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Abstract: The parasite infection is responsible for major economic losses in agriculture throughout temperate
regions of the globe. Control measures are heavily reliant on chemotherapy resulting in the emergence of drug
resistant parasite populations. Control strategies needs deeper knowledge of host-parasite interactions.
Herein we discuss recent advances in the understanding of the immune response to different parasites and its
impact on reproductive performance, integration of cytokine bias due to pregnancy and due to infection with
better understanding to antigen/pathogen clearance mechanisms, Co-stimulatory signals, Antigen presenting
cell type, Cytokine environment during initial antigenic exposure,. Understanding immune evasion strategies
of pathogen/parasite will be crucial for future research into parasite control measures and defining points at

which redirection is possible.
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INTRODUCTION

Currently, the incidence of infertility becomes
relatively increased with consequent reduction of
productivity of farm animals [1]. Parasites are a major
cause of productivity losses and morbidity in livestock
worldwide as they infect a quarter of the total world’s
animal population [2,3]. Regarding the impact of
parasitism on reproduction, pathogenic protozoa were
found to be associated with severe genital lesions,
temporary or permanent anestrus and abnormal estrous
cycles, delayed puberty, cystic ovaries and endometritis
in livestock [4, 5]. Moreover, infection during pregnancy
may lead to premature births, prenatal losses, retained
placenta, low offspring birth weight and delayed onset of
postpartum ovarian activity in Boron cattle [6].

During evolution parasites have developed various
mechanisms for the successful invasion and persistence
in their hosts: camouflage by acquisition of host derived
molecules, molecular mimicry by synthesizing structures
related or identical to host biomolecules or
immunomodulation by active interference with the hosts’
immune reactions [7].

This work explored the plasticity of immune
responses and the delicate balance between health and
disease, using examples from immunoparasitology and
reproductive biology.

Cytokine Bias and Immune Outcomes: More than two
decades ago, it was recognized that depending on
the stimuli used to activate and maintain lymphocytes
in vitro, the type of cytokines produced differ markedly
[8]. Some clones of CD4+ T cells functionally defined as
helper T (Th) cells, when maintained in vitro for extended
periods, express well-defined patterns of cytokines. Some
cells differentially express either IL-2, interferon (IFN)-vy
and TNF-e (Th1) or IL-4, IL-5, IL-6, IL-10 and IL-13 (Th2).
In recognition that CD8+ T cells, natural killer (NK) cells,
NK-like T (NK T) cells, mast cells and other myeloid
leukocytes, also secrete “Th1’ and ‘Th2’ cytokines, these
groupings are now more appropriately described as Type
1 and 2, immune response. By activating macrophages
(IFN-v) and neutrophils (TNF-«), Type 1 cytokines are
valuable in controlling intracellular pathogens and in
allograft rejection. Type 2 cytokines down-regulate
macrophage activity (IL-4), promote B lymphocyte
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activation (IL-4 and IL-5) and the synthesis of IgG1 and
IgE (IL-4) and drive mast cell (IL-4) and eosinophil (IL-5)
production. Type 2 cytokines have been associated with
resistance to some species of helminths and with
reproductive success, but also with adverse outcomes in
allergy, asthma and immunity to protozoan parasites [9].

Of special interest is the potential for some cytokines
to enhance production of either Type 1 or 2 cytokines
(IFN-y and IL-12 or IL-4 and IL-13, respectively). This
positive feedback and also cross-inhibition in cytokine
production, provide mechanisms for the development of
the highly directed immune responses.

It should also be understood that although highly
biased or polarized cytokine expression patterns may be
seen in some diseases and experimental models, mixed
cytokine responses will be normal and are necessary in
most circumstances. For example, even where polarized
Type 1 immune responses are known to be protective (e.g.
during chronic infections with intracellular protozoan
pathogens),T cells secreting both Type 1 (IFN- v) and
Type 2 (IL-10) cytokines appear to be essential in
preventing immunopathology [11].

