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Abstract

The immune system is an example of precise autoregulation in which we can intervene with
medications and the therapeutical use of this intervention is called immunomodulation. Induction
or restoration of immune effector functions using parasite antigens, drugs of natural and
synthetic origin, and proteins derived from the immune system represent some of the current
immunomodulators. The burden of infectious diseases caused or transmitted by parasites mostly
comprising of protozoans and helminths, often rests on communities in the tropics and subtropics
and responsible for substantial morbidity and mortality. Despite extensive investment and research,
no vaccines are yet available for prevention of human parasitic infections. Chemotherapy is currently
the only option for the management of these infections, yet the limited number of available drugs
and their serious drawbacks reinforce the urgent need for innovative therapies. Of late, there have
been substantive advances in our understanding of the use of various immunomodulatory agents
during parasitic infections. Various antigenic determinants, cytokines and recombinant proteins
have shown promising results during treatment against parasites. Despite this impressive progress,
there is still much to explore in order to prevent or cure parasitic infections completely. In this
review we have focused on the implications and outcomes of various immunomodulatory agents
during parasitic infections.
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Introduction

The immune system is a complex interwoven network of biological structures and processes that
defend our body against disease-causing microorganisms. Since many years, immune responses have
been modulated by various agents in order to assuage the disease. Recent advances in the knowledge
of intricate interactions of parasites with the immune system have led to the identification of
important mechanisms germane to protection. This understanding has fostered formulation of novel
strategies and current concepts. The immune system can be manipulated specifically by vaccination
or non-specifically by immunomodulation [1-4]. During the last decade, immunomodulators have
evolved to become a viable adjunct to established therapeutic modalities in infectious diseases.
The initial work in the field of immunomodulation was the search of immunomodulatory agents
for the treatment of residual cancer [5]. Cytokines and interferons have not only been tried in the
immunotherapy of cancer [6] but also used as immunoadjuvants along with vaccines. Cyclosporin
a potent immunosuppressant has proved to be a boon for prevention of graft rejection [5] and some
autoimmune diseases.

Therefore, from a therapeutic point of view, immunomodulation refers to a process and a course
of action in which an immune response is altered to a desired level. In this review, we have focused
on the use of various immunomodulators during parasitic diseases.

Immunomodulator

It is a substance that alters the immune response by augmenting or reducing the ability of the
immune system to produce antibodies or sensitized cells that recognize and react with the antigen
which initiated their production (Mosby's Medical Dictionary, 8" edition.©2009, Elsevier). The
mode of action includes augmentation of the anti-infectious immunity by the cells of the immune
system including lymphocyte subsets, macrophages, and natural killer cells as depicted in Figure
1 [7]. Other mechanisms can involve induction or restoration of immune effector functions.
Microbial products, drugs of natural and synthetic origin, and proteins derived from the immune
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Figure 1: Enhancement of immune responses by immunomodulation [7].

system represent some of the immunomodulators currently being
explored. Some immunomodulators are naturally present in the
body, and some are available in pharmacologic preparations which
ultimately stimulate host defense mechanisms for the prophylaxis
and/or immunotherapeutic treatment of diverse infectious diseases.

The immunomodulators are classified as (i) Immunostimulants:
which potentiate body’s resistance against infections; enhance the basal
levels of immune response and in individuals with impaired immune
response as immunotherapeutic agent (ii) Immunosuppressant:
which suppresses the immune response and could be used for the
control of pathological immune response in autoimmune diseases,
graft rejections etc. [8].

Parasitic infections and immune system

Parasites are eukaryotic pathogens, and broadly comprise
protozoa, fungi, helminths and arthropods that complete a part or
all of their life cycle within a host organism. Like other pathogens,
parasites must survive in the face of a highly potent immune system.
They succeed in this endeavor through a great diversity of strategies
for avoiding immune detection, suppressing cellular immunity and
deflecting immune attack mechanisms [9]. Metazoan and protozoan
parasites are major causes of human and animal disease, causing
extensive morbidity and mortality, particularly in tropical and sub-
tropical climatic regions. While progress has been made in the last
decade in the cloning and expression of protective antigens from
a large number of parasites, the majority have failed to stimulate
practically useful levels of protective immunity in trials [10].

