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Abstract 

The reintroduction of the scimitar-horned oryx (Oryx dammah) (SHO) from the United Arab Emirates 

to Chad provides a unique opportunity for in-depth exploration of various aspects related to the ecological, 

environmental, and health dynamics associated with this reintroduction process. 

Prompted by the global decline in biodiversity, this endeavour aims to reinstate a native species and 

mitigate the negative impacts of human activities on ecosystems. The SHO, recognized as a potential keystone 

species, which might play a pivotal role in shaping ecosystem structure and functioning. The reintroduction 

initiative not only focuses on the oryx's well-being but also underscores broader implications for ecosystem 

health, biodiversity, and the harmony between human and environmental interests. 

However, the reintroduction process introduces inherent risks, particularly concerning the potential 

for pathogen pollution and the release of zoonotic pathogens. The increased interaction between the oryx, 

other wildlife, livestock, and human populations elevates the risk of disease transmission. This necessitates a 

systematic risk assessment, providing insights to inform strategies for mitigating the potential impacts of 

disease emergence on both wildlife, livestock, and human health. 

Brucellosis poses a significant zoonotic risk, with the first confirmed outbreak in SHO described in 

article 1. Serological testing revealed a high seroprevalence rate, with females and older individuals showing 

higher probabilities of being seropositive in article 2. In article 6, a controlled trial administering the Rev.1 

vaccine demonstrated safety, with both subcutaneous and conjunctival routes eliciting long-term cellular 

responses. However, the conjunctival route exhibited a shorter humoral response. 

Furthermore, the presence of Bluetongue virus genome in seronegative oryx post-transport highlights 

risks associated with translocation in appendix 1, necessitating pre-import risk assessment for wild ruminant 

species susceptible to orbiviruses not only in the country of destination but also where transit happens. 

Foot-and-mouth disease outbreaks underscore the susceptibility of SHO to this economically 

impactful disease in article 3, emphasizing the need for robust surveillance and control measures. 

Contagious caprine pleuropneumonia outbreaks further demonstrate the susceptibility of related 

wildlife species in article 4 and highlight transmission dynamics previously undocumented in article 5. 

Our findings provide valuable insights into the epidemiology of pathogens circulating in the United 

Arab Emirates, informing risk management strategies for the reintroduction of the SHO. Through 

comprehensive risk assessment and transparent communication, stakeholders play a pivotal role in shaping 

the success of this conservation endeavour.



 

2 

 

Résumé 

La réintroduction de l'oryx algazelle (Oryx dammah) des Émirats arabes unis au Tchad offre une 

opportunité unique pour une exploration approfondie des différents aspects liés aux dynamiques écologique, 

environnementale et sanitaire associées à ce processus de réintroduction. 

Motivé par le déclin mondial de la biodiversité, ce projet vise à rétablir une espèce clef de voûte et à 

atténuer les impacts négatifs des activités humaines sur les écosystèmes. L'oryx algazelle, reconnu comme 

une espèce clef de voûte, joue un rôle crucial dans la structuration et le fonctionnement des écosystèmes. 

L'initiative de réintroduction ne se concentre pas uniquement sur le bien-être de l'oryx, mais souligne 

également des implications plus larges pour la santé des écosystèmes, la biodiversité et l'harmonie entre les 

intérêts humains et environnementaux. 

Cependant, le processus de réintroduction présente des risques inhérents, notamment au potentiel de 

pollution pathogène et la libération de pathogènes zoonotiques. L'interaction accrue entre l'oryx, d'autres 

animaux sauvages, le bétail et les populations humaines accroît le risque de transmission des maladies. Cela 

nécessite une évaluation systématique des risques, fournissant des informations pour éclairer les stratégies 

d'atténuation des impacts potentiels de l'émergence des maladies sur la faune, le bétail et la santé humaine. 

La brucellose induit un risque zoonotique significatif, avec le premier foyer confirmé chez l'oryx 

algazelle décrit dans l’article 1. Les tests sérologiques ont révélé un taux de séroprévalence élevé, les femelles 

et les individus plus âgés présentant des probabilités plus élevées d'être séropositifs (article 2). Dans l’article 

6, un essai contrôlé administrant le vaccin Rev.1 a démontré sa sécurité, les voies d’administration sous-

cutanée et conjonctivale induisant des réponses cellulaires à long terme. Cependant, la voie conjonctivale a 

induit une réponse humorale plus courte. 

De plus, dans l’annexe 1, la présence du génome du virus de la fièvre catarrhale ovine (maladie de la 

langue bleue) chez des oryx séronégatifs après transport depuis les États Unis d’Amérique souligne les risques 

associés à la translocation, nécessitant une évaluation préalable des risques d'importation pour les espèces de 

ruminants sauvages sensibles aux orbivirus non seulement dans le pays de destination mais aussi dans les pays 

de transit. 

Les épizooties de fièvre aphteuse décrites dans l'article 3 soulignent la susceptibilité de l'oryx algazelle 

à cette maladie qui a un impact économique, soulignant la nécessité de mesures de surveillance et de contrôle 

robustes. 

Les épizooties de pleuropneumonie contagieuse caprine démontrent en outre la susceptibilité 

d’espèces sauvages apparentées (article 4) et mettent en évidence des dynamiques de transmission 

précédemment non documentées (article 5).  
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Nos résultats fournissent des informations précieuses sur l'épidémiologie des agents pathogènes 

circulant aux Émirats Arabes Unis, éclairant les stratégies de gestion des risques infectieux pour la 

réintroduction de l'oryx algazelle. 

À travers une évaluation complète des risques et une communication transparente, les parties 

prenantes jouent un rôle crucial dans le façonnement du succès de ce projet de conservation.
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General preamble 

The decline in global biodiversity prompts a rigorous examination of human impacts on the 

environment. Over the course of human history, spanning more than a million years, our activities - 

deforestation, changes in land use and urbanization - have significantly affected ecosystems. The onset of the 

industrial era intensified these impacts, propelled by hygienic practices and medical advancements, including 

vaccine discoveries and anti-malarial prevention. Concurrently, progress in mechanical and chemical sciences 

gave rise to challenges such as resource overexploitation, hunting and poaching, invasive species introduction, 

waste generation, pollution, water management issues, acidification, and climate change. 

In this contemporary context, the reintroduction of the scimitar-horned oryx (Oryx dammah), a large 

Sahelian antelope, from the United Arab Emirates to Chad provides a unique opportunity for in-depth 

exploration of various aspects related to the ecological, environmental, and health dynamics associated with 

the reintroduction process. Once native to Chad but declared extinct in the wild in 2000, the oryx's 

reintroduction serves as a focal point for understanding the complex interplay between human-induced 

environmental changes and wildlife health. This doctoral thesis aims to make a substantial contribution to the 

field of wildlife infectious disease risk analysis, specifically delving into the intricacies of the reintroduction 

process. 

The SHO, is recognised as a potential keystone species, for its possible pivotal role as a large herbivore 

in shaping the structure and functioning of its arid and semi-arid ecosystem. By influencing the abundance 

and distribution of other species, a keystone species exerts a disproportionate effect on biodiversity, meaning 

its effect is more significant than would typically be expected based solely on its abundance or population 

size. The reintroduction of such a species has far-reaching implications, not only for the oryx's well-being but 

also for the overall health of the ecosystem it inhabits. In this regard, this research initiative contributes to 

mitigating the negative impacts of human activities on ecosystems by reinstating a native species. This fosters 

biodiversity, supports natural habitat restoration, and underscores the importance of harmonizing human and 

environmental interests. 

However, the reintroduction process also poses inherent risks, particularly with regard to the potential 

for pathogen pollution and the release of zoonotic pathogens. The increased interactions between the scimitar-

horned oryx, other wildlife, and human populations during the reintroduction process may elevate the risk of 

disease transmission. This thesis will systematically provide evidences to assess and manage these risks, to 

inform strategies to mitigate the potential impacts of disease emergence on both wildlife and human health. 

Insights derived from this study contribute not only to the successful reintegration of a species into its native 

habitat but also inform broader discussions on the preservation of biodiversity and the imperative for 

sustainable coexistence between human societies and the natural world. This research seeks to provide 
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comprehensive insights that inform conservation strategies, wildlife management policies, and broader 

ecological considerations in the face of ongoing environmental transformations



Chapter 1 - Introduction 
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1.1. What is a scimitar-horned oryx? 

The scimitar-horned oryx (Oryx dammah) (SHO) is a large antelope species, with males measuring up 

to 126cm high at the shoulder and weighing up to 165kg. Females are usually slightly smaller and lighter. It 

has a sandy to pale whitish coat and long and gently curved horns, measuring up to 150cm (see Figure 2). It 

belongs to the oryx genus with three other species, two African species: the beisa (Oryx beisa), and the 

gemsbok (Oryx gazella) and one from the Middle East: the Arabian oryx (Oryx leucoryx) within the 

Hippotraginae subfamily. 

It was once widespread in the Sahelian belt, the arid and semi-arid regions of North Africa, from 

Mauritania to the Nile River in Egypt (see Front Cover: (Figure 1)) and Sudan (see Figure 3). Its population 

might have reached one million in the early Holocene (9500-4500 before Christ) (Iyengar et al., 2007). 

The suitable habitat for SHO typically includes arid and semi-arid steppes with sparse vegetation, and 

annual grassland, with sandy or gravelly soils. These ecosystems are characterized by low and sporadic 

rainfall, high rates of evaporation, and temperatures that can fluctuate dramatically between day and night 

(Devillers & Devillers-Terschuren, 2005). The SHO is well adapted to open plains and grasslands where it 

can graze on a variety of herbaceous plants and endure waterless environments for up to ten months yearly. It 

displays a flexible foraging strategy, exploiting a variety of plant materials such as browse, legume seedpods, 

bulbs, and tubers. It can forage for succulent vegetation, like the wild gourd Citrullus colocynthis during the 

dry season. The SHO undertook extensive migrations spanning up to 1300 km per year in search of adequate 

food and water resources. Previous observations from Chad and reintroduction programs in Tunisia contribute 

valuable insights into their dietary preferences (Gilbert & Woodfine, 2004; Beyouli & Neffati, 2016). 

