessed a significant boom of parasitic diseases 
because of various factors such as immigration, increase of 
opportunistic diseases in immunocompromised patients, etc. 
The magnitude of this public health problem has contributed 
to the great interest in the setting up of vaccines against 
parasites and the development of immunoparasitology as a 
well-defined branch of immunology. 

 Parasitic infections induce different immune responses 
due to the structural and antigenic heterogeneity of the 
parasites. Thus, protozoa that penetrate inside host cells 
require an adaptive immune response mediated by cells for 
its elimination, while adult worms are extracellular and in 
general of greater size and require the production of specific  
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antibodies. The complexity of the life cycle of parasites, the 
developmental stage and the stage of infection, which 
determine the anatomical location of the parasite in the host 
also influence the immune response triggered. On this way, 
the ingestion of Taenia solium eggs by humans results in a 
disseminated infection (cysticercosis) in which the contact 
with the immune system and the response are different to 
that ocurred when larvaes (cysticerci) are ingested and 
infection is located in the gut. Moreover, in the case of 
parasites with different stages of development in humans, the 
expressed antigens can change depending on the stage, 
leading to phase-specific immune responses, as in the case of 
antibodies produced against sporozoites of Plasmodium spp., 
which are not reactive to the erythrocytic stages. Finally, it´s 
noticeable that parasitic infections are usually chronic 
because the immune response is not powerful enough to 
eliminate such pathogens and, especially, due to the 
mechanisms of evasion and modulation of the immune 
system that parasites have developed along its evolution as a 
way to survive in their host. 

 This review summarizes the general mechanisms of 
innate and adaptive immune defense against protozoa and 
helminths, incorporating new findings, as well as the 
different ways that parasites use to avoid elimination by the 
immune system. 
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2. INNATE IMMUNITY TO PARASITES 

2.1. Recognition of Parasite Pathogens 

 Innate immunity is the first line of defense against 
pathogens that invade human´s organism and it´s mediated at 
the cellular level by phagocytic cells including macrophages 
and granulocytes, but also by antigen presenting cells 
(APCs), like dendritic cells, some lymphocytes, epithelial 
cells and phagocytes themselves. The innate immune system 
can recognize certain structures of microorganisms that are 
not found in mammalian cells called pathogen-associated 
molecular patterns (PAMPs) through pattern recognition 
receptors (PRRs) encoded by the germline. The binding of 
PRR(s) to its specific ligand(s) is required for the initiation 
of the immune response to invading organism, since it 
induces, through various signaling pathways, the activation 
of the innate immune system cells and the development of 
effector functions against the pathogen, such as 
phagocytosis, secretion of cytokines that determine the type 
of adaptive response, etc. [1]. Several PAMPs have been 
reported among human parasitic pathogens that are 
recognized by PRR of different types, although none has 
been described that is unique to parasites, ie those receptors 
are also used by other organisms [2, 3]. Within the diversity 
of PRR, some extracellular classical human receptors have 
been associated with the recognition of parasites. For 
example, among collectins, the mannose-binding lectin 
(MBL) [4] binds mannose-rich lipophosphoglycan (LPG) 
from Leishmania [5, 6], Plasmodium falciparum proteins on 
infected erythrocytes [7, 8], Trypanosoma cruzi amastigotes 
[9, 10], Schistosoma mansoni [11] and all Trichinella 
spiralis developing stages [12]. Pentraxins that belong also 
to classical human receptors function as opsonins when fixed 
to their ligand. One member of the pentraxin family, the C-
reactive protein (CRP), binds to molecules of Leishmania 
LPG and facilitates through opsonization the penetration of 
the parasite within macrophages [13]. In addition, CRP binds 
to Plasmodium sporozoites, thus protecting the host against 
its hepatocyte invasion [14]; and, as well, CRP is involved in 
natural resistance to S. mansoni infection [15]. Different C-
type lectins expressed on the surface of macrophages and 
dendritic cells have been associated with parasite 
recognition. Among them, the macrophage mannose receptor 
(MMR) has been shown to facilitate the permissive entry of 
T. cruzi amastigotes into macrophages; and the dendritic 
cell-specific intracellular adhesion molecule (ICAM)-3-
grabbing non-integrin receptor (DC-SIGN) on dendritic cells 
binds with high affinity to schistosomes through Lewis x 
[16] and amastigotes and promastigotes of Leishmania 
through mannose-capped LPG [17-19]. Other C-type lectins, 
the calcium-dependent galactose-binding proteins, known as 
intelectins, are expressed by paneth cells and goblet cells and 
have also been implicated in the recognition of 
gastrointestinal helminths, as well as in the interaction with 
the surface of parasites to prevent attachment to host 
surfaces [20]. Of the scavenger receptors (SR), CD-36, a 
type B-SR, by means of the binding to PfEMP1, allows the 
phagocytosis of P. falciparum-infected erythrocytes by 
macrophages and it has been shown that this binding 
modulates the function of DCs [21, 22]. Complement 
receptor CR3, which has a multifunctional role in the innate 
immune response like other members of its PRR family, is 

the gateway to several intracellular pathogens, such as 
Leishmania major, where it was recently described as 
essential in preventing the progression of lesions during the 
course of infection [23]. 

 Furthermore, Toll-like receptors (TLRs) represent an 
important family of PRR involved in innate immunity 
against pathogens [24]. There are few studies related to the 
role that TLRs play in the recognition of parasites, but they 
have been involved in various responses to parasites, such as 
TLR-2 on dendritic cells and its binding to 
lysophosphatidylserine from S. mansoni and Tc-52 or 
glycophosphatidylinositol (GPI) anchors from T. cruzi. In 
the first case, the interaction induces a Th2 response and in 
the second case a Th1 response; this dicotomous response is 
probably due to the cooperation of TLR-2 with TLR-1 and 
TLR-6 [3]. GPI anchor proteins from T. cruzi, P. falciparum 
and T. gondii also appear to stimulate production of tumor 
necrosis factor (TNF)-  by macrophages via TLR [25]. The 
intracellular receptor TLR-9 recognizes unmethylated CpG 
motifs present in bacterial DNA in phagosomes, and it has 
been shown that protozoal DNA containing CpG motifs is 
sufficient to elicit a TLR9-response of host cells [26]. It has 
also been postulated that activation of TLRs could be 
responsible for some consequences of immunopathology 
associated with parasitic infections, such as anemia and 
nephritis caused by autoantibodies in malaria [27]. As far as 
the nucleotide-binding oligomerization domain proteins 
(NOD) are concerned, there is nowadays no clear 
relationship with parasites, but, given their nature, they may 
be involved in intracellular recognition of intracellular 
parasites, as Finney et al. [28] predict in the analysis of the 
inflammatory function mediated by NOD receptors in 
cerebral malaria. 

2.2. Initial Immune Response and Modulation of the 

Th1/Th2 Response by Dendritic Cells 

 Once the parasite interaction with host receptors occurs, 
the innate immunity is triggered. Macrophages and 
neutrophils phagocyte small-size parasites and release 
cytotoxic factors to destroy large parasites, although these 
functions will exhibit full capacity upon activation of 
adaptive immunity cells. Moreover, once activated, 
macrophages and neutrophils release a series of pro-
inflammatory molecules such as TNF , interleukin (IL)-1, 
chemokines, and other mediators that promote growth and 
differentiation of other immune cells, such as IL-12, which 
activates the cytotoxic function of natural killer (NK) cells 
and stimulates interferon (IFN)-  synthesis by T cells and 
NK (triggering in this case Th1 responses). Particularly, 
production of TNF , IL-1, chemokines and IL-12 is typical 
of macrophages, while neutrophils secrete IL-12, TNF  in 
smaller quantities as well as some other cytokines. In 
addition, phagocytes act as antigen-presenting cells (APCs) 
like dendritic cells and, to a lesser degree as DCs do, apart 
from stimulating an adaptive response, they exert influence 
on its type (Th1/Th2). When DCs recognize a pathogen, they 
undergo maturation, usually characterized by (i) expression 
of adhesion and co-stimulatory molecules such as CD40, 
CD80 and CD86; (ii) increased expression of MHC-II 
molecules; and (iii) cytokine production like IL-6, IL-12, IL-
23 and TNF . DCs also migrate to lymph nodes and present 
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captured and processed antigens via MHC-II molecules to 
naïve T cells. There is increasing evidence that parasite-DC 
interaction plays a crucial role in triggering the type of 
adaptive response [29, 30]. It has been previously 
demonstrated that stimulated DCs present antigens 
associated with MHC-II molecules to CD4+ naïve T cells, 
but, to conduct their maturation into differentiated Th1 or 
Th2 effector cells, costimulatory signals on DCs surface and 
other signals, such as IL-12, are required [31]. DCs can be 
activated by (i) parasite direct invasion, as Leishmania 
promastigotes invade dermal and myeloid DCs [32]; (ii) 
parasite-derived antigens or products, like soluble S. 
mansoni egg antigens (SEA) known for its potent induction 
of Th2 responses [33]; or (iii) other parasite-infected cells or 
cells that have contacted with it, as Denkers et al. [25] 
describe in their article, where DCs interact with 
Toxoplasma tachyzoites-infected neutrophil. There is 
evidence supporting that DC-protozoa interaction usually 
leads to the stimulation of IL-12 production, a cytokine that 
induces a Th1 response, whereas in the case of helminths, 
DCs release less IL-12, thus triggering a Th2 response 
through mechanisms that have not been clearly identified. 
For example, it has been shown that Th1 responses to 
Leishmania are associated with protective immunity, while 
the development of Th2 responses leads to disease 
progression [34]. Several studies have determined that the 
Th1 response is initiated by the Leishmania amastigote-DC 
interaction, probably through DC-SIGN, resulting in DC 
activation and IL-12 production, while the interaction of 
Leishmania amastigotes and promastigotes with 
macrophages promotes the inhibition of IL-12 release and 
seems to stimulate IL-10 secretion, triggering a Th2 response 
[35-37]. In addition, it has also been described that human 
myeloid DCs activation is dependent on Leishmania species: 
L. major promastigotes, but not those of L. donovani or L. 
tropica, efficiently stimulate the IL-12 release by DCs, and 
this fact can be related with the outcome of infection in these 
different species, since L. major causes limited infections 
while L. donovani and L. tropica spread to viscera or other 
cutaneous sites, respectively [38]. Mechanisms by which 
intracellular protozoa trigger Th1 response-induction by DCs 
are better known than those for helminths, because of 
similarity with other intracellular organisms. Albeit some 
studies show that the release of IL-12 by DCs is not essential 
for the naïve T cells polarization onto Th1 cytokine 
production [39], MyD88, an adapter molecule of the TLR 
signaling pathway in DCs, plays an essential role in the 
generation of Th1 responses [40, 41]. It is noticeable that IL-
12, independently of its cellular origin, is required at the 
onset of Th1-responses [40]. 

 The occurrence of Th2 responses are of more interest in 
immunity to parasites since they are unique to these 
pathogens (immediate hypersensitivity reactions are 
considered as pathological responses). The mechanisms by 
which DCs induce Th2 responses have not been well 
defined, but it is increasingly clear that DCs are able to 
process helminth-derived antigens converting them into 
signals that trigger naïve Th cell maturation towards a Th2 
phenotype. Like for IL-12 production by DCs, MacDonald et 
al. [39] conclude in their work that DCs´ production of IL-4 
is not strictly necessary for the emergence of a Th2 response, 
although it seems that IL-4 is essential in the development of 

Th2 responses, and that other cells also participate in its 
synthesis. Another way to explain how DCs would 
determine a Th2 response upon contact with helminth 
antigens has been proposed: the low IL-12 production by 
DCs in this situation leads to a low stimulation of responses 
Th1, thus favoring a Th2 response [33]. Moreover, this is 
associated with the fact that during helminth infection, DCs 
do not seem to mature in the sense of expressing some 
molecules such as CD80 or CD86 on their surface, 
producing detectable amounts of IL-4, IL-10 or IL-12 and 
significantly upregulating MHC-II molecules. However, 
these features appear to be indispensable for the correct 
development of Th1 responses [42]. But, for the same reason 
that a characteristic maturation of DCs is necessary for 
induction of Th1 phenotype, it is likely that an alternative 
maturation of DCs exists that triggers the Th2 phenotype. 
Furthermore, despite the apparent lack of maturation, DCs 
are able to induce Th2 responses under stimulus that 
influence Th2 polarization like SEA, even in the presence of 
stimuli that activate Th1 responses [43, 44]. In addition, 
various molecules expressed sometimes by DCs have been 
proposed as costimulatory signals for activating naïve T 
CD4+ cells to produce Th2 cytokines, such as CD40, that 
interacts with CD154 on the surface of Th cells, apparently 
triggering a Th2 phenotype [45, 46], although some studies 
do not indicate the same [47, 48]. Another molecule recently 
linked with the turnout of Th2 responses is OX40L, a TNF 
superfamily member expressed on activated DCs, which 
interacts with the OX40 receptor on T CD4+ lymphocytes 
performing a costimulatory function [49]. However, the key 
for explaining how DCs influence on naïve Th cell 
differentiation into Th1 or Th2 effector cells is the DCs 
differential expression of Delta (also called, "Delta-like" 
ligands or DLL) and Jagged ligands of Notch receptors, 
which induce Th1 and Th2 responses respectively [50]. 
Hence, the interaction of DLL expressed by DCs with the 
Notch3 receptor of Th cells leads to the activation of the 
transcription factor T-bet that promotes Th1 maturation 
through stimulating the expression of different genes, like 
Ifn , that results in IFN  production [51, 52]. Furthermore, 
when activated by Th2 antigenic stimuli, DCs express 
Jagged ligands, which bind to Notch1 and Notch2 receptors, 
thus initiating a signaling cascade in CD4+ T cells where the 
effector molecule RBPJk induces Gata3 expression, leading 
to the production of GATA3, a transcription factor 
indispensable in Th2 maturation [52-56]. Apparently, 
GATA3 activates Il4 expression resulting in the production 
of IL-4 by Th cells [52, 54, 56]. 

2.3. Role of Other Cells in Innate Immunity to Parasites 

2.3.1. Granulocytes 

 Other innate immune system cells also bias the activation 
of the adaptive immune response, either through interaction 
and activation of DCs and other immune cells or by 
producing cytokines and other mediators. Thus, granulocytes 
such as basophils, eosinophils and mast cells have been 
implicated in the initial production of Th2 cytokines such as 
IL-4 and IL-13 [57]. For example, Reese et al. [58] 
demonstrate that eosinophils and basophils are recruited in 
the lung as a primary source of IL-4 when intranasal 
administration of chitin, a polymer found in nematodes. It 
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has also been shown that basophils are capable of producing 
IL-4 rapidly after the invasion by a parasitic pathogen 
without relying on binding to IgE [59, 60] in response to 
activation by various parasite antigens, like proteases 
secreted by several helminths [61] or IPSE, IL-4 inducing 
principle from S. mansoni egg [59, 62]. Furthermore, it has 
been suggested that basophils are capable of producing 
thymic stromal lymphopoietin (TSLP), normally excreted by 
epithelial cells, which is a cytokine that increases 
DCs´capacity to induce a Th2 maturation [63, 64], possibly 
through the expression of OX40L [65] and other molecules. 
Even though basophils have been revealed as APCs able to 
induce by themselves the maturation of naïve T CD4+ into 
Th2 effector cells [66, 67]. New endogenous inflammatory 
mediators called “alarmins” have been described that 
function as chemokines and promote DCs´ maturation. This 
group includes defensins, cathelicidins, eosinophil derived 
neurotoxin (EDN) and high-mobility group box protein 1 
[68]. Interestingly, EDN, produced by eosinophils, is a 
ribonuclease recently implicated in DCs´ activation to 
promote a Th2 response [69]. 

2.3.2. Natural Killer (NK) Cells 

 Other cells involved in innate immunity are natural killer 
(NK) cells. NK cells are important in immunity to 
intracellular pathogens, therefore its function has been 
mainly studied in protozoal infections. These cells have two 
essential functions: (i) to destroy abnormal or infected cells 
by cytotoxic mechanisms similar to those used by cytotoxic 
T lymphocytes [70], and (ii) to release proinflammatory 
cytokines and chemokines, especially IFN  [1, 71]. IFN  
activates macrophages and neutrophils, enhances antigen 
presentation by APCs via increasing MHC molecules 
expression, induces IgG subclass changes in B lymphocytes, 
but principally, stimulates the differentiation of Th naïve 
cells to Th1 [72]. Invasive pathogens that trigger Th1 
responses, including intracellular protozoa, are captured by 
DCs or macrophages, which produce NK-activating 
cytokines, like the most potent NK inducer IL-12 [73-75]. 
Furthermore, NK cells can be activated by direct binding to 
infected or altered cells, since they have different inhibitory 
and activating receptors with different specificities, like Ig 
superfamily receptors (e. g. KIR) and C-type lectins [76]; but 
they also express TLRs [77] which have been shown to 
interact with protozoa, such as Leishmania that activates NK 
cells by TLR-2 binding [78]. The role of NK cells has been 
studied in various protozoal infections, and, while their 
cytotoxic function in these infections appears to be needless, 
their IFN  secretion is critical [79-81], especially in T. cruzi 
[81-83]. Although IL-12 and in lesser extent IL-18 [84] 
production by macrophages and DCs is the most studied 
signal for NK cell activation, the role exerted in this 
activation by NK direct recognition of parasite antigens is 
increasing its importance. Hence, in P. falciparum infection, 
contact between NK cells and P. falciparum-infected 
erythrocytes is necessary for optimal IFN  production by NK 
(though dependent on IL-12) [85, 86]. Finally, the fact that 
IL-4, IL-10 and TGF-  release inhibits NK cells activation 
[87], suggests that during helminth infection when the 
response is primarily Th2 and IL-4 is abundant, these cells 
could play a less important role. Despite this assumption, 
some studies have been carried out that demonstrate an 

increase of NK cells in helminth infections, denotating 
somewhat the participation of NK in immune responses to 
helminths [88-91]. Several observations explain this fact. On 
the one hand, helminths life cycles are complicated and they 
develop Th1 and Th2 responses depending on the stage of 
infection [92, 93]. On the other hand, two NK subsets have 
been described, NK1 and NK2, which, by homology to Th1 
and Th2, would be producing Th1 cytokines such as IFN , 
and Th2 mediators, including IL-5 and IL-13, respectively 
[94]. To conclude, the involvement of NK cells in helminth 
infections could be both directing a Th1 response and a Th2 
response. Anyway, there are still many mechanisms to be 
elucidated in the understanding of how NK cells participate 
in parasitic infections, especially in regard to helminths. 