As part of the primary immune response, the two important
players of the innate immune system, the neutrophils and monocytes,
continuously patrol the body in search of invading pathogens, and
infiltrate into infected/injured tissues upon detecting microbial
products [11]. Neutrophils arrive at the infection site early and in
high numbers, and thus usually kill more invading bacteria than
other phagocytes [12]. However, neutrophils are short-lived, with
an average lifespan of 1-2 days: after engulfing and killing several
bacteria, neutrophils exhaust intracellular enzymes and subsequently
undergo apoptotic cell death. Upon reaching extravascular tissues,
monocytes can differentiate into tissue-specific macrophages.
Macrophages can ingest and eliminate larger pathogens that are
not handled by the neutrophils; in addition, they remove the cell
debris of apoptotic neutrophils in order to resolve an inflammatory
response [13]. Phagocytes engulf pathogens or damaged cells, and

eliminate them through the generation of reactive oxygen species and
hydrolytic enzymes.

Current control and vaccine efficacy

Drugs remain central to alleviating the clinical disease and for
larger scale disease control programmes. However, available drugs
have often been in use for decades and drug resistance in the target
parasites is now prevalent. The recent trend of emergence of drug
resistant isolates of various pathogens has prompted us to develop
an alternative strategy to surmount this problem. The search for
immunomodulatory determinants as agents to enhance the efficacy
of drugs or vaccine candidates is an ever expanding area of research.
Vaccine development was originally focused on ‘fractionate and
vaccinate’ approach. Antigens are purified from parasite extracts,
harvested following in vitro culture using a variety of protein
fractionation procedures [14] and then evaluated for protective
efficacy in control trials in the target host or frequently in a laboratory
infection model. Antigens can be selected on the basis of presumed
functional importance to parasite survival such as enzymes required
for feeding/migration, immunomodulatory molecules or on the basis
of immune recognition by hosts leading to immunity against infection
on repeated exposure. The induction of a mixed Th1/Th2 response
has been observed with DNA or multivalent vaccination strategy. The
efficacy achieved by vaccination using new formulations has often
fallen short of what is required to control the disease, especially in
case of parasitic infections.

In general, the pathogen specific host immune components play
an active role in the elimination of pathogen; however their non-
effectiveness in doing so ensued in full-blown infection. A number of
parasite antigens have been shown to possess the capacity to modulate
the immune response of the host. It is well evident that modulation
of host immune system may be of great importance in containing the
parasite replication inside the host cells.

Immunomodulators: arrays of possibilities in parasitic
diseases

Immunomodulation acts as a major driving force during the
overall host-parasite relationship. Anti-parasitic agents used during
the treatment of infectious diseases avert rapid multiplication and
hamper vital physiological activities of the parasite, but at the same
time, the role of host immune system cannot be neglected. Basically
it is the immune system that plays a major role in the complete
suppression/elimination of the pathogens. In fact parasites weaken
immune armory as a strategy to establish themselves in the host. It
can be speculated that activation/rejuvenation of the host immune
system could be an effective way to successfully combat various
infectious diseases [15-18]. Use of immunomodulatory agents seems
an attractive approach as an adjunct modality for control of several
parasitic diseases.

Leishmaniasis

Leishmaniasis caused by several species of flagellated protozoan
parasites of Leishmania genus is associated with significant morbidity
and mortality in tropical and subtropical regions. According to the
latest report, from world Health Organization (WHO, 2016), every
year, 700,000-1 million new cases and 20,000 to 30,000 deaths occur
annually  (http://www.who.int/mediacentre/factsheets/fs375/en/).
During an infection, the parasites have a remarkable adaptive capacity
as they are able to survive and proliferate inside the hostile phagocytic
cells. Leishmaniasis is characterized by the parasite-induced
immunosuppression executed not only by active subversion but
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also by immune deviation such that the resulting immune responses
suppress the Leishmania specific immune response. Recovery from
leishmaniasis is strongly correlated with the development of distinct
Thl type cellular immune responses manifested by delayed type
hypersensitivity (DTH) to Leishmania antigens (Ag) and T cells
producing interferon-y (IFN-y), tumor necrosis factor-a (TNF-a),
and interleukin 2 (IL-2) cytokines that activate macrophages and kill
intracellular parasites [19]. The parasite actively secretes proteases
and other molecules that affect host immune response (cells
and cytokines) facilitating the infection process. In addition, the
parasite possesses intracellular nonsecreted antigens viz. LmS3arp
and LimTXNPx, members of conserved protein families, which are
believed to contribute to the chronic immunopathology, observed
in leishmaniasis [20]. Treatment relies on chemotherapy which is
expensive and becoming compromised by emerging drug resistance.
Hence the identification and evaluation of several Leishmania
antigens which preferentially stimulate a Th1 response rather than a
Th2 response against Leishmania may be a vital strategy for effective
control of the disease.