Immune Regulation for Successful Pregnancy: Eutherian
(placental) mammals presents a theoretical challenge to
the self-non self model of immune activation. It is
supposed that the maternal immune system should reject
a fetus that has inherited half of its genes from its father,
a prediction that does not hold up. Several explanations
was reported for maternal acceptance of the semi-
allogeneic fetus, among which, was the suppression of
the maternal immune system [10]. However, if this was the
case, a logical consequence would be increased maternal
susceptibility to infections and tumors during pregnancy,
a phenomenon that is not generally observed. This
dichotomy has been resolved to a certain extent by the
observation there is regulated modulation, rather than
suppression, of the maternal immune system [11, 12].
We must first look at cytokine production in the
placenta during normal pregnancy where certain
cytokines in the placenta are beneficial during pregnancy
while others are detrimental. Among those that appear
beneficial are colony stimulating factor one (CSF-1),
transforming growth factor beta (TGF-f), granulocyte-
macrophage colony stimulating factor (GM-CSF) and
interleukin-10( IL-10). Whereas CSF-1 is necessary for
implantation [13]. TGF- can inhibit trophoblast invasion
and therefore protect the mother, with the additional
potential of inhibiting NK cell activity [14]. GM-CSF has
anti-apoptotic properties and may therefore function by
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promoting trophoblast survival [15]. IL-10 has an anti-
inflammatory effect that is necessary for implanatation.
Among those cytokines that appear to be detrimental are
TNF-a, IFN-y and IL-2, which are usually expressed at
very low levels or are absent in normal placenta. TNF-a
can cause thrombosis and smooth muscle contraction.
It is secreted by macrophage to activate the NK cells that
produce IFN-y, which further activated the macrophage to
produce more TNF- ¢ untile the activated NK cells killed
the embryo [16]. The production of TNF- o in the
deciduas is associated with abortion while the production
of TGF- by v T cells later in pregnancy was beneficial.

Some cytokines may have both beneficial and
detrimental effect depending on concentration or stage of
pregnancy. Thus, IFN-y has been shown, conflictingly, to
be essential for maintenance of pregnancy [17] and to do
abortifacient [18] in later pregnancy.

It was concluded that the major feature of maternal
immune modulation should be the bias towards a Th
(helper)-2 type phenotype away from a Thl-type
phenotype, characterized by an increased ratio of IL-4
relative to IFN-y production. The Th1/Th2 paradigm in
pregnancy has been re-evaluated and it is now considered
to be an over-simplification of maternal immune
modulation [19]. Furthermore, a role for regulatory T cells
(Th3/Treg) in normal pregnancy has been identified
recently, adding to the complexity of cytokine interactions
in the maternal periphery [20]. Nevertheless, it is still
recognized that alterations in cytokine production do
occur during normal pregnancy, with a predominance of
IL- 4 [21].

What Are the Underlying Mechanisms That Influence
the Maternal Immune Response?: The answer may lie in
the physiological signals essential for the maintenance
of pregnancy, namely hormones. Maternally-and fetally-
produced hormones such as progesterone, estrogen and
prostaglandins are fundamental in supporting the
pregnancy from implantation to its successful outcome.
The immunomodulatory effects of pregnancy-related
hormones are multi-fold. Progesterone is of particular
interest with regards to cytokine profiles since it is known
to induce IL-4 production by Th2 cells and inhibit the
cytotoxic activities of T cells (CD8+T) and NK cells [22].
17B-Oestradiol enhances both IL-10 and IFN-y secretion
by antigen-stimulated T-cell clones. These apparently
contradictory effects are dose-related phenomena.
This may account for a regulatory or Th2-type cytokine
bias during pregnancy and also for the increased
reactivity observed in non pregnant females [23].



World Appl. Sci. J., 21 (1): 30-41, 2013

In the same time, the trophoblast secretes interferon
tau (IFN-y) and both trophoblast and endometrium
secrete prostaglandin E2 (PGE,) and the endometrial
glands secrete serpins (uterine milk proteins), all of which
inhibit lymphocyte activation to keep on the embryo not
rejected by the dam and help in implantation. PGE, is
known to bias the cytokine profiles of dendritic cells
towards IL-10 production, reducing IL-12 production; the
lack of IL-12 production by these dendritic cells results in
the development of T cells producing high concentrations
of IL-4 and IL-5 upon priming [24]. Collectively, these data
point to modulation towards an anti-inflammatory
cytokine phenotype during pregnancy. Furthermore,
non-classical, class I MHC antigens expressed by
trophoblasts prevent maternal NK-mediated cytotoxic
responses [23].