Because it is a large herbivore, the SHO might influence the vegetation structure and distribution, and 

indirectly impact other species, such as small mammals, insects, and birds. After its reintroduction, the SHO 

is likely to be considered a keystone species in its native Chadian habitat.  

Due to a combination of habitat loss, conflict with livestock, hunting and poaching for its meat and for 

its trophy, and finally civil unrest in Chad such as the Chadian Libyan conflict between 1978 and 1987, its 

population declined (Newby, 1980; Newby, 1988; Woodfine & Gilbert, 2016). The SHO has been listed in 

the appendix I of the Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES) since its creation on July 1st, 1975. This appendix reassembles species that are threatened with 

extinction, and international trade in these species is generally prohibited except in exceptional circumstances. 

In 2000, the species was declared “Extinct in the Wild” on the International Union for the Conservation of 

Nature (IUCN) red list (Woodfine & Gilbert, 2016), meaning there was no known population surviving and 

reproducing in its native habitat. This is the last conservation status category before “Extinct”, when there is 

no reasonable doubt that the last individual has died, and the species no longer exists. 
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Thanks to global breeding efforts, the species survived in captivity (East, 1999) and from reportedly 

no more than 60 wild-caught individuals in the 1960’s, the entire global population is estimated between 

15,000 and 19,000 heads (Woodfine & Gilbert, 2016). This population is distributed in 444 institutions across 

48 countries: about 11,000 individuals are found in extensive private ranches in Texas, United States of 

America (USA) with minimum level of population management. They exist for ecotourism, hobbies and 

hunting (Wildt et al., 2019). Wildlife collections in the United Arab Emirates (UAE) account for another 4,000 

animals, including the Environment Agency - Abu Dhabi (EAD) collection, DDCR (Dubai Desert 

Conservation Center) and Al Ain Zoo. On the other side, breeding centres and zoological institutions in 

Europe, Australia and North America, provide a higher level of population management, including health and 

breeding, to a lower number of SHO (Humble et al., 2020; Humble et al., 2023). 

Genetic studies based on mitochondrial and nuclear DNA markers (Ogden et al., 2020), as well as 

whole genome sequencing (Humble et al., 2020), have found that the genetic diversity of the global SHO 

population is higher than previously anticipated, possibly due to a larger number of wild-caught founders 

(Ogden et al., 2020). With only seven mitochondrial DNA haplotypes found, the EAD population has the 

lowest genetic diversity when compared to the European and the Australian populations but its nuclear 

diversity estimates are relatively high, possibly due to the population’s large size of several thousands (Ogden 

et al., 2020).  

There have been a handful of projects to reintroduce this species in several countries (Devillers & 

Devillers-Terschuren, 2005), usually in fenced areas and with limited number of founders individuals: in 

Morocco (Souss Massa National Park, over 300 SHO in 2015); Tunisia (Bou Hedma National Park, 40 SHO 

in 2020; Oued Dekouk Nature Reserve, 53 SHO in 2020; Sidi Toui National Park 74 SHO in 2020, Dghoumes 

National Park, 100 SHO in 2020) and Senegal (Ferlo Nord Wildlife Reserve, 120 SHO in 2012; Guembeul 

Natural Reserve, 40 SHO in 2009) (ArcGIS StoryMaps, 2022). 

 

 

Figure 2: Picture of scimitar-horned oryx in the source population in the United Arab Emirates 
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Figure 3: Map of Chad 

The relative positions of the United Arab Emirates and Chad are displayed on the overview map. The 

Ouadi Rimé - Ouadi Achim Faunal Reserve (OROAFR) is shown in green. Its shapefile was obtained from 

(UNEP-WCMC & IUCN, 2024). The SHO historical range appears in dark grey. Its shapefile was adapted 

from (IUCN SSC Antelope Specialist, 2023). The Chadian regions discussed in this thesis are displayed in 

dark red. Note: this map in not an authority on countries’ boundaries. Map created with QGIS 3.34. 
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1.2. Why are the United Arab Emirates and Chad partnering on this project? 

 

1.2.1. United Arab Emirates 

Sheikh Zayed bin Sultan Al Nahyan, the founder of the nation ruled the country from its independence 

from the United Kingdom in 1971 to 2004. Each of the seven emirates is ruled by its own hereditary monarch, 

known as emir. 

The UAE has had an oil-based economy since large reserves of fossil fuel were discovered offshore 

in the emirate of Abu Dhabi in 1958. The gross domestic product (GDP) of the UAE was USD 507.54 billion 

in 2022, and USD 51,310 per capita. Its population was 9.89 million in 2022  (IMF, 2023). 

Numerous wildlife collections are found in the UAE, either public or privately owned. Cultural and 

traditional factors, status and prestige, passion for conservation, personal interest and hobbies, tourism and 

entertainment explain this propensity, along with local wealth. 

Sheikh Zayed privately owned Sir Bani Yas Island (location: latitude:24.324, longitude: 52.599), five 

kilometres (km) off the shore of the Abu Dhabi emirate. This island was home to one of his private wildlife 

collections. After his passing, a large number of wild ungulates were translocated to an inland location, called 

al Faya in 2008 (location: latitude: 24.219, longitude: 54.792).  

This facility is 6,000 m long and 800 m wide with one single point of entry fitted with guardians and 

wheel dip. All contained within a perimeter fence, the single mesh fenced enclosures are spread on both sides 

of a 50 m wide central corridor. The largest enclosures measure 450m by 300 m and they are separated from 

each other by a 15 m wide access corridor. Some enclosures are subdivided in two, three or six smaller 

enclosures and the total number of enclosures is 46. A description of this facility can also be found in rrticles 

2 and 3 included in this manuscript thesis. 

In 2013, there were approximately 4,000 SHO in this new location, explaining why The UAE are 

involved in this project. Other wildlife species were housed in this facility, including 7,931 Indian blackbucks 

(Antelope cervicapra), 1,300 sand gazelles (Gazella marica), 258 mountain (Gazella gazella) and Indian 

(Gazella bennetti) gazelles and 11 Urial sheep (Ovis orientalis). 

Due to the nation's prosperity, ample funding is accessible for various facets of this project, including 

animal transportation, field equipment and facilities, animal feed and water supplementation, staff salaries, 

permitting, and more. The leaders and decision-makers in the UAE are genuinely motivated, driven by their 

own education and a commitment to realizing the vision of the country's founder, Sheikh Zayed. His 

dedication to breeding this species for preservation purposes has instilled a sincere conservation aspiration 

among those steering this initiative. 
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1.2.2. Chad 

In 2022, the GDP of Chad was USD 11.91 billion, its estimated population was 17.41 million (IMF, 

2023). Its GDP per capita was USD 683.89 and the country ranked 11th poorest countries in the world. 

Chad is a central African country that gained independence from France in 1960. It is over 1,284,000 

km2 with arid Saharan desert climate in the most northern part, semi-arid Sahel in the central region, and a 

tropical climate in the remaining southern third. 

The Sahelian region of Chad was historically within the natural habitat range of the SHO (see Figure 

3) and the species was last seen in the wild in the Ouadi Rimé - Ouadi Achim Faunal Reserve (OROAFR) 

around 1989. The OROAFR is an 83,511 km2 reserve (European Commission, Joint Research Centre, 2023) 

created in 1969 (IUCN PAPACO, 2009). Located in the Batha administrative region, the limits of this reserve 

were virtual, with no management of the resources. This reserve is home to a small remaining population of 

“Critically Endangered” dama gazelle (Nanger dama), to the « Vulnerable » dorcas gazelle (Gazella dorcas) 

and to the “Critically Endangered” addax (Addax nasomaculatus). 

There is an important transhumant and nomadic pastoralism (Luizza, 2017), with pastoral tribes (See 

pictures C, D and E in Figure 4) moving to the vast grassland of this reserve during the wet season extending 

from May to October (World Bank, 2023), driving large numbers of small ruminants, cattle, camels, as well 

as horses and donkeys for transportation, increasing the interface between the local wildlife and the livestock. 

The majority of the SHO individuals captured in the wild in the 1960s which eventually became the 

founding members of the present-day population, originated from Chad (Woodfine & Gilbert, 2016). 

Outside the rainy season, access to drinking water is limited in this region to traditional wells and 

newly created boreholes, surrounded by small human settlements (Newby, 1980) (see Picture D in Figure 4).  

There is a strong local connection to this iconic species (see Picture F in Figure 4), as older people 

continue to share vivid memories and stories. 

 

 

 

For a synthetic tabulated comparison between the UAE and Chad, please refer to Annex 1. 
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Figure 4: Ouadi Rimé – Ouadi Achim Faunal Reserve (OROAFR) presentation 

Picture A: typical Sahelian habitat in the OROAFR constituted of a sub-desert steppe, with wild gourd 

Citrullus colocynthis in the foreground. Picture B: nomad household during the dry season (September to 

June) in the OROAFR. C and D: Nomads migrating to and from the OROAFR before and after the wet season. 

Picture E: Human settlement at a borehole. F: Chadian postal stamp depicting scimitar-horned oryx. 
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1.3. What is a reintroduction and why reintroduce the scimitar-horned oryx? 

Animal translocation refers to the deliberate movement of individual animals or populations from one 

location to another. The primary goal of translocation is to conserve or manage populations by establishing 

new populations, augmenting existing ones, or relocating individuals to suitable habitats, within their native 

range or relocating them to areas outside their historical range.  