Some basic trials have been made to rejuvenate the suppressed
immune response in active leishmaniasis using components of
the parasite itself. One of such studies highlights the efficacy of
two critical antigens, 63kDa and 17kDa, in the reprogramming of
CD4" T cells to produce IFN-y in VL patients [21,22]. The study
shows an increase in the frequency of IFN-y producing CD4*
T-cells after stimulation with 63kDa or 17kDa in presence or
absence of recombinant IL-4. Another recent study reported 9-O-
acetylated sialoglycoproteins to be important immunomodulator
in Indian visceral leishmaniasis [23]. It shows that the sensitization
of peripheral blood mononuclear cells (PBMCs) VL patients with
9-O-AcSGPs, a lectin, results in a mixed Th1/Th2 cellular response
with the predominance of the Thl response, indicating the ability
of 9-O-AcSGPs to modulate the immune response in favor of the
host. Another evolutionarily conserved antigen of Leishmania that
has shown remarkable immunological properties is L. infantum is
HSP70 [24]. Immunization of BALB/c mice with the MBP-HSP70
fusion protein preferentially induced a Thl immune response.
A dominant immune-response against recombinant Leishmania
HSP70 detected in sera from Indian kala-azar patients indicated
this antigen to be an immunodominant antigen [25]. The search for
Leishmania antigens capable of eliciting a protective T cell response
led to the identification of LACK (Leishmania homolog of receptors
for Activated C Kinase). A portion of this antigen, LACK-D1 (a
truncated form of 24 kDa), when administered as a vaccine with IL-
12 before infection, protected susceptible mice [26]. It is interesting to
consider the peculiar immunological properties of the LeIF protein,
the Leishmanial homologue of the eukaryotic initiation factor 4A
[27]. It stimulated proliferative responses and preferential Thl
cytokine production in PBMCs of patients. Proteins of Leishmania
parasite that stimulate the production of IL-12 could be of significant
interest either as immunotherapeutic components for leishmaniasis
or as adjuvants. Leishmania eukaryotic initiation factor (LeIF) and
its recombinant polypeptides induce the production of IL-12, IL-10
and the expression inducible-nitric oxide synthase (iNOS) by mouse
myeloid dendritic cells [28].

With the main aim of identifying a defined antigen of Leishmania
that could elicit a specific immune response in the host, Arora
et al., [29] screened an expression cDNA library of L. donovani
which was constructed from the poly(A)* mRNA of the parasite

[25] with immune sera and Leishmania specific cell line (LSCL)
established from the peripheral blood mononuclear lymphocytes of
a naive healthy individual. Three novel antigens were identified and
characterized which could stimulate the LSCL in vitro and induce
the release of a very high amount of IFN-y. One of the recombinant
antigens, rF14 when used along with an immunomodulator
monophosphoryl lipid A (MPL-A), which is known to boost the cell
mediated immune response in the host, showed a protective efficacy
of 67% against a virulent challenge in the hamster model of visceral
leishmaniasis [30]. Reactive nitrogen intermediates (RNI) and
reactive oxygen intermediates (ROI) were found to be upregulated
in the peritoneal exudates cells of hamsters immunized with this
antigen- adjuvant combination. Also, there was a significant elevation
of DTH response in immunized hamsters which demonstrated the
activation of the cell-mediated responses that might be important for
providing resistance against infection. The immunogenic properties
of L. donovani LdP1 ribosomal protein homolog were analyzed in
an animal model [31]. Although the prophylactic immunization
with recombinant protein vaccine, rLdP1, was capable of inducing
cellular response in immunized hamsters as seen by proliferation and
upregulated expression of IL-12 transcripts by splenocytes as well as
the IFN-y release by LSCL in vitro, the animals were not protected
against the virulent challenge of L. donovani promastigotes. At the
same time, the animals immunized with dual dose of pVAXP1 DNA
vaccine showed higher production of IFN-y and IL-12 along with a
significant suppression of IL-10. The immunized animals resisted the
increase in spleen weight and parasite burden to a significant level
suggesting the immunomodulatory potential of this formulation.