2.3.3. Natural Killer T Cells (NKT Cells) 

 Other cells involved in innate immunity are natural killer 
T cells (NKT) that are cells which recognize glycolipids in 
association with CD1d molecules presented by APCs, such 
as DCs or intestinal epithelial cells [95]. NKT cells are 
characterized by expressing specific markers of T 
lymphocytes (CD3) and NK (NK1.1) and they are divided 
into two subtypes: (i) invariant or classical NKT cells 
(iNKT), which express a highly restricted T cell receptor 
(TCR) with an invariant  chain -in mice, V 14+ and in 
humans, V 24+- and actively respond to the 
glycosphingolipid -galactosylceramide ( GalCer); and (ii) 
the variant or non classical V 14- NKT cells (non-iNKT), 
which express more TCR and do not respond to GalCer 
[96-99]. A third subtype of NKT cells has been described 
subsequently: CD1d-independent NKT cells [99]. NKT cells 
have been suggested as an early source of Th1 and Th2 
cytokines [95, 100], being therefore candidates to trigger the 
later adaptive immune response [101]. Several publications 
have related NKT cells with the primary immune response to 
diverse parasites: on the one hand, with protozoa, such as 
Leishmania spp. [102], Toxoplasma [103] or Plasmodium 
liver stage [104] and on the other hand, with helminths, such 
as Schistosoma [105]. Despite these findings, there are 
diverse opinions regarding the role of NKT cells in immune 
responses to pathogens, maybe due to the variability in the 
definition of NKT cells among studies [106] or to the 
difficulty of differentiating non-iNKT from other cells in the 
absence of specific markers [107]. Thus, while Ishikawa et 
al. [102] concluded that NKT cells are essential in the initial 
protective response to L. major in mice -they detect the 
parasite in regional lymph nodes- because they are 
associated with the production of HSP65 which prevents 
apoptosis of Leishmania-infected macrophages; there are 
other studies that disparage NKT cells function, at least in 
terms of its protective role in the onset of Leishmania 
infection in subcutaneous tissue [108]. In that case, it has 
been proposed that NKT cells present a needless 
participation in response to the parasite at the organic level, 
like the spleen, where the infection is disseminated. 
Furthermore, Wiethe et al. [109] have reported that CD1d-
dependent NKT cells activated by DCs rather mediate non-
protective Th2 responses to Leishmania. In T. gondii 
infection, a damaging role for NKT cells has been proposed: 
in some cases, by lack of control of the Th1 protective 
response in which they take part [103], in others by 
interfering with the protective response associated with  T 
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cells [110]. In Plasmodium spp. murine infection, CD1d-
dependent NKT cells seem to participate in the protective 
response to the sporozoite in the liver but not in the 
subsequent erythrocytic stages [104], although their 
occurrence is not indispensable [111, 112]. Furthermore, 
CD1d-independent NKT cells have been proposed to play a 
potential protective [112] or damaging [113] role in 
Plasmodium infections, evidencing once again the 
controversy regarding NKT cells role in immunity to 
parasites. The relationship between CD1d-dependent NKT 
cells and the development of Th2 responses is also 
interesting, and has mainly been studied in murine 
schistosomiasis in the egg stage, known as a potent activator 
of Th2 responses [105, 107]. Moreover, it has recently been 
shown that iNKT cells and non-iNKT may exert an opposite 
influence on the type of immune response to schistosome 
eggs, suggesting that the former contribute to the 
differentiation of Th1 cells and the latter to the Th2 response 
[107]. In conclusion, given the disparity of opinions, it is 
necessary to continue research in this field. 

2.3.4. B-1 and MZ (“Marginal Zone”) Lymphocytes 

 B-1 and MZ ("marginal zone") lymphocytes seem to act 
as intermediates between innate and adaptive immunity and 
they are usually found in the peritoneal cavity and in 
marginal areas [114], like the pleural space. They differ from 
B-2 lymphocytes, which are characteristic of adaptive 
immunity, in (i) different cell markers expression, (ii) low 
affinity, non-specific antibodies production, mostly of IgM 
class, and (iii) not usually undergoing somatic hypermutation 
or heavy chain isotype switching [115, 116]. Furthermore, 
they do not require Th cells intervention to proliferate and 
survive for months [116] and they are capable of producing 
reactive oxygen species and proinflammatory cytokines to 
directly eliminate pathogens [114]. Their situation allows 
them to directly contact with pathogens dwelling in the 
gastrointestinal tract and it is not surprising that they have 
been shown to intervene in the immune response to intestinal 
parasites, especially helminths, including S. mansoni [117, 
118]. Moreover, in this context, B1 cells producing IgE have 
been detected [119]. B1 cells also appear to be essential to 
Brugia spp. infection control, probably due to their ability to 
produce antibodies, to act as APCs and to release IL-10, 
which could trigger a protective Th2 response [120]. 
However, B1 cells have also been associated with the 
suppression of immune response to helminths, through 
induction of Th cells apoptosis [121]. Again, further 
investigations are needed to clarify the role of these cells in 
the immune response to parasite pathogens. 

2.3.5.  T Lymphocytes 

  T lymphocytes, as defined by their TCR, play a role 
analogous to that of B-1 lymphocytes. This type of T cells 
has a reduced diversity of antigen receptors and is found 
mostly in the gastrointestinal mucosa as part of 
intraepithelial lymphocytes [122, 123].  T cells are 
generally considered part of the early immune response, 
participating in (i) the rapid release of cytokines such as 
TNF , IFN  -phenotype Th1- and IL-4 -phenotype Th2- 
[124], (ii) the secretion of cytokines to lyse damaged or 
infected cells [125], (iii) the presentation of antigens acting 
as APCs [126], and also (iv) the regulation of the immune 

response [123, 127, 128]. It was initially noticed that  T 
cells level in peripheral blood increased in responses to 
different types of parasites, including Toxoplasma [129], 
Leishmania [130, 131], the nematode Onchocerca volvulus 
[132] or the trematode Schistosoma [133], suggesting that 
these cells are somehow involved in immune response to 
parasites. Subsequently, they have been assigned a protective 
role in infection by certain protozoa. Hence, in T. gondii 
infection,  T cells are associated with induction of HSP-65 
expression and nitric oxide (NO) production by macrophages 
[134, 135], and in T. cruzi liver infection they may 
contribute to the production of IFN  [83]. However, there is 
also evidence that  T cells are related to the exacerbation 
of immune response and the subsequent immunopathology 
[136] like the intestinal disease produced during P. vivax 
malaria [137], or the cardiac and skeletal muscle infiltration 
by inflammatory cells during T. cruzi acute infection [138, 
139]. Although the latter work [139] suggests the existence 
of different subsets of  T cells with different immune 
functions, and, in this particular case, only V 1+ cells 
produce the pathology. The existence of different subtypes 
would explain as well the association of  T cells with 
immunoregulatory functions [136]. The immunopathologic 
role could be explained by the ability of  T cells to release 
IL-17, a proinflammatory cytokine also related to 
autoimmune diseases [140]. 

 With regard to helminths, the role of  T lymphocytes in 
the immune response is still not clear. Their presence in 
mucous membranes, especially in the gastrointestinal tract, 
suggests their implication in the response to pathogens that 
reside in that niche [123], like many adult worms do. This 
assumption is strengthened by the fact that  T cells are able 
to produce IL-4, a cytokine involved in Th2 responses. In 
murine T. spiralis infection, the increase of  T cells within 
the population of intestinal intraepithelial lymphocytes has 
been associated with worm expulsion from the 
gastrointestinal tract, whereas in spleen and peripheral blood 
these cells showed a different kinetic [141]. Furthermore, the 
contribution of  T cells in granuloma formation around S. 
mansoni egg has been studied and, despite their presence and 
apparent activation [142], they do not seem to be 
indispensable [143]. Therefore, the role of  T cells in 
response to different parasites apparently depends on the 
type of parasite, given the different roles that these cells 
assume in each case. 

 There have been major advances in the understanding of 
the innate immune response to parasites, but further research 
is needed to elucidate the mechanisms by which interaction 
occurs between these pathogens and actors of the innate 
immune response, and how it affects in the response later 
developed. Moreover, it remains to clarify the role played by 
the different cells of the early response against invasion by 
parasites. 

3. ADAPTIVE IMMUNITY TO PARASITES 

 T and B lymphocytes are the most representative cells of 
adaptive immunity to pathogens, and therefore also to 
parasites. 

 T lymphocytes expressing the  TCR are roughly 
divided into three subsets: CD4+ or T helper (Th) cells, CD8+ 
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or cytotoxic T lymphocytes (CTL) and CD4+ regulatory T 
cells (Treg) [2, 144-147], although the division is greater 
with the inclusion of Th17 lymphocytes [148, 149]. As seen 
previously, the differentiation of naïve CD4+ T cells in 
response to stimulation by APCs can lead to two phenotypes 
depending on the stimulus, Th1 and Th2, characterized by 
the type of cytokines produced in each case. These cytokines 
stimulate various effector cells depending on the Th 
phenotype, which in turn release more cytokines and 
chemokines also Th-response specific [150-153], which are 
molecules that allow the guidance and communication of 
immune system components. Immune responses are usually 
not only categorically Th1 or Th2, but a balance is 
established that tends toward one or the other depending on 
the cytokines produced. The Th response developed 
influences the outcome of parasitic infections, as it happens 
with other pathogens. However, in the case of parasites, the 
Th response depends on the stage of infection and the type of 
parasite. A dogma has been setted according to which Th1 
responses are established to eliminate intracellular pathogens 
while Th2 allow the elimination of extracellular pathogens. 
Thus, in general, the protective responses against protozoa, 
many of them being intracellular, are usually Th1 and are 
mediated primarily by IFN ; while helminths, that are 
extracellular organisms, need Th2 responses to be expelled 
and the key cytokines are IL-4, IL-5 and IL-13. 

3.1. Adaptive Immune Response to Protozoa 

 In Th1 responses to protozoa, IFN  production by CD4+ 
T cells, but also by CD8+ T cells leads to the activation of 
effector mechanisms to effectively eliminate parasites, such 
as macrophages stimulation to destroy phagocytosed 
parasites, like T. cruzi [154]. This feature is important 
because many protozoa escape from humoral immunity by 
penetrating inside macrophages, like Toxoplasma [155] or 
Leishmania [156, 157]. It has been stated that cellular 
immune response rather than antibody production is 
important for resistance to protozoa with intracellular stages, 
like the Plasmodium pre-erythrocytic stage [158, 159]. 
Furthermore, IFN  activates Th1 cells differentiation by 
stimulation of the transcription factor T-bet generation, and 
inhibits Th2 cytokine production through suppression of the 
transcription factor GATA-3 expression by T-bet [160]. 
IFN  also increases the expression of MHC-I molecules to 
facilitate recognition and elimination by CD8+ cytotoxic T 
cells, and MHC-II molecules to promote the presentation of 
antigens to CD4+ T cells [157]. IFN  also stimulates the 
switch to certain classes of Igs, such as IgG2a, and inhibits 
isotype switching to IL-4 dependent Igs, such as IgE and 
IgG1 [161]. As noted previously, the most typical example 
of the protective role of Th1 responses at the expense of Th2 
is Leishmania infection, but while that´s true for cutaneous 
leishmaniasis, this fact remains unclear in visceral 
leishmaniasis [162]. Th1 responses are characterized, in 
addition to IFN  production, by the activation of CTL-
mediated cell lysis, although the importance of these cells in 
the defense against protozoa is due apparently to their ability 
to produce IFN  rather than to its lytic activity, like in 
toxoplasmosis (reviewed by [163]). However, CD8+ T cells 
plays a protective role in malaria by destroying Plasmodium 
sporozoites-infected hepatocytes; and Overstreet et al. [164] 

show that memory CD8+ T cells unable to produce perforin, 
FasL or IFN  separately can protect against the liver stage in 
any of the three cases, concluding that the effector function 
of memory CD8+ T cells is due to a combination of the 
cytotoxic/cytolytic mechanisms and IFN  production but any 
of them is indispensable in the presence of the others. The 
role of CD8+ T cells is apparently essential for the immune 
response to Plasmodium sporozoites [158, 159, 165-167]. 
Cellular responses against the erythrocytic stage of malaria 
have also been described [168, 169], but, while the role of 
CD4+ T cells is manifestly important, it is not yet clear 
whether CD8+ T cells are indispensable or not [170], and 
even, CD8+ T cells have been associated with the 
pathogenesis of cerebral malaria [171]. The participation of 
CD8+ T cells in Chagas´ disease is also relevant for 
controlling infection [172], to the point that T. cruzi infection 
has been proposed as a model for CD8+ T cells-mediated 
vaccine development against intracellular pathogens [173]. 
In fact, knowledge of the importance of CD8+ T cell 
response in protozoan infections is leading to the 
investigation of parasite epitopes that potently stimulate the 
activation of CD8+ T cells in order to develop protective 
vaccines [172-175]. 

 Although antibodies are not apparently the main control 
mechanism in parasitic infections with intracellular stages, 
they are produced in response to all protozoal infections: 
Leishmania [176-178], T. cruzi [179, 180], T. gondii [181, 
182], Plasmodium [170, 183], etc. However, B cells´ 
productions of antibodies do show a central role in African 
trypanosomiasis, probably for the reason that T. brucei is an 
extracellular parasite [184]. In African trypanosomes the 
importance of various immunoglobulins has been 
determined. Hence, IgGs play a more critical role than IgMs 
in infection control, although IgM levels are high. Moreover, 
it has been shown that different subclasses of IgGs are 
generated at each stage of infection and depending on the 
recognized antigen [184-186], although the 
immunodominant antigen is possibly the variable surface 
glycoprotein or VSG [187-189]. Thus, although the 
production of immunoglobulins is not always the main 
effector mechanism, they display a relative importance in 
response to different parasitic protozoa. The roles of 
antibodies in response to protozoa are diverse. On the one 
hand, direct lysis by antibodies has been described, like for 
T. cruzi infection [190] or complement-mediated lysis, like it 
occurs, for example, in the destruction of Plasmodium 
gametocytes [191] or T. cruzi trypomastigotes [192]. 
Moreover, antibodies cooperate in phagocytosis by 
macrophages and other phagocytes that express Fc receptors, 
resulting in better elimination of parasites if the complement 
also takes part; this happens for example in macrophage 
phagocytosis of african trypanosomes which is mediated by 
IgM and IgG2a in the murine model [193], phagocytosis of 
P. falciparum-infected erythrocytes [194, 195] as well as in 
the destruction of T. gondii by macrophages [196]. Finally, 
antibodies inhibit the binding of parasite antigens to the 
surface receptors that enable their penetration into host cells, 
thus neutralizing the infectivity of the parasite; in this 
manner, specific antibodies to the merozoite surface protein-
1 (MSP-1) inhibit P. falciparum invasion of erythrocytes 
[197], as well as antibodies to the surface protein SAG-1 
prevent T. gondii penetration into mouse host cells [198]. 
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Furthermore, the detection of different types of antibodies is 
useful as a tool for the diagnosis of these parasitic diseases, 
allowing the performance of serologic profiles that are 
related with various stages of the infection [176-178, 180, 
181, 199-201]. 

3.2. Adaptive Immune Response to Helminths 

 Helminths are usually large and extracellular parasites, 
and the adaptive immune response normally developed to 
these pathogens is characterized by the differentiation of Th2 
cells, which release IL-4, IL-5 and IL-13, but also other 
cytokines such as IL-9 and IL-10. IL-4 is the main cytokine 
in Th2 responses [202], although it has been shown that IL-
13, which also binds to IL-4 receptor, IL-4R , performs 
similar functions to IL-4 and can compensate or substitute 
IL-4 in various helminth infections [203, 204]. IL-4 
stimulates the development of Th2 cells, thus acting as an 
autocrine growth factor [205, 206]. Moreover, IL-4 is the 
main promoter of Ig class switching to IgE, which is the 
characteristic Ig of Th2 responses [207, 208]; and also, IL-4 
inhibits the maturation of naïve CD4+ T cells into Th1 and 
Th17 lymphocytes. Furthermore, both IL-4 and IL-13 induce 
macrophages to transform into a phenotype different from 
classical macrophages, termed alternatively activated 
macrophages [209, 210], whose role will see later. 
Meanwhile, IL-13 has different functions in addition to those 
shared with IL-4, as mediating resistance to intestinal 
helminths through direct action on intestinal smooth muscle 
and enteric nerves resulting in increased peristalsis, which 
favors helminths expulsion, or stimulating mucus production 
and bronchial hyperresponsiveness in the lungs (reviewed in 
[211]). Then, IL-5 is the primary stimulus for eosinophil 
activation [212, 213], which are important effector cells in 
Th2 responses to parasitic helminths [214, 215]. 

