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Abstract

The protozoan parasite Entamoeba histolytica is the cause of amoebiasis. This disease is found worldwide but is more common in developing
nations where social and sanitary conditions are insecure. Serious clinical symptoms such as amoebic colitis, amoebic ulcer, ameboma, and
amoebic liver abscess can accompany amoebiasis, worsening the host's illness and perhaps leading to death. Medications used for treating
amoebiasis have several disadvantages such as the development of resistance and toxicity, therefore, recent research approved probiotics as
alternative medication for amoebiasis without any side effects. Probiotics can control the multiplication and proliferation of pathogenic
microorganisms in the intestinal wall and enhance the host's immune response. There are numerous popular probiotics viable today and are
used in the treatment of amoebiasis such as Enterococcus fecium, Lactobacillus casei, and Lactobacillus acidophilus. This book chapter aimed
to overview the amoebiasis and use of probiotics as a potential medication for amoebiasis.
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Introduction

Amoebiasis is a protozoan disease caused by Entamoeba histolytica (E. histolytica) and is widely distributed throughout the world, mainly
in poor nations (Haji & Ismael, 2023; Oliveira et al., 2023). Amoebiasis is characterized by a wide range of clinical manifestations between
asymptomatic, intestinal, and extraintestinal signs (Kantor et al., 2018; Stanley, 2003). The most clinical phases of amoebiasis are intestinal
and extraintestinal. Intestinal amoebiasis dysentery, amoebic ulcer, amoebic colitis, and ameboma (Espinosa-Cantellano & Martinez-Palomo,
2000). While the extraintestinal phase clinical manifestations depend on the affected organs, which causes hepatic abscesses, pulmonary
amoebiasis, cutaneous amoebiasis, genital amoebiasis, etc. (Shamsuzzaman & Hashiguchi, 2002; Tanyuksel & Petri, 2003; Shenoy et al., 2010;
Saidin et al., 2019). The amoebiasis if left without medication may be lethal (Carrero et al., 2020). Also, amoebiasis occurs among tourists
visiting regions where the amoebiasis is endemic there (Carrero et al., 2020; Haji & Ismael, 2023).

According to the severity of amoebiasis and forms of the disease (intestinal or extraintestinal), the medication (antiamoebics) is given
(Martinez-Castillo et al., 2018; Cuellar-Guevara et al., 2019). The antiamoebics drug is divided into two types: the intestinal antiamoebic drugs
such as diloxanide furoate, iodoquinol, nitazoxanide, and paromomycin, and they are used for managing amoebic dysentery, and amoebic
colitis, and the extraintestinal antiamoebic drugs such as chloroquine, emetine, metronidazole, and tinidazole, they are used for managing of
amoebic abscess in liver, lung, skin etc. (Martinez-Castillo et al., 2018; Shirley et al., 2018). This chapter aimed to overview the role of probiotics
in the management and treatment of amoebiasis.

1.2. Amoebiasis

Amoebiasis is a protozoan parasitic infection, caused by E. histolytica. E. histolytica has two main stages, the trophozoite, and mature cyst
stages; the trophozoite or the active stage is irregular in shape has a single eccentric nucleus, and is moved by single pseudopodia, and the
inactive or cyst stage; is oval or round in shape, and have with four nuclei (Adl et al., 2019). The protoplasm is the basic structure of the protozoa
as usual the E. histolytica, which is differentiated into cytoplasm and nucleus. The cytoplasm is divided into parts the clear portion named
ectoplasm and the inner granular portion named endoplasm, which have a single spherical eccentric nucleus with central karyosom, food, and
contractile vacuoles. E. histolytica is multiplied and reproduced by simple binary fission (Samba-Louaka et al., 2019). Is estimated that of the
burden of amoebiasis globally, about 10% of five hundred million infected people have symptoms (Shirley & Moonah, 2016; Cui et al., 2019;
Tharmaratnam et al., 2020). The amoebiasis is an endemic disease in America (central and South), Africa, and Asia (Ximénez et al., 2009).
These reports which depend on the geographical region, clinical manifestations, severity of infection, and incubation of parasite, study design,
sample size, and the sensitivity of the diagnostic methods were used modality used. Furthermore, amoebiasis in the endemic region restricted
the ability of diagnostic tests and surveillance (Carrero et al., 2020).