A reintroduction is a particular form of translocation: “it is the intentional movement and release of 

an organism inside its indigenous range from which it has disappeared.” (IUCN/SSC, 2013).  

It is a conservation strategy and action that is usually undertaken to reverse the population decline or 

to restore a species to an area where it was once naturally present and from which it has been extirpated. 

The most obvious reason to reintroduce a species is to improve its conservation status. Regarding the 

SHO, it is to prevent its extinction and contribute to the conservation of biodiversity. Earth is affected by a 

massive extinction of its living diversity, including plants and animals of all species. This phenomenon is not 

recent. Over 20 years ago, scientists already alerted about the disappearance of mammal species (Ceballos & 

Ehrlich, 2002), but it tends to accelerate. The Intergovernmental Science-Policy Platform on Biodiversity and 

Ecosystem Services (IPBES), established by the United Nation Environment Programme (UNEP), accepted 

in May 2023 during a plenary session, a report (IPBES, 2019) stating that approx. 1,000,000 species are facing 

extinction – 25% of all assessed species. 

Because it is essential to reintroduce a species to its natural habitat, reintroduction projects actively 

participate in the restoration of ecosystems, with the primary goal of safeguarding and maintaining the inherent 

natural ecological processes, and ultimately, healthy ecosystems are more resilient to environmental changes 

(Cardinale et al., 2012). An improved management of the habitat as well as protection from patrolling rangers 

to reduce poaching might be integral components of the project itself to ensure success. Additionally, the 

protection provided by these measures extends benefits to other endangered species, like the dama gazelle, 

the dorcas gazelle and the addax. As the SHO reintroduction progresses and infrastructure is established, 

opportunities will probably emerge for implementing further conservation initiatives, such as population 

reinforcement efforts for these species. 

Restoring populations of endangered species offers several other benefits and reasons which might 

have strong implications for motivating and sustaining such projects. Firstly, the presence of rare or 

charismatic species like the SHO can draw tourists to the area, generating economic benefits for local 

communities by creating opportunities for sustainable income and employment in rural areas. Additionally, 

involving local communities fosters trust and cooperation, enhancing social cohesion and reducing conflicts, 

thereby contributing to stability. 
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Moreover, reintroduction programs entail scientific research and monitoring of released animals, 

providing valuable insights into the behaviour, habitat preferences, and conservation needs of the species. 

This research informs future conservation efforts and helps address conservation challenges effectively.  

Furthermore, collaboration with international organisations and agencies, often associated with large 

reintroduction projects, strengthens diplomatic ties and cooperation between countries, enhancing regional 

stability and security. 

Moreover, reintroduction programs serve as educational tools to raise awareness about endangered 

species and conservation challenges, engaging the public and garnering support for broader conservation 

initiatives.  

Lastly, the SHO possibly holds cultural significance in some African countries and serves as a 

traditional symbol, contributing to cultural heritage preservation and the promotion of traditional values within 

local communities (Gascon et al., 2015). 

1.4. Planning a reintroduction and management of the drivers that lead to the extinction 

To help plan a reintroduction, guidelines have been published (IUCN & SSC, 2013). As indicated in 

this document, a comprehensive feasibility study is essential to evaluate the sustainability and viability of a 

reintroduction project within a specified timeframe. This study, outlined by Miquelle et al. (2018), 

encompasses various key components, that are also highlighted in the guidelines. Firstly, the assessment of 

habitat suitability, considering factors such as vegetation, water sources, climate, and topography, along with 

potential threats like predators or competing species, is crucial. Additionally, evaluating the population to be 

reintroduced, including its health, genetic diversity, and availability, is paramount. Legal and regulatory 

aspects must also be addressed to ensure compliance with local, national, and international laws and obtain 

necessary permits. Engaging stakeholders, such as local communities and conservation organizations, is 

imperative to garner support and involvement. Addressing predator risk, including natural predators and 

domestic threats like dogs and poaching, is vital while recognizing the role of natural predators in ecological 

balance. Establishing a comprehensive monitoring program to assess project success and progress, as well as 

researching the oryx's behaviour, health, and habitat interaction, is essential. Providing initial feed and water 

support until the SHO adapts to its environment is crucial. Evaluating financial requirements for ongoing 

monitoring, research, and conservation efforts is also necessary. Ensuring understanding and acceptance from 

local communities and the public through awareness and education programs is vital. Developing contingency 

plans for unexpected challenges or setbacks is essential, as is considering the long-term sustainability of the 

reintroduced population, including potential growth, genetic diversity, and habitat management.. 

The recovery of an animal population is a gradual process that demands a long-term commitment, 

both in terms of financial resources and manpower (Miquelle et al., 2018). 
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Regarding the reintroduction of the SHO to Chad, most of these points were discussed during a 

workshop held in N’Djamena in May 2012 (Bemadjim et al., 2012). 

In cases where the habitat is suitable, the initial prerequisite for a successful reintroduction is the 

absence of the factors that initially caused the species to go extinct. It might be difficult to affirm that the 

causes which resulted in the extinction of a species have disappeared, but hunting and poaching might be 

managed by education and law enforcement, as well as protection from patrolling rangers. 

In recent years, the Sahel region has been plagued by increased terrorist activity and insecurity, 

prompting many non-governmental organisations to evacuate their staff and suspend their operations in the 

area. The deteriorating security situation has posed significant challenges to humanitarian and development 

efforts in the region. 

In this context, Chad is relatively stable and safe. There has been French military involvement through 

the Serval operation in Mali followed by the Barkhane operation in Mali, Burkina Faso, Niger, Chad and 

Mauritania to stabilise the region and counter Islamist terrorist groups such as Al Qaeda and the Islamic State, 

until recently (Ministère des Armées, 2022). 

The Sahelian region of Chad has garnered significant humanitarian attention. For instance, the 

European Commission provides important funding for humanitarian aid, protection of biodiversity and 

ecosystems, and maintaining peace and security through the EURO 280 million Multiannual Indicative 

Programme (MIP) (European Commission, 2021; European Commission, 2023), or other development 

programs such as the one from the World Food Programme (WFP, 2019), or a 14 years program financed by 

the Swiss Development and Cooperation Department and managed by the Swiss Tropical and Public Health 

Institute (SDC, 2016), or the USD 4,752,328 vaccination programme (Gates Foundation, 2019). 

1.5. What is a wildlife disease risk analysis (WDRA) and why should it be performed in a reintroduction 

project? 

Many hazards might impact the animals involved in a reintroduction project. For instance, injuries 

during capture, transport, or release; water deprivation or heat stress while the animals are waiting for customs 

clearance at the airport facility. After the release, animals might be subjected to poaching or exposed to 

diseases. 

In the past, animal translocation projects typically overlooked the impact of pathogens and diseases. 

For instance, after surveying translocations data from Australia, Canada, New Zealand and the USA between 

1973 and 1986, (Griffith et al., 1993) wrote; “It seems inconceivable that in nearly 25% of translocations the 

animals were not given a physical examination by a professional biologist or veterinarian before release”. 
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Nowadays, there is a growing recognition of the significance of assessing potential disease risks and 

implementing effective management strategies (Kock et al., 2010). 

Specific to the potential threats posed by diseases to livestock and wildlife populations during the 

displacement of wild animals, through trade or conservation activity, a WDRA is a multidisciplinary approach 

used to assess and manage those threats. 

It is a structured and evidence-based process which involves the evaluation of various factors to 

understand the likelihood and the potential consequences of disease outbreaks in wildlife. 

The uncertainty associated with those risks is also explicitly considered (Jakob-Hoff et al., 2014; 

Hartley & Sainsbury, 2017). 

Performing a WDRA in a reintroduction program serves several important purposes.  

Firstly, it helps identify potential health threats that released individuals may encounter in their new 

environment, ensuring their health and well-being and increasing their chances of survival and adaptation. 

Additionally, disease outbreaks can significantly impact population viability, either directly by 

affecting the released animals. For instance the reintroduced endangered mockingbird in the Galapagos 

suffering from poultry diseases (Deem et al., 2012) or the canine distemper virus decimating black-footed 

ferret colony (Viggers et al., 1993) or indirectly if the released animals become a pathogen reservoir and 

control measures include reservoir culling. A reservoir can be described as one or more epidemiologically 

linked populations or environments where the pathogen can persist indefinitely and through which infection 

is transmitted to the specified target population (Haydon et al., 2002). For instance, the European badger 

(Meles meles) reservoir for Mycobacterium bovis is culled in the United Kingdom (Roper, 2003) or the Alpine 

ibex reservoir for Brucella abortus in the French Alps (Diguimbaye-Djaibé et al., 2006). However, these 

animals were not reintroduced. 

Moreover, the introduction of pathogens not native to the reintroduction area poses risks to local 

human populations with zoonotic diseases, wildlife, including the same species as the reintroduced one, and 

livestock. A WDRA assists in identifying potential sources of disease transmission and developing mitigation 

strategies to prevent the spread of pathogens from reintroduced animals, safeguarding multiple species. 

Furthermore, addressing moral and welfare concerns surrounding the introduction of diseased or 

carrier animals is crucial. A WDRA helps navigate these ethical dilemmas and ensures responsible decision-

making in wildlife reintroduction efforts. 

Regulatory requirements might mandate WDRA for obtaining necessary permits for reintroduction 

programs, highlighting its legal significance. 
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WDRA aids in resource allocation by prioritizing and focusing on the most significant threats and 

mitigation strategies, optimizing conservation efforts with limited resources. 

Lastly, WDRA also provides a framework for ongoing monitoring and adaptive management, 

allowing for updates to the analysis in response to changing disease risks or emerging pathogens. 

People from different communities or fields of expertise might have different opinions on the hazards 

and the associated risks, as well as on their level of acceptance. For instance, conservation biologists might 

emphasize the risks the released animals will face after being reintroduced, while public health specialists 

might consider only zoonotic diseases the animals might carry to the release site. The WDRA framework 

released by the World Organisation for Animals Health (WOAH) and IUCN focuses on economic and public 

health impacts (WOAH & IUCN, 2014). 

