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Chapter

Goat Immunity to Helminthes

Mohammad Mazhar Ayaz, Ahsan Sattar Sheikh,
Mubashar Aziz and Muhammad Mudasser Nagir

Abstract

Goat hematology, especially, shares considerable attention since the last 1980s.
Large number of discrepant normal hematologic values is reported. The discrepan-
cies resulted came from the differences in age group, breed, and health standing
of goats. This makes it further complex with variances in climate of the region, its
environment, and size and methodology applied. With time, many inconsistencies,
reasonably standardization in normal caprine kinetic hematologic values, are in
place. Both goats and sheep are infested by the same key digestive tract helminthes
(DTHs) diseases. Helminthes are exceedingly ubiquitous worm parasites that
progressed to adopt with many erudite means to evade host immune system.
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1. Introduction

Global estimates gathered over time show that goat population is getting bigger
as in comparison to sheep numbers. It is estimated that approximately that both
share a staggering number of 2.1 billion—over 1.7 billion (80%) resides within
Africa and Asia continent [1, 2] and more than 90% of the goat population found
in Asia and Africa (Figure 1). This increase in goat population is accomplished with
its economic value as an efficient converters of low-quality feeds into high quality
meat, dairy, and leather products [3, 4].

Goat hematology, especially, shares considerable attention since the last 1980s
[5, 6]. Large number of discrepant normal hematologic values is reported. The
discrepancies resulted came from differences in age group, breed, and health
standing of goats [7]. This makes it further complex with variances in climate of
the region, its environment and size and methodology applied. With time, many
inconsistencies, reasonably standardization in normal caprine kinetics hematologic
values are in place [8-10]. Talking of immune system, specific evidence on the goat
immune system remains hard to get as compared to other animal species [11].

Both goats and sheep are infested by the same key digestive tract Helminthes
(DTHs) diseases [12]. These parasites are enormously efficacious parasites that
affect innate immune response globally around the world [13, 14]. Helminthes are
exceedingly ubiquitous worm parasites that progressed to adopt with many erudite
means to evade host immune system [15]. They incite pathological features result-
ing in huge economic losses. Till now most data on the host-parasite interactions are
accumulated through ovine (sheep) studies [12, 16]. Helminthes in the abomasum
and related area of host still remains as one of the major threats that is responsible
for weight loss, anemia, reduced performance and production in goat [17, 18].
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In contrast to cattle, many of Cestodes, Trematodes and Nematodes readily cause
disease in goat as well as in sheep (Figure 2). Recently, some data also highlights
differences in caprine and ovine species/strains, especially for nematodes [4, 19].

In goats, it is understood that they tend to accumulate parasites, which is assessed
from constant monitoring of increasing number of eggs, keeping in view about sea-
sonal differences in excretion [20]. Sheep acts in reverse [11]. In developed nations,
the main magnitudes of these infections is reflected as spartan losses of production.
Whereas in underdeveloped/developing countries it translates in more aggravate
DTHs mortalities [11, 21].

After goat and sheep domestication, both independently settled down to
different feeding habits. The sheep are grazers and prefer to take grass and broad-
leafed plant. Goats, on the other hand, are classified as browsers or intermediate
browsers. They can ingest substantial amounts of woody plants, vines and brush
according to their liking [3]. These feeding habits could upshot to sources of DTHs
infestation and with distinct strategies with major consequences to host-parasite
relationships [4].

In the caprine evolutionary processes, adaptation to this high miscellany of
plants, direct for three consequences to regulate parasitic populations. They include

Growth of sheep and goat population in the last 20 years
(Source: FAOSTAT, 2015)
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Figure 1.
Growth of sheep and goat population in the last 20 years.
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Developmental stages of immune cells during Helminth infection.
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(i) subdued immune response, (ii) increased metabolism of xenobiotics and (iii)
self-medication [4]. Recent literature, and documentation show that sheep is stud-
ied more to greater depth than to goats. However, generally both species share high
degree of genetic and physical similarities [6, 19]. Small differences, however, do
exist between the two, such as, goats cannot harbor Helicobacter pylori in its gastric
lumen. This is in contrary to wide range of animals including sheep and cattle.

2. Research methods and analysis

The method used in this chapter mostly focuses on literature already published
or still in draft form. The thorough insight in to literature discussed put some light
on the immune response in general and goat immune system in particular for the
further areas to be addressed in future studies.

3. Discussion

In goats, full immune response expression, seems to be delayed by 6 monthsi.e.
12 months versus 6 months in goat to sheep [22]. Immune differences in expression
between the two hosts are also been documented [4, 23]. It is also assumed that
goats tends to accumulate parasites more than sheep. Because of goats weak recog-
nition, and expulsion systems, larval reduction and expulsion of larval or/and adult
worms are rarely observed [11, 24]. DTH infections under ordinary circumstances
could be reduced as a result in changes to; (i) helminthes resistance by developing
an immune response (ii) infective contact especially by avoidance feeding pattern
of goats; and (iii) self-medication as results of alleviating worm challenges [4].

In this modern era, helminth’s genomics and proteomics understanding tend to
provide dependable evidences on presence of large number of immunomodulatory
products. These are abridged in number of articles. We can group them in immuno-
logical phases;

3.1 Immunological phases
1. initiation,
ii. recognition of antigen and processing,
iii. adaptive immune response,
iv. cellular effector factor responses, and lastly,
v. coagulation, healing, or remodeling.
3.2 Parasite immune-modulators
In each phase, parasite immunomodulators acts specific phase [14, 25]. Immune
responses, against most DTHs, are initiated by vulnerability signals generated by
initial indicator molecule. The pivotal role of pathogen- or damage-associated
molecules patterns (PAMPs and DAMPs respectively) are recognized through
receptors on myeloid cells [14]. These chemical identities are acknowledged directly

to the physical presence of helminthes in goats’ gut [25]. The parasitic induction by
DAMPs and PAMPs signals are presented in following figure [14].
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Helminthes and some of its products, released by them, can damage the epithe-
lial layer, resulting in the release of damage associated molecular patterns (DAMPs)
and which ingresses in the intestine. DAMPs and pathogen associated molecular
patterns (PAMPs) can be sensed by receptors that are present on dendritic cells
(DCs) and macrophages (M¢) [14, 26]. The attachment signals are followed by
activation, and antigen presentation to appropriate lymphoid cells [27, 28]. These
extracytosolic signals, transmitted as cytokines, influence the central hub of innate
lymphoid cells 2 (ILC 2) bundle that stimulates IL 25, IL 33, and thymic stromal
lymphopoietin (TSLP)—protein that enhances the maturation of myeloid (CD
11c) dendritic cells. The release of ILC 2 consequential provide signals to type 2
cytokines that amplifies immune type 2 reaction. This aids in the initiation and
amplification of the type 2 immune response [29].