Unraveling the immunogenic properties of these antigens will
provide clues to understand the immunopathology of disease and,
perhaps more importantly, might act as immunotherapeutics in the
treatment of the disease.

Helminthiasis

The development of mathematical models based on data from
epidemiological surveys has led to a deeper understanding of
how helminth infections persist in human communities [32-35].
The intensity of infection is the key variable in understanding the
population biology of helminths and the morbidity they induce. Also,
knowledge of intensityis crucial for the optimum use of anti-helminthic
chemotherapy in the community. The nature and mode of action
of various nematode-derived molecules with immunomodulatory
properties are being studied, and their therapeutic efficacy in several
helminth infections are also being undertaken.

Schistosomiasis

Schistosomiasis is an acute and chronic parasitic disease caused by
blood flukes (trematode worms). People become infected when larval
forms of the parasite, released by freshwater snails, penetrate the skin
during contact with infested water. Estimates show that at least 206.5
million people required preventive treatment for schistosomiasis in
2016 (WHO, 2016) (http://www.who.int/mediacentre/factsheets/
fs115/en/). The schistosomes have complex life cycles using two
separate hosts to complete their development. Severe consequences
of infection include bladder cancer or renal failure (Schistosoma
haematobium) and liver fibrosis and portal hypertension (Schistosoma
mansoni). Again, control is largely dependent on mass chemotherapy
but the development of resistance to drugs is a major concern [10].

In recent years, considerable effort has been made to develop a
protective vaccine against schistosome infection and several potential
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candidate molecules have been identified. One such antigen is the
integral membrane protein Sm23 that was originally identified as the
target of a protective monoclonal antibody [36]. Sm23 is expressed
in all schistosome life stages examined and in several tissues,
including the adult tegument [37]. In infected mice and humans,
the protein has been found to be highly immunogenic [38,39].
Since protection mechanisms against schistosomes depend on both
humoral and cellular immune responses, the use of a defined vaccine
candidate in combination with different immunomodulators and the
characterization of both the humoral and cellular immune responses
elicited by those combinations seem to be essential [40]. Siles-Lucas
M et al., [40] have investigated the protection rates achieved against S.
mansoni in mice after vaccination with the Sb14{ recombinant antigen
combined with three different immunomodulatory molecules: the
commercial CpG containing polynucleotide (ODN 1826 [41]; an
extract of Polypodium leucotomos (PAL; [42]), and the synthetically
obtained amino alcohol AA2829 [43]. Sb14{-CpG-vaccinated mice
showed high IFN-y levels and the absence of IL-4 production. Sb14
{ -CpG-vaccinated animals also exhibited the production of TNF-a
and a balanced IgG1/IgG2a humoral response [40]. PAL, consisting
of an extract from the plant Polypodium leucotomos, has been
shown to down-regulate the Th2-like response induced by parasitic
infections, such as Trichinella spiralis [44] and Trichomonas vaginalis
[45]. Similarly, its use in an anti-schistosome vaccine is justified
because Th2-type dominant responses have been related to a lack
of protection against these parasites [46]. Both the diamine AA0029
and the amino alcohol AA2829, described as synthetic derivates
from the immunomodulatory compound myriocin, have been tested
previously for their immunomodulatory properties [43], and they
have been shown to increase T helper CD4* and CD8* cell numbers
and nitric oxide (NO) production from mouse immunocompetent
cells after in vitro stimulation [43].

Ascariasis

It was reported in 2002 that an Ascaris suum extract could
inhibit lung inflammation and hyper responsiveness. More
recently, it was discovered that A. suum contains a protein, APAS3,
which, upon immunization and challenge is able to induce Th2-
dependent, eosinophilic airway hyper reactivity in BALB/c mice [47].
Interestingly, another A. suum product, PAS1, inhibits this response
(Itami et al., 2005. Inhibition is associated with reduced Th2 cytokines
(IL-4, IL-5) and chemokines [eotaxin, RANTES (regulated upon
activation, normal T-cell expressed and secreted)], and considerably
elevated IL-10 levels in bronchoalveolar lavage fluid. PAS1 is most
active when administered prophylactically at both immunization
and challenge stages; administration at immunization only reveals a
partial effect, but PASI is completely ineffective when given only as
the challenge.