1.6. General framework of a WDRA 

The WOAH in collaboration with the IUCN has provided a framework to perform standardised 

WDRA (WOAH & IUCN, 2014; Jakob-Hoff et al., 2014) articulated around five key points. 

It is crucial to highlight the importance of actively seeking knowledge and expertise from relevant 

experts and stakeholders throughout all stages of the WDRA process. This collaborative approach effectively 

embodies the concept of "risk communication" also considered as the 6th point of a WDRA. 

1.6.1. Problem description 

This constitutes all the relevant information providing background and context for this analysis. The 

goals, scope, and focus of the DRA are identified, and the assumptions and the limitations, as well as the 

acceptable level of risk, should be stated at this stage. 

Habitat suitability studies and wildlife surveys were conducted in early 2010 by the Sahara 

Conservation Fund (SCF) and the Zoological Society of London (ZSL). 

The feasibility of reintroducing SHO into the OROAFR was supported by historical data and recent 

wildlife surveys, indicating ample space and suitable habitat to meet the SHO's seasonal and annual needs. 

Strong commitments from the governments of the UAE and Chad, along with technical support from various 

organisations such as EAD, SCF, ZSL and Smithsonian Conservation Biology Institute (SCBI), laid the 

groundwork for this conservation initiative. Before the project, international symposia were held to develop a 

global strategy for species restoration, including criteria for selecting conservation sites. In 2012, a workshop 

in Chad engaged stakeholders from government agencies and civil society organisations (Soorae, 2018). 



 

18 

 

A workshop held at EAD head office in 2012 laid the groundwork for the oryx transportation. 

Population modelling taking into account elevated mortality during severe drought and a 2,000 SHO carrying 

capacity established that 500 SHO should be reintroduced to obtain a stable population in the OROAFR (see 

Figure 3). 

New enclosures were designed for animal screening and quarantining at Deleikha Holding Facility 

(location: latitude: 24.065, longitude 55.048). 

The reintroduction was officially launched in 2014. 

Transportation was done during the cooler winter months in the UAE, coinciding with the dry season 

in Chad. This timing aimed to reduce thermal stress before departure from the UAE and facilitate the 

conveyance on solid ground rather than muddy terrain. Groups slightly larger than 25 animals would be 

selected and quarantined at the Deleikha Holding Facility. On the day of transport, 25 individuals would be 

led into individual crates, each fitted with a watering system and feeder. The crates would then be transported 

by truck to Al Ain airport, loaded onto a cargo plane, and flown to Abéché airport. From there, they would be 

transferred to other trucks and driven to the pre-release site in the OROAFR. The SHO would be released into 

a 500m by 500m quarantine pen located near the base camp in the morning, typically spending just over 24 

hours in crates. 

The oryxes would remain in this pen until the end of the dry season, provided with feed and water, 

with a gradual transition in their diet. In 2016, the first group of 25 SHO was released, and a total of 285 SHO 

were reintroduced (see Figure 7). By 2023, the SHO population in Chad had grown to over 600. 

1.6.2. Hazard identification  

The possible health hazards are listed and prioritized. They can be either infectious or non-infectious, 

and only infectious hazards will be considered in this study.  

Other critical factors will significantly contribute to the risk assessment, including the contagious 

nature of the disease and whether it is vector-borne or not. 

Essentially, the underlying question revolves around -identifying the infectious diseases that occur in 

the wildlife collection from which the SHO originates, and -determining the infectious diseases prevalent in 

the OROAFR that might affect SHO considering their known or assumed susceptibility. 

When this information is not readily accessible, the geographical distribution of pathogens can be 

inferred from data available in neighbouring countries or the region. Two opposite categories of factors can 

influence this distribution: the factors that facilitate the disease spread between countries blurring national 

borders such as animal, animal products or human movements. Trade can be legal, and possibly documented, 
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or illegal, and data can be deficient, but natural migration must be considered as well. Animated vector 

diffusion will also play an important role in vector-borne disease spread, seeing their distribution modified by 

global warming. On the other hand, are the factors limiting disease propagation, for instance, biosecurity 

measures within national or regional infectious diseases control programs. 

There are multiple sources of information, either direct or indirect, to assess the presence or the 

absence of pathogens in a specific area, but each of these sources has its limitations. 

1.6.2.1. Direct sources of information 

• WOAH reports 

The WOAH has listed diseases of importance to the international animal trade. This list is included in 

the second volume of the Terrestrial Animal Health Code (Terrestrial Code), 2018, and the Manual of 

Diagnostic Tests and Vaccines for Terrestrial Animals (Terrestrial Manual), 2018. More recent versions of 

both books are freely available online, at the following web addresses: https://www.woah.org/en/what-we-

do/standards/codes-and-manuals/terrestrial-code-online-access/, and https://www.woah.org/en/what-we-

do/standards/codes-and-manuals/terrestrial-manual-online-access/, respectively. 

The 183 state members of the WOAH network (2022 data) are legally supposed to notify (Vallat et 

al., 2013), and the semi-annual reports are accessible through the World Animal Health Information System 

(WAHIS) at https://wahis.woah.org/#/report-smr. Data related to these notifications since 2005 can be 

visualised and downloaded at this address: https://wahis.woah.org/#/dashboards/country-or-disease-

dashboard. 

However, the WOAH does not list certain diseases that might constitute risks in a reintroduction 

project and the list of hazards should be complemented through other sources. 

• Literature review  

Conducting a comprehensive review of existing literature and research on diseases affecting the target 

wildlife species, including scientific literature, books, and reports, is crucial for understanding the disease 

history and prevalence in the region. Species-specific information is often lacking, leading to approximations 

made on data from phylogenetically related species, typically domestic species. 

Scientific literature from sources like PubMed, Google Scholar, Web of Science, etc., is a valuable 

information source. However, it is worth noting that only recent papers may be readily accessible online, 

especially those published before the digital era (particularly before the advent of the PDF format), which may 

not be available. Conducting a literature search in a university library can be beneficial in overcoming this 

limitation and providing access to older articles. 



 

20 

 

Scientific papers can cover various aspects relevant to the disease risk analysis, including clinical case 

reports, disease surveillance (presenting results of incidence, prevalence, or distribution), epidemiological 

models (including disease freedom), risk factor analysis, monitoring program results, and cost/benefit 

analysis. However, reports may sometimes lack scientific robustness and books, while potentially valuable, 

might contain outdated information. 

Several factors can prevent publication including language barrier, political reasons, funding, time, 

personal challenges, ethical concerns. Also, not all information is published or publishable. For instance, we 

have performed a succinct literature search with PubMed (https://pubmed.ncbi.nlm.nih.gov/) and Google 

Scholar (https://scholar.google.com/) to evaluate the number of results for a selection of 13 queries that 

included keywords related to animal infectious diseases, to which either « Chad », « UAE » (for comparison) 

or « Belgium » (for reference) was added. The keywords and detailed results are presented in Annex 2. 

Overall, PubMed returned a total of 309 and 293 results for « Chad » and « UAE », respectively, while 6,692 

results where obtained with « Belgium ». Google Scholar returned a total of 86,222 and 80,773 results for 

« Chad » and « UAE », respectively, while 415,140 results were obtained with « Belgium ». While rough and 

subject to discussion, these results might indicate that publications related to Chad  and to the UAE are nearly 

equally numerous and substantially less (five to 20 folds lower) than publications related to Belgium. 

A literature review may provide a somewhat generalized overview of the health status in both facets 

of a reintroduction project: the source and the recipient. While it can be beneficial to sketch the situation 

broadly, a more nuanced understanding can be achieved through the following two sources of information: 

• Expert opinions 

An expert is “someone with comprehensive and authoritative knowledge in a particular area not 

possessed by most people” (Caley et al., 2014).  

Experts in the field, including wildlife veterinarians, ecologists, and epidemiologists, are consulted to 

obtain qualitative assessments based on their experience and knowledge. 

Nevertheless, there exist inherent limitations and biases that may influence the judgment and 

recommendations offered by experts. Constituting panels composed of multiple experts, whether in various 

or similar subject domains, represents a method to address this concern (Caley et al., 2014). 

• Field observations 

Conduct field surveys to observe the health of the wildlife population. Look for signs of diseases, 

abnormal behaviour, or population decline. 

Infectious diseases with subtle or nonspecific clinical signs, as well as those with prolonged incubation 

periods, often evade detection, especially among wild species. Such animals can mask the presence of the 

https://scholar.google.com/
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disease, presenting significant challenges for comprehensive investigation and capture, even in captive 

settings. 

Research has shown that alteration of natural habitats can elevate disease transmission rates 

(Penczykowski et al., 2014). Additionally, persistent patches of environment-resistant pathogens have been 

identified in high-quality habitats (Leach et al., 2016).  

In a captive situation, a habitat examination might provide information related to the potential sources 

of disease transmission, such as the proximity to livestock or other wildlife, dominant wind, or suboptimal 

biosecurity measures. For instance, the proximity to traditional farms with poor biosecurity measures increases 

the risk of disease transmission (Chaber & Saegerman, 2017).  

Arthropod populations, including vectors, can be assessed directly through surveys, and indirectly 

through bioclimatic and environmental condition analysis (Thomson & Connor, 2000; Hartemink et al., 2015). 

1.6.2.2. Sources of indirect information 

• Human health data 

Outbreaks in the human population might reveal the presence of zoonotic diseases, therefore human 

health data might disclose clues on the presence of such diseases.  

There are numerous sources of information regarding human health, including scientific medical 

literature, international health organisations such as the World Health Organisation (WHO) and the Centers 

for Disease Control and Prevention (CDC), national health authorities, as well as websites like 

ourworldindata.org and healthmap.org.  

