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											Abstract

											
												 
												Many countries around the world have embraced the One Health strategy to give priority to zoonotic diseases. However, the lack of information on the impact of these diseases and the lack of cooperation between the public and private sectors are hindering the effective implementation of One Health. In Oman, there are protocols for collaboration, but zoonotic diseases continue to be a problem, possibly because these collaborations are not backed by scientific data. There is a pressing need for a systematic approach to prioritize zoonotic diseases in order to guide research and public health initiatives. This study offers a comprehensive and innovative model for prioritizing zoonotic diseases in a country that is experiencing rapid economic development, urbanization, and a largely traditional way of life. By recognizing the interconnectedness of human, animal, and environmental health, this model can effectively direct research and investments in public and animal health. Furthermore, it emphasizes the importance of data-driven decision making and calls for enhanced cooperation among all stakeholders involved. With this evidence-based approach, Oman can proactively address the challenges posed by zoonotic diseases and pave the way for a healthier future.
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										Introduction

										
											Zoonotic diseases, those transmitted from animals to people, have become an increasing area of focus for research, policy, and practice as a result of global trends. Zoonotic diseases account for approximately 60% of all communicable diseases and 75% of emerging infectious diseases globally (Awaidy SA et al.). In the Eastern Mediterranean Region and particularly in Oman, where humans, animals, and the environment are interlinked and in close contact in a wide variety of disease ecosystems, the One Health approach has become increasingly important [1-2]. In 2018, ten zoonotic diseases were listed as priorities; diseases that either are present in or have the potential to emerge in Oman are among them, such as MERS - CoV, brucellosis, rabies, and Rift Valley Fever, in addition to a few listed in the priority research areas [3-4]. This paper aims to provide an overview of both the One Health applicable frameworks and a situation analysis of zoonotic diseases in Oman. It also introduces how these perspectives fit into Oman’s health policies and plans for various sectors. Four zoonotic diseases are addressed: Middle East Respiratory Syndrome, brucellosis, rabies, and Crimean Congo Hemorrhagic Fever. Finally, the paper details how other countries have utilized prioritization to shape health policy and practice. Emerging infectious diseases are an increasing area of concern, with zoonotic diseases contributing a significant component of EIDs. Accordingly, there has been an increasing interest in zoonotic diseases, particularly in relation to public and animal health and environmental security [1,5]. Grand challenges have been proposed in One Health reports because of the interconnectedness that perpetuates the occurrence of zoonotic health threats. There is an emerging worldwide trend in which different sectors are increasingly building mechanisms and common frameworks for operational collaboration in the prevention and control of zoonotic diseases that cross the human-animal-environmental interface [6-7].
										

										Understanding Zoonotic Diseases

										
											Zoonotic diseases are diseases and infections that are naturally transmitted between vertebrate animals and humans. The mode of transmission may be healthy carriers or may be transmitted through direct contact or indirectly via contaminated environments. The occurrence of zoonotic diseases is triggered by various factors, either intrinsic or extrinsic, of which the causative agents are mainly bacteria, fungi, parasites, viruses, and/or pathogenic agents [8-10]. Besides, a type of disease may have different strains within the same species or a different species of animals and has the potential to be transmitted to humans with variable morbidity or mortality rates. The spectrum of global and local public health, including developing, emerging, and unpredictable zoonotic diseases, is acknowledged [11-13]. Zoonotic diseases are characterized by a number of mechanisms underlying their occurrence and may involve a single or multi-host sharing a complex ecosystem. Besides, disease emergence shows the clinical aspects of epizoonosis and epizootics phenomena [14-15]. The health of animals is closely related to humans and has laid one of the foundations of the One Health principles, which share the philosophical concept between public health practices and veterinary health in its management. Maintaining or monitoring the One Health concept can lead to greater awareness and offset the socio-economic implications of public health and animal sectors, particularly for animal husbandry and related industries [16-17]. Several strategies promote partnerships and collaboration between veterinarians in obvious ways, including animal husbandry, shelter teams, wildlife protection, technical staff, health administrators, government officials, and ministries responsible for planning to be prepared by both veterinarians and medical associations, easing the transition for newly diagnosed zoonoses or the re-emergence of unusual zoonotic diseases [18-20]. Fifty to seventy percent of emerging infectious diseases and zoonotic diseases occur at the wild animal interface in harmony with environmental dynamics. After the 20th century, zoonotic diseases became a global concern, caused inter alia by rapid globalization and urbanization, favorable climatic conditions, increasing volume of tourists traveling to new endemic areas, and increased transboundary animal diseases [1]. Mammals are known to be responsible for 33% of all zoonotic viruses. The most common zoonotic diseases are caused by pathogens inherited from the pink quadrant, including the genera
											
