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Abstract

Published manuscripts, although updated, are not providing an exclusive review of the large amount of information that currently exists
regarding the immune response of various hosts against different parasites and how are they controlled. In fact, a single chapter would be
required to bring together the studies related to the immune response of a single host species (as for example, Bos taurus) against a particular
parasite (Babesia bigemina). For this reason, this text aims to summarize the main and most recent aspects of this area of knowledge with
the intention of making it useful for the reader. It is also true that, for the designing of an integral control of parasites, it is mandatory to
understand other biologic systems, which interact with the immune system as well the strategies used by parasites to evade the effects of the
immune system. This chapter is focused on comprehensive strategies of host to control the parasitism.
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Introduction

The purpose of this manuscript is to provide current information on the innate immune response, which is very scarce and essential for
the development of a good acquired immune response. When it was thought that the basic principles of the diversification of the receptors of
T and B lymphocytes for antigen (adaptive immune response) had been resolved, researchers began to realize the complexity of the innate
immune response and its importance in the protective immune response (Lynn et al., 2008; Cooper & Herrin, 2010; Buchmann, 2014). In this
order of ideas, this document deals, with the most recent aspects of the innate immune response.

The immune system is made up of a repertoire of cells, tissues, molecules and mechanisms that protect the animal organism from
numerous pathogenic microorganisms (microbes) and toxins found in the environment. Using molecular tools, it is estimated that this system,
in general, began to evolve 1000 million years ago (Buchmann, 2014) developing a wide variety of solutions to resolve similar conditions in
host protection (Litman et al., 2005). The immune response has also been divided into two types for ease of study: innate immune response
and acquired immune response. Innate and adaptive immune responses are part of the whole immune system. Each of these differs in relation
to how quickly and for how long it responds to pathogens, its main types of effector cells, and its specificity for different classes of microbes.
As its name implies, the innate immune system consists of cells and proteins that are always present and ready to mobilize and fight microbes
at the site of infection. The main components of the innate immune system are 1) physical epithelial barriers (skin, mucosa), 2) phagocytic
leukocytes (neutrophils, monocytes, macrophages), 3) dendritic cells, 4) innate lymphoid cells (ILC1, ILC2, and ILC3) including natural killer
cells (NK) and lymphoid tissue inducer (LTi) (Geuking et al., 2014; Mjosberg, 2015), 5) gamma-delta T cells (Bautista, 2011), and 6) circulating
plasma proteins. On the other hand, the adaptive immune system acts against pathogens that are able to evade or overcome innate immune
defenses. The components of the adaptive immune system are normally at rest; however, when activated, these components react to the
presence of infectious organisms by activating, proliferating, and creating powerful components, which neutralize or eliminate pathogens. The
adaptive immune responses are divided into humoral immunity, mediated by antibodies produced by B lymphocytes, and cellular immunity,
mediated by T lymphocytes.

The immune system evolved millions of years ago to protect the host against foreign invaders, such as parasites. This system is complex
and at present, we do not know it completely. It is also true that the immune system y interconnected with other biological systems and we
need to understand them as a whole to prevent or control pathogens. In this review relevant topics about this premise. In this respect, It is
important to point out the interaction between the vertebrate immune system and their microbiota too (Yoo et al., 2020, Zheng et al., 2020,
Donald & Finlay, 2023, Ullah et al., 2024). In addition, it must bear in mind that nutrition (Munteanu & Schwartz, 2022) and animal welfare
(Diipjan & Dawkins, 2022) have a basic influence on the whole immune responses. In This order of ideas, it is not surprising that environmental
factors influence the immune response too. In This order of ideas, it is not surprising that environmental factors influence the immune response
too (Dawkins, 2019; Luo et al.,, 2020). At present, the function the function of the immune system is far more complex than previously
understood (Rankin & Artis, 2018), so each new discovery is of capital importance to plan new strategies for the control of pathogens, which
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affect human beings and animals.

At present, the immune system is far more complex than we though few years ago. Immunologists were focused on the adaptive immune
response during many years when new discoveries showed the importance of the innate immune response; then they realized that both arms
of the immunity (adaptive and innate) must be considered when designing methods for combating effectively parasites, which affect farm
animals and the human being.