Towards the end of pregnancy course placental
separation occurs when fetal cortisol induces the
production of the enzymes 170 hydroxylase and
aromatase in the placenta which favour oestrogen
synthesis at the expense of progesterone synthesis.
Maternal plasma levels of oestradiol 17 increase
suddenly, while plasma levels of progesterone decline
sharply immediately prior to parturition.

Spontaneous myometrial contractility is augmented
by autocrine and paracrine release of Pgf,, and
parturition ensues. Disturbed endocrine function, high
progesterone and cortisol level and low estradiol level
was traced in cows blood with retained placenta [20].
Also, at the time of parturition, maternal immunological
recognition of fetal MHC class I proteins expressed by
trophoblast cells triggers an immune/inflammatory
response and activation of cytotoxic T cells (CD8+T) and
NK cells that contributes to placental separation [25].
This lymphocytic activation was suppressed at the foeto
maternal interface alongside the pregnancy course to
avoid rejection of fetal allograft [26].

Chemotactic factor for leukocytes is found in
placentomes of cows with normal placental separation.
While, a strong impairment in polymorphonuclear
neutrophiles  chemotaxis was demonstrated in
placentomes from cows with retained placenta [27].

Cytokine Bias after Infections with Protozoan Parasites:
Much consideration has been given to how biased
cytokine responses might develop. Obviously there may
be great therapeutic benefits from understanding the
plasticity of immune responses and defining points at
which redirection is possible. The cytokine environment
induced at the time of introduction of antigen is a major
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factor in determining the direction in which an immune
response will develop. These cytokines might originate
from infected or otherwise activated somatic cells and
from leukocytes recruited to the site of infection or
antigen challenge. Also, there are some factors
influencing the immune response such as, the type and
dose of antigen, the route of delivery, Persistence,
Efficiency of antigen/pathogen clearance mechanisms,
Co-stimulatory signals, Antigen presenting cell type,
Cytokine environment during initial antigenic exposure,
Regulatory regions of cytokine genes, Intracellular
signalling pathways, Recipient or host MHC haplotypes
and Immune evasion strategies of pathogen/parasite.

Leishmania Major: Several protozoan parasites, including
Plasmodium, Toxoplasma and Leishmania are known to
compromise pregnancy [28]. It has been reported that the
Thl response associated with protozoan parasite
infections compromises the viability of the foetus,
whereas a Th2 response aids the maintenance of
pregnancy, but may allow parasite transmission to the
foetus and compromise the health of the mother by
increasing parasite burden. Despite the L.major infection
is peripheral and the organism does not invade the
placenta, It affects on the outcome of pregnancy and in
the same time, pregnancy influence the quality of the
maternal immune response against the infection.
Protection against L. major infection is associated with
the ability of the host to generate a Th1-type inflammatory
response whereas susceptibility is associated with a
Th2-type anti-inflammatory response. Therefore, IFN-v is
curative whereas IL-4 is not. Pregnancy may lead to larger
cutaneous lesions and harbouring more parasites [29].
However, infected mice also exhibits an increased number
of fetal resorbtion attributed to IFN-y production in
response to infection [30] and this support the hypothesis
that Thl-type immune reactivity is detrimental to
pregnancy.

Toxoplasma Gondii: Studies of this parasite have
suggested that Thl response due to infection
compromises the viability of the foetus, which requires a
localised Th2 response for survival. The Thl response
can also be modified by the presence of Th2 cytokines
during pregnancy, resulting in an increase in parasite
burden and transmission of the parasite to the foetus [28].
The production of the Th1 inhibitor IL-10 is a mechanism
used by the immune system to reduce the production of
toxic levels of inflammatory cytokines. This protective
mechanism has been demonstrated in a model of 7. gondii



World Appl. Sci. J., 21 (1): 30-41, 2013

infection, in which IL-10-deficient mice died as a result of
overproduction of IL-12, IFNy and TNFea, which was
associated with host pathology [26]. Pregnant IL-4-
deficient mice show a decrease in transmission of
T. gondii to the foetus, when compared to pregnant
wild-type mice [31]. A common feature of these parasite
infections is the Thl-biased immune response exhibited
by the host in response to infection by these organisms
[32].