4. Innate lymphoid cells (ILCs)

Since last a few years, new players have emerged in cell activation and sustain-
ing an immune response to helminthes infection. The innate lymphoid cells (ILCs)
bundles are collection of assorted population that are discovered recently. These
collections does not initially express any specific antigen on receptors [30]. These
lymphoid cells believed to orchestrate adaptive immune system, type-2 innate lym-
phoid cells (ILC 2), activities were able to demarcating ILC 2 functions, especially
in helminth infection [31] (Figure 3).

This all came into the picture, after the discovery, within the T- and B-cell-deficient
mice. Functional analysis of ILC 2 and TH 2 cells showed that they share common
roles. To secrete rapidly cytokines and in large quantities, these two group of cells
coordinate and interact with each other directly [14]. The cells release cytokines
(type-2) after spur from Alarmin—IL 25 axis [32, 33]. On the topic, many study
reports on origin, differentiation, mobility, functionality, plasticity, and communi-
cation skills of these cells within the immune system [33]. The ILC family includes
ILC 1, ILC2 and ILC 3 [30]. These clusters originate from common innate lymphoid
progenitors (CILPs). CILPs cells transform into differentiate into ILC precursors
(ILCPs) [34, 35]. The system polarize into three different innate lymphoid cell popu-
lations; ILC 1 via expression of Tbx 21/T-bet [36, 37] that predominantly express
IFN-y The ILC 2 bundle is acted upon by GATA 3 and ROR« factors. The RORa is an
absolute requirement for the development of ILC 2 bundle which expresses IL 5 and
IL 13 [27, 31]. Literature citations show that development of ILC 2 is rather primitive.

ILC1 ILC2 ILC3
ILC
Cell type: G
Transcriptional T-bet GATA-3 RORt
regulator:
Neumme&gn u }9
Cylokines IFNy IL-4,5,13 IL-2,17, 22 BT
produced: TNFa, GM-CSF,
LIF
amphiregulin Y
Biological Cancer Helminth immunity Mucosal immunity P
significance: immunosurveillance Immune regulation psoriasis? B, @ “
Wound healing L3 @ @ ..,_
Atopic disorders? IL-5
Figure 3.

Types of ILC and activation of ILC 2 and release of various interleukins [30, 31].
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Transcriptional programs define molecular characteristics of innate lymphoid
cell classes and subsets [38]. The last but not least, ILC 3 differentiate with RORyt
expression that provide stimulus by cytokine signals through IL 22 and/or IL 17 [33].

ILC 2 is considered as tissue-resident in the gut. On infection with helminthes,
expansion occurs at the location of mucosal place [39]. ILC 2 s were first discov-
ered in gastrointestinal (GI) nematode infection models. These bundle of cells
modulate immune system at tissue mucosal sites; i.e. lung, small intestine, colon,
and MLN. These cells are also present in the bone marrow, spleen, liver, kidney,
and adipocyte tissue [38]. When parasites drive the immune reaction to produce
goblet cell hyperplasia, mucus production, smooth muscle hypercontractility and
ultimately worm expulsion [31] (Figure 4).

ILC 2 group, important in helminth infection, is further categorized into (i)
natural and inflammatory (ii) cytokines responsive groups [41]. This classification
is recently challenged by Germain and colleagues [42]. This model is further refined
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Figure 4.
Cell signalling of transformation of Immune cells [40].
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with tissue-resident lymphocytes across innate and adaptive ancestries with migra-
tory capabilities [43].

Unlike T cells, ILC 2 bank on the activation on cytokines. ILC 2 bundle are a
critical innate source of type 2 cytokines. As discussed above, helminth infec-
tions excite type-2 adaptive responses which results in a SOS on the immune
evasion strategy [44]. This circumvention quality was identified over decades ago.
Helminthes evolved to modulate their host’s immune responses also [43]. This
down-regulation of immune response outcomes in asymptomatic animals that
maintains the life cycle of the helminthes within them [45]. The transducer signals
initiate secretion of moderate magnitudes of IL 5 and IL 13. In the second activation
signal, IL 4, IL 9, granulocyte macrophage-colony stimulating factor (GM-CSF),
and Amphiregulin (protein produced after stimulus by IL 33 on the tissue damage
of intestine) are produced. These cytokines potently induce M¢ migration inhibi-
tory factor (MIF), rapid production of eosinophils [46]. ILC 2 clusters tend to
be extremely receptive to Alarmins—host biomolecules that cause noninfectious
inflammatory response [33, 46].

4.1 Ty 2 type immune responses

The Ty 2 type immune responses comprises with three independent modules;
inflammation, wound repair, and resistance to helminthes [47]. The Ty type 2 spe-
cific immunity against helminthes are delimited by CD4 TH 2 cells that create signal
transduction to produce interleukin (IL) 4, IL 5, IL 9, IL 10, IL 13, Immunoglobulin
(Ig) E and chemokine ligand CCL 11 [48] (Figure 5).