 Immune responses to helminths are characterized by 
parasite antigen-specific IgE production by B cells in 
response to stimulation by IL-4, mainly released by Th2 
cells. Circulating IgE binds to tetrameric ( 2) high-affinity 
Fc receptors specific for  heavy chain, called Fc RI, which 
are essentially expressed by mast cells and basophils [216]. 
It is noticeable that tissue mast cells in all individuals are 
normally coated with IgE, which is bound to the Fc RI. 
Thus, when IgE-Fc RI complex interact with parasites, ie 
with multivalent antigens, there is a cross-linking of Fc 
receptors that leads to activation of mast cells [217] and, in 
the same way, to basophils. Once activated, these cells 
release the preformed contents of their granules by 
exocytosis: histamine, which exerts a vasoconstrictor role, 
and proteases such as tryptase or chymase, are some of the 
most important molecules of mast cells granules. In addition, 
mast cells synthesize in response to stimulation 
proinflammatory cytokines and lipid mediators. Thus, mast 
cells are involved via their released mediators in the 
expulsion of some gastrointestinal helminths through 
increased intestinal peristalsis and mucus production [178, 
203], as for T. spiralis [218-220], although the involvement 
of IgE in this process is still controversial [220]. Basophils 
produce, in addition to IL-4, proteases and other enzymes 
[221]. Notwithstanding Fc RI expression by eosinophils, 
they are not activated when binding to IgE because their Fc 
receptor lacks the -chain -ie, their receptor is trimeric- [216, 

222], and -chain is essential for initiating the signaling 
pathway that leads to cellular activation. Apparently, the 
binding of IgEs to helminths allows eosinophils, once they 
are at the site of infection and have been activated through 
other mechanisms, to secrete cytotoxic substances intended 
to destroy the neighbouring parasites coated with IgEs, 
preventing these substances to act on surrounding self tissue. 
This mechanism is called IgE-mediated cytotoxicity [1]. 
Eosinophilia is a typical sign of helminth parasitic disease 
[223, 224], although the exact role of eosinophils in these 
infections is not yet clarified. It has been demonstrated that 
eosinophilia is more persistent in helminth infections which 
include tissue migration in their life cycle, such as Ascaris 
lumbricoides or T. spiralis, than in those where worms stay 
in the intestinal lumen, such as taeniosis, or inside of cysts, 
like hydatid cysts [224]. This is easily explained by greater 
exposure of the former to the components of the immune 
system [224]. Eosinophils circulate in the blood and are 
attracted to sites of parasitic infection by IL-4 and IL-13 
[225, 226], and other chemokines, including eotaxin [227, 
228] and RANTES [229]. Eosinophil degranulation is 
activated, in addition to IL-5 -which by itself is capable of 
causing eosinophilia-, by other cytokines such as IL-3, 
TNF  and GM-CSF [230]. Moreover, other 
immunoglobulins apart from IgE, like IgG or IgA, acting as 
opsonins, can also bind to Fc receptors on eosinophils 
promoting degranulation [231-234]. It has been shown that 
in vitro-activated eosinophils are capable of destroying 
opsonized parasites through substances contained in their 
granules, like lysosomal hydrolases, eosinophil peroxidase or 
specific eosinophil proteases such as major basic protein 
(MBP) and eosinophil cationic protein [235-241]. However, 
there are animal models that question the role of eosinophils 
in helminths destruction, proposing rather for them a role in 
innate immunity [242-244], as discussed above. This 
remains controversial. Thus, while Swartz et al. [244] argue 
that in eosinophil-ablated mice, S. mansoni infection does 
not differ from that which occurs in normal mice; other 
studies defend the protective role of eosinophils in S. 
mansoni infection and reinfection in humans [245]. 
Therefore further analysis over the status of eosinophils in 
helminth infection has to be achieved in order to clarify the 
situation. 

 Another characteristic of Th2 responses to helminths is 
the induction of a macrophage phenotype different from 
classical (caM ), resulting in "alternatively activated 
macrophages” (aaM ) [246]. It has been demonstrated that 
IL-4 and IL-13 produced in within a Th2 response induce 
different maturation of macrophages to a phenotype 
characterized among others by: (i) up-regulated mannose 
receptor expression, (ii) inhibition of nitric oxide-synthase 
(iNOS), (iii) production of arginase-1, chitinase-like 
molecules (Ym1/2 or AMCase), resistin-like molecules 
(RELM ) and protein Fizz as well as (iv) collagen 
deposition [209, 247-253]. Shift from caM  to aaM  is 
apparently due to the IL-4R -dependent induction of 
arginase activity in macrophages [254]. Arginase and NOS 
produce by L-arginine hydrolysis an increase of L-ornithine, 
which stimulates proline and polyamines production, 
molecules that direct cell proliferation and collagen 
deposition [255, 256]. This change results in macrophages 
that promote cell growth and tissue repair, a fact also 
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evidenced by up-regulated mannose receptor, which 
generally recognize damaged cells [257]. There are other 
molecules that stimulate the differentiation of this 
macrophage type referred by some authors as M2 
macrophages [258] in contrast to the classical type or M1, 
and different subpopulations of these macrophages have 
been proposed in terms of the different mediators that induce 
their appearance [258, 259]. Thus, it has been suggested 
dividing aaM  in M2a, M2b and M2c, each representing 
macrophages stimulated by IL-4 and IL-13 only (real 
aaM ), immunocomplexes and TLR-ligands (or M  type II) 
[260] and IL-10 or TGF-  (or inactivated M ), respectively. 
These macrophages, especially M2c, apparently show an 
anti-inflammatory function, as determined by low production 
of proinflammatory cytokines and high secretion of IL-10 
and TGF- , involved in reducing inflammation and 
activating regulatory T lymphocytes. This fact and the 
inhibition of iNOS demonstrate that aaM  counteracts and 
inhibits caM , which are mostly related to Th1 responses. 
This feature explains partially why aaM  appearance is 
associated with poorer immune protection against protozoa, 
such as Leishmania [261], african trypanosomes [262-264] 
and T. cruzi [265]. Moreover, apart from prolonging 
protozoa survival, aaM  apparently counteract the 
immunopathology associated with an excess of Th1 
responses to these parasites [266]. In helminths infection, the 
benefit of aaM  activation under Th2 responses has been 
proved. Thus, in S. mansoni infection, the granuloma 
formation around the egg during Th2 protective responses is 
necessary for egg´s expulsion in faeces [267], and the 
emergence of Th1 responses disrupts ganuloma formation 
and egg´s expulsion, what is lethal [268]. In this context, 
Herbert et al. [269] showed that mice deprived of aaM  
have a 100% of mortality during Schistosoma trematode 
infection associated with lower expulsion of eggs in faeces, 
thus attributing an essential role of these macrophages in 
protection against this parasite. Furthermore, they 
demonstrated that mortality in these mice is also related to 
high intestinal damage, with extravasation of its contents and 
septic shock, which can be explained by the lack of tissue 
repairing by aaM . With regard to intestinal nematodes, it 
was not possible to identify a similar function of aaM  in 
parasite expulsion during primary infection, although it does 
have a protective role in Th2 cell-mediated memory [270]. In 
the context of nematode infections, there are molecules 
produced by macrophages, such as those belonging to the 
families of chitinase and Fizz (ChaFFs) that could be 
involved in wound repair at the site of infection [271]. 
Finally, aaM  have been proposed to play a protective role 
in cestode chronic infections. During Taenia crassiceps 
infection in mice, acute infection is characterized by a Th1 
response dominance, and when it progresses to chronicity, 
response turns to Th2 type, where aaM  intervention is 
beneficial: they inhibit CD4+ T cells proliferation through 
programmed death ligand (PD-L), thereby reducing tissue 
damage due to inflammation [246, 272]. Therefore, aaM  
are effector cells in helminth infection and are apparently 
essential in the protective immune response to these 
pathogens. 

 Other cells that participate significantly in the intestinal 
elimination of helminths are intestinal epithelial cells and 
goblet cells, which are increasing in importance by the fact 

that the way of expelling intraluminal parasites has not been 
since now clarified. Thus, a wide range of mechanisms by 
which these cells are actively involved in the effector phase 
of the adaptive immune response to helminths have recently 
been described. It has been shown that during the immune 
response to intestinal helminths, epithelial cells turnover is 
accelerated in order to contribute to parasites´ elimination 
[273] and there is also a goblet cell hyperplasia that produce 
greater amounts of mucin which may contribute to worms 
expulsion [274, 275]. Furthermore, several studies have been 
carried out to identify genes that are upregulated in helminth 
infection models compared to controls, and it was found that 
many of the upregulated genes are specific of intestinal 
epithelial cells [276] and goblet cells [277]. The most 
frequently expressed genes were those related to the wall 
function, ion exchange, tissue repair and metabolism of 
epithelial cells [277]. Genes encoding intelectins, that are 
calcium-dependent galactose-binding proteins described 
previously [278], 3 calcium-activated chloride channel 3 and 
pancreatic lipase-related protein 2 [279]. According to these 
studies, intelectins are secreted in large amounts in the 
intestinal lumen and, through binding to parasite surface 
residues, contribute to their expulsion. The presence of 
resistin-like molecules or RELM, which, as discussed above, 
are found in aaM  and therefore seem to be associated with 
Th2 responses, has also been demonstrated in the 
gastrointestinal tract during nematode infections [280]. Thus, 
RELM , produced mainly by goblet cells, is apparently 
involved in the intestinal helminth expulsion, although its 
role remains unclear [280]. Consequently, it appears that 
local cells contribute to the effector response to 
gastrointestinal parasites. Moreover, similar mechanisms 
have been described in relation to the respiratory tract, 
including the involvement of intelectins [281], although 
more researchs are needed in this field. 

 Recently, new Th cell subsets, like Th17, have been 
described [282]. The differentiation of naïve Th in Th17 
cells is due to antigen recognition in the presence of TGF-  
and IL-6; and furthermore, IL-23 appears to be essential for 
the survival of these cells [283]. Th17 cells are characterized 
by the production of IL-17, a cytokine family related to the 
promotion of inflammation at the site of infection through 
granulocyte recruitment and cytokines and proinflammatory 
chemokines release [283]. IL-17 is also produced by other 
lymphocytes such as NK, T and T CD8 +  [284]. This 
cytokine family consists of six members [285], but IL-17A 
and IL-17F are the most specifically produced by Th17 cells 
and the instigators of the proinflammatory state. 
Furthermore, these lymphocytes have been related with the 
pathogenesis of various chronic inflammatory and 
autoimmune diseases such as psoriasis or rheumatoid 
arthritis [282, 286-288]. In regard to parasitic infections, the 
participation of Th17 cells has been described in liver 
damage exacerbation due to S. mansoni egg, suggesting that 
these cells are responsible of the immunopathology 
associated with this infection [289, 290]. Th17 cells have 
also been linked to inflammation and intestinal dysfunction 
during murine T. spiralis infection through the promotion of 
intestinal hypermotility [291]. Another member of the IL-17 
family, IL-17E, also known as IL-25, which is produced by 
activated Th2 lymphocytes, mast cells and a non-T non-B 
lymphocyte population -a new Th25 subpopulation has been 
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proposed [292]- has been associated with Th2 responses 
because it promotes apparently the production of Th2-related 
chemokines. IL-25 also appears to be associated with the 
protective immunity to parasites, as denoted by the study 
with Nippostrongylus brasilensis performed by Fallon et al. 
[293], where IL-25 induces Th2 response and is necessary 
for parasite expulsion. It has also been proposed for IL-25 a 
role in limiting the intestinal pathology associated to 
Trichuris infection in mice due to the decrease of IL-17 
production (the other family membersy) and IFN  [292]. 
Therefore, IL-25, despite of belonging to the same family, 
presents an opposite function in comparison to the other 
members of the IL-17 family, and also appears to inhibit 
their production, showing a protective role against 
autoimmune diseases [294]. Therefore, helminths 
parasitization has been proposed as a beneficial factor to 
prevent autoimmune inflammatory diseases [295]. 

 Another T cell subpopulation that has recently gained 
importance is that of regulatory T cells (Treg). A 
characteristic of chronic helminth infections is their ability to 
produce Th2-restricted responses, which decrease over time, 
leading to the regulation of tissue damage caused by the 
initial exacerbated Th2 response, thus permitting parasite 
protection from host but at the same time allowing host 
survival [296]. It has been shown that an important part of 
this immunoregulatory process is due to a T cell 
subpopulation different from Th1/Th2/Th17: Treg cells. 
Within these regulatory T cells that control the intensity of 
effector responses, two main types can be differentiated: the 
natural Foxp3+CD4+CD25+ Treg cells that develop in 
thymus, and inducible Treg that are differentiated from CD4+ 
T cells (such as Th3 or Tr1) [297]. The first type acts 
through cell-to-cell contact with other T cells, probably 
through cell surface expression of TGF-  molecules [298] 
and CTLA-4 [299]; and the latter acts through TGF-  and 
IL-10 production [297]. It seems that TLR-stimulated 
dendritic cells influence the onset of the second Treg cells 
type [31, 296, 300]. The two Treg cells types appear to be 
important in several parasitic infections. Natural Treg cells 
are apparently involved in controlling the pathology caused 
by Th2 immune responses to parasites, both in helminths, 
including S. mansoni [301], and protozoa, like Leishmania 
[302, 303]. Thus, Treg cells control the pathological immune 
response, but allow as well the parasite survival and 
persistence, as it has been demonstrated in a murine model 
of the filaria Litomosoides sigmodontis infection; in the latter 
case, the suppression of CD25+ Treg cells with subsequent 
decrease in CTLA-4 allowed parasite elimination [304]. 
Moreover, IL-10 influence in immunoregulation during 
parasitic infections has been demonstrated, both in helminth, 
such as filariasis [305] or schistosomiasis [306], and in 
protozoa infections, such as leishmaniasis [307] or 
toxoplasmosis [308], through the control of 
immunopathology and inflammation. While IL-10 is 
produced by natural Treg and other cells, such as DCs, or 
conventional T and B lymphocytes, Tr1 cells are a major 
source of this cytokine during parasitic infections, as it 
happens in infection with O. volvulus [309-311]. 
Furthermore, Th3 cells have also been implicated in parasitic 
infections as a source of IL-10 and TGF-  [309]. Like 
natural Treg, inducible Treg cells have been implicated in  
 

lethal responses to parasites due to an excess of 
immunoregulation, as it has been noticed in Plasmodium 
infection in mice [312, 313]. Finally, due to the relationship 
between helminth infection and the development of a Treg-
limited Th2 response, it has been proposed that helminth 
parasitization has a protective role promoted by the Treg-
mediated immunoregulatory response in allergies 
characterized by abnormal and exacerbated Th2 responses 
[314, 315]. 

 To conclude, it has been proposed that parasitic 
infections result in diverse adaptive immune responses that 
move between two crossed axes that define immune 
responses: the Th1/Th2 responses and the inflammatory/anti-
inflammatory responses (see Fig. 1). Each of these responses 
is characterized by a T cell subset and an effector cell type 
and the response status in each of these axes will determine 
the final infection outcome [316]. 

4. MECHANISMS OF IMMUNE EVASION BY 

PARASITES 

 Most of the parasites cause chronic infections, with 
symptoms of low intensity, in order to generate a lasting 
parasite-host relationship and maximize the chances of 
transmission or adapt the time to the biological process of its 
life cycle. These pathogens have developed a variety of 
mechanisms to adapt to the host, either by evasion or 
modulation of the immune system. 

4.1. Mechanisms of Innate Immunity Evasion 

 When parasites enter the host, they confront a first line of 
defense: the innate immune system. In many cases, the first 
contact occurs for extracellular parasite forms with soluble 
factors existing in the host, where the main effector is the 
complement system. The strategy mostly used by parasites to 
avoid complement-mediated destruction is the inactivation of 
the alternative pathway of the complement at different 
enzyme levels. One of the ways by which parasites achieve 
complement inactivation is the acquisition of complement 
regulatory proteins that are anchored to their surface, such as 
glycoproteins that accelerate the dissociation of the C3/C4b 
convertase similarly to DAF proteins in host cells. Thus, the 
production of DAF homologues, such as gp72 and gp160 by 
the T. cruzi metacyclic trypomastigote, allows this parasite 
stage to survive within humans, whereas the epimastigote 
form present in the vector can be destroyed by the 
complement [317]. Another way to avoid the complement 
lysis is by blocking membrane attack complex or MAC 
proteins (C5-C9) or preventing the pore formation which 
results in complement-mediated cell death. Host cells protect 
themselves from complement action by expression of 
different molecules such as a molecule called CD59 [318]. 
There are parasites that mimic this protein function, like 
Entamoeba histolytica, wich is able to activate complement 
but at the same time, is resistant to it. This pathogenic 
amoeba produces a galactose-specific adhesin which is binds 
monoclonal antibodies to CD59 protein and presents 
structural similarity with it, suggesting that this adhesin is 
responsible for complement evasion by E. histolytica [319]. 
Besides, S. mansoni adopts a similar strategy by producing a  
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94 KDal-protein called SCIP-1, which, in addition to bind to 
anti-CD59 antibody, presents structural homology to 
paramyosin, a molecule expressed by muscle cells that 
inhibits the polymerization and incorporation of C9 on the 
cell surface [320]. Another widely studied soluble mediator 
that parasites should avoid when penetrating hosts, is the 
trypanosome lytic factor (TLF) or trypanolytic factor of 
human serum, which prevents infection by T. brucei in 
primates. The structure of this factor includes an HDL 
particle attached to (i) apolipoprotein A-I (like all HDL 
particles), (ii) apolipoprotein L-I (ApoL-I) and (iii) a serine 
protease, the haptoglobin-related protein (HPR) [321, 322]. 
Two TLF have been described: TLF1, which is rich in lipids, 
and TLF2, which has a few number of lipids and circulates 
in the blood forming immunecomplexes with polyclonal 
IgMs [323, 324]. Trypanosomes recognize and endocytose 
these particles through an unknown specific receptor. Once 
inside a trypanosome endolysosome, due to the pH 

acidification, apoL-I dissociate from the particle and form 
pores in the lysosome wall resulting in its gradual swelling 
leading to cell death [325]. There are studies that associate 
HPR with the trypanolytic activity, but it seems that, rather 
than intensifying the toxic activity of apoL-I, HPR allows the 
particle binding to parasites [326]. One of the two T. brucei 
subspecies capable of infecting humans and causing the 
sleeping sickness disease, T. brucei rhodesiense, has a gene 
called SRA (serum-resistance associated) gene, which is 
involved in a transcriptional change (R-ES) that leads to the 
truncated expression of the major antigen, the variable 
surface glycoprotein or VSG, thus conferring resistance to 
TLF [327]. 