												Brucella spp, Erysipelothrix spp, Leptospira spp, Mycobacterium spp, and Toxoplasma spp
											
											 [9-10]. Human anthrax has a lower zoonotic index but is widely distributed in nature. Canine rabies in Oman is classified as a negatively affected disease caused by non-infecting viruses and local strains reported, and it has a negative effect on human health. The same facility routinely reported human inhalation brucellosis, the most common zoonotic disease in southern border regions [3, 21-22]. The increased number of human brucellosis cases was noted in 1881, approximately 10 years before the eradication of animal control brucellosis, mainly occurring via human consumption of red meat and dairy products. Zoonotic tuberculosis is endemic in Oman on dairy farms in the region of Al Batinah North, in fertile soils with heavy rain crops and water buffalo, and has a human infection rate of 15-20% due to animal linkage. There is also documentation of human alveolar echinococcosis disease due to wild carnivore hydatid tapeworm eggs infesting the soil and water, leading to the spread of parasitic eggs, which are the only source of human infection [23].
										

										The One Health Approach

										
											The emergence of the One Health concept in the early 2000s marked a crucial step towards addressing zoonotic diseases. One Health is the integrative effort of multiple disciplines to achieve optimal health for people, animals, and the environment. It is an approach that targets and promotes the collaboration and cooperation of various sectors in health and represents the mutual goals of human, animal, and environmental health [24-25]. The close interconnection between the health of people, animals, and their environment was increasingly recognized not only as a crucial issue for developing countries but also in developed countries. The threats of novel zoonotic diseases and bioterrorism exerted additional pressure on the establishment of One Health. There have been successful models of implementation of the One Health approach in different parts of the world and across multiple levels of stakeholders involved [16, 26-27]. While the global adoption of One Health as the most practical pathway for improving and effectively preventing zoonoses is promoted by a few advocates, it is also critical that there is policy encouragement. One Health has been a dominant issue internationally and has the potential to identify where it can potentially be applied in Oman with the likely associated benefits [24]. In Oman, a holistic dimension of health is implicitly achieved through the Ministry of Agriculture and Fisheries' Department of Animal Health, which is responsible for implementing programs for controlling animal diseases, animal welfare, breeding programs, and controlling livestock feed quality. However, the concept of One Health is only explicitly achieved by the Ministry of Health in the proposed Oman One Health initiative involving two key sectors, the Ministry of Health and the Ministry of Agriculture and Fisheries, and one collaborating agency, the Public Authority for Consumer Protection [28].
										