T. gondii adverse effect on pregnancy, depends on
the timing of infection relative to gestation. Thus,
chronically infected pregnant humans, sheep or mice
harbouring tissue cysts generally do not transmit
parasites congenitally nor suffer any ill effects themselves
[33]. The exception to this appears to be in chronically
infected outbreed and field mice, which can transmit
parasites congenitally [31]. However, if infection occurs
in the first trimester, the risk of abortion is relatively high,
although transmission of parasites to the foetus is low.
By contrast, if infection occurs during the third trimester,
the risk of abortion is relatively low, whereas congenital
transmission of 7. gondii is relatively frequent [33] and
this may be explained on the basis of hormone levels and
cytokine profiles. Thus, in the first trimester, levels of
pregnancy hormones, such as progesterone, are relatively
low so there is no or little Th2 cytokine polarization and
little chance that the mother will mount a Th1 response to
deal with the parasite while in the third trimester, hormone
levels are high, the Th2 bias is firmly established; hence,
control of the parasite is compromised and congenital
transmission occurs. This is supported by evidence from
murine studies. For example, pregnant mice are more
susceptible to infection with 7. gondii and this is
associated with a reduced ability to produce IFN-y [34].
Furthermore, administration of Thl cytokines, such as
IFN-y and IL-2, reduces mortality in pregnant mice
infected with 7. gondii [35]. The immune response of mice
to T. gondii during pregnancy has also been studied
using transgenic IL-4-deficient mice; pregnant wild-type
mice are more susceptible than IL-4-deficient mice to
toxoplasmosis, showing increased parasite loads.
Pregnant IL-4-deficient mice also demonstrate a decreased
transmission rate to the foetus when compared with
wild-type mice [36].

Neospora
protozoan

Caninum: Neospora is an intracellular
parasites,which stimulate Thl cytokine
responses dominated by cytokines such as IL-12,
interferon (IFN) <y and tumour necrosis factor alpha
(TNF- at), leading to activation of pathways that generate
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free oxygen radicals (FOR) and nitric oxide (NO) and its
metabolites, among other factors which are potentially
lethal for the protozoa [37]. Thl responses in mice are
classically associated with antibodies of the IgG2a
isotype plus, potentially, IgG2b and IgG3 isotypes and
inhibition of IgG1, IgE and IgM [38]. It is likely that this
response is involved in controlling the multiplication of
tachyzoites [39]. There is evidence that naturally,
chronically infected cattle, have a protective immune
response against abortion, but which is ineffective
against reactivation of latent infection and infection of the
foetus [40]. We know that the timing of foetal infection
appears to be critical in determining whether the foetus
survives the infectious insult [41,42]. It could be argued
that, in a chronically infected cow, the maternal immune
system could be primed early in gestation. This would
reduce the risk of activation of a latent infection and
protect the foetus. Activation of infection later in
gestation, once the foetal immune system has started to
develop, would pose a lower risk to the foetus. In a naive
animal, only if the infectious onslaught was massive, such
as following an intravenous challenge, would the primed
immune system be insufficient to protect the foetus.
However, in an immune animal, the anamnestic response
may be sufficient to control the parasitaemia and hence,
protect the foetus.

In humans, studies of the systemic immune response
suggested that it is polarized towards a Th2 response
during pregnancy. Although studies in pregnant cattle
infected with N. caninum did not demonstrate a polarised
Th2 response in peripheral blood mononuclear cells [40],
it is nevertheless likely that a regulatory response exists
in the placenta involving cytokines such as trophoblast
growing factor-p ( TGF)-f and IL-10 [43]. To compensate
for the Th2 bias in pregnant mammals, it is thought that
components of the innate immune system are activated in
the peripheral blood. Blood monocytes and possibly
leukocytes are primed to respond to infectious insult.
They express activated phenotypes, increased phagocytic
capability, increased respiratory burst activity and are
primed to secrete IL-12 [44]. Such a primed innate
response in the blood may be highly efficient in eliciting
the anamnestic response thus protecting the foetus from
an overwhelming exogenous challenge, despite the
regulatory Th2 environment in the placenta.