 Another important mechanism is the adaptation to 
intracellular life into host cells to avoid recognition by serum 
components, like intracellular protozoa do. Many protozoa 
are capable of penetrating macrophages, as described above. 
To avoid elimination by the lysosome hydrolytic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). A two-dimensional map of immune responses. It has been proposed that immune responses can be summarized in a two-
dimensional map defined by type 1-type 2 and inflammatory-regulatory axes. Thus, both type 1 and type 2 responses can combine with 
regulatory and inflammatory responses. Each response direction can be targeted to foreign as well as self antigens, but the responses to self 
in healthy individuals are mainly regulatory responses. The central elements of type 1, type 2, inflammatory and regulatory are Th1, Th2, 
Th17 and Treg cells, respectively [316]. 
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environment, parasites have developed different 
mechanisms. Among them is the ability to change cellular 
compartmentalization to prevent the union of the 
parasitophorous vacuole (PV) with endosomes or lysosomes. 
This is important in T. gondii infection, which is able to 
penetrate into both phagocytic and nonphagocytic cells. In 
that case, it has been reported that after active endocytosis, 
the membrane of the PV where the parasite is, contains a 
high percentage of parasite proteins, accompanied with a 
decrease of host cell membrane proteins and opsonization-
related proteins which are promoters of the PV-lysosome 
fusion [328]. Leishmania promastigotes are primarily 
phagocytosed by macrophages and once inside the PV they 
transform into amastigotes, which resist acid pH and 
enzymatic hydrolysis, probably due to their production of 
protector glycoconjugates. It has been proposed that the 
Leishmania lipophosphoglycan (LPG) can delay 
phagolysosome maturation to allow the promastigote to 
transform into a more resistant form, the amastigote [329]. 
Furthermore, the adaptation of Leishmania to intra-
macrophage life implies the existence of other mechanisms 
to ensure a prolonged parasitism of infected macrophage. 
Hence, Leishmania expression of macrophage migration 
inhibitory factor (MIF) orthologous genes, such as 
Lm1740MIF, has been described, thus suggesting that they 
are able to inhibit macrophage apoptosis [330]. Other 
mechanisms by which intracellular parasites inhibit 
phagocytic functions consist of disrupting reactive oxygen 
species-mediated destruction, through, for example, 
inhibition of kinases involved in activating the signaling 
cascade that enhances phagocytosis. Thus, the malarial 
pigment hemozoin has been shown to act as a potent 
regulator of macrophage oxidative phagocytic function 
through inhibition of enzymes involved in the process [331]. 
Finally, DCs regulation by parasites for their own benefit 
should be mentioned, since, as discussed previously, the 
subsequently adaptive response is influenced by mediators 
released by these cells. Many parasites have been reported to 
inhibit DCs activation, such as T. cruzi, whose DC 
penetration leads to a worsening of their activation 
determined by a decrease in TNF  and IL-12 and a poorer 
response to microbial LPS [332]. Furthermore, it has been 
suggested that Th2 responses to helminth parasites mediated 
by DCs´ recognition of certain antigens previously 
described, constitute a mechanism by which parasites 
modulate the immune system to their advantage [316]. 

4.2. Mechanisms of Adaptive Immunity Evasion 

 Parasites are able to avoid the effector mechanisms of 
humoral and cellular adaptive immunity. One mechanism by 
which parasites evade the humoral response is through 
antigenic shift, which prevents its recognition by circulating 
antibodies. Antigenic shift can occur among different 
parasite stages, as it occurs with P. falciparum, and at the 
same parasite stage, like in African trypanosomes. On the 
one hand, P. falciparum cytoadherent antigens expressed on 
the surface of infected erythrocytes suffer continuous 
changes that let them avoiding antibody recognition, besides 
promoting the capture of infected erythrocytes into capillary 
circulation and their adhesion to uninfected erythrocytes 
forming rosettes that prevent their removement from 

circulation in the spleen. The subtelomeric region of the P. 
falciparum genome contains several families of variant or 
polymorphic genes encoding some variant proteins: PfEMP1 
(var gene), Rifin (rif gene), Stevor (stevor gene) y Pfmc-
2TM (Pfmc-2TM gene), which are sequentially expressed 
during ring (PfEMP1), immature trophozoite (Rifin) and 
mature trophozoite (Stevor and MCSP-2TM) stages. There 
are approximately 60 var genes, 149 rif genes, 28 stevor 
genes and 11 Pfmc-2TM genes and only a gene from each 
family is expressed every time, giving as changes as parasite 
cycles (reviewed in [333]). On the other hand, african 
trypanosomes are able to express in each generation a 
different VSG, which is the immunodominant antigen and 
activate T and B cells, so that every time, the parasite 
completely evades the immune response mediated by Th1 
cells and antibodies. VSG molecules present three 
hypervariable regions (HV) involved in this change, and it 
appears that the extracellular HV-1 and 2 are responsible of 
avoiding recognition by antibodies, while the HV-3 region 
would be the Th1-differentiation inducer [334]. Another way 
to prevent the role of Igs is the release of antigens or 
"capping" characteristic of E. histolytica. When the amoeba 
leads to disseminated infections, the surface antigens are 
recognized by circulating antibodies. To avoid the 
consequences of this union, E. histolytica actively moves 
opsonized antigens toward its posterior pole, a region called 
uroid, where the antigens are expelled from the parasite. A 
rhomboid protease, EhROM1, was described that seems to 
be actively involved in the formation and detachment of 
uroid through the rupture of adhesion molecules [335, 336]. 
Furthermore, schistosomes persist in blood vessels over a 
long period, so they should be unnoticed by the immune 
system. A classic mechanism by which these parasites 
prevent their destruction is the incorporation of host proteins 
on their surface. The tegument structure has yet been 
described and several studies are trying to identify how 
antigens provided by red cells are located to prevent 
parasite´s recognition and which are these antigens, although 
apparently most of them are components of the complement 
[337]. Furthermore, penetration stage, their larval stages are 
capable of destroying IgE by secreting elastase [338]. 

 Finally, as it has been seen throughout this review, the 
mechanisms recently highlighted in immune system evasion 
are those that allow the modulation of the immune response. 
Many mediators secreted by parasites are capable of 
interfering with host immune function, from the initial 
interaction to the effector mechanisms. Thus, it was reported 
that many worms release enzymes like proteases that 
degrade host chemokines, such as eotaxin destruction by 
helminth-produced metalloproteases [339]. Through the 
development of genomics, helminth proteins have 
systematically been analyzed, leading to a profound 
description of the proteins most frequently secreted by 
helminths, as mentioned proteases, but also protease 
inhibitors, glycolytic enzymes, lectins and venom 
allergen/ASP-like or VAL proteins. An example that 
illustrates this type of molecules is described below. Two of 
the most helminth-expressed protease inhibitors are cystatins 
and serpins. The former have been described in Brugia 
malayi, O. volvulus, N. brasiliensis and functions at least by 
two ways: on the one hand, inhibition of cysteine proteases 
required in antigens processing and presentation by APCs, 
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thereby decreasing activation of T cells; and on the other 
hand, induction of IL-10 production, inhibiting the 
proliferation of T cells and decreasing the expression of 
costimulatory molecules by APCs. Serpins are inhibitors of 
serine proteases and one of them, the SPN-2, is the most 
abundantly product secreted by B. malayi microfilariae; it is 
still unknown which is its exact role, but apparently SPN-2 
inhibits neutrophil-produced enzymes (reviewed by [340]). 
Another example of molecules secreted by helminths are 
those that mimic functional host molecules such as the 
cytokine homologues, as in the case of filariae, which secrete 
MIF homologues [341] that appear to influence, together 
with IL-4, in the activation of aaM  [342]. 

 CONCLUSION 

 Parasites are complex organisms that have co-evolved 
with their hosts, which have enabled them to develop unique 
mechanisms to survive within them and cause chronic 
infections. Although many points remain to be elucidated in 
regard to the immune response to parasites, the effort made 
in recent years has paid off and has permitted to describe 
many of the mechanisms by which immune system reacts to 
invading parasites and how parasites defend themselves. 
Thus, a new branch that studies the relationship between the 
immune system and the different parasites has been created: 
immunoparasitology. With its development, the details that 
characterize the immune response to parasites are being 
better understood and implemented in order to create 
vaccines for the protection of populations, especially those 
that are more affected by these pathogens. Although it 
remains to be determined whether the elimination of the 
parasites will lead to the rise of other pathologies, given the 
protective role against some diseases in which these 
organisms are being involved, particularly helminths. 

REFERENCES 

[1] Abbas AK, Lichtman AH, Pillai S. Cellular and molecular 
immunology. 6th ed. MMVII Saunders: an Elsevier Imprint 2008. 

[2] Male D, Brostoff J, Roth DB, Roitt I. Immunology. 7th Edition. 
MMVI Elsevier Limited, an Elsevier Imprint 2007. 

[3] McGuiness DH, Dehal PK, Pleass RJ. Pattern recognition 
molecules and innate immunity to parasites. Trends Parasitol 2003; 
19: 312-9. 

[4] Turner MW. Mannose-binding lectin: the pluripotent molecule of 
the innate immune system. Immunol Today 1996; 17: 532-40. 

[5] Green PJ, Feizi T, Stoll MS, Thiel S, Prescott A, McConville MJ. 
Recognition of the major cell surface glycoconjugates of 
Leishmania parasites by the human serum mannan-binding protein. 
Mol Biochem Parasitol 1994; 66: 319-28. 

[6] Ambrosio AR, De Messias-Reason IJT. Leishmania (Viannia) 
braziliensis: interaction of mannose-binding lectin with surface 
glycoconjugates and complement activation. An antibody-
independent defence mechanism. Parasite Immunol 2005; 27: 333-
40. 

[7] Klabunde J, Uhlemann AC, Tebo AE, et al. Recognition of 
Plasmodium falciparum proteins by mannan-binding lectin, a 
component of the human innate immune system. Parasitol Res 
2002; 88: 113-7. 

[8] Garred P, Nielsen MA, Kurtzhals JA. Mannose-binding lectin is a 
disease modifier in clinical malaria and may function as opsonin 
for Plasmodium falciparum-infected erythrocytes. Infect Immun 
2003; 71: 5245-53. 

[9] Kahn S, Wleklinski M, Aruffo A, Farr A, Coder D, Kahn M. 
Trypanosoma cruzi amastigote adhesion to macrophages is 
facilitated by the mannose receptor. J Exp Med 1995; 182: 1243-
58. 

[10] Kahn S, Wleklinski M, Ezekowitz RAB, Coder D, Aruffo A, Farr 
A. The major surface glycoproteins of Trypanosoma cruzi 
amastigotes are ligands of the human serum mannose-binding 
protein. Infect Immun 1996; 64: 2649-56. 

[11] Klabunde J, Bergerb J, Jensenius JC, et al. Schistosoma mansoni: 
adhesion of mannan-binding lectin to surface glycoproteins of 
cercariae and adult worms. Exp Parasitol 2000; 95: 231-9. 

[12] Gruden-Movsesijan A, Petrovic M, Sofronic-Milosavljevic L. 
Interaction of mannan-binding lectin with Trichinella spiralis 
glycoproteins, a possible innate immune mechanism. Parasite 
Immunol 2003; 25: 545-52. 

[13] Culley FJ, Harris RA, Kaye PM, McAdam KP, Raynes JG. C-
reactive protein binds to a novel ligand on Leishmania donovani 
and increases uptake into human macrophages. J Immunol 1996; 
156: 4691-6. 

[14] Pied S, Nussler A, Pontet M, et al. C-reactive protein protects 
against preerythrocytic stages of malaria. Infect Immun 1989; 57: 
278-82. 

[15] Bout D, Joseph M, Pontet M, Vorng H, Deslee D, Capron A. Rat 
resistance to schistosomiasis: platelet-mediated cytotoxicity 
induced by C-reactive protein. Science 1986; 231: 153-6. 

[16] Van Die I, Van Vliet SJ, Nyame AK, et al. The dendritic cell-
specific C-type lectin DC-SIGN is a receptor for Schistosoma 
mansoni egg antigens and recognizes the glycan antigen Lewis x. 
Glycobiology 2003; 13: 471-8. 

[17] Colmenares M, Puig-Kröger A, Muñiz O, Corbi AL, Rivas L. 
Dendritic cell (DC)-specific intercellular adhesion molecule 3 
(ICAM-3)-grabbing nonintegrin (DC-SIGN, CD209), a C-type 
surface lectin in human DCs, is a receptor for Leishmania 
amastigotes. J Biol Chem 2002; 277: 36766-9. 

[18] Appelmelk BJ, van Die I, van Vliet SJ, Vandenbroucke-Grauls 
CMJE, Geijtenbeek TBH, van Kooyk Y. Cutting edge: 
carbohydrate profiling identifies new pathogens that interact with 
dendritic cell-specific ICAM-3-grabbing nonintegrin on dendritic 
cells. J Immunol 2003; 170: 1635-9. 

[19] Colmenares M., Corbi AL, Turco SJ, Rivas L. The dendritic cell 
receptor DC-SIGN discriminates among species and life cycle 
forms of Leishmania. J Immunol 2004; 172: 1186-90. 

[20] Perrigoue JG, Marshall FA, Artis D. On the hunt for helminths: 
innate immune cells in the recognition and response to helminth 
parasites. Cell Microb 2008; 10: 1757-64. 

[21] Urban BC, Roberts DJ. Malaria, monocytes, macrophages and 
myeloid dendritic cells: sticking of infected erythrocytes switches 
off host cells. Curr Opin Immunol 2002; 14: 458-65. 

[22] Patel SN, Serghides L, Smith TG. CD36 mediates the phagocytosis 
of Plasmodium falciparum-infected erythrocytes by rodent 
macrophages. J Infect Dis 2004; 189: 204-13. 

[23] Carter CR, Whitcomb JP, Campbell JA, Mukbel RM, McDowell 
MA. Complement receptor 3 deficiency influences lesion 
progression during Leishmania major infection in BALB/c mice. 
Infect Immun 2009; 77: 5668-75. 

[24] Akira S, Uematsu S, Takeuchi O. Pathogen recognition and innate 
immunity. Cell 2006; 124: 783-801. 

[25] Denkers EY, Butcher BA, Del Río L, Bennouna S. Neutrophils, 
dendritic cells and Toxoplasma. Int J Parasitol 2004; 34: 411-21. 

[26] Brown WC, Corral RS. Stimulation of B lymphocytes, 
macrophages, and dendritic cells by protozoan DNA. Microbes 
Infect 2002; 4: 969-74. 

[27] Daniel-Ribeiro CT, Zanini G. Autoimmunity and malaria: what are 
they doing together? Acta Trop 2000; 76: 205-21. 

[28] Finney CAM, Lu Z, LeBourhis L, Philpott DJ, Kain KC. 
Disruption of Nod-like receptors alters inflammatory response to 
infection but does not confer protection in experimental cerebral 
malaria. Am J Trop Med Hyg 2009; 80: 718-22. 

[29] Banchereau J, Briere F, Caux C, et al. Immunobiology of dendritic 
cells. Annu Rev Immunol 2000; 18: 767-811. 

[30] Jankovic D, Sher A, Yap G. Th1/Th2 effector choice in parasitic 
infection: decision making by committee. Curr Opin Immunol 
2001; 13: 403-9. 

[31] Kapsenberg ML. Dendritic-cell control of pathogen-driven T-cell 
polarization. Nat Rev Immunol 2003; 3: 984-93. 

[32] Soong L. Modulation of dendritic cell function by Leishmania 
parasites. J Immunol 2008; 180: 4355-60. 

[33] De Jong EC, Vieira PL, Kalinski P, et al. Microbial compounds 
selectively induce Th1-cell-pomoting or Th2-cell-promoting 



Immunity to Parasites Current Immunology Reviews, 2011, Vol. 7, No. 1      37 

dendritic cells in vitro with diverse Th-cell polarizing signals. J 
Immunol 2002; 168: 1704-9. 

[34] Sjölander A, Baldwin TM, Curtis JM, Handman E. Induction of a 
Th1 immune response and simultaneous lack of activation of a Th2 
response are required for generationof immunity to leishmaniasis. J 
Immunol 1998, 160: 3949-57. 

[35] Von Stebut E, Belkaid Y, Jakob T, Sacks DL, Udey MC. Uptake of 
Leishmania major amastigotes results in activation and Interleukin 
12 release from murine skin–derived dendritic cells: implications 
for the initiation of anti-Leishmania immunity. J Exp Med 1998; 
188: 1547-52. 

