


Helminth Parasites and Gut Microbiota in Marine Fish: A Comprehensive Review

Abstract
A fish's gut contains many types of bacteria that are important for digestion, food absorption, and immunity. Marine parasites, such as trematodes, cestodes, and nematodes, affect the gut microbiota and cause histopathological alterations in marine fish. However, the gut microbiota and helminth parasites share a habitat. There are several mechanisms of interactions between microbiota and parasites in the gut, such as physical changes to the gastrointestinal microbial environment and innate immunity. So, managing fisheries and improving fish health depend on understanding these consequences. Further research is needed to better understand the underlying mechanisms as well as their larger implications.
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Introduction
       Because of the effects that parasitic infections have on both the host's health and the ecology as a whole, marine fish infestations are a serious concern. The marine fish is often afflicted with parasite illnesses that can change its gut flora and histology. The intricate community of bacteria known as the gut microbiota is essential to the host's health because it supports immune system, nutrition absorption, and digestion [1]. This delicate equilibrium is upset by parasitic infestations, which result in dysbiosis and increase the host's vulnerability to illness [2].Research has demonstrated that parasite infections can drastically change the variety and makeup of fish gut microbiota. For example, protozoa and helminths can cause additional disruptions to the gut environment by competing with the host for nutrition, secreting toxins, and triggering inflammatory responses [3]. Histopathological abnormalities in the gut, including epithelial injury, mucosal inflammation, and fibrosis, may result from these modifications [4]. For the purpose of managing and treating parasite diseases in marine fish, it is vital to comprehend these relationships.
     The extreme salinity and warmth of the Red Sea may have an impact on the frequency and severity of parasite infestations in emperor fish [5]. Researching these consequences within the framework of the marine ecosystem, therefore, offers important new perspectives on the wider effects of parasitic diseases on marine biodiversity and fisheries resources.
The purpose of this research is to examine how parasitic infections affect the composition of the gut microbiota and histopathological alterations in marine fish.In order to improve our comprehension of host-parasite-microbiota interactions in marine habitats, this research examines changes in gut microbial populations and tissue pathology linked to parasitic infections. The results will aid in the creation of sensible management plans that will preserve the sustainability and well-being of fish populations within the marine Sea environment.
Nematode parasitic infestations in marine fish
      Because of its effects on fish health and the larger marine ecology, nematode parasitism in marine fish is a serious concern. Nematode infections are a prevalent problem for the marine Fish , which are regularly seen in the marine Sea .These infections may cause serious gastrointestinal problems that impair the fish's ability to develop, survive, and maintain general health. This article focuses on the life cycles, pathogenic effects, and types of nematodes that affect marine fish[6–7].
Anisakis spp., also referred to as cod worms or herring worms, are important because they can transmit a zoonotic disease that can result in anisakiasis in humans who eat raw or undercooked fish. Another significant nematode that affects marine fish Pseudoterranova sp., and  Contracaecum sp., and the most common nematode found in marine fish is Anisakis simplex, which is known to induce digestive problems in fish [8]. 
        Fish that are infected with nematodes experience severe intestinal inflammation and ulceration. They impede the absorption of nutrients, resulting in stunted growth and malnourishment. Mortality rates may rise with severe infestations Because of decreased fish quality and greater mortality, infestations can also result in financial losses in aquaculture and fisheries [7].
Cestode parasitic infestations in marine fish
     Since cestode parasitism affects both fish health and the larger marine ecosystem, it is of great concern. One species of fish that is commonly affected by cestode infections is the marine fish ,which can have severe gastrointestinal problems that impair the fish's ability to grow, survive, and maintain overall health [9–10] . Because they have the ability to spread zoonotic disease when raw or undercooked fish is consumed. Often present in fish intestines, cestodes Pseudotobothrium dipsacum, callitetrarhynchus gracilis , Floriceps minacathus , Pseudogrillotia sp., and Nybelinia bisulcate [11-12]
     Cestodes may induce noteworthy ulceration and inflammation in the intestinal tract of infected fish, leading to malnutrition and reduced growth rates [13-14]. Massive infestations may also elevate the number of deaths resulting in economic losses in aquaculture and fisheries [15].