Helminthes, especially nematodes, developed numerous workings that restrain
host to act on them. This provoke instigation to innate and adaptive regulatory
cells, inflammatory cytokines and inhibitory antibodies [50]. One of studied
example, is the chronic infection of H. polygyrus, which showed that there is very
little expansion of ILC 2 pool in nearby mesenteric lymph nodes [51, 52]. Probable
enlightenment on the issue showed that such infections validate with the release of
host derived IL 1p which take a check on for the production of IL 25. This IL 25 acts
in return on the ILC 2 cluster [27, 53]. ILC 2 cluster are identified by their expres-
sion of IL 2, IL 25, IL 33 and IL 33 receptor (IL 33R) with activation of p38 MAPK
that phosphorylates GATA 3 [54]. These factors in return reduce the Ig E, as well as
IL 4 and IL 5. They recruit, migrate and infiltrate with these activated eosinophils,
basophils and mast cells [33].
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Cell signaling of transformation of immune cells [49].
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5. Dendritic cell and subsets

The dendritic cells (DCs) are a heterogeneous population of immune cells that have
specialized functions. All types of DCs are principally regulated by well conserved,
various transcriptional factors. These cells are divided into conventional or classical DC
(cDC) and the plasmacytoid DC (pDC) [55]. The plasmacytoid DC acquired function to
intuiting the nucleic acids and in response producing large quantities of type 1Interferon
(IFN) [40, 56]. The other, cDCs, tend to be more active in specialized work of antigen
presentation, and later activation of primary T cells. Today, we can further subdivide
cDC into murine CD8a/CD103 and CD11b cells [57]. Transcriptomic studies represent
a powerful tool to determine the phylogenetic relationship between different cell types
of the immune system, including DC [58]. Analysis between goats/murine and human
DC subsets differentiating into MF from DC and classifying DC subsets [59]. Dendritic
cells (DCs), in animals, in immune competent system accredited to helminthes infection
as extensively reconnoitered in past. These infections tend to incline and persuade Ty; 2
type cells to respond effectively. However, this recognition of helminthes is not yet fully
resolved or understood [60]. In the first set of cells are those which specializes in presen-
tation of antigens to CD 8 T cells. These cells prompt to mucosal immunity through Ty 1
cells. Whereas the other, murine CD 11b cells, cooperate with both CD 4 and CD 8 cells
for its subset activation. These cells provoke specialized Ty 17 cells through the stimulus
of Interleukin (IL)—17 secretion [59]. The IL 17 activities setup all the framework for
type-2 cytokines, and mesenteric lymphoid clusters activation [61]. These neo innate
lymphocyte clusters, found confined to differing tissues, which is part and parcel of
type 2 cytokines albeit to monikers as “nuocytes” or “natural helper cells” [62]. This
stimulation geared up for the first response to the immune challenges caused by helminth
infections [63].

5.1 Intestinal DCs and macrophage subsets

Dendritic cells (DCs) subsets, which differentiated from ILC bundle, perform
compounded roles in final outcome in the immune responses. In the gut, DCs
handshake many exogenous antigenic pathogen to prevent infections [64]. The
intestine DCs and amended M¢ appears to be indispensable in the instigation of
active immunity and homeostasis in the gut. These cells have unique ability to
rove through the goats mesenteric lymph nodes (MLNSs) to perform key start of
naive T cells priming for adaptive immune response [65]. These intestinal DCs and
M¢s within the lamina propria perform vital steps in the initiation, development
and regulation of specific intestinal immunity [66]. Most naive T cells mature
up in peripheral lymphoid organs. These cells get expression activation through
gut-associated lymphoid tissues (GALTs). In goats, Peyer’s patches and mesenteric
lymph nodes (MLNs) act as hub of transformation of the CD 4 T and CD 8,4 T cells
which in turn prime the antigen-presenting cells (APCs) [67]. The lymphoid associ-
ated organs attain the ability to transfer to intestinal area with specific gut homing
molecule, integrin a4f}7, by its upregulation and others [68].

6. Helminthes and dendritic cells

In the small intestine, Lamina propria harbor large number of DCs. All of
these intestinal DC subsets are well studied and documented. Of these both highly
expressed CD11. and Major Histocompatibility Complex (MHC) class II cells are
of real importance [69]. Phagocytic group of cells in Lamina propria comes from
different lineage and perform diverse functions [70]. Relocation of these DCs tend

7
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to be tightly regulated by one gene product, CCR7. Expression levels of this gene
largely control non-migratory and migratory scenarios [43, 71]. In payer patches,
CD103, CD11,;, expressing and non-expressing DCs are well studied that induces
lymphocytes [72]. Many T cell receptor (TLR) expressing DCs also induce the pro-
duction of Immunoglobulin (Ig) A. On the other hand, pDCs can incite IgA directly
and repress inflammatory processes [73].

7. Extra-helminthes immune molecules

Research studies on helminthes immune modulation system is more engrossed
to find cytokine activation, release and mechanisms of cytokine-mediated effec-
tor functions. This all rely on the first immune recognition, probably PAMPs and
DAMPs, and message of early immune response activation or even suppression.
Later this signal is converted to sustained and regulatory immune response [14].

It is observed that in the early phase, limited inflammation occurs in the invading
tissues which is overlooked by immunoregulatory milieu to evade, and survive
[74]. One of the tool these invading parasites is are; (i) apoptotic processes against
immune cells [75], (ii) manipulation of Pattern Recognition Receptors (PRRs),
(iii) lowering of Ty 1/Ty 2 cells and (iv) associated cytokines activation [76].
Recently many goat helminthes shown to ubiquitous cog with the release of
endocytologic extracellular vesicles (EV) on to cytoplasmic membrane in the
intestinal Lamina propria. EVs are vesicles slashed out by different categories of
cells which plays role in modulation of immune response to helminthic pathogenesis
[77]. Depending on their sizes and origin, these are classified into three types;
Microvesicles, Exosomes, and Apoptotic bodies. The exosomes range in size from
30 to 100 nm in diameter that are released by the cells. Microvesicles, however, also
called ectosomes—shed 100-1000 nm vesicles or microparticles. Lastly apoptotic
bodies are just 2-4 pm in size that are released by dying cells [78].