										Zoonotic Diseases in Oman

										
											Oman is currently facing a wide range of zoonotic diseases, which are diseases of animals that can be transmitted to humans. Zoonotic diseases pose a problem in Oman due to existing favorable conditions for the transmission of these diseases. Oman has a varied and unique topography and climate, with diverse and complex patterns of precipitation and temperature, all of which contribute to attracting high numbers of migratory birds [3-4,29]. Such conditions increase the risk of exogenous zoonotic infections resulting from contact with wildlife, including diseases such as avian influenza. The human-wildlife interface is also influenced by cultural and ecological conditions. Hunting wild animals and carrying out livestock husbandry and cultivation are important sources of income and forms of relaxation in Oman [30-32]. The handling, slaughtering, transportation, preparation, and consumption of wildlife and livestock carry an associated increase in risk. Many Omani families also keep non-domesticated animals as pets, such as houbara bustards, cats, and camels. These animals interact with humans and can be infected with infectious diseases [1,32]. Pathogens that are transmitted between animals can also have a significant effect on human health in the form of zoonotic diseases. Not only can zoonotic diseases infect humans, resulting in high morbidity and mortality rates among the country’s citizens and tourists, but they also contribute to economic loss. Zoonotic diseases can, either directly or indirectly, infect uninfected livestock, wildlife, farmworkers, tour operators, etc [9,12,33]. The implementation of zoonotic disease control and elimination strategies in countries can benefit their citizens and the country by reducing the health and economic impact of infectious diseases. People living in close contact with wild animals can become infected with zoonotic pathogens. Some traditional human practices in the Arabian Peninsula can be predisposing factors for contracting zoonotic diseases in humans. For example, many people in the Arabian Peninsula have close relationships with camels and consume their products. These infections might be underreported in humans living at the animal–human interface through community practices or occupational exposure [3-4,21,30].
										


										
										
											
												
												Figure 1: Common zoonotic diseases recognized under One Health framework in Oman. 
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										Epidemiology and Impact

										
											Oman, located in the southeastern corner of the Arabian Peninsula, is characterized by a unique combination of a hot desert climate in the interior region and a semi-humid to hot and humid climate in coastal areas. There were expected to be 303.36 cases of zoonotic diseases per 100,000 populations in Oman [34]. Zoonotic diseases do occur in humans in Oman every year, with brucellosis, rose rosette, and Crimean Congo hemorrhagic fever virus being zoonotic agents with the highest incidence rates [4]. Humans cohabit with millions of animals, including exotic and companion animals, in different ecological systems. An outbreak of a zoonosis can have significant economic and socio-political implications on both public health and livestock production systems [3-4, 21]. The severe consequences are often the result of the enormous losses associated with the destruction of animals in affected areas, which could decrease the income and livelihood of large rural areas and lead to an unemployment crisis. In addition, diseases cause an enormous economic burden and seriously damage the output value of Omani agricultural production [35-37]. Previous studies conducted in Oman have reported human, animal, and sociodemographic factors associated with the epidemiology of brucellosis, Q fever, and severe enterovirus D68 outbreaks. Rainfall and per capita income have been identified as independent determinant factors. Animals support livelihoods and play crucial roles in many areas of need, including the provision of food, clothing, and employment opportunities among participants [4,38-39]. Zoonotic diseases can be common and significantly impact human, animal, and environmental health systems. In addition to the general public, the management of these diseases can severely affect Oman’s relevant populations such as animal handlers, forest herders, and guests visiting rural and natural areas. Such incidents can result in the need for extensive monitoring and disease control actions and can be a significant drain on healthcare resources [29, 40-41]. Additionally, the necessity for a complete understanding of the ecological systems, including the diseases that affect them, is essential to effectively implement human welfare programs in this area. Getting a systematic detection of the development and occurrence of the diseases may allow early warning and quick treatment, thus preventing chronic disability. Outbreaks of exotic zoonotic diseases are commonly observed in countries such as Oman, and livestock populations in some instances help in damping the spread of such diseases to the international community [4,41-42]. Furthermore, Oman is not exempt from the cyclical re-emergence of previously controlled diseases due to the global link between the Omani market and those of the world. This perspective also covers the infectious zoonotic agents and their causative diseases, particularly those subclinical forms seen in animals. Understanding the progression of zoonotic diseases inside Oman will necessitate a thorough examination of the social factors that coincide with their expansion. Climatic factors, including changes brought about by the changing climate, should also be more closely studied to understand the progression of the diseases [4,39-40].
										