[36] Woelbing F, Lopez S, Moelle K, et al. Uptake of Leishmania major 
by dendritic cells is mediated by Fc  receptors and facilitates 
acquisition of protective immunity. J Exp Med 2006; 203: 177-88. 

[37] Becker I, Gutiérrez-Kobeh L, Aguirre M, Hernández J. Innate 
immunity in leishmaniasis. In: Advances in the immunobiology of 
parasitic diseases, 2007; Research Signpost; 225-36. 

[38] McDowell MA, Marovich M, Lira R, Braun M, Sacks D. 
Leishmania priming of human dendritic cells for CD40 ligand-
induced interleukin-12p70 secretion is strain and species 
dependent. Infect Immun 2002; 70: 3994-4001. 

[39] MacDonald AS, Pearce EJ. Cutting edge: polarized Th cell 
response induction by transferred antigen-pulsed dendritic cells is 
dependent on IL-4 or IL-12 production by recipient cells. J 
Immunol 2002; 168: 3127-30. 

[40] Jankovic D, Kullberg MC, Hieny S, Caspar P, Collazo CM, Sher 
A. In the absence of IL-12, CD4+ T-cell responses to intracellular 
pathogens fail to default to a Th2 pattern and are host-protective in 
an IL-10-/- setting. Immunity 2002; 16: 429-39. 

[41] Scanga CA, Aliberti J, Jankovic D, et al. Cutting edge: MyD88 is 
required for resistance to Toxoplasma gondii infection and 
regulates parasite-induced IL-12 production by dendritic cells. J 
Immunol 2002; 168: 5997-6001. 

[42] MacDonald AS, Straw AD, Bauman B, Pearce EJ. CD8- dendritic 
cell activation status plays an integral role in influencing Th2 
response development. J Immunol 2001; 167: 1982-8. 

[43] Cervi L, MacDonald AS, Kane C, Dzierszinski F, Pearce EJ. 
Cutting edge: dendritic cells copulsed with microbial and helminth 
antigens undergo modified maturation, segregate the antigens to 
distinct intracellular compartments, and concurrently induce 
microbe-specific Th1 and helminth-specific Th2 responses. J 
Immunol 2004; 172: 2016-20. 

[44] Kane C, Cervi L, Sun J, et al. Helminth antigens modulate TLR-
initiated dendritic cell activation. J Immunol 2004; 173: 7454-61. 

[45] MacDonald AS, Straw AD, Dalton NM, Pearce EJ. Cutting edge: 
Th2 induction by dendritic cells: a role response for CD40. J 
Immunol 2002; 168: 537-40. 

[46] MacDonald AS, Patton EA, La Flamme AC, et al. Impaired Th2 
development and increased mortality during Schistosoma mansoni 
infection in the absence of CD40/CD156 interaction. J Immunol 
2002, 168: 4643-9. 

[47] Yasumi T, Katamura K, Yoshioka T, et al. Differential requirement 
for the CD40-CD154 costimulatory pathway during Th cell 
priming by CD8 - and CD8 + murine dendritic cell subsets. J 
Immunol 2004; 172: 4826-33. 

[48] Hewitson JP, Jenkins GR, Hamblin PA, Mountford AP. 
CD40/CD154 interactions are required for the optimal maturation 
of skin-derived APCs and the induction of helminth-specific IFN-
{gamma} but not IL-4. J Immunol 2006; 177: 3209-17. 

[49] Jenkins SJ, Perona-Wright G, Worsley AGF, Ishii N, MacDonald 
AS. Dendritic cell expression of OX40 ligand acts as a 
costimulatory, not polarizing, signal for optimal Th2 priming and 
memory induction in vivo. J Immunol 2007; 179: 3515-23. 

[50] Amsen D, Blander JM, Lee GR, Tanigaki K, Honjo T, Flavell RA. 
Instruction of distinct CD4 T Helper cell fates by different Notch 
ligands on antigen-presenting cells. Cell 2004; 117: 515-26. 

[51] Minter LM, Turley DM, Das P, et al. Inhibitors of gamma-
secretase block in vivo and in vitro T helper type 1 polarization by 
preventing Notch upregulation of Tbx21. Nat Immunol 2005; 6: 
680-8. 

[52] Amsen D, Spilianakis CG, Flavell RA. How are TH1 and TH2 
effector cells made? Curr Opin Immunol 2009; 21: 153-60. 

[53] Tamauchi H, Terashima M, Ito M, et al. Evidence of GATA-3-
dependent Th2 commitment during the in vivo immune response. 
Int Immunol 2004; 16: 179-87. 

[54] Tu L, Fang TC, Artis D, et al. Notch signaling is an important 
regulator of type 2 immunity. J Exp Med 2005; 202: 1037-42. 

[55] Amsen D, Antov A, Jankovic D, et al. Direct regulation of Gata3 
expression determines the T Helper differentiation potential of 
Notch. Immunity 2007; 27: 89-99. 

[56] Fang TC, Yashiro-Ohtani Y, Del Bianco C, Knoblock DM, 
Blacklow SC, Pear WS. Notch directly regulates Gata3 expression 
during T helper 2 cell differentiation. Immunity 2007; 27: 100-10. 

[57] Gessner A, Mohrs K, Mohrs A. Mast cells, basophils, and 
eosinophils acquire constitutive IL-4 and IL-13 transcripts during 
lineage differentiation that are sufficient for rapid cytokine 
production. J Immunol 2005; 174: 1063-72. 

[58] Reese T, Liang H, Tager AM, et al. Chitin induces accumulation in 
tissue of innate immune cells associated with allergy. Nature 2007; 
447: 92-6. 

[59] Falcone FH. Basophils and immunity to parasites: an update. Rev 
Fr Allergol Immunol Cl 2004; 44: 14-22. 

[60] Min B, Prout M, Hu-Li J, et al. Basophils produce IL-4 and 
accumulate in tissues after infection with a Th2-inducing parasite. J 
Exp Med 2004; 200: 507-17. 

[61] Phillips C, Coward WR, Pritchard DI, Hewitt CRA. Basophils 
express a type 2 cytokine profile on exposure to proteases from 
helminths and house dust mites. J Leukoc Biol 2003; 73: 165-71. 

[62] Schramm G, Falcone TH, Gronow A, et al. Molecular 
characterization of an interleukin-4-inducing factor from 
Schistosoma mansoni eggs. J Biol Chem 2003; 278: 18384-92. 

[63] Reche PA, Soumelis V, Gorman DM, et al. Human thymic stromal 
lymphopoietin preferentially stimulates myeloid cells. J Immunol 
2001; 167: 336-43. 

[64] Zhou B, Comeau MR, De Smedt T, et al. Thymic stromal 
lymphopoietin as a key initiator of allergic airway inflammation in 
mice. Nat Immunol 2005; 6: 1047-53. 

[65] Seshasayee D, Lee WP, Zhou M, et al. In vivo blockade of OX40 
ligand inhibits thymic stromal lymphopoietin driven atopic 
inflammation. J Clin Invest 2007; 117: 3868-78. 

[66] Perrigoue JG, Saenz SA, Siracusa MC, et al. MHC class II-
dependent basophil-CD4+ T cell interactions promote T(H)2 
cytokine-dependent immunity. Nat Immunol 2009; 10: 697-705. 

[67] Sokol CL, Chu N, Yu S, Nish SA, Laufer TM, Medzhitov R. 
Basophils function as antigen-presenting cells for an allergen-
induced T helper type 2 response. Nat Immunol 2009; 10: 713-20. 

[68] Oppenheim J, Yang D. Alarmins: chemotactic activators of 
immune responses. Curr Opin Immunol 2005; 17: 4359-65. 

[69] Yang D, Chen Q, Su SB, et al. Eosinophil-derived neurotoxin acts 
as an alarmin to activate the TLR2 - MyD88 signal pathway in 
dendritic cells and enhances Th2 immune responses. J Exp Med 
2008; 205: 79-90. 

[70] Lieberman J. The ABCs of granule-mediated cytotoxicity: new 
weapons in the arsenal. Nat Rev Immunol 2003; 3: 361-70. 

[71] Kim S, Lizuka K, Aguila HL, Weissman IL, Yokoyama WM. In 
vivo natural killer cell activities revealed by natural killer cell-
deficient mice. Proc Natl Acad Sci 2000; 97: 2731-6. 

[72] Boehm U, Klamp T, Groot M, Howard JC. Cellular responses to 
interferon-gamma. Annu Rev Immunol 1997; 15: 749-95. 

[73] Manetti R, Parronchi P, Giudizi MG, et al. Natural killer cell 
stimulatory factor (Interleukin 12 [IL-12]) induces T helper type 1 
(Thl)-specific immune responses and inhibits the development of 
IL-4-producing Th cells. J Exp Med 1993; 177: 1199-204. 

[74] Trinchieri G, Gerosa F. Immunoregulation by interleukin-12. J 
Leuk Biol 1996; 59: 505-11. 

[75] Zhang C, Zhang J, Niu J, Zhou Z, Zhang J, Tian Z. Interleukin-12 
improves cytotoxicity of natural killer cells via upregulated 
expression of NKG2D. Hum Immunol 2008; 69: 490-500. 

[76] McQueen KL, Parham P. Variable receptors controlling activation 
and inhibition of NK cells. Curr Opin Immunol 2002, 14: 615-21. 

[77] Lauzon NM, Mian F, MacKenzie R, Ashkar AA. The direct effects 
of Toll-like receptor ligands on human NK cell cytokine production 
and cytotoxicity. Cell Immunol 2006; 241: 102-12. 

[78] Becker I, Salaiza N, Aguirre M, et al. Leishmania 
lipophosphoglycan (LPG) activates NK cells through toll-like 
receptor-2. Mol Biochem Parasitol 2003; 130: 65-74. 

[79] Hunter CA, Candolfi E, Subauste C, Van Cleavet V, Remington JS. 
Studies on the role of interleukin-12 in acute murine toxoplasmosis. 
Immunology 1995; 84: 16-20. 



38    Current Immunology Reviews, 2011, Vol. 7, No. 1 Tormo et al. 

[80] Scharton-Kersten TM, Sher A. Role of natural killer cells in innate 
resistance to protozoan infections. Curr Opin Immunol 1997; 9: 44-
51. 

[81] Une C, Andersson J, Örn A. Role of IFN- /  and IL-12 in the 
activation of natural killer cells and interferon-  production during 
experimental infection with Trypanosoma cruzi. Clin Exp Immunol 
2003; 134: 195-201. 

[82] Sakai T, Hisaeda H, Ishikawa H, et al. Expression and role of heat-
shock protein 65 (HSP65) in macrophages during Trypanosoma 
cruzi infection: involvement of HSP65 in prevention of apoptosis 
of macrophages. Microbes Infect 1999; 1: 419-27. 

[83] Sardinha LR, Elias RM, Mosca T, et al. Contribution of NK, NK T, 
 T, and  T cells to the gamma interferon response required for 

liver protection against Trypanosoma cruzi. Infect Immun 2006; 
74: 2031-42. 

[84] Vossenkämper A, Struck D, Alvarado-Esquivel C, et al. Both IL-
12 and IL-18 contribute to small intestinal Th1-type 
immunopathology following oral infection with Toxoplasma 
gondii, but IL-12 is dominant over IL-18 in parasite control. Eur J 
Immunol 2004; 34: 3197-207. 

[85] Artavanis-Tsakonas K, Riley EM. Innate immune response to 
malaria: rapid induction of IFN-  from human NK cells by live 
Plasmodium falciparum-infected erythrocytes. J Immunol 2002; 
169: 2956-63. 

[86] Artavanis-Tsakonas K, Eleme K, McQueen KL, et al. Activation of 
a subset of human NK cells upon contact with Plasmodium 
falciparum-infected erythrocytes. J Immunol 2003; 171: 5396-405. 

[87] Colucci F, Caligiuri M, Di SJ. What does it take to make a natural 
killer? Nat Rev Immunol 2003; 3: 413-25. 

[88] Niederkorn JY, Stewart LGL, Ghazizadeh S, Mayhew E, Ross J, 
Fischer B. Trichinella pseudospiralis larvae express natural killer 
(NK) cell-associated asialo-GM1 antigen and stimulate pulmonary 
NK activity. Infect Immun 1988, 56 1011-6. 

[89] Babu S, Porte P, Klei TR, Shultz LD, Rajan TV. Host NK cells are 
required for the growth of the human filarial parasite Brugia malayi 
in mice. J Immunol 1998; 161: 1428-32. 

[90] Korten S, Volkmann L, Saeftel M, et al. Expansion of NK cells 
with reduction of their inhibitory Ly-49A, Ly-49C, and Ly-49G2 
receptor-expressing subsets in a murine helminth infection: 
contribution to parasite control. J Immunol 2002; 168: 5199-206. 

[91] Hsieh GCF, Loukas A, Wahl AM, et al. A secreted protein from 
the human hookworm Necator americanus binds selectively to NK 
cells and induces IFN-  production. J Immunol 2004; 173: 2699-
704. 

[92] Terrazas LI, Bojalil R, Govezensky T, Larralde C. Shift from an 
early protective Th1-type immune response to a late permissive 
Th2-type response in murine cystercosis (Taenia crassiceps). J 
Parasitol 1998; 84: 74-81. 

[93] Babu S, Blauvelt CP, Nutman TB. Filarial parasites induce NK cell 
activation, type 1 and type 2 cytokine secretion, and subsequent 
apoptotic cell death. J Immunol 2007; 179: 2445-56. 

[94] Peritt D, Robertson S, Gri G, Showe L, Aste-Amezaga M, 
Trinchieri G. Cutting edge: differentiation of human NK cells into 
NK1 and NK2 subsets. J Immunol 1998; 161: 5821-4. 

[95] Kawano T, Cui J, Koezuka Y, et al. CD1d-restricted and TCR-
mediated activation of V 14 NKT cells by glycosylceramides. 
Science 1997; 278: 1626-9. 

[96] Bendelac A, Rivera MN, Park S, Roark JH. Mouse CD1-specific 
NK1 T cells: development, specificity, and function. Ann Rev 
Immunol 1997; 15: 535-62. 

[97] Brauda VM, Allanc DSJ, McMichael AJ. Functions of nonclassical 
MHC and non-MHC-encoded class I molecules. Curr Opin 
Immunol 1999; 11: 100-8. 

[98] Kronenberg M, Brossay L, Kurepa Z, Forman J. Conserved lipid 
and peptide presentation functions of nonclassical class I 
molecules. Immunol Today 1999; 20: 515-21. 

[99] Godfrey DI, MacDonald HR, Kronenberg M, Smyth MJ, Van Kaer 
L. NKT cells: what's in a name? Nat Rev Immunol 2004; 4: 231-7. 

[100] Eberl G, Brawand P, MacDonald HR. Selective bystander 
proliferation of memory CD4+ and CD8+ upon NK T or T cell 
activation. J Immunol 1999; 162: 6410-9. 

[101] Godfrey DI, Kronenberg M. Going both ways: immune regulation 
via CD1d-dependent NKT cells. J Clin Invest 2004; 114: 1379-88. 

[102] Ishikawa H, Hisaeda H, Taniguchi M, et al. CD4+ V 14 NKT cells 
play a crucial role in an early stage of protective immunity against 
infection with Leishmania major. Int Immunol 2000; 12: 1267-74. 

[103] Ronet C, Darche S, Leite de Moraes M, et al. NKT cells are critical 
for the initiation of an inflammatory bowel response against 
Toxoplasma gondii. J Immunol 2005; 175: 899-908. 

[104] González-Aseguinolaza G, de Oliveira C, Tomaska M, et al. -
galactosylceramide-activated V 14 natural killer T cells mediate 
protection against murine malaria. Proc Natl Acad Sci 2000; 97: 
8461-6. 

[105] Faveew C, Angeli V, Fontaine J, et al. Antigen presentation by 
CD1d contributes to the amplification of TH2 responses to 
Schistosoma mansoni glycoconjugates in mice. J Immunol 2002; 
169: 906-12. 

[106] Zeissig S, Kaser A, Dougan SK, Nieuwenhuis EES, Blumberg RS. 
Role of NKT cells in intestinal immunity. Am J Physiol 
Gastrointest Liver Physiol 2007; 293: 1101-5. 

[107] Mallevaey T, Fontaine J, Breuilh L, et al. Invariant and 
noninvariant killer T cells exert opposite regulatory functions on 
the immune response during murine schistosomiasis. Infect Immun 
2007; 75: 2171-80. 

[108] Mattner J, Donhauser N, Werner-Felmayer G, Bogdan C. NKT 
cells mediate organ-specific resistance against Leishmania major 
infection. Microbes Infect 2006; 8: 354-62. 

[109] Wiethe C, Debus A, Mohrs M, Steinkasserer A, Lutz M, Gessner 
A. Dendritic cell differentiation state and their interaction with 
NKT cells determine Th1/Th2 differentiation in the murine model 
of Leishmania major infection. J Immunol 2008; 180, 4371-81. 

[110] Nakano Y, Hisaeda H, Sakai T, et al. Roles of NKT cells in 
resistance against infection with Toxoplasma gondii and in 
expression of heat shock protein 65 in the host macrophages. 
Microbes Infect 2002; 4: 1-11. 

[111] Korten S, Anderson RJ, Hannan CM, et al. Invariant V 14 chain 
NKT cells promote Plasmodium berghei circumsporozoite protein-
specific gamma interferon- and tumor necrosis factor alpha-
producing CD8+ T cells in the liver after poxvirus vaccination of 
mice. Infect Immun 2005; 73: 849-58. 

[112] Soulard V, Roland J, Sellier C, et al. Primary infection of C57BL/6 
mice with Plasmodium yoelii induces a heterogeneous response of 
NKT cells. Infect Immun 2007; 75: 2511-22. 