This approach finds its limitations in diagnostic challenges, especially in developing countries or 

disease reporting. 

Additionnally, due to people’s movement, cases that are detected in one country might result from a 

transmission in another country. Therefore, the geographical origin of the transmission must be confirmed. 

• Animal vaccines data 

National control programs aiming at local enzootic pathogens and specific serotypes or strains exist. 

The data regarding the import, procurement, manufacture or use of animal vaccines might give information 

on the presence of a disease occurring in a country. 

This information has to be linked with official control programs to understand if the pathogen is 

present. Its interpretation depends on each specific disease. For instance, some countries that are free of a 

particular disease may produce vaccines for other countries where the disease is prevalent, or to maintain 
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preparedness in the event of a disease incursion. This is exemplified by the production of foot-and-mouth 

disease (FMD) vaccine in FMD-free countries that do not vaccinate. Also vaccination may be incorporated 

into a strategy aiming at preventing the emergence of a pathogen, particularly in border region. 

The WAHIS website provides official vaccination data accessible at this address: 

https://wahis.woah.org/#/dashboards/control-measure-dashboard. 
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1.6.3. Risk assessment 

In an ideal scenario, this process follows the One Health approach and should involve collaboration 

among a diverse array of professionals, including veterinarians, virologists, microbiologists, parasitologists, 

disease ecologists, epidemiologists, public health practitioners, economists, and other relevant experts (Dufour 

et al., 2011; Rinchen et al., 2020) who participate in a facilitated workshop spanning several days. Risks are 

comprehensively evaluated within the framework of the triad central to the One Health perspective: human, 

animal, and environmental health (Lebov et al., 2017). It has been emphasized that individuals who make 

decisions based on the results of a risk assessment should not be the ones performing the assessment, and the 

assessment itself should remain uninfluenced by those decision-makers (Leighton, 2002). 

Conducting interviews with key personnel and collaborators is crucial. For instance, 13 experts were 

consulted to assess the risk of rabies reintroduction to an area in Bhutan (Rinchen et al., 2020), and six 

assessors for assessing the risk of SARS-CoV-2 transmission from humans to bats in Australia (Cox-Witton 

et al., 2021). Engaging in discussions with experienced veterinarians from both the source and the recipient 

areas of the reintroduction, particularly those actively overseeing the health of the source population, holds 

significant importance. These individuals are likely to offer valuable insights into the diverse diseases 

impacting the population. Moreover, they may possess crucial information related to clinical signs such as 

abortions, lameness, skin conditions, past mortality, and historical details encompassing previous outbreaks 

and vaccinations.  

For anonymity and independence, a questionnaire can be sent to each panel member before and after 

the workshop (Roche et al., 2015). Each participant is asked to assess individually each of the hazards of 

concern that has been listed during the previous step. This assessment is qualitative through its possible impact 

or severity and quantitative by its likelihood or probability to happen. For practicality, each attribute is 

rendered through a numeric scale, for instance ranging from 1 to 5. The lack of standardization in risk 

assessment scales has been observed, with variations noted even within the same agency, ranging from 4 to 7 

levels (EFSA Scientific Committee, 2012; Horigan et al., 2023). It is recommended to adopt a pre-established, 

harmonized scale with agreed-upon terminology among the participating panel members. For instance, the 

likelihood of risk occurrence can be categorized as highly unlikely (score=1), unlikely (2), possible (3), likely 

(4), or highly likely (5). Similarly, the severity of consequences resulting from the risk can be classified as 

negligible (1), low (2), moderate (3), high impact (4), or catastrophic (5). 

Only the questionnaires that are returned after the workshop are used and the expert opinions are 

combined (Roche et al., 2015).  

Once the list of hazards has been created, the hazards with zero or negligible probability of release or 

exposure should be removed. A scenario tree for the remaining, higher priorities, hazards of concern can then 

be drawn. 
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Finally, each risk is then scored with the simple arithmetic (Dufour et al., 2011): 

RISK = LIKELIHOOD x IMPACT 

With the 5-level scale, a 5x5 likelihood-impact risk matrix is generated (see Figure 5), presenting each 

level of risk.  

The limits for each level of risk, therefore the interpretation, are established collegially during the 

problem description step. For instance, it can be agreed that risk with a score lower than 4 is considered low, 

between 4 and 7, it is medium, the risk is high when the score is between 8 and 12, above this value it is 

extreme. 

 

 

Figure 5: 5x5 Risk matrix 

 

Depending on whether each hazard is present or absent in either the source population or the recipient 

area, there will be risks of exposure or risks of release (Dufour et al., 2011). 

1.6.3.1. The risk of exposure  

This risk arises from pathogens that are absent in the reintroduced population but are known or likely 

to be present in the area where the reintroduction is planned. 
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This category encompasses diseases that could impact the viability and sustainability of the 

reintroduced population (Kock et al., 2010). Since this population is immunologically naive, lacking immunity 

to these pathogens, it faces potential threats that may compromise its well-being. This includes possible 

increased morbidity and mortality among the reintroduced animals or reduced reproductive success. 

In this exercise, it is crucial to consider the genetics of pathogens as they lead to distinct phenotypes. 

Therefore, the risk analysis should encompass not only the pathogen's species but also its serotypes and 

potentially its strains, as these factors can have implications on various aspects such as disease severity, 

transmission dynamics, immune response, clinical signs, andhost range, as well as antibiotic-resistance genes 

in bacteria (Haulisah et al., 2021). 

For instance, different strains of avian influenza, either highly pathogenic or low pathogenic, have 

varying impacts on poultry (Abdelwhab et al., 2013). Various strains of the African swine fever virus exhibit 

different transmission dynamics in pigs (Guinat et al., 2016). Additionally, each serotype of the foot-and-

mouth disease virus does not provide cross-immunity against the others (Jamal & Belsham, 2018). Similarly, 

the different serotypes of bluetongue virus can cause varied clinical signs in susceptible species (Caporale et 

al., 2014). 

The uncertainty is included and described at this step. 

The uncertainty surrounding the risk of exposure can be attributed to several factors (see below). 

The absence of the pathogen in the recipient area may be inaccurately assessed due to a lack of disease 

reports. This could stem from inadequate veterinary services or a deficiency in notification and reporting 

mechanisms (Jebara et al., 2012). 

Also wildlife species, including the SHO, receive less scientific scrutiny compared to domestic species 

(Lachish & Murray, 2018). Consequently, there may be a dearth of information regarding the pathobiology of 

various pathogens in the SHO species. The susceptibility of SHO to a given pathogen is often unknown. 

Questions arise: How will an infected SHO react to the pathogen? Will it develop a disease or succumb to the 

infection? What clinical signs will manifest, and how will this impact the reintroduced population—whether 

on a large scale or across the entire population? Additionally, could the infected SHO become a carrier and 

potentially a reservoir for humans, livestock, or other wildlife? (Rhyan & Spraker, 2010). For instance, a 

specific disease might affect domestic ruminants without affecting SHO. The absence of fundamental 

knowledge regarding host/pathogen interactions can lead to decisions being made either with a risk-averse 

approach or as risk-takers. For instance, in one scenario, it may be assumed that the SHO is affected by a 

pathogen, necessitating risk mitigation measures. But in another scenario, the assumption might be that the 

pathogen poses no risk to the SHO, allowing resources to be allocated to mitigate other potential risks. 
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1.6.3.2. The risk of release  

This risk is constituted by hazards that are absent in the recipient area, but they are present or might 

be present in the region, in the country, in the area, or in the source population itself (Kock et al., 2010). The 

reintroduced animals, because they come from a potentially infected area and because they might be carriers 

or acutely infected, constitute a risk for the recipient area. 

Reintroduction might involve animals raised in captivity, where conditions of crowding may enhance 

the transmission of diseases among them (Griffith et al., 1993; Lu et al., 2024). 

There are concerns for public health in case of zoonotic diseases, for the livelihood and economy in 

case of a pathogen affecting food-producing animals, for the wildlife with possible conservation implications 

for diseases that might affect other species, and for the environment, with possible contamination of land and 

water sources. Emerging and transboundary infectious diseases fall in this category. 

It is of paramount importance to prevent the spread of alien bacterial species and biotypes, antibiotic-

resistance genes, and viral serotypes and strains, for the reasons already mentioned (see "Risk of exposure”). 

The risk of release of a pathogen is associated with uncertainty coming from different sources (see 

below) 

The presence of pathogens in the source population may be uncertain due to a lack of reliable 

information. While one might extrapolate from neighbouring areas or the wider region, the level of uncertainty 

increases with distance. Notifiable diseases listed by WHO may go undetected without robust animal health 

screening systems, which are hindered by factors such as inadequate veterinary services and hidden motives 

preventing notification. Moreover, varying levels of motivation to notify international bodies may exist, 

potentially linked to perceived negative consequences such as trade barriers. 

Wildlife species may not exhibit clinical signs as prominently as livestock, increasing the risk of 

underdiagnosis (Sainsbury & Vaughan-Higgins, 2012). For instance, the African buffalo (Syncerus caffer) 

can harbor SAT serotypes FMD virus, and red deer (Cervus e. elaphus) can be reservoir for the bluetongue 

virus (BTV),  without displaying clinical signs (Hedger, 1972; Casaubon et al., 2013).  

Addressing the issue of underdiagnosis may require systematic and randomized pathogen screening, 

but this is hindered by cost, labour, and laboratory feasibility challenges (Delgado et al., 2023), as well as 

unknown test parameters specific to wildlife species (Jia et al., 2020; Michel et al., 2021). This is because 

these tests were developed for domestic species. In the absence of systematic study, their specificity (Sp) and 

sensitivity (Se) are approximated from the parameters in domestic species, leading to assumptions (Lachish 

& Murray, 2018). 
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Additionally, the epidemiological role of wildlife species in most infectious diseases remains largely 

unknown (Gortazar et al., 2015). 