Immune System

Vertebrate immunity evolved during millions of years (Boehm, 2012). It is estimated that the adaptive immune system in mammals arose
500 millions of years ago (Flajnik & Kasahara, 2013). However, the innate immunity evolved around one billion of years ago (Martins et al.,
2023). In this context and in terms of number of studies, the adaptive immune response historically has more studies than the innate immune
response (Figure 1).

Fig. 1: Characteristics of the immune

ADAPTIVE IMMUNE RESPOSE response of vertebrates. The

+ IT TAKES TIME TO MANIFEST adaptive immune response has been

ITSELF studied much more than the innate

* ITISINDUCIBLE immune response. For this reason,

> JL1S SPECIFIC the former appears on top of the
+ ITIS TRANSFERABLE

. HAS MEMORY innate immune response. The design

of the figure based on Silverstein

INNATE IMMUNE RESPONSE | (1979), Zinkernagel et al. (1996),

Langman (2000), Janeway &

* ACT IMMEDIATELY Medzhitov (2002), Cooper & Herrin

: E&iggEéngCIBLE (2010), Iwasaki & Medzhitov (2015),

+ ITIS NOT TRANSFERABLE Netea et al. (2016), Graham et al.

+ TRAINED IMMUNITY (2022), Geckin et al. 2022, Dagenais

et al. (2023), Chaves Martens et al.,
2023, Vuscan et al. (2024).

Carlos Ramdn Bautista Garfias

Interactions with other Biological Systems

The immune system has links with other biologic systems (Dhillon et al., 2020) such as nervous system (Zefferino et al., 2020) the
microbiota (Zheng et al., 2020), endocrine system (Wensveen et al., 2019). Taking these as a whole may provide us an insight in how to
implement new approaches for the control of parasites, which affect farm animals and man.

Fig. 2: Immune response against
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Immune Response against Parasites

When the host immune system confronts a parasite, it uses all available means to eliminate it. These include the mechanisms of the innate
immune response and later on, those of the acquired immune response, all of which are closely related. Figure 2 summarizes the interactions
of various molecules (antibodies, complement, cell receptors) and cells of the host immune system that play a role in protecting the host from
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parasites (Lekki-Jézwiak & Baska, 2024).

In accordance with Iwasaki & Medzhitov (2015), the immune responses type Th1 act against intracellular pathogens such as protozoan
parasites, while the immunity type Th2 act against extracellular pathogens such as helminth parasites. These authors, propose the following
series of events: In type 1 responses, the macrophages or dendritic cells stimulated by pathogens produce level 1 cytokines (IL-1beta, IL-12, IL-
23, IL-6), which act on different lymphocytes (ILC1, ILC3, TH1, TH17, CTL, NK, NKT, gamma delta-T, TFH1) to produce level 2 cytokines (IFN-
gamma, IL-17,IL-21, IL-22) that act on effector cells (macrophage, Neutrophil, epithelium, B lymphocytes) which, then have an adverse effects
on protozoan parasites (for example, lysis of pathogens). In type 2 responses, the epithelium stimulated by pathogens produce level 1 cytokines
(IL-1alpha, TSLP, IL-25, IL-33), than act on different lymphocytes (ILC2, TH2, THg, NKT, TFH2) to produce level 2 cytokines (IL-4, IL-5, IL-
13.IL-9, IL-21) which act on effector cells (Basophil, Eosinophil, Macrophage, Epithelium, B lymphocytes) than then have an adverse effects on
helminth parasites (for example, expulsion of worms).

The host immune response against various parasites involves interrelated specific and non-specific components that aim to eliminate the
parasite. It should be noted that although the induction of an acquired immune response against a particular parasite is specific, its effect is
non-specific. In this regard, most of the studies carried out over many years have focused primarily on the study of the mechanisms of the
acquired immune response of hosts against various parasites. Only in recent years, the capital importance of the innate immune response in
the control of parasitic diseases has been re-evaluated.