Trypanosomes: African and American trypanosomiasis,
among others, are diseases that have an enormous impact
on global health and economy. The social consequences
of tropical diseases impede development in various ways,
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lowering fertility rates, population growth, savings and
investment and productivity and raising absenteeism,
premature mortality and medical costs [45].

Trypanosomiasis is associated with changes in the
activity of several endocrine glands and it seems possible
that the infertility observed in trypanosomiasis could be
associated with changes in hypothalamo-pituitary adrenal
axis (HPA). Rapid increase in ACTH takes place in chronic
phase more than acute phase of infection while plasma
testosterone showed delayed response and its
concentration increased when plasma ACTH and cortisol
concentration declined sharply. Testicular degeneration
is evident upon palpation of scrotal contents with high
deterioration of semen picture. Concentrations of plasma
oestradiol 17P and testosterone were significantly
different (P < 0.05) in camel bulls infected with 7. evansi
when compared to normal ones [47].

T. evansi are involved in the continuous production
of more than 1000 genetically controlled antigens (variable
surface glycoproteins, VSGs) [48] resulting in the
formation of immune complexes to evade the animal
immune system as long as the parasite is not eliminated
from such an animal [49]. Such immune complexes
precipitate under the basement membrane of the
seminiferous tubules in the chronically infected bulls [50]
causing impairment of the biological functions of
junctional  complexes, altered metabolism or
hyperactivation of the Sertoli cells that may lead to
four-fold  increase in  plasma  oestradiol-17[
concentrations. It appears from previous observations in
the camel [47] and other species [51-53] that a higher
concentration of oestrogen suppresses secretion of
gonadotropin-releasing hormone (GnRH) and exerts a
negative feed-back mechanism on leutinizing hormone
(LH) leading to depression in Leydig cell function and
maintaining low levels of plasma testosterone (less than
1 ng/ml). The trypanosoma-induced immune complexes
and hormonal defects which could impair the sequential
divisions and differentiation of germ cells to produce
spermatozoa [54] and eventually their adverse effects on
sperm concentrations and sperm morphology was
observed. Trypanosoma infections reduce T cell
responsiveness. T cell proliferation was profoundly
suppressed upon mitogenic stimulation and mediated by
macrophage-like suppressor cells, leading to suppressed
interleukin-2 secretion and impaired expression of the
interleukin-2 receptor. A possible explanation for the
reduced antibody responses in 7. evansi infected pigs
might reside in a T cell suppression induced by the
infection. Indeed, the induction of a good antibody
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response needs a good T helper cell response as the latter
provides help to the B cell through delivery of cytokines.
Consequently 7. evansi infection might interfere with the
development of protective immunity upon heterologous
vaccinations [55]. Also, for better understanding to the
invasion of trypanosomes (Trypanosoma brucei
gambiense or T.b. rhodesiense) to central nervous cystem
and the Mechanisms of blood-brain barrier and blood-
cerebrospinal fluid barrier leakage, when T.b. gambiense
was cultivated on human bone marrow endothelial cell
(HBMEC) line to study cell activation, the expression of
the adhesion molecules ICAM-1, E-selectin and CAM-1
increased in co-culture. The parasites induced the
synthesis of the pro-inflammatory cytokines TNF-c, IL-6
and IL-8 and of nitric oxide (NO) by HBMEC. these
molecular soluble factor are responsible for endothelial
cell activation and consequently potentiation of the
inflammatory reaction, leukocyte recruitment, passage of
trypanosomes into the CNS and barrier dysfunction
observed during CNS involvement of human African
trypanosmoiasis [56].