7.1 Chemical analysis of EVs

The chemical analysis of EVs revealed that they contain soluble proteins, lipids,
and carbohydrates with immunomodulatory action [79]. Helminthes counter with a
palette of protein modulators, from protease inhibitors to receptor ligands that target
these pathways [14]. The list of these immunomodulatory molecules are increasing
over the last decade [80]. Many parasites release exosome and/or microvesicles. These
vesicles play a cornerstone to the downstream communication into the immune system
[81]. These vesicles actively induce IL 33 which binds to IL 33R that pledges an allergic
reaction. These EVs or exosomes also inhibits activates ILC 2 and eosinophils [77].
Recent investigation on EVs of H. polygyrus showed that they suppress receptor for the
Alarmin—cytokine IL-33 in ILC 2 [74]. The internalization of EVs causes down regu-
lation of IL 33 and type 1 and type 2 immune cytokines; IL 6 and TNF, and Ym1 and
RELMa [81]. Several documents demonstrate that exosomes promote TH 2 slanting
towards the activation of DCs and T cells during infection and vaccine development
(Figure 6) [82]. Recently, evidences are brought forward to the notion that EVs are
secreted by both the parasite and the host [80]. Interestingly, it is suggested that there
helminth plagiaristic EVs structures could also be used in the inflammation regula-
tion, especially in allergic, autoimmune, and metabolic disorders regulated by miRNA
[83, 84]. Helminth immune modulation has some beneficial effects as allergies, and
inflammatory and autoimmune diseases which are less common in populations
infected with helminthes. A large body of literature provide reasonable evidences on
mechanism of immunomodulation that arise from the helminth infections [85].
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In goats, a definite systematic immune regulations is contemporaneous
placed in various world breeds of goats [25]. In sheep, explorative investigates
lead us to draw near perfect immune mechanisms followed after the helminth
infections and vaccination [86]. It is to remember that helminthes when infect
goats, they are not recognize merely whole organism, rather it is a combination
of small amino acid sequence derived from PAMPs and DAMPs attached to the
cellular peptide-MHC (pMHC) within the groove of MHC molecule [87]. The
bound peptide (8-11 amino acids for MHC I and 13-22 amino acid for MHC II)
is presented to antigen-presenting cells (APC) through groove—exposed motif
(GEM) [45]. The induction of systemic immune responses following parenteral
immunization occurs in similar ways in many species including mice, humans,
and small ruminants [88].

7.2 Mucosal immunity

The development of effective mucosal immune responses by way of vaccination
is considered important because mucosal immunity is able to prevent early establish-
ment of the pathogen and hence could at least theoretically prevent infection at an
earlier (less damaging) time point. Thus, vaccines targeting mucosal sites have been
in development for a considerable amount of time [88]. The primary protective
surface at mucosal sites is the secretion of mucus form gastrointestinal lining. Mucus
is a dynamic multimolecular matrix built on polymeric, gel-forming glycoproteins
(mucins), with different mucins dominating the barrier at different mucosal sites
[89]. At mucosal sites, specialized epithelial cells such as goblet cells secrete gel
forming mucins. Upon infection, these cells undergo hyperplasia and increase mucin
production, which expands the secreted mucus barrier and provides protection
against multiple pathogens [90, 91]. The formation of mucus layer also add on;

(a) antimicrobial molecules (e.g., IgA, lysozyme, defensins), (b) immunomodula-
tory molecules (e.g., cytokines, secretoglobins), (c) repair molecules (e.g., trefoil
proteins) [29]. In mice model, the mucin producing Muc 2 are major producer of
gel like mucus formation that creates a barrier against contact to the lining in the
gastrointestinal tract. This mechanism also provide in return helminthic worms
modulating antigen and tolerance [92]. Off the subsets, Muc5ac cells are specifically
upregulated after worm infection that also influences expulsion of worm [93, 94].
The sheep model in studying immune mechanisms, with special reference to muco-
sal immunity, by using nasal vaccines and delivery systems suggested specifically
the distribution of the antigen with in the lymph nodes, processing, induction and
drainage [88]. Innate lymphoid bundle cells (ILC 2) and Ty 2, as discussed above,
share common feature of secretion of IL 13 with differential kinetics for each type
[29] (Figure7).

7.3 T cell subsets

T cells as well B cells tend to form two major components within the adaptive
immune system. The initial T cell development starts in the bone marrow from
hematopoietic stem cells (HSCs). The T cell predecessors pass through to the
thymus, from where it gets acronym. The differentiation steps provide ultimately
culminate into various mature T cell subsets. The whole process is summarized in
Figure1 [95]. T-cell development/maturation is very much dependent on their pres-
ence within the thymus. In mice, absence/removal of it generates severely impaired
T cell development [96]. The differentiations and developments of, especially, T
cells produces T cells, B cells, natural killer (NK) cells, or dendritic cells (DCs).
However, further stoppage within the thymus, further differentiate into these
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subsets the maturation of these subsetsi.e. B cell, NK cell, or DC differentiation
occurs in bone marrow and fetal liver (Rich eBook).

7.4 Formulation of immune response

In the formulation of immune response, Treg cells a produce homeostasis and
secondly the autoimmune suppression. A growing body of evidence suggests that
the Treg cell repertoire contains organ-specific/tissue specific Treg cells. Treg cell
share specificities in lymph nodes throughout the body, suggesting that the ana-
tomical distribution of Treg cells is shaped by the presentation of regional organ-
specific antigens [97]. On the other hand, the Macrophages (M¢) show profound
differences with various profiles. Under the influence of an alternative phenotype

11
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(also labeled M2 cells) which occurred by the presence of helminth infection. This
is driven by type 2 cytokines IL 4 and IL 13 cytokines (Figure 3). Ongoing research
divided these M¢ by gene expression, metabolism, and function differences into
classically activated (M1) macrophages. However, M2 macrophages are required in
the effective immunity to some parasites (including H polygyrus) [15]. The DCs are
professional antigen-presenting cells (APCs) that play an essential role in present-
ing antigen to T cells to initiate immune responses. Although the role of DCs in
inducing Ty 1, Ty 17, and Treg responses is well established. Often overshadowed
by their T-cell counterparts, regulatory B (Breg) cells are also crucially important in
control of the immune response during helminth infection [15] (Figure 8).