Trematode parasitic infestations in marine fish
     Trematode infection in marine fish is a major problem because of its effects on fish health and the overall marine ecology. Trematode infections usually affect marine fish. These parasitic infections may cause serious gastrointestinal problems that impair the fish's ability to develop, survive, and maintain general health [16-17–18].
 Haplosplanchnus spp. are frequently detected in herbivorous fish's digestive tracts, where they can cause significant inflammation and nutrition absorption difficulties [19]. 
     The gut of Fish that are infected with trematodes experience severe inflammation and ulceration in the gastrointestinal tract [20]. They impair the absorption of nutrients, resulting in stunted growth and malnourishment. Mortality rates may rise with severe infestations . Because of the decreased fish quality and increased mortality, infestations can also result in financial losses in aquaculture and fisheries [16-17].
Histopathological Effects of parasitic infestations on gut of marine fish
      The marine parasite infestations represent a serious risk to the general health of marine fish .Nematodes, cestodes, and trematodes are especially well-known among the many parasites for their negative impact on the gut histology of these fish. These parasites have the potential to severely inflame the gut, ulcerate it, and induce fibrosis. This can hinder the absorption of nutrients, result in malnutrition, and raise death rates. [15].
To preserve the health of Fish and guarantee the sustainability of their populations, it is essential to understand the precise histopathological alterations produced by these worms . The histopathological consequences of each of these parasite types on the intestine of fish will be covered in this section in detail. [21].
Histopathological Effects of Nematodes on the Gut of marine Fish 
     In the Marine Sea, nematode infestations pose a serious threat to the wellbeing of fish . These parasites can seriously alter the gut's histopathology, which can result in a number of health problems that impair the fish's ability to develop, survive, and generally feel good [22]. 
Considerable histological alterations are brought about by these worms, including the gut lining becoming severely inflamed and ulcerated. A robust immunological response is triggered by the presence of nematode larvae in the gut wall, which results in granuloma development and fibrosis [23]. The typical architecture of the gut tissue may be disturbed by the inflammation brought on by worm infections. This involves the intestinal wall becoming thicker as a result of inflammatory cells like lymphocytes, macrophages, and eosinophils infiltrating the body. As a result of the immune cell clusters known as granulomas that are created in reaction to the nematode larvae, there may be a loss of functional gut tissue due to fibrosis and localized tissue damage [24].
     Another frequent histological consequence of nematode infections is ulceration of the intestinal walls. Ulcers can develop as a result of the nematodes' feeding and movement-induced mechanical damage to the mucosal layer. Fish with infections may experience malnourishment and slowed growth rates as a result of these ulcers, which can further impair the gut's capacity to absorb nutrients [25]. 
In severe circumstances, nematode infections cause considerable tissue damage and inflammation, which can lead to subsequent bacterial infections. The decreased gut integrity allows opportunistic bacteria to enter, aggravating the fish's health issues. This can dramatically increase death rates in the affected populations [26].
Histopathological Effects of Cestodes on the Gut of Marine Fish  
        In the Marine Sea, cestode infestations pose a serious threat to the health of fish. The growth, survival, and general well-being of fish can be adversely affected by these parasites' significant histological alterations in the gut, which can result in a number of health problems [27–28].
Cestodes have an organ called the scolex that serves as a holdfast and is designed to adhere to the intestinal mucosa. This adhesion may result in ulceration and mucosal layer erosion, among other localized tissue injury. Granulomas, which are immune cell clusters produced in reaction to the parasite, might develop as a result of the mechanical irritation brought on by the scolex [29].
Cysts in the gut wall can also result from cestode infections. The natural in of the gut tissue can be seriously disrupted by these cysts, which are habitat to the parasites' larval stages. These cysts may cause fibrosis, a condition in which scar tissue replaces normal tissue, which worsens the body's ability to absorb nutrients [30].
Furthermore, the existence of cestodes in fish gut may disturb normal peristalsis, resulting in stasis and subsequent infections with bacteria. The decreased gut integrity allows opportunistic bacteria to enter, aggravating the issues with health of infested fish. This can dramatically raise death rates in impacted populations of fish [29].