Also, T. congolense clearly affected establishment of
pregnancy in infected ewes, as shown by lower rates of
pregnancy and extended intervals between breeding and
confirmation of pregnancy [57].
Trichomonades: Trichomonas  foetus  (Genital
trichomoniasis), most often associated with venereal
disease in cattle. Once the organisms are present in the
herd, they can be passed from cow to cow by the herd
bull (s) or by contaminated breeding equipment. Young
bulls usually 'clear' the organisms quite rapidly, but
become reinfected upon breeding a cow that is carrying
an infection. Older bulls (4-5+ yrs) are more often
chronically infected. Cows are able to develop immunity
to these organisms, although they can still be infected for
up to 3 weeks before the infection is cleared. A 'dirty'
white vaginal discharge can occur 1-2 weeks after
becoming infected. 7. Vaginalis is determental of
pregnancy in early stages [58].

In human, 7. vaginalis has been detected in 66-77%
of the male partners of infected women and of those men,
about 70% were asymptomatic [59]. In men the infection,
although usually self-limiting and often asymptomatic,
is associated with urethritis, prostatitis, epididymitis,
reduced sperm function and infertility [60, 61]. It is
important to note that the 7. vaginalis infection is often
recurrent, with no lasting immunity, suggesting the
importance of innate immunity. The immunoinflammatory
response to trichomoniasis has been most studied in
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pregnant women. T. vaginalis positive pregnant women
had increased vaginal IL-1B and neutrophils [62].
Increased cervical IL-8 and alpha-defensin have been
found in pregnant infected women [63] . At the same time,
in symptomatic women, anti-inflammatory mediators such
as the soluble leukocyte protease inhibitor (SLPI) were
lower and reactive nitrogen intermediates, macrophages
and CD4+ (helper) T cells were higher. This inflammatory
response also leads to the production of TNF-o which
activates CD4+ T cells. [64,65]. The presence of increased
C-reactive protein in the sera of 7. vaginalis infected
pregnant women suggests that the impact of the
immunoinflammatory reaction to the parasite exceeds the
boundaries of the reproductive tract mucosa [64].

The immunoinflammatory responses to 7. vaginalis
infection have been studied in vitro and in mouse models.
In vitro experimentation has been conducted with cervical
and vaginal epithelial cells [66-68] and with various
immune cell types [69,70]. Both proinflammatory and
immunosuppressive responses have been observed as
discussed below. Mice challenged with asymptomatic
compared with symptomatic 7. vaginalis
responded by increased IgA, IgG, Thl cytokines and
production of reactive nitrogen intermediates. Both

isolates

circulating and mucosal antibodies have been detected in
women [71]; however, the immunity is not lasting and it
has been shown that 7. vaginalis cysteine proteases
in the
symptomatic women can degrade IgG, IgM and IgA [72].
In addition, the T. vaginalis cysteine proteases including
CP30, induce apoptosis in vaginal epithelial cells [73]
and in multiple mucosal immune cell types. In leukocyte

present serum and vaginal secretions of

culture, T. vaginalis stimulated IL-8, leukotrienes, reactive
nitrogen intermediates and inducible nitric oxide synthase
(iNOS) [69, 74]. T. vaginalis has been shown to produce
leukotrienes capable of activating the host cells [70].
T. vaginalis proteins (adhesins and CP30) induce caspase
mediated apoptosis cells, macrophages and dendritic cells
and production of immunosuppressive cytokines (IL-10,
TGF-B) [75,76]. T. vaginalis-induced apoptosis in
neutrophils has been linked to caspase-3 activation and
reduced expression of the anti-apoptotic protein myeloid
cell leukemia sequence 1 (Mcl-1) [77] and in macrophages
it has been linked to extracellular signal-regulated kinases
(ERK) activation [78].

Cytokine Bias after Helminth Infection: Helminthic
parasites are diverse in form and life style and are often
quite host-specific. Having co-evolved over long periods
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of time (at least hundreds of millions of years), most
parasitic helminths are usually well adapted to making
best use of the host and in particular, to living with its
immune system. Most of these parasites have developed
multiple mechanisms for evading the immune response,
either by becoming less recognizable (immunological
ignorance) or by direct immunosuppression. Immune
responses to tissue-invasive helminths often feature high
levels of IgE (mostly not parasite-specific), eosinophilia
and mastocytosis, all of which are driven by Type 2
cytokines. However, it should be noted that helminthic
parasites often induce very complex responses and also
that not all of these special features are necessarily
displayed with equal prominence regardless of the
parasite species involved. As with immunity to protozoa,
what works well for one helminthic parasite species, may
not provide protection against another.