These DCs can also patrol among enterocytes while extending dendrites towards
the lumen [16]. Treg cell population by producing IL-10 to harness immune toler-
ance [98]. CX3CR1+ phagocytic cells can capture Salmonella by extending dendrites
across epithelium in a CX3CR1-dependent manner [99]. Antigens captured by
CX3CR1+ phagocytic cells can be transferred through gap junctions to CD103+ DCs
in the lamina propria to establish oral tolerance [100]. In addition to luminal anti-
gen, lamina propria CX3CR1+ cells facilitate the surveillance of circulatory antigens
from blood vessels [73].

8. Host-parasite interaction

Almost all animals get gastrointestinal infection (GI) by helminthes in their
lifetime. Though all parasite (Helminthes) species share a very similar general mor-
phology and they undergo into four molts reforms during their development period
[101]. Each of the species shares dioeciously life spans that could be weeks to years.
These worms are investigated because they threaten animal as well to the human
health [102]. Nearly all helminthes invade tissues and install an immunomodulatory
surrounding for their survival especially taking care of Treg cells [103]. Recently
cites articles suggest that both, worms and host, evolved to get reciprocal immune
related benefits during the disorders with some clinical outcomes. Numerous stud-
ies suggest that immune response appears to be imprisoned that is even extended
to expansion of Treg cells [103]. As a consequent a melioration of type 2 immune
response that resulted in chronicity [103]. Many findings, however, chronic hel-
minth infection are still poorly understood. These parasites are also important as
a model where they create constant, foremost challenge to host immune system
[101]. Many of aspects, especially regulation of chronic GI infection, remain to be
defined. It is believed that during the evolutionary processes they exclusive adapted
to such avoidance to host defenses [104]. These masterful adaptations enable
them to remodulate host immune response [105]. It may well be the evolutionary
mechanisms that exclusively down regulates early expansion of ILC 2. This is seen
in Heligmosomoides polygyrus system where IL 1p shows to down regulate early ILC
2 responses in mice [106]. However, this is not true for another parasitic Trichuris
muris infection where IL 18 null mice [107]. This depression in the levels of IL 1f
provokes type 2 protective immune responses, and leads to worm expulsion [53].
The helminthes in the GI tract interact with the mucus layer and many a times pass
through into the epithelial layer and reproduce at the site [108]. One of the interac-
tion of worms to intestinal mucosal barrier and hyperplasia, secretion large mucin
forming a layer. The mucus layer is a highly hydrated gel mucins. These are largely
high molecular weight glycosylated glycoproteins secreted by goblet cells (GCs).
The initial also interact with antimicrobial compounds, commensal metabolites
and finally antibodies. Like in mouse as well as in humans, MUC 2 cells produces
to mucus layer as predominantly part first line of innate immune response [109].
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Mucin production is synchronized by many immune type 2 cytokines. As discussed
above, IL 4 and IL 13, plays key role in proliferation and differentiation of these
GCs [101]. As the intestinal infection ensues it initiates worm expulsion seen for
many helminthes [110]. This expulsion is influenced by the presence of CD 4 Ty 2
cells which are controlled by IL 13 secretion [27]. In the knock down mutant studies
in mouse showed that MUC 2, regulated by IL 13, led to defective delay in worm
expulsion [101]. The, above described, incitation of type 2 immunity releases

IL 4, IL 5, IL 9 and IL 13. Several other immune and nonimmune cell activators also
participates in the web of effector mechanisms that also sways to parasite expulsion
[111]. The commencement of the immune response by TH 2 cell trails through

ILC 2 and subsets of dendritic cells. The sensed and trigger signals, however, of
PAMP and DAMP results in the activation of different subsets of ILC 2 bundle,
dendritic cells, various types of T cell types, basophils and nonimmune intestinal
epithelial cells (IEC) against intestinal helminthes. The heterogeneous intestinal
epithelium contains seven different cells that can sense helminth invasion into

the epithelial cells to initiate Ty 2 cell mediated immunity [103].

9. Secretory IgA and intestinal DCs

Total serum protein in goats is in the range 6.75-7.53 g/dL [112, 113]. In the
group of proteins, fibrinogen levels in goats fall between 0.1 and 0.4 g/dL, which
are less compared to cows. In some instances hyperfibrinogenemia occurs with
neutrophilia after inflammatory responses. In goats, however, maximum plasma
fibrinogen levels are 1.1 g/dL during inflammation [114]. In the protein gamma
globulins share considerably. In goat, there are three main immunoglobulins;

Ig G, Ig A, and Ig M. In caprine, like in cattle and sheep, there are further two
distinct IgG subclasses, IgG; and IgG, [115]. At the birth, IgG; is present in the
colostrum. Moreover, IgG, is preferentially transported to mammary glands from
serum as IgG; share high affinity to IgG; for Fc receptors on mammary epithelial
cells [116]. The goat IgG; is the subclass that is predominant circulating antibody

/ Helminlh:s\ e
— — - -“ooo

IL-13. IL-B
110, IL-33

Worm Klilling

Figure 9.
miRNA regulation of immune response against Helminth infection.
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which is produced in response to any infection which later isotopically switch

to Ig E functions [117]. Locally generated IgG; is also detected after arthritis
encephalitis (CAE) virus infection in the synovial fluid [118]. Very few work has
been done for caprine IgM concentrations and activities. All the ruminant species
observe little structural and functional differences [119]. Caprine IgA, on the
other hand, is detectable from serum, colostrum, milk, saliva, and urine. IgA is
the primary immunoglobulin present in mucosal surfaces. The secretory element
to IgA could be found in either free-state or bound to IgA molecule. The serum
very small amount of IgA is linked to secretory component [120]. Goat mucosal
immune system produces sIgA by antibody producing cells differentiated from
activated B cells. Immunoglobulin class switch do occur from IgA in gut-associated
lymphoid (GAL) in Peyer’s patches, MLNs, and ILFs within the lamina propria
[28, 121]. The humoral immunoglobulin isotype switch occurs through intestinal
pDCs, T cell-independent manner and B cell-activating factors (BAFFs) and A
proliferation-inducing ligand (APRIL) proliferation inducing ligand [73]. Like in
all ruminants, including goats, IgE typically associated to its biologic activities.
Today IgE is accepted as useful marker in identifying different phases of parasites
and parasite resistance. Nucleic acid sequencing in caprine IgE DNA is part of

the overall effort [110, 122]. Goat’s complement system is provided with limited
concentrations [123]. Dynamic studies showed that in less than 6 month old young
and adult indicate significant hemolytic, conglutinating, and bactericidal comple-
ment activities [124] (Figure 9).