1.6.4. Risk management 

In this stage, the options to minimize or manage potential prioritized risks are explored, evaluating 

their expected outcomes. The goal is to identify effective measures that can reduce the likelihood of a hazard 

occurring, lessen its potential impact, or achieve a balance of both, making the associated risk acceptable. 

Different strategies to reduce each risk are available, however, the chosen options will depend on the 

type of risk. 

For health hazards that might be released along with the animals, efforts should be made to reduce the 

likelihood of this pathogen release to happen. This could be done with a combination of the following options: 

- Through a control program leading to a specific germ-free population: aiming at eradicating the 

pathogen in the source population before the animal movement. Different strategies are available depending 

on the pathogen such as testing and isolation to remove the animals that present clinical signs or vectors (for 

instance attached ticks), and/or vaccination. The effectiveness of those strategies needs to be assessed. 

- Biosecurity and quarantine. For instance, crate and transport equipment disinfection, isolation of 

animals showing clinical signs, associated with paired serum testing, confirmation of infection through 

polymerase chain reaction (PCR) or any adequate method etc….  

- Drug administration, for example, the use of avermectins to control a recent tick infestation. 

Options to reduce the impact can be included in a contingency plan if the release of a pathogen 

happens, and a revision of the plan is required. 

Options to reduce the risk of exposure can focus on the likelihood of happening or on its impacts. 

Reducing the likelihood of disease transmission can involve various measures, such as minimizing 

the interactions with potentially infected livestock, particularly in pastures or near water sources. While 

limiting interactions with wildlife may not be feasible due to the promotion of natural behaviours, the risk 

associated with vector-borne diseases can be mitigated by selecting the appropriate time of the year when 

parasitic burdens are lower. Additionally, efforts to decrease disease prevalence in the release area, such as 

implementing brucellosis or FMD control plans in domestic livestock, can help minimize the probability of 

exposure. 

To mitigate the impact of disease, one strategy is to increase the immunity of the reintroduced herd 

against targeted pathogens through vaccination programs. 
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1.6.5. Implementation and review 

Develop and implement a practical action plan to manage the risks prioritized during the previous 

step, along with a contingency plan. This should include a detailed timeline for monitoring and evaluating the 

effectiveness of the risk management actions. 

For example, if the strategy involves enhanced biosecurity measures, it may be necessary to construct 

a quarantine facility. The timeline for this objective would encompass conducting a site assessment and 

designing the quarantine facility, procuring necessary materials and equipment, and conducting staff training 

to implement biosecurity protocols. 

If a vaccination program is part of the strategy to address the knowledge gap regarding vaccine use in 

wildlife species, it is recommended to include the preliminary vaccine assessment in the targeted species 

within the timeline. 

The timeline for a vaccination program will vary depending on the disease. For instance, after hiring 

staff and procuring the necessary equipment and vaccine for vaccinating cattle against Foot-and-Mouth 

Disease (FMD), the timeline would involve administering the initial two-dose primo vaccination (maximum 

4 weeks apart) and the first semi-annual booster vaccination after six months (Ulziibat et al., 2023). 

Controlling brucellosis in livestock through vaccination is a lengthy process that may span several years 

(Scientific Committee on Animal Health and Animal Welfare, 2001). 

If the control strategy involves testing and isolation, screening tests for each prioritized disease should 

be evaluated in the target species, which also requires time and specialized resources. The timeline for testing 

and isolation should also be established, considering that repeat testing may be necessary to eliminate all 

infected animals. 

The implementation of the management options should be regularly assessed. Indicators should be 

defined to measure the effectiveness, allowing refinement of the management plan as needed to achieve better 

outcomes. For instance, indicators for an effective brucellosis control program would include a decrease in 

seroprevalence among the tested population over time.
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Chapter 2 - Objectives 
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2.1. General objective 

The introduction of this thesis highlights that a WDRA should involve a consultation with experts 

knowledgeable about animal infectious diseases in both countries involved in the reintroduction. The general 

objective of this work is the communication regarding infectious animal diseases encountered in the source 

population, in the context of a reintroduction program. 

2.2. Specific objectives 

List the infectious diseases that might constitute a risk of release or a risk of exposure during this 

reintroduction project, based on data publicly available on the internet and through a literature review. 

We have identified infectious diseases within the SHO population or in related species within the 

same animal facility. Each disease poses a risk of release during reintroduction, with varying consequences. 

For instance, brucellosis raises significant public health concerns, FMD has potential trade and livelihood 

impacts, and contagious caprine pleuropneumonia can affect the conservation of collateral species 

For the pathogens encountered in the source population, confirm and characterize each of them with 

culture and isolation techniques along with molecular typing techniques. Infer phylogenetic trees to place each 

pathogen in its geographical and evolutionary context. Evaluate prevalence and incidence with tests primarily 

designed for domestic livestock. 

Provide suggestions for disease control programs in the general context of animal reintroduction. 

Additionally, the results will provide important epidemiological clues for evidence-based infectious 

disease control programs in the UAE.
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Chapter 3 - Experimental 

section 
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3.1. Hazards identification 

Table 1 presents the number of new outbreaks notified to the WOAH (and stated as such) by Chad 

and the UAE from 2005 to 2023 for diseases likely relevant to this study: the diseases known to affect cattle, 

small ruminants and multi-species were included in the query. The data were retrieved on January 24, 2024 

from https://wahis.woah.org/#/dashboards/qd-dashboard with Chrome (Google, USA), and filtered with Excel 

(Microsoft, USA). 

This list of diseases will provide the backbone for our risk analysis (see Table 1). 

Table 1: Number of outbreaks notified by the UAE and Chad to the WOAH between 2005 and 2023 

 

 

 

  

Disease

Reporting 

country 20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

20
21

20
22

20
23

Anthrax

Chad 4 2 2 12 2 2 2 2 1 1 2 1 3 3

Bovine anaplasmosis

UAE 1 4 6

Bovine babesiosis

UAE 1

Bovine tuberculosis (-2018)

Chad 9 3 1 1

Brucella melitensis infection

UAE 6 12 4 6 8 8 10 8

Contagious caprine pleuropneumonia

Chad 2 11 8 3 5 2 4 3 1 1 5 3

Foot and mouth disease

Chad 15 19 4 6 9 20 9 2 2 1 2 2 2 2

UAE 1 1 1 2 3 3 3 1 10 7 3

Haemorrhagic septicaemia (Pasteurella multocida  serotypes 6:b and 6:e)

Chad 3 2 7 14 9 2 9 11 8 7 6 20 16 11 7

Heartwater

Chad 1 1

Mycoplasma mycoides subsp. mycoides SC (Inf. with) (Contagious bovine pleuropneumonia)

Chad 4 1 2 1 6 13 12 2 1 5 5 4 4 5 3 2

Paratuberculosis

UAE 11 10 10 8 8 7 16 16

Peste des petits ruminants

Chad 3 6 4 2 5 16 5 2 2 2 1 2 3 5 3 1 2

UAE 4 4 4 2 1 6 6 3 2 5 9 9 4

Rift Valley fever

Chad 1 1

Sheep pox and goat pox

Chad 1 1

UAE 4 4 3 3

Surra (Trypanosoma evansi )

UAE 2 3 2 2

Theileria annulata, Theileria orientalis and Theileria parva  (I nf. with) (2023-)

UAE 2 4 6

West Nile Fever

UAE 1 2
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3.2. Risk of release of a zoonotic disease. The case of brucellosis 

Preamble 

Brucellosis, also known as Malta fever, is a debilitating zoonotic disease causing undulant fever, 

hygroma, arthritis, orchitis and abortion in susceptible species, including humans. 

The disease is globally distributed (WOAH, 2023) and various species of Gram-negative coccobacilli 

Brucella bacteria cause it. Among these, B. melitensis stands out as the most contagious and significant in 

terms of human infection. This bacterium primarily affects goats and sheep. Other species of Brucella known 

to cause human brucellosis include B. abortus, B. suis, B. canis, B. ovis, and B. neotomae (Suárez-Esquivel et 

al., 2017). Each species exhibits distinct host preferences. For instance, B. abortus primarily infects cattle, 

leading to bovine brucellosis, while B. suis is commonly associated with swine but can also infect other 

mammals, including wild boars and rodents. B. canis affects dogs and is a significant concern in veterinary 

medicine. 

Brucellosis poses a substantial economic burden due to reproductive losses in livestock, reduced 

productivity, and trade restrictions. Control measures typically involve vaccination of susceptible animal 

populations, surveillance programs, and public health interventions to promote food safety practices and raise 

awareness about the risks associated with brucellosis transmission. 

Transmission to humans typically occurs through the ingestion of raw milk or contact with aborted 

material and vaginal discharge from infected animals (Zhou et al., 2020). Apart from some sporadic cases of 

laboratory-acquired (Ackelsberg et al., 2020) or sexually transmitted (Li et al., 2020) human brucellosis, all 

human cases are associated with an animal reservoir. 

The disease is prevalent in the human population in the United Arab Emirates with 3.3 yearly human 

cases/100.000 inhabitants between 2010 and 2015 in the Abu Dhabi Emirate (Al Shehhi et al., 2016). 