Resistance to several species of intestinal nematodes
is dependent on Type 2 immune responses. In particular,
expulsion of adult nematodes from the gut is dependent
on IL-13 and IL-4 [79].

The Type 2 cytokines including IL-3, IL-4, IL-5, IL-6,
IL-9, IL-10 and IL-13 do play key roles in specialized
immune elements (e.g. mastocytosis, eosinophilia and IgE
production).

Toxocara Infection: Toxocara infection is enhanced
during pregnancy whereas the larvae grow in liver and
lung 1-8 days before parturition and migrate to the
mammary gland around the time of parturition [80], then
pass into the milk during the first 26 days after parturition
[81]. It is common to find buffalo calves highly infected
between 15 and 90 days of age with the peak egg output
occurring 31-45 days post-infection [80]. Pregnant bitches
showed cytokine changes where IL-10 concentrations
increased in infected animals and in the meantime IFNy
production increase during 1-2 weeks of gestation and
then at 3-8 weeks of gestation IFNy secreted by infected
dogs was slightly higher than normal. These observations
could offer us a possible explanation of reactivation of
infection during pregnancy. Also IL-10 is increasing with
weeks of pregnancy and in the meantime IFNy is
decreasing, it could be possible that during this phase of
life through this kind of immunosuppression, mediated by
increase of IL-10 and decrease of IFNy, parasite
transmission and/or infection could be favored. In fact
IL-10 could inhibit granulomatous response to the
parasite through inhibition of IFNy mediated macrophage
activation.
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IL-10 and IFNy were tested also in healthy and
infected puppies during the first 10 weeks of life (from 4 to
10 weeks after birth) as in these ages T. canis larval
infection is reactivated. IL-10 concentration decreases
from 4 to 10 weeks in uninfected or infected puppies while
IFNy assays showed the only statistically significant
difference at 10 weeks after birth. During the first phase of
puppyhood, ThO/Th2 pattern of cytokines production
provides appropriate conditions for progression of the
transplacentally acquired infection. In the second and
third phases of infancy tested, increasing parasitic
lead to
polarization while at the same time there is an amplification
of TCRs and BCRs repertoires through expansion of the
antigen-specific clones caused by their interactions with
antigens or ‘‘superantigens [82].

antigens induction of immune response

Type 1 and Type 2 cytokine responses may be
antagonistic in immunity to helminths, but for tissue
dwelling parasites such as Schistosoma mansoni,
elements of both are likely to be important in host
resistance and in limiting immunopathology. The immune
response in.

Schistosomiasis: schistosomiasis is obviously a delicate
balancing act, complicated by the likelihood that the
parasite utilizes elements of the host defence to enhance
its own development and fecundity. Type 1 cytokines
predominate in the early stages of infection with
S.mansoni and may be protective against the stage of the
parasite which first penetrates the host via the skin. It is
reported that as egg production begins, a shift to Type 2
dominance occurs. Analysis of cross-sectional antibody
data (IgA, IgE, 1gG1, 1gG2, 1gG3, 1gG4 and IgM directed
against Schistosoma haematobium soluble egg antigen
(SEA)) showed that cluster analysis partitioned the data
into distinct epidemiological groups based on all seven
antibody isotypes (defined by age, infection intensity,
treatment status and history of infection) confirming an
already known partitioning based on IgA/IgGl
production. Also there was a differential distribution of
IgE and IgG4 between clusters consistent with the
recently proposed balance between Thl, Th2 and
regulatory T cells [83]. The cytokine regulation of these
antibodies helps to understand the patterns observed;
IgE and IgG4 production is induced by IL-4 and IL-13 and
inhibited by IFN-y [84]. IL-4 dependent production of IgE
is inhibited by lower levels of IFN-y than 1gG4 production.
IgA production is regulated by IL-10 and TGF-p. IL-10
induces mature B-lymphocytes to produce IgGl. TGF-f
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affects prestimulated B-cells and pre-switched B-cells
differentially, so that it inhibits IL-10 mediated secretion
of both IgA and IgGlby pre-switched B-cells, but
stimulates B-cells to produce IgA. This suggests that the
dichotomy observed in IgA and IgG1 responses in this
population is due to TGF- B’s different effects on the two
antibodies.