10. miRNA regulation in goat immune system

Recent literature cites of the immune cells that are communicated through
from one cell to other by transferring regulatory RNAs, microRNAs in particular.
Many studies pin point that some sort of functional, regulatory extracellular RNAs
plays a key role in cell-to-cell communication in various cellular processes [125].
MicroRNAs (miRNAs) are group of short RNA non coding sequences that are highly
conserved between different eukaryotic species [126]. These are ~19-28 nucleotides
long sequences that regulate(s) gene expression [127, 128]. miRNAs are particularly
important in the cellular function that show time dependent responses [129].
miRNA literature show that they partake a mesmerizing role in both immune system
and as an immune system [130]. These small RNAs lead to vertebrates transcrip-
tional silences like a rheostat that act to fine tune (rather than complete shut-off)
of translational products. The miRNA targeting could result in 3-fold decrease of
mRNA transcripts [131]. In many studies, till now, more than 60% miRNA expres-
sion profiles are developed and tested in variety of tissues from livestock. These
profiling post transcriptional regulate gene expression in several cellular processes
such as differentiation, and transformation processes in cell cycle through signal
transduction [127, 132]. miRNA molecules could broadly act as regulators on shorter
time scale on protein transcriptional repressors that effect inflammation. They
can also show quicker results without engaging translational or translocational
machinery within the nucleus and controlling regulators. One example to this is the
miR 155 regulation [129, 133]. Together with these options opens up many avenues
that provide novel and exciting products in therapeutic as well as in clinical use,
specifically for immunity and inflammation Today miRNA functionality can be
dissected in leukocyte differentiation, innate signaling, and Ty cell biology [132].
In-silico studies using various tools on miRNAs on computation or experiments
gathered about 35 Helminthes (11 Trematodes, 8 Cestodes, and 16 Nematodes, and
two plant origin parasitic Nematodes). These analysis show that greater than 620
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plus pre-miRNAs that are listed in miRBase of parasitic origin. Interestingly, the first
miRNA was discovered in C. elegans, a nematode [133]. All known parasite miRNA
database entries are analogous to miR database. The emerging, neglected disease

of Schistosoma, a trematode, is one of the iRNA models in the whole family [134].
The miR database showed that there are 79 and 225 mature miRNAs associated to

S. japonicum and S. mansoni respectively. These findings indicates that not only
large number of variations do occur within the helminthes, but male and female
worms also show differences. This also give insight to the role in morphogenesis,
development and reproduction [135]. A similar picture arises from Next Generation
Sequencing (NGS) and bioinformatic analysis and experimentation with stem-loop
qRT-PCR identifies 13 species specific miRs in two species Fasciola hepatica and

E. gigantica [134]. Studies on infection, more than 130 miRNA (analogy to other
parasitic miRNA), are seen to flocculate in expression profile [135, 136]. It is shown
at many instances that miR 155, miR 223, miR 146 are negative, suppressors of
cytokine in a regulatory loop. In other studies, miR 155 is also interactive to tran-
scriptional factor cMaf and tempers with TH 2 within the CD 4 group. In another
analogy to a mouse model, same miRNA 34c, miR, miR199, miR 134, miR 223, and
miR 214 are shown to effect 220 miRNA parasitic immune response silhouette [133,
137]. The powerful approaches of bioinformatics extrapolations along with stem-
loop real-time PCR analysis on the C. sinensis showed that there are a total of 62,512
conserved miRNA sequences which includes six novel identified miRNA [138]. Pak
and coworkers [135] demonstrated that there is an upregulation miR 16-2, miR 93,
miR 95, miR 153, miR195, miR 199a-3p, and silences with miR let7a, let 7i, and miR
124a in the presence of EVs of C. sinensis [133, 139].

10.1 miRNA regulation of T cells

As a critical role of miRNA post transcriptional regulation in transformation
within immune cells show that these tiny molecules can reduce the expression of
various genes by 3 orders of magnitude during maturation [140]. Studies showed
that different miRNAs are involved in the thymocytes development by Dicer or
Drosha knockouts experiments. Obstruction in the process consequential drop
of mature T, and natural killer T (NKT) cells [141]. In animals’ helminthic stud-
ies, absence or presence of miR 155, showed that it can effect TH 2 differentiation
involving apoptotic processes [131]. miRNA machinery knockout experiments
demonstrate that some of the miRNA are of absolute requirement for Thymic
development and peripheral function of nTreg cells. However, dicer knockout of
Fox P3 cells consequences to nTreg cells without oppressive role. Treg cells can also
transform into T follicular helper cells that resulted in loss of immunomodulation
and B cell activation in this scenario miR 155 is a regulator of nTreg cells. It should
be remembered that miR 155 is expressed in all adaptive immune cells [142]. The
expression and formation of active miR 181a is found to be tightly regulated intra-
thymic T cell development. The activities modulates the T cell antigen receptor
(TCR) retort the down regulation through phosphatases which plays pivotal role
in reducing TCR cell signaling. Thus the activities of miR 181a acts to modulates of
TCR sensitivity towards T cell development in the lymphoid organ [131]. Blockage
with antagomir (oligonucleotide) to miR 126 reduces the differentiation of TH 2
which are linked to helminthic pathogenesis during innate immune system activa-
tion. During this impasse, Ty 17 cells regulate another miR 326 within their reach
by up regulation [143]. These cells are differentiated and regulated by cytokine
IL 23 [144]. It is shown that miR 17 polarizes then Ty 2 cells, required in type
2 immune response to helminthes infection [141]. Mature Ty cells are further
influenced by miR 182 in response to IL 2 cytokine synthesis. This regulation is
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post transcriptionally controlled with transcriptional factor Foxo 1 [145]. The