Histopathological Effects of Trematode on the Gut of Marine Fish 
trematodes may result in characteristic histopathological abnormalities in affected fish. One of the most affected organs is the intestine [31]. The main pathological findings in the intestine of marine fish infested with trematode were desquamation of intestinal villi with hypertrophy the muscular layer [31]. Trematodes physically disturb and harm the mucosal layer of the intestinal lining by attaching themselves to it by suckers and by feeding mainly on epithelial cells. This results in destruction of the mucosal epithelium covering the intestinal folds, thus causing local inflammation and cell necrosis [32]. Adult digenean trematodes and encysted metacercariae which were detected inside the intestinal lumen or embedded in the muscular layer cause hypertrophy. Other sections showed the adult digenean trematodes embedded in between intestinal villi resulting in desquamation of intestinal villi or detected in the lumen. The appearance of rodlet cells and other inflammatory cells in the submucosa were noticed [32].The numerous rodlet cells which have large granules and rod-like core in the infected intestines as a defense mechanism. Rodlet cells seemed to be recruited when helminths affected the epithelial tissues [31]. 
Gut Microbiota in Marine Fish: Diversity and Functional Roles
    The gut microbiota of Mariner fish, like that of other fish species, is critical to the health and well-being of the host. The phrase "microbiota" refers to the gastrointestinal tract's community of microorganisms, which includes bacteria, archaea, viruses, and fungi. These microbes are engaged in a variety of physiological activities, including digestion, food absorption, and immune system regulation. Bacteria belonging to the groups Proteobacteria, Firmicutes, and Bacteroidetes make up the majority of the gut microbiota of emperor fish. Most of the time, Proteobacteria are the most prevalent, followed by Firmicutes and Bacteroidetes. A host's genetic composition, environment, and food are among the variables that affect these bacterial populations  [33–35].
The marine fish's gut microbiota plays a major role in its digestive system by facilitating the digestion of complex proteins and carbs and improving the absorption of nutrients. In addition, microbiota generates additional metabolites, such as short-chain fatty acids (SCFAs), that support gut health and provide the host with energy [36,37-47].
Effect of Gut Fish Microbiota on Marine Parasites
Marine parasites are susceptible to several effects of the intestinal microbiota. Initially, metabolites that directly impact the viability of parasites can be produced by microbiota. For example, some types of bacteria can create antimicrobial chemicals, such as short-chain fatty acids (SCFAs), that can stop parasites like nematodes, cestodes, and trematodes from growing and developing [38].
Furthermore, the host's immune response can be modulated by microbiota, improving the recognition and removal of parasite infestation. For instance, a healthy gut microbiota can promote the development of immunological components and mucosal antibodies that specifically target parasites, hindering their ability to colonize and spread throughout the host [39].
Moreover, by competing with parasites for resources and available space, the gut microbiota can make the environment less favorable for parasite survival. Due to resource limitations brought forth by this competitive exclusion, parasite viability and reproductive success could be impaired [40]. It has been demonstrated that certain bacterial taxa in the microbiota of the gut can occasionally create bioactive compounds that hinder parasite development and signaling, making it harder for the parasites to spread among the host [41].
Effect of Marine Parasites on Gut Microbiota
The gut microbiome can be significantly impacted by marine parasites as well. The microbial community in the gut can undergo compositional and diverse alterations as a result of parasitic infections. Nematodes, cestodes, and trematodes, for example, can upset the delicate balance of good bacteria, resulting in dysbiosis, a condition marked by an imbalance in the community of microbes which may compromise the health of the gut [42]. This dysbiosis can result in the overgrowth of opportunistic pathogens and a reduction in beneficial microbial populations, further exacerbating the negative impact on the host’s health [43].
In addition to causing inflammation and harm to the intestinal lining, parasites can also create an environment that is more suitable to the growth of some bacteria species than others. Microbial colonization and growth may be impacted by this inflammation, which can change the chemical and environmental conditions of the gut [44]. 