The life cycle of amoebiasis is direct and simple, humans, mainly children are infected through ingestion of the infective stage (mature
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cysts) within grasses, food, vegetables, or deinked water (Ismael et al., 2024). Then after the mature cyst reaches the small intestine an
excystation occurs and trophozoites are released and multiplied asexually by binary fission, trophozoites migrate from the small intestine to
the large intestine, some trophozoites invade the intestinal wall and via blood reach to extraintestinal organs such as liver, lung, brain, ovary,
skin, etc. and the rest trophozoites passe with stool and become cyst under unfavorable condition (Barwari & Ismael, 2011; Guillén, 2023).
Acute amoebiasis is characterized by the most common symptoms, which include colic, bloody diarrhea, fever, and other systemic symptoms
are rare (Ali et al., 2008; Ximénez et al., 2010). The amoebiasis has two phases the intestinal and intestinal phases (Abasszade et al., 2020;
CDC, 2024), the main clinical signs of the intestinal phase are gastrointestinal disturbance and amoebic ulcer for extraintestinal phase is
abscesses in different organs such as the liver, lung, spleen, uterus, skin, etc. because trophozoites can penetrate tissues and bypass the
epithelium due to their rapid motility and enzymatic activity. Once in the bloodstream, they can harm other organs, particularly the liver
(Thibeaux et al., 2013; Abasszade et al., 2020). There most prevalent and fatal types of amoebiasis are colon ameboma, megacolon, and
necrotizing colitis (Tanaka et al., 2021; Moran et al., 2023). Since the host's immune system and the parasite's virulent molecules both
contribute to the disease's pathogenesis by damaging tissues that allow entrance to systemic locations, E. histolytica has a multifactorial
etiology. E. histolytica's destructive methods include phagocytosis, cytolysis, and interaction with target cells, as well as the breakdown of
ingested cells (Betanzos et al., 2013; Shahi et al., 2019). The severity of infection depends on the strains of E. histolytica because there are 22
strains and only seven are pathogenic, infective dose (number of mature cysts are ingested), host immune status, host nutritional status, present
of chronic disease, pregnancy, etc. (Castellanos-Castro et al., 2020). The main clinical manifestations of amoebiasis in the endemic regions are
gastrointestinal disturbance, and dysentery and these signs need medication to prevent extraintestinal manifestations (Guarner, 2019).

The main diagnosis of amoebiasis depends on the identification and detection of trophozoite and mature cysts of E. histolytica in stool
samples. This is done by direct stool examination (including direct dry and direct wet stool smears) (Barwari & Ismael, 2011). There are several
serological tests used for the diagnosis such as ELISA, and molecular tests such as polymerase chain reaction (PCR) (Saidin et al., 2019). The
molecular methods are highly sensitive and specific for the identification of the strains of E. histolytica (Saidin et al., 2019; Mukbel et al., 2024).

The treatment of amoebiasis, called antiamobics, and its dosage is based on the severity of the infection and the clinical signs (Palombo,
2006; Martinez-Castillo et al., 2018). Antiamoebics work on both intestinal and extraintestinal forms of infections such as diloxanide,
adiiodohydroxyquinoline, nitroimidazoles, and paromomycin (Maroyi, 2016; Al-Areeqi et al., 2017; Gonzales et al., 2019). Depending on the
several studies, amebiasis has resistance to several of these antiamobic medications, therefore probiotics are used as a medication to decrease
the resistance and their toxicity (Garfias & Alvarez, 2008). There are different probiotics used for the treatment and prevention of amoebiasis
Saccharomyces boulardii yeast in combination with antibiotic medication (Mansour-Ghanaei et al., 2003).

1.2. Using of Probiotic in Treating of Amoebiasis

Probiotics are live microorganisms that help the host's health when given in sufficient dosages (Ouwehand et al., 2002; WHO, 2023). The
ideal probiotic strain should be non-pathogenic, tolerant to low pH and acids, which allows it to stay in the intestine, able to stick to the gut
epithelium, and provide positive properties (immune activation, protection against infections, metabolism, etc.) (Gupta & Garg, 2009). The
majority of probiotics are gram-positive bacteria that have been extracted from the gut microbiota of humans or other dairy products including
kulfi, curd, and lassi. The therapeutic effects of probiotics, however, have mostly been shown in model animals rather than via direct clinical
data, and they are highly dependent on the dosage that is consumed (Gupta & Garg, 2009; Oelschlaeger, 2010). There are three ways by which
the using of probiotics affects the microorganism (Travers et al., 2011).

The probiotics can control the multiplication and proliferation of pathogenic microorganisms in the intestinal wall. The majority of
pathogenic bacteria require iron, and probiotics may compete with them for their availability, making iron a limiting nutrient. Using
siderophores that chelate and transfer iron or bind ferric hydroxide to its surface (Elli et al., 2000), Lactobacillus can make iron inaccessible to
harmful microbes (Oelschlaeger, 2010). Probiotics use strain-specific processes that rely on competition, chemical release, and/or
immunological induction to either kill or inhibit infections. According to the majority of the interactions reported, the same gut compartment
is colonized by a pathogen (Hayes et al., 2010). Probiotics can reduce the risk of infectious disease and antibiotic use, and prevent or limit the
spread of microorganisms’ resistance to certain medications (Wohlgemuth et al., 2010; Li et al., 2022).

Postbiotics can be used in combination with and can used for treating several clinical infectious diseases that are caused by bacteria, and
parasites (protozoa). Examples of protozoan parasitic diseases such as giardiasis, amoebiasis, Trypanosomiasis, and leishmaniasis. Probiotics
can inhibit the proliferation and spread of parasites (Ramesh & Dharumadurai, 2024). Probiotics are used as alternative treatments for
intestinal and extraintestinal amoebiasis and reduce its prevalence (Nagaraja & Ankri, 2019). Also, the use of probiotics in the case of amoebiasis
can avoid the adherence of the parasite, E. histolytica to the intestinal epithelium and prevent colonization (Rigothier et al., 1994; Mansour-
Ghanaei et al., 2003). Today, Enterococcus fecium, Lactobacillus casei, and Lactobacillus acidophilus are examples of probiotics used as a
medication for amoebiasis in humans (Hertzberger et al., 2014; Sarjapuram et al., 2017; Varet et al., 2018).