Among the 4000 SHO in the source population for this reintroduction project, individuals were 

suffering from clinical signs evocative of this disease: enlarged testicles, abortion and neonatal death. The 

findings from our bacteriological investigation are detailed in Article 1. In this qualitative study, our research 

delves into the bacteriological aspects of this outbreak. We used molecular typing techniques and compared 

the results with worldwide B.melitensis strains. A cluster reassembling strains from the UAE, Oman and Qatar 

was discovered indicating a local enzooty of this pathogen. Article 2, on the other hand, is a quantitative 

study. It presents the magnitude of this outbreak: we evaluated the seroprevalence of brucellosis across six 

enclosures, housing segments of the source population. This initial step guides our targeted brucellosis 

screening efforts, focusing on certain enclosures and age categories identified through a risk factor study.
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3.3. Risk of release of a disease impacting the local economy. The case of foot-and-mouth disease 

Preamble 

FMD is caused by a single-strand RNA virus belonging to Aphthovirus genus within the family 

Picornaviridae. Seven antigenically distinct serotypes occur worldwide, namely O, A, C, Asia-1, Southern 

Africa Territories (SAT) 1, 2 and 3 (Jamal & Belsham, 2018). 

The disease is highly contagious among cloven-hoofed animals and spreads easily through direct 

contact, contaminated feed or equipment, and long-distance airborne transmission (Alexandersen et al., 2003). 

The different serotypes, but also topotypes and strains may have varying levels of virulence and pose 

different risks to susceptible species, and while the disease is generally not lethal, fatal cases have been 

observed in gazelle species (Shimshony et al., 1986). However, clinical signs are generally limited to fever, 

lameness, reduced milk production in females, and painful blisters or vesicular lesions on the hooves, mouth, 

and teats (Alexandersen et al., 2003). 

Its economic impact on the livestock industry is significant, due to reduced productivity, the cost of 

disease control measures and more importantly, trade restrictions (Belsham et al., 2020). 

Apart from countries that have heavily invested in costly control and eradication programs, the disease 

is present globally. The geographical distribution of the seven serotypes is nevertheless not uniform and seven 

virus pools (1-7) of locally circulating serotypes have been described (Brito et al., 2017). Serotypes O, A and 

C were historically the most distributed. While SAT and Asia-1 serotypes are restricted to sub-Saharan Africa 

and Asia. Serotype C might have disappeared (Jamal & Belsham, 2018). 

FMD control programs involve mass vaccination targeting locally circulating serotypes. Because cross-

immunity between serotypes does not exist, the vaccination against or the infection by one serotype does not 

confer protection against the other serotypes (Jamal & Belsham, 2018). It is therefore crucial to prevent the 

emergence of alien serotypes. 

The source population of SHO has been affected by three outbreaks of FMD between 2013 and 2015. 

In Article 3, we depict the clinical signs that SHO showed during the infection, and, in an attempt to 

understand whether the virus maintained itself in the population or emerged several times, we present the 

results of the molecular epidemiology investigations through phylogenetic analysis. 
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3.4. Risk of release of a disease that can impact the conservation of collateral species. The case of the 

contagious caprine pleuropneumonia and its management 

Preamble 

Contagious caprine pleuropneumonia (CCPP), caused by Mycoplasma capricolum capripneumoniae 

(Mccp), has long been a goat-only disease transmitted by close contact and leading to respiratory distress and 

death. Since its first documentation in 1873 in Algeria (Thomas, 1873), both its range of hosts and its 

geographical distribution has expended. The disease has been found in northern and central Africa, the Middle 

East and Asia, to China (Loire et al., 2020) and in wildlife species more or less related to goats:  wild goats 

(Capra aegagrus), Nubian Ibex (Capra ibex nubiana), Laristan mouflon (Ovis orientalis laristanica) and 

gerenuk (Litocranius walleri), (Arif et al., 2007), Tibetan antelope (Pantholops hodgsonii) (Yu et al., 2013). 

In this study, we described for the first time that the Arabian oryx (Oryx leucoryx), closely related to 

the SHO, is susceptible to the infection (see Article 4), and that CCPP might be lethal in this species. 

Nonetheless, a combination of pre-existing debilitation and an elevated infectious load resulting from 

the outbreak among the gazelles in the neighbouring enclosure may have driven the infected oryx toward an 

inevitable demise. The precise epidemiological role of the Arabian oryx remains uncertain. 

One individual SHO has died of CCPP in the population source for the reintroduction project. This 

discovery was not published but the bacteriological culture and isolation performed on this animal provided a 

genotype included in a paper (Loire et al., 2020). This genotype was different than the one obtained on the 

Arabian oryx. The phylogenetic study revealed that the strains originating from wildlife species in the Middle 

East formed a cluster, possibly suggesting an adaptation to wildlife species – or under notification of domestic 

species cases. 

The morbidity rate was nonetheless very limited, with a singular case of this highly contagious disease 

in a high density SHO population. Many questions remained unanswered: What was the source of infection? 

What is the epidemiological role of the SHO? What was the level of exposure to CCPP in this population? 

We also described an outbreak of CCPP in gazelles (see Article 5). Several findings in this study are 

relevant to the reintroduction of the SHO: With CCPP found in two different locations in the UAE, including 

the source population, the release of CCPP in the OROAFR with the reintroduction of SHO might be 

considered highly likely, potentially detrimental to local gazelles species, especially the critically endangered 

dama gazelle or vulnerable dorcas gazelles. We observed a transmission of Mccp over longer distances than 

previously thought but our observation was made in a high-density captive breeding situation that might be 

difficult to extrapolate to natural situations. Also, while interspecies behaviour is not well documented 

between SHO and gazelles, SHO might come in close contact with local gazelles, thus increasing the disease 

transmission risk. Furthermore, the level of CCPP susceptibility in local gazelles is unknown, but a high 
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mortality rate in a gazelle species is worrisome for other gazelles species. Lastly, we discovered that efficacy 

is questionable in commercial CCPP vaccine, while it is as expected with a reference vaccine, This raised the 

question regarding poor quality control during production, which has possible implications on the effect of 

CCPP management strategy. 
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3.5. Risk assessment 

 

3.5.1. Brucellosis risk assessment 

We have observed a very high prevalence of brucellosis due to B. melitensis in the source population. 

Does this mean brucellosis constitutes a risk in the reintroduction project? 

In the absence of a management strategy, the likelihood of releasing brucellosis with SHO 

reintroduction is extreme. Based on the 66% average seroprevalence, there would be an average of 17 

individuals that carry the pathogen for every group of 25 reintroduced SHO. 

Brucellosis leads to abortion and vaginal discharge associated with the excretion of very large 

quantities of the bacteria which can persist in organic matter for extended periods, causing environmental 

contamination, with a risk of transmission to other wildlife, to domestic livestock and to humans exacerbated 

by the context of shared pastures and possible animal concentration around water points. 

A few serological studies indicate that brucellosis is enzootic in livestock and endemic in Chad. For 

instance, a study (Schelling et al., 2003) reported that brucellosis seroprevalence in Chari-Baguirmi and 

Kanem districts (600 km and 460 km from OROAFR, respectively, see Erreur ! Source du renvoi introuvable.) 

was 3.8% among 860 nomadic pastoralists and 7% among 608 cattle in 1999-2000. The disease was not found 

in 374 goats and 367 sheep. Another study conducted in the Yao and Danamadji districts (Batha region and 

Moyen Chari regions, 370 km and 750 km from OROAFR, respectively), (Özcelik et al., 2023) reported 0.2% 

among 966 humans, 0.3% in 1041 animals, with 3.9% apparent seroprevalence in cattle, 7.4% in sheep and 

8.4% in goat. 

Closer to the release site, (220 km from OROAFR) a study performed in the Abéché region reported 

a 2.6 % prevalence among 634 cattle (Delafosse et al., 2002).  

With both cattle and small ruminants being affected, B. abortus and B. melitensis are likely prevalent 

in Chad, but, as in many African countries, bacteriological culture, isolation and typing are unfortunately only 

rarely performed and there is a shortage of information regarding Brucella species, biovars and genotypes 

circulating in Chad in general and in the Batha region in particular. 

For instance, 7212 Brucella strains that were genotyped with the common MLVA technique were 

retrieved (on November 27, 2023) from the publicly available database Brucella v4_6_5 hosted at 

https://microbesgenotyping.i2bc.paris-saclay.fr/databases/public. Only six MLVA allele profiles originated 

from Chad, and they were all from B. abortus. B.melitensis has nonetheless been identified in at least one 

traveller returning from tropical Chad (Badiaga et al., 2005), and one Chadian B.melitensis strain was included 

in a study (Foster et al., 2018). 
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Given the presence of brucellosis in Chad, the likelihood of introducing a new pathogen into the 

country through this project is negligible. However, the situation in the OROAFR or the Batha administrative 

region remains unknown, both among domestic herds and wildlife populations. 

Brucellosis in livestock can result in economic losses for local communities and livestock industries. 

The reintroduction of oryx carrying the disease may pose a risk to domestic animals if there is an overlap in 

grazing areas. 

On the other hand, the impact of brucellosis would have in the released area is extreme. 

We observed that brucellosis causes arthrosis in gazelle species (see Article 1), a condition that is not 

compatible with survival in the wild, therefore the impact would potentially be extreme on local vulnerable 

dorcas gazelles and critically endangered dama gazelles. 

The impact of brucellosis in humans, with limited access to health services and treatment, would be 

very high, causing debilitating disease and risk of abortion. 

Furthermore, releasing animals that may carry and transmit diseases raises ethical questions regarding 

the health and welfare of both the reintroduced animals and local populations and ecosystems. 

3.5.2. Foot-and-mouth disease risk assessment 

FMD is endemic in the UAE (Eltahir et al., 2024). We have observed that SHO can acutely contract 

FMD types O and A. However, our understanding of chronic FMD infection in SHO remains limited, 

prompting the need for further investigation. Our phylogenetic study suggests that the disease has likely 

recurrently emerged from neighbouring countries, indicating the potential for a recent infection coinciding 

with a SHO translocation. This raises concerns about viral excretion during transport and release, posing a 

significant risk of disease transmission in Chad. 

In cases of prior exposure, the epidemiological role of SHO remains unclear and warrants in-depth 

study, particularly concerning carrier status and reservoir function. 