ILC 2 bundle of cells are differentiated by GATA 3 factor, as discussed above. This
transcriptional factor induces Ty 2 differentiation and produces larger quantities

of IL 4, IL-5, and IL-10 iz vivo and IL 13 [31, 141]. It is documented that miR 126
regulation effects TH 2 polarization. In mice, an activator of transcription is tar-
geted through POU 2F3. Furthermore, PU-1 significantly inhibits specific binding
GATA 3 factor. Another molecule of interest is miR 126 where iz vivo studies proved
that it reduces Ty 2 cells to specifically allergy promoting dust mite antigens [146].
miRNA machinery knockout experiments demonstrate that some of the miRNA

are of absolute requirement for thymic development and peripheral function of
nTreg cells. However, dicer knockout of Fox P3 cells consequence to nTreg cells but
without oppressive role. Treg cells can also transform into T follicular helper cells
that resulted in loss of immunomodulation and B cell activation in this scenario
miR 155 is a regulator of nTreg cells. The suppressive part of miRNAs by the Treg
cells can act on two points; (i) Treg regulating themselves, (ii) modified response of
target cells on Treg cells [147].

10.2 miRNA regulation of B cells

Like T cell lineage, B cells also are tangled up with various miRNA classes that
regulate their differentiation and development within the bone marrow. The miR
181 overexpression in hematopoietic bone marrow increase in the fraction of B cell
subtypes. Similarly miR 150 effect the B cell development at pro- and pre-B cell
transformation due the apoptosis. Knockdown miR 155 mice reveals skewed CD 4 T
cell polarization in the Ty 2 subset [141]. B cell studies show that two miRNA, miR
155-5p and miR 155-3p, are expressed solely in these cells [148]. These miRNAs are
positioned in Integration Cluster gene (BIC) area that positively prompt to various
stimuli within the immune system [149]. Germline studies on miR-155 showed that its
deletion induces reduction of B cell germinal centers [131, 150]. In mice, upregulation
of miR 34a in the progenitor cells are acknowledged. Constitutively miR 34a expressed
in B cell studies conclude that it block differentiation of pro-B to its next stage of pro-B
cell and to mature B cell. The disparity occurs through Foxp 1 [148, 150]. Number of
expression profile studies show that dysregulation is found for miR 182, miR 96, miR
183, miR 31 and miR 155 that effects B- and T-cells. Recent finding on miR 150, miR
127 and miR 379 also showed that there upregulation effects splenic maturation pro-
cesses. The miR 150 levels are predominantly present in both B-cells and T-cells not on
to their progenitors. On the other hand, miR 15 activities that it correlates to autoan-
tibody production [150]. Another regulator The miR 17, encode several miRNAs from
same transcript, also show that it negatively influences on pro- and pre-B transition
through a blockage of BIM accumulation [131, 150]. Another protein, BMI 1—aring
finger structure, also promotes differentiation of TH 2 in a mouse model that in return
stabilizes GATA 3 protein for transcription by protecting it from ubiquitination [141].

10.3 miRNA regulation of cell cycle

Numerous citations show that cell cycle of T cells are directly regulated by
miRNAs profile. The regulation is associated cell cycle check points through Cyclin
T1 levels in M¢. It is documented that miR 182, as shown above, functions on
expression of generalized transcriptional regulator, FoxO 1. This control regulates
CD 4 T cell expansion with Cdk inhibitor, p27""?', Negative feedback on FoxO 1 is
accomplish by miR 182. These signals activate IL 2. This induction results in Ty 1,
Ty 2, Ty 17 and naive CD 4 cells expansion. Studies iz vitro and in vivo showed that
in a feedback loop, down regulation of miR 182 results in stoppage of spreading
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out of CD 4 cells [127, 141]. The nearly all vertebrates, immune system evolved
itself to a finely fine-tune, an extraordinarily flexible apparatus within the host
defense [125]. Besides direct role of various miRNAs, indirect regulation is also
well in place in immune system. This is seen for miR 19a, miR 19b in the miR

17 cluster. These two sequence encode deubiquitylation enzyme, CYC D, which
blocks NF-kB activities. Its expression results in Cyclin and other growth factors.
In a recent documentation that there is a universal reduction of CD 4 T cells which
is one of the hallmark of helminthes infection [141, 151].

10.4 Helminth vaccines in focus

Global data on parasitic helminthes speaks loudly of the livestock diseases
that affect many area of the world, including Europe. Their infections are related
to huge economic losses in loss of fertility, production and body weight [152].
Cumulative responsible statistics show that more than 55% of livestock suffer from
these infections outcome. It causes diseases in Europe and cause highly significant
losses in productivity and welfare in animals and then in humans and welfare
problems globally. Yearly estimates show that in liver fluke (Fasciola hepatica)
infections up to US $3 billion per annum are lost [153]. Conservative estimates in
the United Kingdom show that gastrointestinal (GI) helminthic infections to sheep
industry shares losses of more than £84 million per annum [154]. These infections
are traditionally controlled by administration of various anthelmintic drugs [155].
Naive practice resulted in development of resistance to these medicines. Recent
documentations for sheep farming, particularly in New Zealand, Australia and
Brazil, showed that Multi Drug resistance (MDR) is much elaborative phenom-
enon worldwide and have upward trend [156]. Development of these vaccines
started some 50 years ago. Most helminth component formulating and their
administration showed that they effectively interrupt the dynamic morphological
and antigenic changes during parasites life cycle of the worms and can be used as
controlling tool [157]. Many helminthes share much sophisticated evasive immune
mechanism that is discussed already in detail. This quality of worms make them
very hard for scientists to move forward to develop efficient vaccine candidates
[158]. Many efforts to develop anthelminthic vaccines in livestock started many
years back with limited success [159]. As discussed in detail above, elusive behavior
of worms does not provide adequate long-lasting protection at all stages of helmin-
thic maturation [160]. Vaccines provide manifold benefits on improving animal
health, welfare and control of animal infection. The use of vaccine also addresses
resistance to acaricides, antibiotics and anthelminthic medicinal solutions [158].