Luis et al. (2016), approved that probiotics act as an active agent for the management and treatment of intestinal microorganisms including
parasites. Probiotics are tough and can control the multiplication and proliferation of microorganisms in the intestine. Martin et al. (2014),
suggested that the main idea of using probiotics is to prevent the clinical symptoms are caused by the gastrointestinal infections are caused by
the parasites such as amoebiasis, giardiasis, and cryptosporidiosis. Probiotics reduce the burden of parasites and decrease the severity of
infection (Carlos et al., 2010).

Probiotics play an important role in the deworming of intestinal parasites (Travers et al., 2011). Gupta and Garg, (2009), said that the use
of probiotics as an alternative treatment can prevent the colonization and proliferation of other bacteria and interact with parasites, which
increases the severity of infection. For instance, iron is a finite resource that most bacteria require, and probiotics can compete for its
availability. Lactobacillus can bind ferric hydroxide to its surface or release siderophores that chelate and transfer iron, which can deprive
harmful microbes of iron (Elli et al., 2000; Oelschlaeger, 2010). According to Wohlgemuth et al. (2010), probiotics also affect the balance and
makeup of the gut microbiota. Finally, probiotics have the ability to control their biotic environment by regulating the peristaltic movement
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and mucus secretion (Gupta and Garg, 2009).

Probiotics release antibiotics, bacteriocin, hydrogen peroxide, and free fatty acids, all of which can successfully stop the growth and survival
of parasites in the area. Bacteriocins that are secreted usually disrupt essential enzymes or permeabilize the membranes of closely related
bacteria, resulting in their death. Lactobacillus reuteri produces 3 hydroxy propionic aldehydes, a broad-spectrum antibiotic that works against
bacteria, yeast, fungi, viruses, and parasites (Travers et al., 2011). Probiotics can also change the growth of acid-sensitive organisms by lowering
the pH of the localized gut environment with lactic acid (Wohlgemuth et al., 2010).

Additionally, probiotics change immunity by strengthening the host immune system's response to a variety of illnesses. The probiotics
affect immune cells, Peyer's patch cells of the intestine, and epithelial cells. As a result of these interactions, secretory IgA and IgM which
are essential for mucosal immunity and aid in forming a barrier against harmful organisms are produced in greater quantities along with
the number of cells that generate IgA (Marie-Agnes et al., 2011; Vitetta et al., 2016). Additionally, probiotics may also affect dendritic cells,
which collect gut antigens and present them to naive T cells, leading them to undergo differentiation of either T-helper or T-regulatory
lymphocytes (Travers et al., 2011). Furthermore, probiotics have been found to influence the secretion of cytokine (IL 10 & 12, TNF-a, &
IFN-y), which are crucial for maintaining the delicate balance between appropriate and excessive immune system responses (Travers et al.,
2011; Helmy et al., 2023).

It has been demonstrated that probiotics, such as Lactobacillus and Saccharomyces, can reduce the severity of intestinal symptoms and
repair damage, particularly in giardiasis cases (Mansour-Ghanaei et al., 2003). Probiotics have the potential to improve the makeup of
commensal microbiota, which could lead to therapeutic outcomes. Probiotics can reduce parasite-induced mucosal damage by increasing
antioxidant capacity, decreasing oxidative products, and regulating mucosal and immune systems, as demonstrated by preclinical and clinical
research (Vitetta et al., 2016). They can also reduce the burden of E. histolytica by concentrating on the parasite directly. They can break down
the parasite’s cellular structure and prevent the development and growth of trophozoites by producing specific compounds with anti-amoebal
qualities. Further research will be necessary to identify suitable probiotics for amoebiasis treatment and prevention (Dashti & Zarebavani,
2021). Finally, the mentioned probiotics have been demonstrated to decrease cyst excretion, trophozoite viability, and proliferation, and in
certain situations, eradicate the infection in both in vitro and in vivo settings (Oliveira et al., 2024).

Conclusion

Around the world, amoebiasis is regarded as a serious public health concern, particularly in developing nations where a sizable portion of
the populace lacks easy access to basic sanitary conditions and, as a result, lacks adequate hygienic conditions, rendering strategies to reduce
its transmission ineffective. Probiotics are live products that are important and beneficial for the body, mainly the intestine. This book chapter
has been concluded that probiotics considered an effective therapeutic and alternative medication for intestinal parasitic diseases such as
amoebiasis and giardiasis. Through strain-specific mechanisms, probiotics can generate physical or chemical barriers in the intestinal
epithelium to stop pathogen penetration and either kill or inhibit the parasites. There are several factors contributed with using of probiotics
as alternative medication for parasitic disease (amoebiasis). Probiotics can balance the between normal flora and bad bacteria in the intestinal
tract, and reduce intestinal parasitic diseases.
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