Moreover, parasites could produce chemicals that alter the host's immune response and alter the composition of the gut microbiota. As an example, certain parasites create immunomodulatory proteins that weaken the host's immune system and promote greater colonization of the parasites as well as specific species of bacteria [45].
Interaction Between Gut Microbiota and Marine Parasites
Marine parasites and gut microbiota have a complicated, reciprocal relationship. The composition and function of the gut microbiota can be altered by parasites, and the gut microbiota can affect the establishment, survival, and expulsion of parasites. The results of the disease and the host's health may be significantly impacted by this dynamic interaction [43,46].For example, by enhancing immune function and competitive exclusion of parasites, a healthy and diverse gut microbiota can improve the host's resistance to parasitic diseases . On the other hand, dysbiosis brought on by parasite infections may weaken the host's immune system and make it more vulnerable to subsequent infections [46]. The coexistence of marine parasites and gut microbiota might result in a feedback loop where modifications to one element affect the other and have a cascading impact on the host's health.
Combined Effect of Gut Microbiota and Marine Parasites on Fish Health
The coexistence of marine parasites and gut microbiota in the fish gut can affect the host in both positive and negative ways. One way, by improving immune function and competitively excluding parasites, a well-balanced gut microbiota can lessen the harmful effects of parasitic infections. On the other side, infection with parasites can upset the balance of the gut microbiota, which can result in dysbiosis and poor gut health [44].
The host's metabolic processes may also be impacted by the interaction between marine parasites and the gut flora. As an instance, some species of bacteria have the ability to create metabolites that improve the host's energy metabolism and nutritional absorption, which can assist offset the nutrient depletion brought on by parasite infections  .Furthermore, the microbiota of the gut can influence how the host responds to infections by lowering inflammation and encouraging tissue repair, that may decrease the harm that parasites can do. [45]
However, there may be detrimental effects on the host's health if the equilibrium between parasites and gut flora is disturbed. Chronic inflammation and dysbiosis can damage the integrity of the gut, making people more prone to infections and lowering their level of fitness and general health .Thus, preserving a balanced and healthy gut microbiota is essential to alleviating the negative effects of marine parasites and enhancing fish health in general [43].

Conclusion
The complex and diverse relationships between host, microbiota, and parasites are highlighted by the assessment of the impact of marine parasitic infestations on gut microbiota and histopathology in marine Fish from the Red Sea . The gut microbiota, which is mainly made up of Firmicutes, Bacteroidetes, and Proteobacteria, is essential to the health and homeostasis of marine Fish. This delicate equilibrium, however, can be disturbed by parasitic infestations such as nematodes, cestodes, and trematodes. This can result in notable changes to the gut microbial ecology and histological changes in the gastrointestinal tissue.
Dysbiosis, which is characterized by a rise in opportunistic pathogens and a decrease in beneficial microbial communities, is frequently the outcome of parasitic infections. The host's immune system may be weakened by this microbial imbalance, leaving the fish more vulnerable to diseases and infections in the future. According to histopathological analyses, parasite populations lead to tissue damage, inflammation, and morphological alterations in the gut that can affect the absorption of nutrients and the general health of the gut.Complex interactions occur between gut microbiota and parasites in both directions. Parasites can alter the gut environment to support their survival, frequently at the expense of the host's health, but a healthy microbiota can strengthen the host's resistance to infections caused by parasites through competitive exclusion and immunological regulation. The significance of preserving a well-balanced gut microbiota in reducing the negative consequences of parasitic infections is highlighted by this dynamic interaction.
Research on marine parasitic infestations' effects on marine Fish gut microbiota is crucial for effective management and conservation strategies, involving potential interventions like probiotics and dietary modifications.
Recommendations
It is recommended to regularly evaluate fish populations' gut microbiota and parasitic burden in order to mitigate the negative impacts of marine parasite infestations on gut microbiota and histopathology in marine Fish 
Investigating the usage of probiotics and prebiotics may aid in the restoration and maintenance of an optimal gut microbiome. It is also critical to investigate dietary changes that boost the body's defenses and resistance to infections by parasites. Enhancing research into the processes of host-microbiota-parasite interactions will help to create tailored treatment options. 
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