Malaria

Malaria is the world's most important tropical parasitic disease.
In 2016, there were an estimated 216 million cases of malaria, an
increase of about 5 million cases over 2015 and deaths reached
445,000 (WHO, 2017) (http://www.who.int/malaria/publications/
world-malaria-report-2017/en/). Unfortunately, the development of
multiple drug resistant isolates of Plasmodium spp. and the increased
resistance of its vector, the Anopheles mosquito, to DDT (dichloro-
diphenyl-trichloroethane) underscores the importance of developing
new chemotherapeutic means to control the spread of malaria. In
this regard, it has always remained imperative to enhance the anti-

parasitic efficacy of already existing anti-malarial agents.

The effective immune response to various stages of Plasmodium
parasite demands simultaneous activation of both humoral as well
as cell mediated arms of the immune system of the host. To further
enhance the efficacy of most potent anti-malarial drug, chloroquine,
against less susceptible isolates of Plasmodium, concomitant usage of
chloroquine in combination with some potent immunomodulators
capable of activating host immune system has been envisaged.
Picroliv, a standardized fraction isolated from the ethanol extract of
the root and the rhizome of Picrorhiza kurroa was found to be effective
to correct liver damage induced by Plasmodium berghei infection in
Mastomys natalensis (common African rat) [48]. It was also reported
to possess strong immunostimulant activity and showed significant
protection against challenge with L. donovani promastigotes in
experimental golden hamsters [49]. One of the studies evaluated
immunomodulatory effect of picroliv in animal models to establish
its practical suitability in the treatment of infectious diseases [50]. The
potential of combination therapy involving picroliv and chloroquine
to combat multiple drug resistant isolate of Plasmodium yoelii in
animal models was also evaluated. It upregulates the expression of
co-stimulatory molecules CD80/86 on the surface of macrophages.
Besides, it also activates macrophages for production of ROI and RNI
in the immunized animals. The immunomodulator was also found
to induce higher T cell proliferation as well as antibody production
in the immunized animals [50]. This indirectly suggests that the
immunomodulator helps in skewing of immune response in favor of
Thl type of T helper cells.

The immunogenicity of Plasmodium berghei recombinant protein
rPbMSP1 formulated in alum was found to be immunogenic which
induced high levels of specific anti- rPbMSP1 antibody [51]. MSP1
is a merozoite surface protein synthesized during schizogony and its
products are localized on the surface of extracellular merozoites. There
was elevation in serum IgG2 level and suppression of parasitemia
which may be due to the enhancement of the effector mechanisms of
protective immunity after rPbSMP1 administration. Few individual
chimeric antigens incorporating B cell and T cell epitopes without
a fusion protein have shown strong efficiency in eliciting a B cell
response, which is the most important immune protection against
blood-stage malaria parasites [52]. It has been demonstrated that
a multivalent vaccine containing antigens from different stages of
the parasite can prevent parasitic infection. The advantage of using
multivalent peptides within a chimeric antigen arises from putting
together the most immunopotentiating units of vaccine candidates
and leaving out the non-antigenic sequences. Immunization of
rabbits and mice with the purified 35 kDa antigen, named Malaria
RCAg-1 in the presence of Freund’s adjuvant strongly generated
long-lasting antibody responses that recognized the corresponding
individual epitope peptide in this vaccine as well as blood stage
parasites. CD4* T cell responses were also elicited as shown by the
enhancement of T cell proliferation, IFN-y and IL-4 level [53]. The
same study also showed that a polyepitope-chimeric antigen malaria
vaccine M.RCAg-1 is favorable in eliciting both specific B and T
cell responses. In addition, the significant correlation between the
stimulation index (SI) and antibody levels, SI and IFN-y, as well as
SI and IL-4 from the immunized animals were observed. Targeting
the host, using immunomodulatory compounds, might be a useful
strategy to complement the direct anti-parasitic activity of standard
anti-malarial drugs and present a valuable tool in the management of
resistant parasites.
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Cytokines as immunomodulatory agents