										Key Zoonotic Diseases in Oman

										
											A range of bacterial, viral, and parasitic zoonotic diseases prevail in Oman, which are of major public health concern. Animal-associated foodborne diseases such as brucellosis, cystic hydatid disease, and leptospirosis are of considerable health and economic importance [43-46]. The bacterial agents responsible for these diseases are very commonly present among livestock populations in the country, and they are also implicated in abortions and stillbirths in animals. Cameroon sheep and goats are important sources of meat and milk in Oman; therefore, diseases endemic in these animals may be transmitted to consumers [47-50]. The consumption of raw camel milk and undercooked camel meat parts also facilitates the transmission of bovine tuberculosis, brucellosis, and cystic hydatid disease from animals to humans. Furthermore, the role of wildlife as potential zoonotic pathogen reservoirs in Oman is largely unknown [51-54]. Brucellosis is widespread, affecting multiple production animal species in Oman, and it has also been reported in humans. Bovine tuberculosis is a major livestock problem in Oman. Leptospirosis continues to be reported in animals in Oman, and human cases of leptospirosis are sporadic in countries like Oman due to a lack of diagnostic facilities [3-4,39,41]. Rabies has emerged as an important zoonotic viral encephalitis in Oman. There is very little information available on the epidemiology and public health impact of other zoonotic agents in Oman, such as
											
												Rift Valley fever virus, Alkhurma hemorrhagic fever virus, Coxiella burnetii
											
											, and
											
												Middle East respiratory syndrome coronavirus
											
											 [3-4,21,55- 56]. Therefore, due to the limited resource facilities, these are not investigated by researchers. Livestock is an important economic asset and plays a vital role in daily human consumption patterns and customs in Oman. Animal husbandry is not a commercial activity in rural areas among nomadic and semi-nomadic populations; rather, the animals are used to fulfill the basic social, cultural, and religious needs of society [3-4,57-58].
										

										One Health Strategies for Zoonotic Disease Prioritization

										
											While neglecting zoonotic diseases is easy with many pressing public health issues, addressing key zoonotic diseases and disruptive challenges is crucial to guide decision-making about resource allocation and strategic implementation. Notably, within a One Health framework, a multidisciplinary approach involving public health, animal health, wildlife, ecology, epidemiology, laboratory reporting and diagnostics, policy formulation and legislation, and the environment would be useful for reducing the burden of zoonotic diseases [2,6]. This requires close federal, inter-ministerial, national, regional, and global coordination across several government departments since response prioritization, risk assessments, and threat assessments must involve a flow of information between government ministries and departments as they play a part in maintaining competing activities necessary to prevent and respond [59-60]. A ‘One Health’ system is important to maximize the use of resources, achieve ‘co-benefits’ from combined zoonotic surveillance, recognize linkages more easily, pool resources, enhance surveillance and detection, and carry out more integrated analysis. As detailed, other methods should be supported in the same way, such as the integrative assessment of scenarios, integrated surveillance and response plan development including risk management, scenario planning, improved risk management in the medical and veterinary communities, and a co-designed, integrated prioritization of research. There is also a need to develop and sustain a capacity for action across the whole of government and society as early as possible after an outbreak or when a disease is considered a threat, explicitly including scenario development, disease prioritization, and risk management [61-62]. Development, validation, and data-sharing of transdisciplinary, multi-stakeholder strategic frameworks would be useful as well. In planning the strategies described, the involvement and influence of industries and their associated interests will be important [63-64]. The strategy has also noted the importance of raising public awareness about One Health approaches. Community engagement is fundamental to enabling sustainable management in disease and disaster response, achieving trust in official responses, and thus ultimately advancing the implementation of best-practice emergency and biosecurity management principles. In general, the capability of a country to respond effectively to a sudden event and/or potential requirement should also be examined, given that each country has a limited capacity to respond to disasters, emergencies, and outbreaks. Deploying strategies to minimize negative impacts from these events is vital. In the long term, a One Health approach may help reduce these diseases in animal and human populations through integrated monitoring and preparedness [65-67].
										