Evasion of Immune Response by Parasites

Many parasites have evolved a variety of mechanisms to avoid the damaging (survival) effects of the host immune response. A single
parasite may display more than one such mechanism. Some of these include:
1. Intracellular localization, for example Plasmodium (Moll et al. 2015), Toxoplasma gondii (Lima & Lodoen, 2019 ), Babesia (Djokic et al.,
2021 ), Trichinella spiralis (Wu et al., 2008).
2. Molecular mimicry (the parasites, for example Schistosoma spp., cover themselves with host like molecules so the will not be recognized
as foreign substances by the host immune system (Deng et al., 2003; 2007).
3.  Evasion of complement effect by parasites such as Plasmodium, Trypanosoma and Leishmania (Rashidi et al., 2022).
4. Antigenic variation (for example, Trypanosoma brucei (Pays et al., 2004), Giardia lamblia (Tenaglia et al., 2023).
5. Rapid turnover of surface antigens (for example, Fasciola hepatica (Hanna, 1980)
6. Survival in the phagolysosome of macrophages (for example, Toxoplasma gondii, (Portes et al., 2020)
7. Inhibition of dendritic cell differentiation, maturation, and function (for example, Plasmodium falciparum (Elliott et al., 2007).
8. Inhibition of releasing neutrophil extracellular traps (for example, Trichinella spiralis, (Wang et al., 2023).
9. Escape from an stablished immune response (stage-specific antigens) (for example, schistosomes (Wiedemann & Voehringer, 2020).
10. Nonspecific mitogenic activity (for example, Dirofilaria immitis (Tezuka et al., 2002).
11.  Immunosuppression (for example Plasmodium, Schistosome (Nussenzweig, 19782).
12. Inhibition of the inflammatory response (for example, parasites such as Brugia malayi, Schistosoma mansoni, Ancylostoma caninum,
Trichinella spiralis (Alghanmi et al., 2024)
13. Induction of apoptosis in NK cells (for example, filarial parasites (Babu et al., 2007).
14. Uncontrolled proliferation of infected T cells (for example, Theileria parva (Dobbelaere et al., 2000)
15. Inhibition of lymphocyte proliferation (Cathepsin L from Fasciola hepatica (Prowse et al. 2002)), extracts of salivary glands from Culicoides
sonorensis (Bishop et al., 2006) which inhibit lymphocyte proliferation and nitric oxide by macrophages.
16. Inhibition of monocyte locomotion. A pentapeptide called Monocyte Locomotion Inhibitory Factor (MIF) has been described in Entamoeba
hystolitica that has the following activities: inhibition of monocyte locomotion and the respiratory burst of monocytes and neutrophils,
inhibition of delayed hypersensitivity (Rico et al., 2003).
17. Resistance to digestion in the phagolysosome. Parasites of the Leishmania genus have a molecule on the cell surface called
lipophosphoglycan (LPG) that allows them to resist the effect of oxidizing substances and hydrolytic enzymes found in the phagolysosome of
infected macrophages (Lewis and Peters, 1977).
18. Inhibition of dendritic cell production. For example, Brugia malayi ( Semnani et al., 2001) and Plasmodium (Wykes et al., 2007)

The Stimulation of the Innate Inmunity on Prevention of Diseases Caused by Pathogens
It has been proposed that proper manipulation of innate immunity may be beneficial for performance of vaccines in man and animals
(Netea et al., 2018; Ziogas & Netea, 2022).

Conclusions

If we want control parasitic diseases of animals and man we must aware that the understanding of the immune response must include
the comprehension of other biologic systems such as the endocrine and nerve, as well factors of the environment (for example, climatic change).
It is also true that we should incorporate the new findings on the role of the innate immunity using nonspecific stimulants such as Lactobacillus
casei to generate a protective immune response to diverse parasites in the host, as for example to Babesia microti in mice Eimeria spp. in
chicken Trichinella spiralis in mice and to Babesia bovis and B. bigemina when the lactobacilli is incorporated in the mixed vaccine against
bovine babesiosis. In this connection, the recent findings on the non-specific stimulation of immune cells may be useful for designing new
strategies for the control of parasites in animals. Finally, the adverse effect of microplastics, generated by disposable plastic products, on the
immune system and the impact of climate change on parasites are factors that should be taken into account when we plan strategies in
controlling parasites.
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