At present, there tend to be two strategies to effectively develop vaccine;
(i) attenuated and (ii) hidden antigen [159].

10.5 Attenuated vaccines

These vaccines are developed and used after irradiating L3 larval stage that pre-
vents development of mature adult worms. This protection could reach up to 98%
in vitro with two experimental doses. Attenuated larval Dictyocaulus filaria (sheep
lungworm) name “DIFIL” for Dictyocaulus filaria larva is effectively used in India
since 1981 [160]. A similar approaches are used to develop other vaccines.

10.6 Hidden antigens vaccines

Helminthic recombinant integral membrane proteins, part of worm gut, that
whenever used provoke high degree of immune recognition and type 1 and type 2
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immune responses [158]. In these vaccines enhanced innate and adaptive models
suggests logical targeting of Ty 2 cells through type 2 arm of immune response.
These types will be future vaccines against the helminthes infections [161].

10.7 Helminthes components as vaccines

The extracellular vesicles (EVs) of various helminthes are heterogeneous type
of membrane vesicles that are on the loose by different types of infecting organ-
ism. The EVs, as described in detail above, contain complex mixture of transcrip-
tomic messages [162] for proteins, lipids, galectins and glycans [163, 164]. EVs
are of three categories divided on cell of origin, molecular contents, function,
physical characteristics, specific protein markers, and isolation techniques [165].
The immunomodulatory effects of excretory secretory molecules and EVs influ-
ences both parasite worm as well as in the host [74]. Studies on these molecules
show that this unresolved issue of the formation, packaging, cargo transportation,
nature and mechanism of interaction, functional spectrum, docking of molecules
and fusion [82, 166]. Efficacious helminth vaccines are developed seldomly with
wide contrasting technologies [152]. Following early immunization experiments
on sheep showed there is a wide variety of concoctions processes that releases
various antigens that act as vaccine formulation [167]. These crude methods
of administration provided induced partial protective immunity. One example of
H11 protein of Haemonchus contortus antigenicity show differential activity of
native and recombinant proteins [152]. New vision on the helminth control is
formulated to bring new infusion of technology in the helminth research by 2030.
The sustainable goals includes; (i) advancement in global diagnostic tools, (ii)
innovative vaccine control and breeding methodologies, (iii) anthelmintic with
new compounds, (iv) rationalization in integrated future control [168]. Today
very few vaccines of helminthic worms are available in veterinary stores. These
include nematodes vaccines for cattle lungworm (Dictyocaulus viviparus) vaccine
(Bovilis® Huskvac, MSD Animal Health), vaccine against the barber’s pole worm
(Haemonchus contortus) in sheep (Barbervax®, Wormvax Australia Pty Ltd.).
Scientists are working hard to develop (experimental phase) vaccines against
several helminthes species including; Teladorsagia circumcincta in sheep, Ostertagia
ostertagi and Cooperia oncophora in cattle, and Fasciola hepatica in ruminants. If
these promising trials yield fruitful, wider range helminthes vaccines with be
shelved in in the future [169]. In Cestodes, two recombinant vaccines are available
tor Echinococcus granulosus in ruminants (Providean HidatilEG95®, Tecnovax) and
for Taenia solium in pigs (Cysvax®) are marketed. Rapid progress in the domain of
proteomics and glycomics, it seems that in near future more and more synthetic
vaccines will be solved by 2030.

10.8 Mucosal vaccine adjuvants

Presence of double edged sword with poor immunogenicity and evasion phe-
nomenon produced by the worms. Large number of immunomodulatory supple-
mental molecules, known as Adjuvants, are tried to enhance antigenic processing,
recognition, antigen presentation (APC) and immune cell activation through the
PAMPs and DAMPs presence. These supplemental material scan be divided into
two classes: (i) adjuvants that facilitates vaccine delivery through Liposomes,
nanogels, oil-in-water emulsions and (ii) virosomes that stimulates the immune
system that includes molecules binding to intracellular receptors including Toll-like
receptors (TLRs), Nod-like receptors, and RIG-I-like receptors and to cytosolic
DNA sensors [170].
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10.9 Microbiome/microbial role

The proteins of the human microbiome, especially the gastrointestinal microbi-
ome, the human proteome, and the immunoglobulin repertoire are also continually
processed by APCs and presented to T cells [62, 63]. In examining the immuno-
globulinome, it emerged that there is a frequency hierarchy of TCEM. This includes,
at one extreme, common motifs found in most immunoglobulin variable regions.
These are not limited to motifs encoded by the germline but also include motifs
produced by somatic mutation. At the other extreme, very rare motifs are encoun-
tered only once in several million B-cell clones [171].

11. Conclusion

The various kinds of parasitic diseases (GIT or hemo-parasites) mean continu-
ous threat for goats and goat keepers in all over the world for goat Industry. The
helminthiasis in caprine is one the prime problem for goat breeders and sheep
breeders in the goat and sheep rearing community and countries. These parasites
not only pose a problem to goat(s) but a continuous threat for serious damage to
their lives causing weakened immune response, less resistance and a great chance
for various kinds of parasites not only to harbor in the body of host (goat) but also
find a safe place to multiply and reproduce. In parallel to these immune responses in
body there is ever increasing demand of using and developing various anthelmintics
and vermifuges to curb the ever increasing list of parasites. So the animal immunity
or production of resistance either in form of breeds development or discovery of
innovative broad spectrum medication or production of vaccines has always been
in focus since old and have got a big importance. The immunity in body of host
(goat and sheep) plays a very decisive role regarding the selection process against
the specific parasites prevalent in the area or on the animal health and on the use of
medication. There are or could be several factors in the background of immunity
in the body of goat which has been demonstrated by various figures present in the
test to understand the mechanism(s) happening in the body in real time. We as
authors tried best to demonstrate the up dated knowledge in the chapter for the
better understanding of viewers or scientists working or intending to work on very
sensitive issue of immunity in the body of animal or goat.
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