[113] Adachi K, Tsutsui H, Seki E, et al. Contribution of CD1d-
unrestricted hepatic DX5+ NKT cells to liver injury in Plasmodium 
berghei-parasitized erythrocyte-injected mice. Int Immunol 2004; 
16: 787-98. 

[114] Viau M, Zouali M. B-lymphocytes, innate immunity, and 
autoimmunity. Clin Immunol 2005; 114: 17-26. 

[115] Berland R, Wortis HH. Origins and functions of B-1 cells with 
notes on the role of CD5. Annu Rev Immunol 2002; 20: 253-300. 

[116] Oliver AM, Martin F, Gartland GL, Carter RH, Kearney JF. 
Marginal zone B cells exhibit unique activation, proliferative and 
immunoglobulin secretory responses. Eur J Immunol 2005; 27: 
2366-74. 

[117] El-Cheikh MC, Bonomo AC, Rossi MID, Pinho MFB, Borojevic 
R. Experimental murine schistosomiasis mansoni: modulation of 
the B1 lymphocyte distribution and phenotype expression. 
Immunobiology 1998; 199: 51-62. 

[118] Gaubert S, Viana Da Costa A, Maurage CA, et al. X-linked 
immunodeficiency affects the outcome of Schistosoma mansoni 
infection in the murine model. Parasite Immunol 1999; 21: 89-101. 

[119] Oliveira FL, Aguiar AM, Borojevic R, El-Cheikh MC. IgE 
expression on the surface of B1 and B2 lymphocytes in 
experimental murine schistosomiasis. Braz J Med Biol Res 2005; 
1033-42. 

[120] Paciorkowski N, Porte P, Shultz LD, Rajan TV. B1 B lymphocytes 
play a critical role in host protection against lymphatic filarial 
parasites. J Exp Med 2000; 191: 731-5. 

[121] Lundy SK, Boros DL. Fas ligand-expressing B-1a lymphocytes 
mediate CD4(+)-T-cell apoptosis during schistosomal infection: 
induction by interleukin 4 (IL-4) and IL-10. Infect Immun 2002; 
70: 812-9. 

[122] Chen Y, Chou K, Fuchs E, Havran WL, Boismenu R. Protection of 
the intestinal mucosa by intraepithelial gamma delta T cells. Proc 
Natl Acad Sci USA 2002; 99: 14338-43. 

[123] Meresse B, Cerf-Bensussan N. Innate T cell responses in human 
gut. Semin Immunol 2009; 21: 121-9. 

[124] Wesch D, Glatzel A, Kabelitz D. Differentiation of resting human 
peripheral blood  T cells toward Th1- or Th2-phenotype. Cell 
Immunol 2001; 212: 110-7. 



Immunity to Parasites Current Immunology Reviews, 2011, Vol. 7, No. 1      39 

[125] Munk ME, Gatrill AJ, Kaufmann SH. Target cell lysis and IL-2 
secretion by gamma/delta T lymphocytes after activation with 
bacteria. J Immunol 1990, 145: 2434-9. 

[126] Brandes M, Willimann K, Moser B. Professional antigen-
presentation function by human gamma delta T cells. Science 2005; 
309: 264-8. 

[127] Hayday A, Tigelaar R. Immunoregulation in the tissues by  T 
cells. Nat Rev Immunol 2003; 3: 233-42. 

[128] Pennington DJ, Silva-Santos B, Hayday AC.  T cell development 
- having the strength to get there. Curr Opin Immunol 2005; 17: 
108-15. 

[129] Scalise F, Gerli R, Castellucci G, et al. Lymphocytes bearing the  
T-cell receptor in acute toxoplasmosis. Immunology 1992; 76: 668-
70. 

[130] Rosat JP, MacDonald HR, Louis JA. A role for gamma delta + T 
cells during experimental infection of mice with Leishmania major. 
J Immunol 1993; 150: 550-5. 

[131] Russo DM, Armitage RJ, Barral-Netto M, Barral A, Grabstein KH, 
Reed SG. Antigen-reactive gamma delta T cells in human 
leishmaniasis. J Immunol 1993; 151: 3712-8. 

[132] Munk ME, Soboslay PT, Arnoldi J, Brattig N, Schulz-Key H, 
Kaufmann SH. Onchocerca volvulus provides ligands for the 
stimulation of human gamma/delta T lymphocytes expressing V 
delta 1 chains. J Infect Dis 1993; 168: 1241-7. 

[133] Raziuddin S, Shetty S, Ibrahim A. Phenotype, activation and 
lymphokine secretion by gamma/delta T lymphocytes from 
schistosomiasis and carcinoma of the urinary bladder. Eur J 
Immunol 1992; 22: 309-14. 

[134] Hisaeda H, Nagasawa H, Maeda K, et al. Gamma delta T cells play 
an important role in HSP65 expression and in acquiring protective 
immune responses against infection with Toxoplasma gondii. J 
Immunol 1995; 155: 244-51. 

[135] Hisaeda H, Sakai T, Maekawa Y, Ishikawa H, Yasutomo K, 
Himeno K. Mechanisms of HSP65 expression induced by gamma 
delta T cells in murine Toxoplasma gondii infection. Pathobiology 
1996; 64: 198-203. 

[136] Rzepczyk CM, Anderson K, Stamatiou S, et al.  T cells: their 
immunobiology and role in malaria infections. Int J Parasitol 1997; 
27: 191-200. 

[137] Perera MK, Carter R, Goonewardene R, Mendis KN. Transient 
increase in circulating gamma/delta T cells during Plasmodium 
vivax malarial paroxysms. J Exp Med 1994; 179: 311-5. 

[138] Lima ECS, Minoprio P. Chagas' disease is attenuated in mice 
lacking gamma delta T cells. Infect Immun 1996; 64: 215-21. 

[139] Nomizo A, Cardillo F, Postol E, Pontes de Carvalho L, Mengel J. 
V 1  T cells regulate type-1/type-2 immune responses and 
participate in the resistance to infection and development of heart 
inflammation in Trypanosoma cruzi-infected BALB/c mice. 
Microbes Infect 2006; 8: 880-8. 

[140] Roark CL, Simonian PL, Fontenot AP, Born WK, O’Brien RL.  
T cells: an important source of IL-17. Curr Opin Immunol 2008; 
20: 353-7. 

[141] Bozi  F, Forci  D, Mazuran R, Marinculi  A, Kozari  Z, Stojcevi  
D. Gamma delta TCR+ intestinal intraepithelial lymphocytes (i-
IEL) in reaction against intestinal nematode Trichinella spiralis. 
Comp Immunol Microbiol Infect Dis 1998; 21: 201-14. 

[142] Sandor M, Sperling AI, Cook GA, Weinstock JV, Lynch RG, 
Bluestone JA. Two waves of gamma delta T cells expressing 
different V delta genes are recruited into schistosome-induced liver 
granulomas. J Immunol 1995; 155: 275-84. 

[143] Iacomini J, Ricklan DE, Stadecker MJ. T cells expressing the  T 
cell receptor are not required for egg granuloma formation in 
schistosomiasis. Eur J Immunol 2005; 25: 884-8. 

[144] O’Garra A. Cytokines induce the development of functionally 
heterogeneous T helper cell subsets. Immunity 1998; 8: 275-83. 

[145] Izcue A, Powrie F. Special regulatory T-cell review: regulatory T 
cells and the intestinal tract – patrolling the frontier. Immunology 
2008; 123: 6-10. 

[146] Okada R, Kondo T, Matsuki F, Takata H, Takiguchi M. Phenotypic 
classification of human CD4+ T cell subsets and their 
differentiation. Int Immunol 2008; 20: 1189-99. 

[147] Bluestone JA, Mackay CR, O'Shea JJ, Stockinger B. The functional 
plasticity of T cell subsets. Nat Rev Immunol 2009; 9: 811-6. 

[148] Zhu J, Paul WE. CD4 T cells: fates, functions, and faults. Blood 
2008; 112: 1557-69. 

[149] Minton K. T-cell responses: two for the price of one. Nat Rev 
Immunol 2009; 9: 74-5. 

[150] Brenier-Pinchart MP, Pelloux H, Derouich-Guergour D, Ambroise-
Thomas P. Chemokines in host-protozoan-parasite interactions. 
Trends Parasitol 2001; 17: 292-6. 

[151] Chtanova T, Mackay CR. T cell effector subsets: Extending the 
Th1/Th2 paradigm. Adv Immunol 2001; 78: 233-66. 

[152] Dixon H, Blanchard C, deSchoolmeester ML, et al. The role of Th2 
cytokines, chemokines and parasite products in eosinophil 
recruitment to the gastrointestinal mucosa during helminth 
infection. Eur J Immunol 2006; 36: 1753-63. 

[153] Teixeira MJ, Teixeira CR, Andrade BB, Barral-Netto M, Barral A. 
Chemokines in host–parasite interactions in leishmaniasis. Trends 
Parasitol 2006; 22: 32-40. 

[154] Hoft DF, Schnapp AR, Eickhoff CS, Roodman ST. Involvement of 
CD4+ Th1 cells in systemic immunity protective against primary 
and secondary challenges with Trypanosoma cruzi. Infect Immun 
2000; 68: 197-204. 

[155] Morisaki JH, Heuser JE, Sibley LD. Invasion of Toxoplasma 
gondii occurs by active penetration of the host cell. J Cell Sci 1995; 
108: 2457-64. 

[156] Suzuki E, Tanaka AK, Toledo MS, Takahashi HK, Straus AH. 
Role of -D-galactofuranose in Leishmania major macrophage 
invasion. Infect Immun 2002; 70: 6592-6. 

[157] Handman E, Bullen DVR. Interaction of Leishmania with the host 
macrophage. Trends Parasitol 2002; 18: 332-4. 

[158] Romero P, Maryanski JL, Corradin G, Nussenzweig RS, 
Nussenzweig V, Zavala F. Cloned cytotoxic T cells recognize an 
epitope in the circumsporozoite protein and protect against malaria. 
Nature 1989; 341: 323-6. 

[159] Doolan DL, Martínez-Alier N. Immune response to pre-
erythrocytic stages of malaria parasites. Curr Mol Med 2006; 6: 
169-85. 

[160] Usui T, Preiss JC, Kanno Y, et al. T-bet regulates Th1 responses 
through essential effects on GATA-3 function rather than on IFNG 
gene acetylation and transcription. J Exp Med 2006; 203: 755-66. 

[161] Finkelman FD, Katona IM, Mosmann TR, Coffman RL. IFN-
gamma regulates the isotypes of Ig secreted during in vivo humoral 
immune responses. J Immunol 1988; 140: 1022-7. 

[162] Tripathi P, Singh V, Naik S. Immuneresponse to Leishmania: 
paradox rather than paradigm. FEMS Immunol Med Microbiol 
2007; 51: 229-42. 

[163] Denkers EY, Gazzinelli RT. Regulation and function of T-cell-
mediated immunity during Toxoplasma gondii infection. Clin 
Microbiol Rev 1998; 11: 569-88. 

[164] Overstreet MG, Cockburn IA, Zavala F. Protective CD8+ T cells 
against Plasmodium liver stages: immunobiology of an ‘unnatural’ 
immune response. Immunol Rev 2008; 225: 272-83. 

[165] Kumar S, Miller LH, Quakyi IA, et al. Cytotoxic T cells specific 
for the circumsporozoite protein of Plasmodium falciparum. Nature 
1988; 334: 258-60. 

[166] Weiss WR, Sedegah M, Beaudoin RL, Miller LH, Good MF. CD8+ 
T cells (cytotoxic/suppressors) are required for protection in mice 
immunized with malaria sporozoites. Proc Natl Acad Sci USA 
1988; 85: 573-6. 

[167] Mueller A, Deckert M, Heiss K, Goetz K, Matuschewski K, 
Schlüter D. Genetically attenuated Plasmodium berghei liver stages 
persist and elicit sterile protection primarily via CD8 T cells. Am J 
Pathol 2007; 171: 107-15. 

[168] Lucas B, Engels A, Camus D, Haque A. T-cell recognition of a 
cross-reactive antigen(s) in erythrocytic stages of Plasmodium 
falciparum and Plasmodium yoelii: inhibition of parasitemia by this 
antigen(s). Infect Immun 1993; 61: 4863-9. 

[169] Fell AH, Currier J, Good MF. Inhibition of Plasmodium falciparum 
growth in vitro by CD4+ and CD8+ T cells from non-exposed 
donors. Parasite Immunol 1994; 16: 579-86. 

[170] Perlmann P, Troye-Blomberg M. Malaria and the immune system 
in humans. Chem Immunol 2002; 80: 229-42. 

[171] Miyakoda M, Kimura D, Yuda M, et al. Malaria-specific and 
nonspecific activation of CD8+ T cells during blood stage of 
Plasmodium berghei infection. J Immunol 2008; 181: 1420-8. 

[172] Miyahira Y, Kobayashi S, Takeuchi T, et al. Induction of CD8+ T 
cell-mediated protective immunity against Trypanosoma cruzi. Int 
Immunol 1999; 11: 133-41. 



40    Current Immunology Reviews, 2011, Vol. 7, No. 1 Tormo et al. 

[173] Miyahira Y. Trypanosoma cruzi infection from the view of CD8+ T 
cell immunity-an infection model for developing T cell vaccine. 
Parasitol Int 2008; 57: 38-48. 

[174] Araújo AFS, De Alencar BCG, Vasconcelos JRC, et al. CD8+-T-
cell-dependent control of Trypanosoma cruzi infection in a highly 
susceptible mouse strain after immunization with recombinant 
proteins based on amastigote surface protein 2. Infect Immun 2005; 
73: 6017-25. 

[175] Martin DL, Weatherly DB, Laucella SA, et al. CD8+ T-cell 
responses to Trypanosoma cruzi are highly focused on strain-
variant transsialidase epitopes. PLoS Pathog 2006; 2: e77. 

[176] Rab MA, Evans DA. Detection of anti-Leishmania antibodies in 
blood collected on filter paper by the direct agglutination test. 
Trans R Soc Trop Med Hyg 1997; 91: 713-5. 

[177] Anam K, Afrin F, Banerjee D, et al. Immunoglobulin subclass 
distribution and diagnostic value of Leishmania donovani antigen-
specific Immunoglobulin G3 in indian kala-azar patients. Clin 
Diagn Lab Immunol 1999; 6: 231-5. 

[178] Abass EM, Mansour D, el Harith A. Demonstration of 
agglutinating anti-Leishmania antibodies in lymph node aspirate 
for confirmation of kala-azar serodiagnosis. J Med Microbiol 2007; 
56: 1256-8. 

[179] Krettli AU, Brener Z. Protective effects of specific antibodies in 
Trypanosoma cruzi infections. J Immunol 1976; 116: 755-60. 

[180] Cordeiro FD, Martins-Filho OA, Da Costa Rocha MO, Adad SJ, 
Corre-â-Oliveira R, Romanha AJ. Anti-Trypanosoma cruzi 
Immunoglobulin G1 can be a useful tool for diagnosis and 
prognosis of human Chagas’ disease. Clin Diagn Lab Immunol 
2001; 8: 112-8. 

[181] Filice GA, Yeager AS, Remington JS. Diagnostic significance of 
Immunoglobulin M antibodies to Toxoplasma gondii detected after 
separation of Immunoglobulin M from Immunoglobulin G 
antibodies. J Clin Microbiol 1980; 12: 336-42. 

[182] Brombacher F, Roberts CW, Couper KN. Toxoplasma gondii-
specific Immunoglobulin M limits parasite dissemination by 
preventing host cell invasion. Infect Immun 2005; 12: 8060-8. 

[183] Beck HP, Felger I, Genton B, et al. Humoral and cell-mediated 
immunity to the Plasmodium falciparum ring-infected erythrocyte 
surface antigen in an adult population exposed to highly endemic 
malaria. Infect Immun 1995; 63: 596-600. 

[184] Magez S, Schwegmann, Atkinson R, et al. The role of B-cells and 
IgM antibodies in parasitemia, anemia, and VSG switching in 
Trypanosoma brucei–infected mice. PLoS Pathog 2008; 4: 
e1000122. 

[185] Schopf LR, Filutowicz H, Bi X, Mansfield JM. Interleukin-4-
dependent Immunoglobulin G1 isotype switch in the presence of a 
polarized antigen-specific Th1-cell response to the trypanosome 
variant surface glycoprotein. Infect Immun 1998; 66: 451-61. 

[186] Radwanska M, Magez S, Michel A, Stijlemans B, Geuskens M, 
Pays E. Comparative analysis of antibody responses against 
HSP60, invariant surface glycoprotein 70, and variant surface 
glycoprotein reveals a complex antigen-specific pattern of 
immunoglobulin isotype switching during infection by 
Trypanosoma brucei. Infect Immun 2000; 68: 848-60. 

[187] Black SJ, Hewett RS, Sendashonga CN. Trypanosoma brucei 
variable surface antigen is released by degenerating parasites but 
not by actively dividing parasites. Parasite Immunol 1982, 4: 233-
44. 

[188] Sendashonga CN, Black SJ. Humoral responses against 
Trypanosoma brucei variable surface antigen are induced by 
degenerating parasites. Parasite Immunol 1982; 4: 245-51. 

[189] Diffley P. Trypanosoma brucei: Immunogenicity of the variant 
surface coat glycoprotein of virulent and avirulent subspecies. Exp 
Parasitol 1985; 59: 98-107. 

[190] Gazzinelli RT, Pereira MES, Romanha A, Gazzinelli G, Brener Z. 
Direct lysis of Trypanosoma cruzi: a novel effector mechanism of 
protection mediated by human anti-gal antibodies. Parasite 
Immunol 1991; 13: 345-56. 