Fasciolosis: Fasciolosis is one of the most important
parasitic diseases of domestic ruminants. Non-fatal
infections, apart from resulting in poor productivity, it
affects on the animal fertility causing abortion (during all
stages of gestation),and embryonic and neonatal deaths
and calf crop of less than 50% of uninfected animals [85].

The effect of single or repetitive fluke-infections on
rat liver steroid hormone metabolism was studied by oral
administration of 20 metacercariae of Fasciola hepatica
in rats. The liver of mono-infected rats showed lowered
values of hepatic cytochrome P 450 by 36-64% and the
expression of isoenzymes necessary for 16a and 2a-
hydroxylations of progesterone and testosterone were
significantly decreased by 50-90 %, Interestingly, in
repetitive fluke infected rats, steroid hormones were
metabolized similarly to control normal levels and this
could be related to the changes in the animal immune
response [86]. However, comparing the effect of liver fluke
and gastrointestinal nematodes infections on weight gain
and reproductive performance of beef heifers, results
revealed that nematodes infection affected body weight
gain and reproductive performance significantly more
than the liver fluke did [87]. Cattle suffering from
fascioliosis showed reduced lymphocyte responsiveness
and IFN-y production after 3-4 weeks of infection and also
demonstrate a highly skewed antibody response where
IgG1 dominates [88]. Parasite persistence within the host
suggests the presence of immune regulatory networks
where it initiateTh2 effector mechanisms such as IL-4 and
IL-5 secretion. Thl effector cytokines were suppressed
when PBMC’s from infected animal were re-stimulated in
vitro with IFN¥y production being compromised. Antibody
responses were skewed towards IgGl, while IgG2a
production was diminished. The magnitude of these
effects were seen to be dependent on the final parasite
burden [89]. An understanding of how helminths are able
to generate immune environments which favour pathogen
persistence and chronic infection is important for
developing successful strategies for immunoprophylaxis.
Modulation of macrophage and dendritic cell function
and interaction with toll-like receptors (TLR) are thought
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to be some of the fundamental events involved in
establishing this immune regulation. Macrophages
metabolize L-arginine in two ways either using inducible
nitric oxide synthase (iNOS) or arginase (arg). The
differential regulation of these enzymes is known to
correspond to either classical or alternative macrophage
activation (AAMd) respectively. iNOS is used as a marker
of classical activation, while arginase is used to identify
alternatively activated macrophages (AAMF). [90]. It has
been reported that F. hepatica infection induces AAMd
in the murine model. Furthermore, a recombinant version
of F. hepatica enzyme peroxiredoxin (Prx) can also induce
AAM@. Inoculation of mice with Prx created a population
of macrophages with suppressed iNOS mRNA levels and
elevated TGF-P levels an immune regulatory cytokine [91].
The importance of the effects of this molecule, Prx, is
thought to be in the defence of F. hepatica by
detoxification of hydrogen peroxide (H202) released by
the host [92]. The level of H202 released by macrophages
in the presence of pathogens may also be determined by
the phenotype of macrophages. If F. hepatica has evolved
an enzyme to detoxify host H202 and modulate the
macrophage phenotype then it would appear that the
parasite defence mechanisms are tightly linked with those
of the host.

CONCLUSION

Parasitic infection has significant effect on human
and animal health and is responsible for major economic
losses in agriculture throughout temperate regions of the
globe. on
chemotherapy resulting in the emergence of drug resistant
parasite populations. Novel control strategies ultimately
require a deeper knowledge of host-parasite interactions,
understanding of the immune response to the infection.
target and
characterisation more rapid. In parallel, integration of
technology with better control measures will help to
improve the animal productive performance.

Control measures are heavily reliant

Research should make identification
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