Cytokines are intimately involved in host antimicrobial
immune responses. Certain cytokines stimulate the production of
other cytokines and interact in complex synergistic or antagonistic
networks [7]. Recent advances in identification and cloning
using monoclonal antibody and recombinant DNA technologies
have led to the availability of ample quantities of cytokines with
immunomodulatory activities. Ineffective immunity in parasitic
infections is often associated with depressed Th1 cytokine response,
and reduced production of IFN-y. Interleukin-10 (IL-10) is thought
to be a central mediator of the depressed IFN-y response in diseases
from intracellular pathogens [54]. T-helper lymphoid cells are crucial
in orchestrating the appropriate cytokine responses and are of critical
importance for the outcome of infectious diseases. Th1 cells produce
IFN-y, TNF-a and IL-2 and are required for the effective development
of cell-mediated immune responses to intracellular microbes. Th2
cells produce IL-4 and IL-5 that enhance humoral immunity to
T-dependent antigens and are necessary for immunity to helminth
infection [55].

The evidence for a pathophysiological involvement of cytokines
in several parasitic disease conditions has been steadily accumulating
during the last decade. Several studies have been reported concerning
the effects of newer cloned cytokines in infectious disease processes
within past few years. The interaction of cytokines and immune
system cells is represented in a simplified form in Figure 2 [56].

Interferons

Interferon gamma (IFN-y) is an important mediator of host
resistance during the acute and chronic phases of infection and is
pivotal in protection against a variety of intracellular pathogens.
IFN-y is the principal Thl effector cytokine which exerts direct
inhibitory effects on Th2 cytokines (Figure 3) [57]. It induces IL-12
production by dendritic cells and macrophages [58,59]. It is a potent
macrophage- activating factor produced by both CD4* and CD8* T
cells besides cells of innate immune response like natural killer (NK)
cells and can induce class I and class II MHC products. Numerous
experimental studies have demonstrated an important role for IFN-y
in protection against several infections. Substantive experimental
data and emerging clinical results suggested that interferon-gamma
(IFN-y), a T-cell-derived lymphokine with broad macrophage-
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Figure 3: Effects of IFN-y on T helper immune and allergic responses [57].

activating effects, had considerable potential in the treatment of
non-viral infections as a host defense enhancing antimicrobial agent.
IFN-y remains a promising host defense enhancing cytokine with still
unexplored clinical potential.

Recombinant IFN-y appears effective as adjunctive therapy
in combination with conventional pentavalent antimonial drugs
in visceral leishmaniasis and may also benefit certain other forms
of cutaneous leishmaniasis [60]. One study reported that rIFN-y
conferred remarkable resistance against acute infection with
Toxoplasma gondii in T cell-deficient (athymic nude) mice [61].
Peritoneal macrophages obtained from mice injected with rIFN-y
were activated and effectively killed tachyzoites of T. gondii in vitro.
This suggests that rIFN-y may be effective for therapy of toxoplasmosis
in immunosuppressed patients who have impaired activity of T cell
function.

Although immune-based therapy, mainly by administration of
exogenous IFN-y, is a promising path to treating these infectious
diseases, it is still plagued by serious problems and dilemmas, such as
occasionally severe side effects, and a very high cost, making it nearly
impracticable for large-scale use in developing countries.

Tumor necrosis factor

TNF-a (Cachectin) is a protein produced mainly by macrophages,
with a wide range of biological activities and may be important in
inflammatory processes. In parasitic infection, administration of
recombinant human TNF released from intraperitoneal osmotic
pumps could effectively suppress the Plasmodium chabaudi adami
infection in CBA mice [62]. In contrast, a single injection of rabbit
antibody to TNF on Day 4 or 7 fully protects CBA mice infected with
P. berghei from cerebral malaria without modifying the parasitemia
[63]. In experimental Trypanosoma cruzi infections, treatment of
macrophages with recombinant TNF plus lipopolysaccharide (LPS)
resulted in a significant reduction in the number of intracellular
organisms compared with mock-treated macrophages [64]. It is
documented that TNF-a is host protective in experimental cutaneous
leishmaniasis [65]. Injection of rTNF into the lesion of CBA mice
infected with L. major significantly reduced the lesion development
and activates macrophages to kill Leishmania in vitro. The involvement
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of tumor necrosis factor (TNF) in resistance to Toxoplasma gondii
infection was examined by means of experiments in which mice were
treated with anti-TNF antibodies prior to infection with ME49, a
low-virulence Toxoplasma strain. The study provides evidence that
TNF produced endogenously during T. gondii infection plays a role
in restraining trophozoite numbers and, in B6 mice infected orally,
may prevent death [66]. TNF was able to activate IFN-y-primed
macrophages to exhibit anti-T. gondii activity in vitro.