[191] Healer J, Mcguinness D, Hopcroft P, Haley S, Carter R, Riley E. 
Complement-mediated lysis of Plasmodium falciparum gametes by 
malaria-immune human sera is associated with antibodies to the 
gamete surface antigen Pfs230. Infect Immun 1997; 65: 3017-23. 

[192] Almeida IC, Milani SR, Gorin PA, Travassos LR. Complement-
mediated lysis of Trypanosoma cruzi trypomastigotes by human 
anti-alpha-galactosyl antibodies. J Immunol 1991; 146: 2394-400. 

[193] Shi M, Wei G, Pan W, Tabel H. Trypanosoma congolense 
infections: antibody-mediated phagocytosis by Kupffer cells. J 
Leukoc Biol 2004; 76: 1-7. 

[194] Kumaratilake LM, Ferrante A, Jaeger T, Morris-Jones SD. The role 
of complement, antibody, and tumor necrosis factor alpha in the 
killing of Plasmodium falciparum by the monocytic cell line THP-
1. Infect Immun 1997; 65: 5342-5. 

[195] Tebo AE, Kremsner PG, Luty AJF. Fc  receptor-mediated 
phagocytosis of Plasmodium falciparum-infected erythrocytes in 

vitro. Clin Exp Immunol 2002; 130: 300-6. 
[196] Anderson SE, Bautista SC, Remington JS. Specific antibody-

dependent killing of Toxoplasma gondii by normal macrophages. 
Clin Exp Immunol 1976; 26: 375-80. 

[197] John CC, O’Donnell RA, Sumba PO, et al. Evidence that invasion-
inhibitory antibodies specific for the 19-kda fragment of merozoite 
surface protein-1 (msp-119) can play a protective role against blood-
stage Plasmodium falciparum infection in individuals in a malaria 
endemic area of Africa. J Immunol 2004; 173: 666-72. 

[198] Mineo JR, McLeod R, Mack D, et al. Antibodies to Toxoplasma 
gondii major surface protein (SAG-1, P30) inhibit infection of host 
cells and are produced in murine intestine after peroral infection. J 
Immunol 1993; 150: 3951-64. 

[199] Naot Y, Remington JS. An enzyme-linked immunosorbent assay 
for detection of IgM antibodies to Toxoplasma gondii: use for 
diagnosis of acute acquired toxoplasmosis. J Infect Dis 1980; 142: 
757-66. 

[200] Stepick-Biek P, Thulliez P, Araujo FG, Remington JS. IgA 
antibodies for diagnosis of acute congenital and acquired 
toxoplasmosis. J Infect Dis 1990; 162: 270-3. 

[201] Schoone GJ, Hailu A, Kroon CCM, Nieuwenhuys JL, Schallig 
HDFH, Oskam L. A fast agglutination screening test (FAST) for 
the detection of anti-Leishmania antibodies. Trans R Soc Trop Med 
Hyg 2001; 95: 400-1. 

[202] Kopf M, Le Gros G, Bachmann M, Lamers MC, Bluethmann H, 
Köhler G. Disruption of the murine IL-4 gene blocks Th2 cytokine 
responses. Nature 1993; 362: 245-8. 

[203] Maizels RM, Holland MJ. Parasite immunity: pathways for 
expelling intestinal helminths. Curr Biol 1998, 8: R711-4. 

[204] Finkelman FD, Wynn TA, Donaldson DD, Urban JF. The role of 
IL-13 in helminth-induced inflammation and protective immunity 
against nematode infections. Curr Opin Immunol 1999; 11: 420-6. 

[205] Le Gros G, Ben-Sasson SZ, Seder R, Finkelman FD, Paul WE. 
Generation of interleukin 4 (IL-4)-producing cells in vivo and in 

vitro: IL-2 and IL-4 are required for in vitro generation of IL-4-
producing cells. J Exp Med 1990; 172: 921-9. 

[206] Swain SL, Weinberg AD, English M, Huston G. IL-4 directs the 
development of Th2-like helper effectors. J Immunol 1990; 145: 
3796-806. 

[207] Finkelman FD, Katona IM, Urban JF. IL-4 is required to generate 
and sustain in vivo IgE responses. J Immunol 1988; 141: 2332-41. 

[208] Pène J, Rousset F, Brière F, et al. IgE production by normal human 
lymphocytes is induced by interleukin 4 and suppressed by 
interferons  and  and prostaglandin E2. Immunolgy 1988; 85: 
6880-4. 

[209] Stein M, Keshav S, Harris N, Gordon S. Interleukin 4 potently 
enhances murine macrophage mannose receptor activity: a marker 
of alternative immunologic macrophage activation. J Exp Med 
1992; 176: 287-92. 

[210] Doyle AG, Herbein G, Montaner LJ, et al. Interleukin-13 alters the 
activation state of murine macrophages in vitro: comparison with 
interleukin-4 and interferon-gamma. Eur J Immunol 1994, 24: 
1441-5. 

[211] Wynn TA. IL-13 effector functions. Annu Rev Immunol 2003; 21: 
425-56. 

[212] Sanderson C, Campbell H, Young I. Molecular and cellular biology 
of eosinophil differentiation factor (IL-5) and its effect on human 
and mouse B cells. Immunol Rev 1988; 102: 29-50. 

[213] Coffman RL, Seymour BWP, Haduk S, Jackson J, Rennick D. 
Antibody to IL-5 inhibits helminth-induced eosinophilia in mice. 
Science 1989; 245: 308-10. 

[214] De’Broski RH, Lee JJ, Lee NA, Nolan TJ, Schad GA, Abraham D. 
Role of IL-5 in innate and adaptive immunity to larval 
Strongyloides stercoralis in mice. J Immunol 2000; 165: 4544-51. 

[215] Martin C, Le Goff L, Ungeheuer M, Vuong PN, Bain O. Drastic 
reduction of a filarial infection in eosinophilic interleukin-5 
transgenic mice. Infect Immun 2000; 68: 3651-6. 



Immunity to Parasites Current Immunology Reviews, 2011, Vol. 7, No. 1      41 

[216] Prussin C, Metcalfe DD. IgE, mast cells, basophils, and 
eosinophils. J Allergy Clin Immunol 2006; 117: 450-6. 

[217] Reischl IG, Coward WR, Church MK. Molecular consequences of 
human mast cell activation following immunoglobulin E–high-
affinity immunoglobulin E receptor (IgE–Fc RI) interaction. 
Biochem Pharmacol 1999; 58: 1841-50. 

[218] Knight PA, Wright SH, Lawrence CE, Paterson YY, Miller HR. 
Delayed expulsion of the nematode Trichinella spiralis in mice 
lacking the mucosal mast cell-specific granule chymase, mouse 
mast cell protease-1. J Exp Med 2000; 192: 1849-56. 

[219] McDermott JR, Bartram RE, Knight PA, Miller HR, Garrod DR, 
Grencis RK. Mast cells disrupt epithelial barrier function during 
enteric nematode infection. Proc Natl Acad Sci USA 2003; 100: 
7761-6. 

[220] Yépez L, Arizmendi N, Fonseca R, Hernández R, Ortega G. Role 
of mast cells in the immune response of Trichinella spiralis. In: 
Advances in the immunobiology of parasitic diseases, 2007; 
Research Signpost; 165-82. 

[221] Mitre E, Taylor RT, Kubofcik J, Nutman TB. Parasite antigen-
driven basophils are a major source of IL-4 in human filarial 
infections. J Immunol 2004; 172: 2439-45. 

[222] Kita H, Kaneko M, Bartemes KR, et al. Does IgE bind to and 
activate eosinophils from patients with allergy? J Immunol 1999; 
162: 6901-11. 

[223] Leder K, Weller PF. Eosinophilia and helminthic infections. Best 
Pract Res Clin Haematol 2000; 13: 301-17. 

[224] Nutman TB. Evaluation and differential diagnosis of marked, 
persistent eosinophilia. Immunol Allergy Clin North Am 2007; 27: 
529-49. 

[225] Mochizuki M, Bartels J, Mallet AI, Christophers E, Schröder J. IL-
4 induces eotaxin: a possible mechanism of selective eosinophil 
recruitment in helminth infection and atopy. J Immunol 1998; 160: 
60-8. 

[226] Fallon PG, Richardson EJ, McKenzie GJ, McKenzie AN. 
Schistosome infection of transgenic mice defines distinct and 
contrasting pathogenic roles for IL-4 and IL-13: IL-13 is a 
profibrotic agent. J Immunol 2000; 164: 2585-91. 

[227] Rankin SM, Conroy DM, Williams TJ. Eotaxin and eosinophil 
recruitment: implications for human disease. Mol Med Today 
2000; 6: 20-7. 

[228] Mir A, Benahmed D, Igual R, et al. Eosinophil-selective mediators 
in human strongyloidiasis. Parasite Immunol 2006; 28: 397-400. 

[229] Cooper PJ, Beck LA, Espinel I, et al. Eotaxin and RANTES 
expression by the dermal endothelium is associated with eosinophil 
infiltration after ivermectin treatment of onchocerciasis. Clin 
Immunol 2000; 95: 51-61. 

[230] Horie S, Gleich GJ, Kita H. Cytokines directly induce 
degranulation and superoxide production from human eosinophils. 
J Allergy Clin Immunol 1996; 98: 371-81. 

[231] Capron M, Capron A, Goetzl EJ, Austen KF. Tetrapeptides of the 
eosinophil chemotactic factor of anaphylaxis (ECF-A) enhance 
eosinophil Fc receptor. Nature 1981; 289: 71-3. 

[232] Bracke M, van de Graaf E, Lammers JJ, Coffer PJ, Koenderman L. 
In vivo priming of Fc R functioning on eosinophils of allergic 
asthmatics. J Leukoc Biol 2000; 68: 655-61. 

[233] Tedla N, Bandeira-Melo C, Tassinari P, et al. Activation of human 
eosinophils through leukocyte immunoglobulin-like receptor 7. 
Proc Natl Acad Sci USA 2003; 100: 1174-9. 

[234] Woerly G, Decot V, Loiseau S, et al. CD28 and secretory 
immunoglobulin A-dependent activation of eosinophils: inhibition 
of mediator release by the anti-allergic drug, suplatast tosilate. Clin 
Exp Allergy 2004; 34: 1379-87. 

[235] Glauert AM, Butterworth AE. Morphological evidence for the 
ability of eosinophils to damage antibody-coated schistosomula. 
Trans R Soc Trop Med Hyg 1977; 71: 392-5. 

[236] Butterworth AE, Wassom DL, Gleich GJ, Loegering DA, David 
JR. Damage to schistosomula of Schistosoma mansoni induced 
directly by eosinophil major basic protein. J Immunol 1979; 122: 
221-9. 

[237] Gleich GJ, Frigas E, Loegering DA, Wassom DL, Steinmuller D. 
Cytotoxic properties of the eosinophil major basic protein. J 
Immunol 1979; 123: 2925-7. 

[238] Young JD, Peterson CGB, Venge P, Cohn ZA. Mechanism of 
membrane damage mediated by human eosinophil cationic protein. 
Nature 1986; 321: 613-6. 

[239] Hamman KJ, Gleich GJ, Checkel JL, Loegering DA, McCall JW, 
Barker RL. In vitro killing of microfilariae of Brugia pahangi and 
Brugia malayi by eosinophil granulenproteins. J Immunol 1990; 
144: 3166-73. 

[240] Boix E, Carreras E, Nikolovski Z, Cuchillo CM, Nogués MV. 
Identification and characterization of human eosinophil cationic 
protein by an epitope-specific antibody. J Leukoc Biol 2001; 69: 
1027-35. 

[241] Specht S, Saefte M, Arndt M. Lack of eosinophil peroxidase or 
major basic protein impairs defense against murine filarial 
infection. Infect Immun 2006; 74: 5236-43. 

[242] Meeusen ENT, Balic A. Do eosinophils have a role in the killing of 
helminth parasites? Trends Parasitol 2000; 16: 95-101. 

[243] Dombrowicz D, Capron M. Eosinophils, allergy and parasites. Curr 
Opin Immunol 2001; 13: 716-20. 

[244] Swartz JM, Dyer KD, Cheever AW, et al. Schistosoma mansoni 
infection in eosinophil lineage–ablated mice. Blood 2006; 108: 
2420-7. 

[245] Ganley-Leal LM, Mwinzi PN, Cetre-Sossah CB, et al. Correlation 
between eosinophils and protection against reinfection with 
Schistosoma mansoni and the effect of human immunodeficiency 
virus type 1 coinfection in humans. Infect Immun 2006; 74: 2169-
76. 

[246] Rodríguez-Sosa M, Satoskar AR, Calderón R, et al. Chronic 
helminth infection induces alternatively activated macrophages 
expressing high levels of CCR5 with low interleukin-12 production 
and Th2-biasing ability. Infect Immunol 2002; 70: 3656-64. 

[247] Goerdt S, Orfanos CE. Other functions, other genes: alternative 
activation of antigen-presenting cells. Immunity 1999; 10: 137-42. 

[248] Hart PH, Bonder CS, Balogh J, Dickensheets HL, Donnelly RP, 
Finlay-Jones JJ. Differential responses of human monocytes and 
macrophages to IL-4 and IL-13. J Leukoc Biol 1999; 66: 575-8. 

[249] Loke P, Nair MG, Parkinson J, Guiliano D, Blaxter M, Allen JE. 
IL-4 dependent alternatively-activated macrophages have a 
distinctive in vivo gene expression phenotype. BMC Immunol 
2002; 3: 7. 

[250] Raes G, Noël W, Beschin A, Brys L, De Baetselier P, Hassanzadeh 
G. FIZZ1 and Ym as tools to discriminate between differentially 
activated macrophages. Dev Immunol 2002; 9: 151-9. 

[251] Gordon S. Alternative activation of macrophages. Nat Rev 
Immunol 2003; 3, 23-35. 

[252] Nair MG, Guild KJ, Artis D. Novel effector molecules in type 2 
inflammation: lessons drawn from helminth infection and allergy. J 
Immunol 2006; 177: 1393-9. 

[253] Stempin CC, Dulgerian LR, Garrido VV, Cerban FM. Arginase in 
parasitic infections: macrophage activation, immunosuppression, 
and intracellular signals. J Biomed Biotechnol 2010; 2010: 683485. 
doi:10.1155/2010/683485. 

[254] Vincendeau P, Gobert AP, Daulouede S, Moynet D, Mossalayi 
MD. Arginases in parasitic diseases. Trends Parasitol 2003; 19: 9-
12. 

[255] Gould BS, Woessner JF. Biosynthesis of collagen; the influence of 
ascorbic acid on the proline, hydroxyproline, glycine, and collagen 
content of regenerating guinea pig skin. J Biol Chem 1957; 226: 
289-300. 

[256] Munder M, Eichmann K, Modolell M. Alternative metabolic states 
in murine macrophages reflected by the ntric oxide 
synthase/arginase balance: competitive regulation by CD4+ T cells 
correlates with Th1/Th2 phenotype. J Immunol 1998; 160: 5347-
54. 

[257] Morand EF, Leech M, Weedon H, Metz C, Bucala R, Smith MD. 
Macrophage migration inhibitory factor in rheumatoid arthritis: 
clinical correlations. Rheumatology 2002; 41: 558-62. 

[258] Mantovani A, Sozzani S, Locati M, Allavena P, Sica A. 
Macrophage polarization: tumor-associated macrophages as a 
paradigm for polarized M2 mononuclear phagocytes. Trends 
Immunol 2002; 23: 549-55. 

[259] Mantovani A, Sica A, Sozzani S, Allavena P, Vecchi A, Locati M. 
The chemokine system in diverse forms of macrophage activation 
and polarization. Trends Immunol 2004; 25: 677-86. 

[260] Anderson CF, Gerber JS, Mosser DM. Modulating macrophage 
function with IgG immune complexes. J Endotoxin Res 2002; 8: 
477-81. 

[261] Hölscher C, Arendse B, Schwegmann A, Myburgh E, Brombacher 
F. Impairment of alternative macrophage activation delays 



42    Current Immunology Reviews, 2011, Vol. 7, No. 1 Tormo et al. 

cutaneous leishmaniasis in nonhealing BALB/c mice. J Immunol 
2006; 176: 1115-21. 

[262] Namangala B, De Baetselier P, Brys L, Beschin A. Alternative 
versus classical macrophage activation during experimental African 
trypanosomosis. J Leukoc Biol 2001; 69: 387-96. 

[263] Noël W, Hassanzadeh G, Raes G, et al. Infection stage-dependent 
modulation of macrophage activation in Trypanosoma congolense-
resistant and -susceptible mice. Infect Immun 2002; 70: 6180-7. 

[264] Raes G, De Baetselier P, Noël W, Beschin A, Brombacher F, 
Hassanzadeh G. Differential expression of FIZZ1 and Ym1 in 
alternatively versus classically activated macrophages. J Leukoc 
Biol 2002; 71: 597-602. 

[265] Stempin C, Giordanengo L, Gea S, Cerbán F. Alternative activation 
and increase of Trypanosoma cruzi survival in murine macrophages 
stimulated by cruzipain, a parasite antigen. J Leukoc Biol 2002; 72: 
727-34. 

[266] Raes G, Beschin A, Hassanzadeh G, De Baetselier P. Alternatively 
activated macrophages in protozoan infections. Curr Opin Immunol 
2007; 19: 454-9. 

[267] Pearce EJ, MacDonald AS. The immunobiology of schistosomiasis. 
Nat Rev Immunol 2002; 2: 499-511. 