										Surveillance and Early Detection

										
											A comprehensive integrated surveillance system integrating the information and experienced eyes linked with modern technologies and data analytics on the pattern of diseases in humans, animals, and the environment is the priority in prioritizing the PDs in One Health. This systemic link would form the surveillance system that would help identify the threats at various points before reaching humans [68-69]. The mainstay of the ZDs prioritization should lie in establishing a system that strengthens prevention and preparedness. In many of the works, taking the One Health approach translates to the rest of the working packages for further directed work. Such linkages would provide the evidence needed for transdisciplinary workers to propose prioritization and therefore investments at national levels. The knowledge generated at the grassroots levels of the human health surveillance system, including diseases with decades-old reporting in particular areas, needs to be collected, compiled, and disseminated systematically so that appropriate guidance on reporting and response is initiated [70-72]. The surveillance systems might be the result of carefully crafted robust methods or the found data that actually provide a shot in the arm for health professionals thinking about that particular area. Data could be collected through passive or reactive as well as through active surveillance methods in both humans and animals. A number of disease control strategies often rely on early detection and therefore case finding in the community and also in primary health centers, which represent a central focus of the field programs [73-75]. An active integrated human health surveillance system, including rudimentary auxiliary long-term personnel, is more likely to detect unknown circulation while dealing with endemics and identifying new or reemerging diseases; whereas passive methods may only observe increases in known diseases. Detection of an infection will provide an advance opportunity to possibly isolate the sick animal to control its spread. Treatment of the case will contribute to speeding up recovery, reducing the number of animals shedding the organism, and reducing the risk to humans [76-78]. Detection, treatment, and control will also help to reduce the economic impact of diseases on animal production. In many cases, natural outbreaks of ZDs could be viewed as large-scale uncontrolled experiments that can be used for learning. The surveillance systems to detect these diseases should be based on a strong partnership between veterinary services and human healthcare providers. The partnership should extend to training, research, and cooperation in the development of optimized diagnostic methods and the prioritization of diseases as surveillance focus [79-81].
										

										Cross-Sectoral Collaboration

										
											Effective collaboration is essential to comprehensively manage the risks posed by zoonotic diseases and should be framed within the constraints of current national public health systems. It has long been recognized that public health and veterinary authorities and environmental agencies are natural partners in dealing with zoonotic diseases. When these sectors work together, they can draw on each other’s resources, skills, and expertise to develop more meaningful and robust responses [2,6]. Examples of effective partnerships with different areas of One Health in Oman include conducting wildlife surveys and investigations on wildlife ecology and host-pathogen interactions. The Ministry of Health, Agriculture and Fisheries, and Environment and Climate Affairs in Oman is willing to share their knowledge and resources with each other to try and gain insight into the interrelatedness of the causality and effects of the transmission of multihost and multidrug parasites [82-85]. There may be many stumbling blocks to effective cross-sectoral and multidisciplinary working, not least of which are strong traditions built up over many years in donor funding agencies, followed in turn by public health and veterinary services themselves, and higher-level, ministerial budget allocations for one or other of the various components of disease surveillance and response [7,86] .There may also be significant differences in the management culture, ability, and aspirations of the leaders of the colliding or competing low or higher-level national health portfolios. This compartmentalization extends in hierarchical fashion also down to the health professionals and services and to their patients and clientele. These and other issues are recognized as a main barrier to improving collaboration between Central and Local Government, between health and local government, and between the health of humans and of animals, domestic and wild [87-88] much is being written about this issue at present, but no easy solutions are forthcoming, given the ingrained and structural nature of the barriers. The key role of good communication and the need to raise awareness of the potential impacts of zoonotic diseases on people, animals, and the environment is highlighted [6,89]. Community involvement may encourage and foster collaborations at the grassroots level. Diverse views from and between these actors are to be considered in the responses to zoonotic diseases that are, after all, sited very close to local people in many cases where traditional, bushmeat hunting or related practices continue, including meat processing and consumption, modern or salacious practice, or simply through environmental pathways into homes and gardens, for example. Encouraging and sowing the seeds of dialogue between these sectors as a matter of policy and at the very local level not only brings local responses but increases understanding at many levels and is a way of assisting, for mutual benefit and for building the essential trust, in longer-term responses to zoonotic disease at the global level [6,90-91].
										