Interleukins

Interleukin-12 (IL-12) directly stimulates T-cells and NK cells to
produce interferon-y (IFN-y).

IFN-y leads to disease resolution because it can activate
macrophages (Figure 4) (http://www.ppdictionary.com/parasites_1.
htm). Recombinant IL-12 was useful in the treatment of blood-stage
malaria infection. Treatment during the first 5-6 days of infection
delayed the onset of parasitemia, significantly reduced the peak
of parasitemia, and prevented lethal infection in the P. chabaudi-
susceptible mice [67]. IL-12 was also effective in correcting malarial
anemia [68,69]. One of the recent studies shows that in an NK cell/
macrophage co-culture system, IL-12 and IL- 18 drive the production
of sufficiently high levels of IFN-y and TNF for the subsequent
induction of macrophage anti-leishmanial activities [70].

Administration of recombinant IL-12 protected BALB/c mice
against challenge with P. yoelli sporozoites [71] and protected rhesus
monkeys against challenge with P. cynomolgi through IFN-y and NO-
dependent elimination of the parasite [72]. Another study reported
that IL-12 enhances protective immunity in mice immunized with
engendered by immunization with recombinant 14 kDa S. mansoni
fatty acid-binding protein through an IFN-y and TNF-a dependent
pathway [73]. The co-administration of exogenous IL-12 enhanced
protective immunity engendered by rSml4 and higher levels of
IFN-y, TNF-a and IgG2a were observed in mice immunized with

rIL- 12/rSm14 with no detection of IL-10.

Interleukin-10 (IL-10) is a pleiotropic immunomodulatory
cytokine, produced by a wide variety of cells, including activated
Th2 cells, monocytes and macrophages, B cells, thymocytes, and
keratinocytes [74-76]. IL-10 plays a pivotal role in the establishment
and maintenance of a class of immune response by suppressing Th1-
dependent cell-mediated immunity and augmenting Th2-dependent
immune responses [77]. Through the prevention of macrophage
activation, as well as via direct interaction, IL-10 has been shown
to prevent antigen-specific T cell stimulation, proliferation, and
cytokine production indirectly by reducing the Ag presenting ability
of monocytes [78]. L. donovani induces endogenous secretion of
murine IL-10, which in turn facilitates the intracellular survival of the
protozoan and selectively impairs PKC-mediated signal transduction
[79]. Preincubation of the infected macrophages with neutralizing
anti-IL-10 MAD significantly blocked the inhibition of nitric oxide
and murine TNF-a release by the infected macrophages.

Clinical implications of immunomodulators

Objectives of immunomodulation as observed by modern
thought. Both
immunostimulation and immunosuppression are equally important
in clinical medicine. During chemotherapy, immunopotentiation is
the strategy followed when the host defense mechanisms are to be
activated under conditions of impaired immune response. Reducing
the dose and duration of chemotherapy in certain infections like
Leishmaniasis or malaria with the adjunct use of immunomodulators
will go along way in not only reducing the toxicity of the drug but also
will reduce the chances of development of drug-resistance as well as
further transmission by early clearance of pathogen from circulation.
Major clinical implications are not restricted to alleviating the human
suffering but also handling the epidemics on a larger scale from public
health point-of-view.

researchers are more diverse than were

Concluding Remarks

The appearance of drug-resistant strains of several pathogens
manifests the need for the development of innovative therapeutic
modalities, which elicits proper host immune response. This
becomes essential in infections caused by intracellular pathogens
since chemotherapies and conventional vaccines are often partially
or totally ineffective against such pathogens. In this review, we
have focused on the implications of various immunomodulatory
agents during parasitic infections. Selective stimulation by suitable
immunomodulators of immune cells and cytokines important
in protective effector mechanisms against a given infection will
play an exceedingly vital role. The development of molecules with
immunomodulatory and anti-parasitic action may pave the way for
their use as an adjunctive therapy for the management of parasitic
diseases in the coming times.
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