[268] Mountford AP, Hogg KG, Coulson PS, Brombacher F. Signaling 
via interleukin-4 receptor alpha chain is required for succesful 
vaccination against schistosomiasis in BALB/c mice. Infect Immun 
2001; 69: 228-36. 

[269] Herbert DR, Hölscher C, Mohrs M, et al. Alternative macrophage 
activation is essential for survival during schistosomiasis and 
downmodulates T helper 1 responses and immunopathology. 
Immunity 2004; 20: 623-35. 

[270] Anthony RM, Urban JF, Alem F, et al. Memory TH2 cells induce 
alternatively activated macrophages to mediate protection against 
nematode parasites. Nat Med 2006; 12: 955-60. 

[271] Nair MG, Gallagher IJ, Taylor MD, et al. Chitinase and Fizz falily 
members are a generalized feature of nematode infection with 
selective upregulation of Ym1 and Fizz1 by antigen-presenting 
cells. Infect Immun 2005; 73: 385-94. 

[272] Terrazas LI, Montero D, Terrazas CA, Reyes JL, Rodríguez-Sosa 
M. Role of the programmed Death-1 pathway in the suppressive 
activity of alternatively activated macrophages in esperimental 
cysticercosis. Int J Parasitol 2005; 35: 1349-58. 

[273] Cliffe LJ, Humphreys NE, Lane TE, Potten CS, Booth C, Grencis 
RK. Accelerated intestinal epithelial cell turnover: a new 
mechanism of parasite expulsion. Science 2005; 308: 1463-5. 

[274] Nawa Y, Ishikawa N, Tsuchiya K, et al. Selective effector 
mechanisms for the expulsion of intetinal helminths. Parasite 
Immunol 1994; 16: 333-8. 

[275] McKenzie GJ, Bancroft A, Grencis RK, McKenzie ANJ. Central 
role for interleukin-13 in Th2 cell mediated immune responses. 
Curr Biol 1998; 8: 339-42. 

[276] Pemberton AD, Knight PA, Wright SH, Miller HR. Proteomic 
analysis of mouse jejunal epithelium and its response to infection 
with the intestinal nematode, Trichinella spiralis. Proteomics 2004; 
4: 1101-8. 

[277] Knight PA, Pemberton AD, Robertson KA, Roy DJ, Wright SH, 
Miller HR. Expression profiling reveals novel innate and 
inflammatory responses in the jejunal epithelial compartment 
during infection with Trichinella spiralis. Infect Immun 2004; 72: 
6076-86. 

[278] Pemberton AD, Knight PA, Gamble J, et al. Innate BALB/c enteric 
epithelial responses to Trichinella spiralis: inducible expression of 
a novel goblet cell lectin, intelectin-2, and its natural deletion in 
C57BL/10 mice. J Immunol 2004; 173: 1894-901. 

[279] Datta R, deSchoolmeester ML, Hedeler C, Paton NW, Brass AM, 
Else KJ. Identification of novel genes in intestinal tissue that are 
regulated after infection with an intestinal nematode parasite. Infect 
Immun 2005; 73: 4025-33. 

[280] Artis D, Wang ML, Keilbaugh SA, et al. RELM{beta}/FIZZ2 is a 
goblet cell-specific immune-effector molecule in the 
gastrointestinal tract. Proc Natl Acad Sci USA 2004; 101: 13596-
600. 

[281] Kuperman DA, Lewis CC, Woodruff PG, et al. Dissecting asthma 
using focused transgenic modeling and functional genomics. J 
Allergy Clin Immunol 2005; 116: 305-11. 

[282] Harrington LE, Hatton RD, Mangan PR, et al. Interleukin 17–
producing CD4+ effector T cells develop via a lineage distinct from 
the T helper type 1 and 2 lineages. Nat Immunol 2005; 6: 1123-32. 

[283] Alber G, Kamradt T. Regulation of protective and pathogenic Th17 
responses. Curr Immunol Rev 2007; 3: 3-16. 

[284] Schulz SM, Köhler G, Holscher C, Iwakura Y, Alber G. IL-17A is 
produced by Th17, gd T cells and other CD4- lymphocytes during 
infection with Salmonella enterica serovar Enteritidis and has a 
mild effect in bacterial clearance. Int Immunol 2008; 20: 1129-38. 

[285] Kolls JK, Lindén A. Interleukin-17 family members and 
inflammation. Immunity 2004; 21: 467-76. 

[286] Fitch E, Harper E, Skorcheva I, Kurtz SE, Blauvelt A. 
Pathophysiology of psoriasis: recent advances on IL-23 and Th17 
cytokines. Curr Rheumatol Rep 2007; 9: 461-7. 

[287] Kurts C. Th17 cells: a third subset of CD4+ T effector cells 
involved in organ-specific autoimmunity. Nephrol Dial Transplant 
2008; 23: 816-9. 

[288] Lubberts E. IL-17/Th17 targeting: on the road to prevent chronic 
destructive arthritis? Cytokine 2008; 41: 84-91. 

[289] Rutitzky LI, Lopes da Rosa JR, Stadecker MJ. Severe CD4 T cell-
mediated immunopathology in murine schistosomiasis is dependent 
on IL-12p40 and correlates with high levels of IL-17. J Immunol 
2005, 175: 3920-6. 

[290] Rutitzky LI, Bazzone L, Shainheit MG, Joyce-Shaikh B, Cua DJ, 
Stadecker MJ. IL-23 is required for the development of severe egg-
induced immunopathology in schistosomiasis and for lesional 
expression of IL-17. J Immunol 2008; 180: 2486-95. 

[291] Fu Y, Wang W, Tong J, et al. Th17: a new participant in gut 
dysfunction in mice infected with Trichinella spiralis. Mediators 
Inflamm 2009; 2009: 517052. doi: 10.1155/2009/517052. 

[292] Owyang AM, Zaph C, Wilson EH, et al. Interleukin 25 regulates 
type 2 cytokine-dependent immunity and limits chronic 
inflammation in the gastrointestinal tract. J Exp Med 2006; 203: 
843-9. 

[293] Fallon PG, Ballantyne SJ, Mangan NE, et al. Identification of an 
interleukin (IL)-25–dependent cell population that provides IL-4, 
IL-5, and IL-13 at the onset of helminth expulsion. J Exp Med 
2006; 203: 1105-16. 

[294] Kleinschek MA, Owyang AM, Joyce-Shaikh B, et al. IL-25 
regulates Th17 function in autoimmune inflammation. J Exp Med 
2007; 204: 161-70. 

[295] Elliott DE, Metwali A, Leung J, et al. Colonization with 
Heligmosomoides polygyrus suppresses mucosal IL-17 production. 
J Immunol 2008; 181: 2414-9. 

[296] Van Riet E, Hartgers FC, Yazdanbakhsh M. Chronic helminth 
infections induce immunomodulation: consequences and 
mechanisms. Immunobiol 2007; 212: 475-90. 

[297] Jonuleit H, Schmitt E. The regulatory T cell family: distinct subsets 
and their interrelations. J Immunol 2003, 171: 6323-7. 

[298] Nakamura K, Kitani A, Strober W. Cell contact-dependent 
immunosuppression by CD4+CD25+ regulatory T cells is mediated 
by cell surface-bound transforming growth factor beta. J Exp Med 
2001; 194: 629-44. 

[299] Read S, Malmström V, Powrie F. Cytotoxic T lymphocyte-
associated antigen 4 plays an essential role in the function of 
CD4+CD25+ regulatory cells that control intestinal inflammation. J 
Exp Med 2000; 192: 295-302. 

[300] Jonuleit H, Schmitt E, Steinbrink K, Enk AH. Dendritic cells as a 
tool to induce anergic and regulatory T cells. Trends Immunol 
2001; 22: 394-400. 

[301] Hesse M, Piccirillo CA, Belkaid Y, et al. The pathogenesis of 
schistosomiasis is controlled by cooperating IL-10-producing 
innate effector and regulatory T cells. J Immunol 2004; 172: 3157-
66. 

[302] Aseffa A, Gumy A, Launois P, MacDonald HR, Louis JA, 
Tacchini-Cottier F. The early IL-4 response to Leishmania major 
and the resulting Th2 cell maturation steering progressive disease 
in BALB/c mice are subject to the control of regulatory 
CD4+CD25+ T cells. J Immunol 2002; 169: 3232-41. 

[303] Xu D, Liu H, Komai-Koma M, et al. CD4+CD25+ regulatory T cells 
suppress differentiation and functions of Th1 and Th2 cells, 
Leishmania major infection, and colitis in mice. J Immunol 2003; 
170: 394-9. 

[304] Taylor MD, LeGoff L, Harris A, Malone E, Allen JE, Maizels RM. 
Removal of regulatory T cell activity reverses hyporesponsiveness 
and leads to filarial parasite clearance in vivo. J Immunol 2005; 
174: 4924-33. 

[305] Mahanty S, Ravichandran M, Raman U, Jayaraman K, 
Kumaraswani V, Nutman TB. Regulation of parasite antigen-



Immunity to Parasites Current Immunology Reviews, 2011, Vol. 7, No. 1      43 

driven immune responses by interleukin-10 (IL-10) and IL-12 in 
lymphatic filariasis. Infect Immun 1997; 65: 1742-7. 

[306] King CL, Medhat A, Malhotra I, et al. Cytokine control of parasite-
specific anergy in human urinary schistosomiasis, IL-10 modulates 
lymphocyte reactivity. J Immunol 1996; 156: 4715-21. 

[307] Carvalho EM, Bacellar O, Brownell C, Regis T, Coffman RL, Reed 
SG. Restoration of IFN-gamma production and lymphocyte 
proliferation in visceral leishmaniasis. J Immunol 1994; 152: 5949-
56. 

[308] Gazzinelli RT, Wysocka M, Hieny S, et al. In the absence of 
endogenous IL-10, mice acutely infected with Toxoplasma gondii 
succumb to a lethal immune response dependent on CD4+ T cells 
accompanied by overproduction of IL-12, IFN-gamma and TNF-
alpha. J Immunol 1996; 157: 798-805. 

[309] Doetze A, Satoguina J, Burchard G, et al. Antigen-specific cellular 
hyporesponsiveness in a chronic human helminth infection is 
mediated by Th3/Tr1-type cytokines IL-10 and transforming 
growth factor-ß but not by a Th1 to Th2 shift. Int Immunol 2000; 
12: 623-30. 

[310] Satoguina J, Mempel M, Larbi J, et al. Antigen-specific T 
regulatory-1 cells are associated with immunosuppression in a 
chronic helminth infection (onchocerciasis). Microbes Infect 2002; 
4: 1291-300. 

[311] Mills KHG, MCGuirk P. Antigen-specific regulatory T cells-their 
induction and role in infection. Semin Immunol 2004; 16: 107-17. 

[312] Couper KN, Blount DG, Wilson MS, et al. IL-10 from 
CD4+CD25 Foxp3 CD127  adaptive regulatory T cells 
modulates parasite clearance and pathology during malaria 
infection. PLoS Pathog 2008; 4: e1000004. 

[313] Chen G, Liu J, Wang QH, et al. Effects of 
CD4(+)CD25(+)Foxp3(+)regulatory T cells on early Plasmodium 
yoelii 17XL infection in BALB/c mice. Parasitology 2009; 136: 
1107-20. 

[314] Wilson MS, Taylor MD, Balic A, Finney CAM, Lamb JR, Maizels 
RM. Suppression of allergic airway inflammation by helminth-
induced regulatory T cells. J Exp Med 2005; 202: 1199-212. 

[315] Maizels RM. Infections and allergy – helminths, hygiene and host 
immune regulation. Curr Opin Immunol 2005; 17: 656-61. 

[316] Díaz A, Allen JE. Mapping immune response profiles: the 
emerging scenario from helminth immunology. Eur J Immunol 
2007; 37: 3319-26. 

[317] Beucher M, Norris KA. Sequence diversity of the Trypanosoma 
cruzi complement regulatory protein family. Infect Immun 2008; 
76: 750-8. 

[318] Farkas I, Baranyi L, Ishikawa Y, et al. CD59 blocks not only the 
insertion of C9 into MAC but inhibits ion channel formation by 
homologous C5b-8 as well as C5b-9. J Physiol 2002; 539: 537-45. 

[319] Braga LL, Ninomiya H, McCoy JJ, et al. Inhibition of the 
complement membrane attack complex by the galactose-specific 
adhesion of Entamoeba histolytica. J Clin Invest 1992; 90: 1131-7. 

[320] Deng J, Gold D, LoVerde PT, Fishelson Z. Inhibition of the 
complement membrane attack complex by Schistosoma mansoni 
paramyosin. Infect Immun 2003; 71: 6402-10. 

[321] Shiflett AM, Bishop JR, Pahwa A, Hajduk SL. Human high density 
lipoproteins are platforms for the assembly of multi-component 
innate immune complexes. J Biol Chem 2005; 280: 32578-85. 

[322] Molina-Portela MP, Samanovic M, Raper J. Distinct roles of 
apolipoprotein components within the trypanosome lytic factor 
complex revealed in a novel transgenic mouse model. J Exp Med 
2008; 205: 1721-8. 

[323] Raper J, Fung R, Ghiso J, Nussenzweig V, Tomlinson S. 
Characterization of a novel trypanolytic factor in human serum. 
Infect Immun 1999; 67: 1910-6. 

[324] Lugli EB, Pouliot M, Molina-Portela MP, Loomis MR, Raper J. 
Characterization of primate trypanosome lytic factors. Mol 
Biochem Parasitol 2004; 138: 9-20. 

[325] Pays E, Vanhollebeke B, Vanhamme L, Paturiaux-Hanocq F, 
Nolan DP, Pérez-Morga D. The trypanolytic factor of human 
serum. Nat Rev Microbiol 2006; 4: 477-86. 

[326] Vanhollebeke B, Nielsen MJ, Watanabe Y, et al. Distinct roles of 
haptoglobin-related protein and apolipoprotein L-I in trypanolysis 
by human serum. Proc Natl Acad Sci USA 2007; 104: 4118-23. 

[327] Van Xong H, Vanhamme L, Chamekh M, et al. A VSG expression 
site–associated gene confers resistance to human serum in 
Trypanosoma rhodesiense. Cell 1998; 95: 839-46. 

[328] Mordue DG, Desai N, Dustin M, Sibley LD. Invasion by 
Toxoplasma gondii establishes a moving junction that selectivety 
excludes host cell plasma membrane proteins on the basis of their 
membrane anchoring. J Exp Med 1999; 190: 1783-92. 

[329] Dermine JF, Scianimanico S, Prive C, Descoteaux A, Desjardins 
M. Leishmania promastigotes require lipophosphoglycan to 
actively modulate the fusion properties of phagosomes at an early 
step of phagocytosis. Cell Microbiol 2000; 2: 115-26. 

[330] Kamir D, Zierow S, Leng L, et al. A Leishmania ortholog of 
macrophage migration inhibitory factor modulates host 
macrophage responses. J Immunol 2008; 180: 8250-61. 

[331] Carney CK, Schrimpe AC, Halfpenny K, et al. The basis of the 
immunomodulatory activity of malaria pigment (hemozoin). J Biol 
Inorg Chem 2006; 11: 917-29. 

[332] Van Overtvelt L, Vanderheyde N, Verhasselt V, et al. 
Trypanosoma cruzi infects human dendritic cells and prevents their 
maturation: inhibition of cytokines, HLA-DR, and costimulatory 
molecules. Infect Immun 1999; 67: 4033-30. 

[333] Casares S, Richie TL. Immune evasion by malaria parasites: a 
challenge for vaccine development. Curr Opin Immunol 2009; 21: 
321-30. 

[334] Dagenais TR, Demick KP, Bangs JD, Forest KT, Paulnock DM, 
Mansfield JM. T-cell responses to the trypanosome variant surface 
glycoprotein are not limited to hypervariable subregions. Infect 
Immun 2009; 77: 141-51. 

[335] Baxt LA, Baker RP, Singh U, Urban S. An Entamoeba histolytica 
rhomboid protease with atypical specificity cleaves a surface lectin 
involved in phagocytosis and immune evasion. Genes Dev 2008; 
22: 1636-46. 

[336] Rawson RB. Intriguing parasites and intramembrane proteases. 
Genes Dev 2008; 22: 1561-6. 

[337] Braschi S, Wilson RA. Proteins exposed at the adult schistosome 
surface revealed by biotinylation. Mol Cell Proteomics 2006; 5: 
347-56. 

[338] Pleass RJ, Kusel JR, Woof JM. Cleavage of human IgE mediated 
by Schistosoma mansoni. Int Arch Allergy Immunol 2000; 121: 
194-204. 

[339] Culley FJ, Brown A, Conroy DM, Sabroe I, Pritchard DI, Williams 
TJ. Eotaxin is specifically cleaved by hookworm metalloproteases 
preventing its action in vitro and in vivo. J Immunol 2000; 165: 
6447-53. 

[340] Hewitson JP, Grainger JR, Maizels RM. Helminth 
immunoregulation: the role of parasite secreted proteins in 
modulating host immunity. Mol Biochem Parasitol 2009; 197: 1-
11. 

[341] Pastrana DV, Raghavan N, Fitzgerald P, et al. Filarial nematode 
parasites secrete a homologue of the human cytokine macrophage 
migration inhibitory factor. Infect Immun 1998; 66: 5955-63. 

[342] Prieto-Lafuente L, Gregory WF, Allen JE, Maizels RM. MIF 
homologues from a filarial nematode parasite synergize with IL-4 
to induce alternative activation of host macrophages. J Leukoc Biol 
2009; 85: 844-54. 

 
 

Received: Janaury 14, 2010 Revised: February 5, 2010 Accepted: February 6, 2010 

 

 

 