										Implementation of One Health in Oman

										
											A full One Health approach in Oman has been discussed in several case studies, such as outbreaks and management, surveillance of zoonotic diseases in abattoirs and in livestock, control of zoonotic parasites, and One Health capacity building and education in the country [4,30]. Zoonotic diseases, including zoonotic parasites, have been adequately addressed for the past decade in Oman, despite several limitations due to a lack of intersectoral awareness and collaboration at the beginning. Several interventions and programs to address zoonotic diseases in animals and humans have been successfully implemented in the country. The research into zoonotic diseases and surveillance systems to detect zoonotic disease outbreaks in animals and humans was initiated at the start of a One Health approach in 2010 [4,92]. Subsequently, a number of governmental and non-governmental organizations, along with private sector organizations, pioneered by governmental organizations, have successfully implemented a number of zoonoses and other zoonotic intervention programs. However, the implementation of the One Health concept in Oman is still a work in progress [4]. In this study, we investigated the status of and limitations observed in implementing such programs in Oman. Challenges and recommendations from stakeholders who worked in the field have also been considered and are discussed here. The success of a One Health approach in Oman depends mainly on the real motivation and commitment of all stakeholders who are working in public health, animal health, and environmental services. Providing the required resources for the identified programs and monitoring and evaluation are very important for sustainability.
										

										Conclusion

										
											Combining the disciplines to reduce infection transmission from animals to humans may become essential in Oman to prevent potential emerging infectious diseases. Addressing these at the community and technical level is consequently important as we work towards a One Health approach for society, inclusive of the effect of potential future connectedness through programs to the west, coupled with an increase in the movement of illegal immigrants across international borders. They suggest the need for a coherent, cooperative, collaborative, and coordinated action involving multiple sectors and partners as paramount. We conclude that prioritizing and working toward a One Health approach to those zoonoses in Oman that are considered a priority will better position the Sultanate in managing the risk of zoonotic disease. Recommendations: Policymakers should seek to improve the surveillance and prioritization of zoonotic diseases in an integrated, One Health approach. Progressive education and awareness programs that embrace health, wild and domestic fauna management sectors of the community can educate and inform, building knowledge around organism habits which reduce potential spillover. Research addressing the gaps in managing zoonotic infection dynamics in the region should be a priority. Other research questions include capacity building and response analyses relevant for the region, including factors that affect zoonosis transmission. Future research into this field should be intersectoral in nature. A more integrated approach to the prevention of human exposure to zoonoses in the Sultanate of Oman is needed. Building on and enhancing public health and the principles of One Health, we need to strengthen interdisciplinary theory and develop practical infrastructure and governance at the regional level. We conclude that working towards a One Health approach will better position the Sultanate in managing zoonotic disease. Ongoing national surveillance campaigns among the principal reservoirs will assist in our understanding of the actual threat to the human population, but reporting should be directed toward the collection of early warning information from local health systems in order to facilitate an appropriate response. Public health programs need to be established favoring awareness raising, information, correction, and communication in order to reduce the risks from zoonotic disease.
										

										Key Findings and Recommendations

										
											This paper has discussed zoonotic diseases and the One Health framework. The review of the epidemiological data and the strategic frameworks of One Health are rare subjects, mainly discussed from the Gulf and the Arabian Peninsula, and are entirely new in Oman. Based on the strengths, results, and gaps reflected in the discussions, the following key findings and recommendations emerged. The overall findings of the FGDs using the five principles of the One Health framework and FGD cross-cutting findings are key elements to reach a broad understanding of zoonotic disease prevention and management.
										

										
											Based on the analysis of the data in the preceding section, the following findings and recommendations are formulated:
										

										
											Findings One Health helps health experts understand the complex interconnectedness of human, animal, and environmental health, the determination of zoonosis, and enhances health security involving different stakeholders. However, in terms of zoonoses, Oman has no collaborative area between human, animal, and environmental sectors to prevent and control. Recommendations Set up mechanisms to improve surveillance and reporting to understand the real burden and trends of zoonotic diseases in humans and animals. Develop tools and measures to integrate One Health principles into the national health strategies at the clinical and environmental levels. Link all research work that requires multidisciplinary partnerships to conduct comprehensive approaches to the diagnosis, prevention, and control of zoonoses. Improve the training of health workers in order to understand all the ways zoonotic infections spread, where they occur, and to assist with integrated responses to disease outbreak investigations.
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