The Chadian Animal Disease Surveillance Network (REPIMAT) actively monitors FMD. The disease 

is enzootic in Chad as well, with serotypes A, O, SAT 1, and SAT 2 described (Ouagal et al., 2018; Abdel‐

Aziz et al., 2019) specifically in the Batha region where the release site is located ( see Erreur ! Source du 

renvoi introuvable.). 

The likelihood of releasing FMD during the reintroduction is therefore directly proportional to the 

likelihood of exposure. However, it is paramount to mitigate the risk of pathogen pollution and the release of 
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non-African strains, such as strain A from Asia, which do not naturally occur on the African continent 

(Knowles et al., 2005). 

Similarly, the impact of an FMD release is likely equivalent to the impact of the enzootic Chadian 

FMD. However, SAT1 and 2 have been described in Chad and the possible effects of these two serotypes on 

released SHO remain unknown. 

On the other hand, there is a risk of FMD transmission to local wildlife species in Chad, with unknown 

impact. 

While the presence of FMD in both regions may suggest a shared disease risk, the specific strain, its 

prevalence, and the potential consequences of reintroducing oryx carrying the disease should be carefully 

assessed. Therefore, we suggest that a comprehensive disease risk analysis and the implementation of 

appropriate mitigation measures are essential to ensure the health and safety of both the reintroduced animals 

and the surrounding ecosystem. 

3.5.3. Contagious caprine pleuropneumonia risk assessment 

CCPP was isolated in Chad in 1987 and 1994 and it is likely present in the country without clear 

geographical distribution (Manso-Silván & Thiaucourt, 2019). Therefore, the likelihood of releasing CCPP in 

Chad is elevated, as well as the likelihood of exposure. 

With mortality documented in gazelles’ species, the impact of CCPP could be elevated in local 

gazelles’ species.  

3.5.4. Bovine tuberculosis risk assessment 

Bovine tuberculosis (bTB) is a chronic debilitating zoonotic disease. It has a very broad host range 

and several wildlife reservoirs have been documented including white-tailed deer (Odocoileus virginianus), 

elk (Cervus canadensis), Eurasian badger (Meles meles), European wild boar (Sus scofa), brushtail possum 

(Trichosurus vulpecula), African buffalo (Syncerus caffer) and lechwe antelope (Kobus leche) (Fitzgerald & 

Kaneene, 2013), however, the main host and source of infection for humans is cattle. Infected animals may 

experience chronic weight loss, respiratory issues, and general debilitation. 

The disease is caused by Mycobacterium bovis, a Gram-positive acid-base resistant bacteria belonging 

to the Mycobacteriun tuberculosis complex (MTBC), along with M. tuberculosis, M. africanum, M. microti, 

M. caprae, M. pinnipedii and M. canettii. (Riojas et al., 2018). 

While not officially notified to the WOAH, M. bovis is likely present in the UAE, with presence 

mentioned in official reports from the Abu Dhabi Agriculture Food Safety Authority (ADAFSA), formerly 
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ADFCA (Abu Dhabi Food Control Authority) (ADFCA, 2010; ADFCA, 2011). Apart from these reports, no 

published information has been found on M. bovis in the UAE.  

We have cultured, isolated and genotyped using mycobacterial interspersed repetitive unit - variable-

number tandem repeat (MIRU-VNTR) techniques, M. bovis from a calf SHO that was positive to the 

intradermal comparative cervical tuberculin (ICCT) skin test (unpublished data).  A large percentage of SHO 

source population is positive to this same test. This finding requires further research and possibly warrants 

publication. 

On the other hand, bTB is also prevalent in Chad where it was notified to the WOAH (see Table 1). 

Therefore, it constitutes a risk of exposure too. The bacterium was isolated from zebu carcasses (Diguimbaye-

Djaibé et al., 2006). Closer to the release site, a study performed in the Abéché region (220 km from the 

OROAFR, see Erreur ! Source du renvoi introuvable.) using the ICCT reported a 0.6% prevalence among 848 

cattle (Delafosse et al., 2002). 

bTB is a concern for several reasons. It is a zoonotic disease with aerosol transmission posing a risk 

to wildlife researchers, local communities, and anyone who might come into contact with infected animals. It 

is a risk for local cattle and their herders and, due to the wide range of mammals it can affect, including 

ungulates like oryx, bTB can potentially impact the reintroduced population's fitness and survival. For 

instance, bTB had lethal outcomes in Arabian oryx after they were stressed during transportation (Kock et al., 

2010). The reintroduced oryx population may interact with native wildlife species, potentially leading to 

disease transmission within the ecosystem. Through its impact on wildlife health, bTB can have an impact on 

conservation. Possibly affecting local livestock industries or leading to trade restrictions on livestock products, 

bTB can have economic implications. Lastly, releasing animals that may carry and transmit diseases raises 

ethical questions regarding the welfare of both the reintroduced animals and local ecosystems. 

3.5.5. Contagious bovine pleuropneumonia (CBPP) risk assessment 

The causative agent for this disease is Mycoplasma mycoides subsp. mycoides (Mmm). It can affect 

cattle, zebu (Bos indicus), yaks (Bos grunniens and B. mutus), American bison (Bos bison) and Asian water 

buffalo (Bubalis bubalis). Other ruminants are generally not considered hosts for CBPP (WOAH, 2023) With 

this in mind, the SHO’s susceptibility to this disease, while unknown, is likely limited. 

The disease is enzootic in sub-Saharan Africa (Masiga et al., 1998; Di Teodoro et al., 2020) and was 

persistently notified in Chad (see Table 1). It has not been detected in the UAE but was suspected following 

incursions with cattle trade from Africa (Lefèvre, 1991) and reintroduced SHO are likely naive to this disease. 
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3.5.6. Lumpy skin disease, sheeppox, and goatpox risk assessment 

These three diseases affect cattle, sheep and goat, respectively with similar clinical signs. They are 

caused by closely related viruses belonging to the Poxviridae family, genus Capripoxvirus (Hamdi et al., 

2021). Due to an antigenic homology, serological tests cannot differentiate between viruses and definite 

diagnostic require virus-specific identification techniques. 

Sheep and goat pox were reported in the UAE until 2008 and in Chad in 2018 and 2019. Capripox 

viruses are present in neighbouring countries: Yemen, Oman (Kitching et al., 1986), Saudi Arabia (Kasem et  

al., 2018) , Sudan (Khalafalla et al., 1993), Nigeria (Limon et al., 2020). They are likely still present in Chad 

and the UAE (Babiuk et al., 2008; Hamdi et al., 2021). Capripox virus infection has been documented in 

closely related Arabian oryx in Saudi Arabia (Greth et al., 1992), and the SHO source population has been 

affected by goatpox (see Figure 6), as evidenced by PCR, associated with mortality (unpublished information). 

 

 

 

 

 

Figure 6: Scimitar-horned oryx presenting scars from past goatpox infection 
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3.5.7. Ticks and tick-borne pathogens 

While hard tick species occur in the UAE (Perveen et al., 2021 and Perveen, 2021), as well as tick-

borne pathogens such as Anaplasma phagocytophilum, Babesia/Theileria spp (El Tigani-Asil et al., 2021), the 

SHO population is devoid of external parasites due to ectocide treatment and surveillance. Also no clinical 

signs suggesting tick-borne infections have been observed. This population is therefore considered naive to 

tick-borne pathogens. 

Several tick species have been documented in Chad (Walker et al., 2003), possibly vectors for several 

infectious diseases (Mucheka et al., 2023), all posing a risk of exposure to the reintroduced SHO. 

3.5.7.1. Babesiosis risk assessment 

Also known as redwater disease, it is caused by Piroplasmids protozoa of the genus Babesia, which 

are transmitted by hard tick species. Various species of Babesia can infect livestock, with each species having 

a preferred tick vector (Antunes et al., 2017). Upon invading the host’s red blood cells, Babesia sp. triggers 

clinical signs such as fever, anaemia, diarrhoea and hemoglobinuria (Ristic, 1981). The negative impact of 

babesiosis on wildlife and conservation actions has been documented, with fatal cases for instance in sable 

antelope (Hippotragus niger) or black rhinoceros (Diceros bicornis) (Penzhorn, 2006). 

While Babesia sp. has not been documented in Chad, its presence has been reported in neighbouring 

countries like Nigeria (Dipeolu & Amoo, 1984) and Sudan (Springer et al., 2020). 

3.5.7.2. Theileriosis risk assessment 

Different diseases are caused by Piroplasmid protozoan from the Theileria genus. The associated 

clinical signs include high fever, enlarged lymph nodes, dyspnea, anaemia, and possible high mortality. The 

UAE reported an outbreak in 2013 (see Table 1). 

Theileria parva causes the East Coast fever, an acute disease of cattle, distributed mainly in east and 

southern Africa and transmitted by Rhipicephalus appendiculatus (Morrison, 2022). 

T. annulata is the causal agent of tropical theileriosis or Mediterranean theileriosis, which is 

widely distributed in north Africa, the Mediterranean coastal area, the Middle East, India, countries of the 

southern former USSR, and Asia. It is transmitted by several species of ticks of the genus Hyalomma 

(Morrison, 2024)). It can cause mortality of up to 90%, but strains vary in their pathogenicity. It has not been 

reported in Chad, but it was reported in Nigeria (Mamman et al., 2021). 

The T. orientalis group causes other theilerioses of cattle, in this group. T. velifera has been 

documented in Chad (Uilenberg, 1970). 
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Other Theileria species will affect different hosts: for instance, T. lestoquardi causes the malignant 

ovine theileriosis, affecting sheep and goats (WOAH, 2023). 

3.5.7.3. Anaplasmosis risk assessment 

Caused by bacteria of the order Rickettsiales belonging to the genus Anaplasma. This disease is 

transmitted by up to 17 species of tick vectors. Among them, the bacterium A. marginale causes bovine 

erythrocytic anaplamosis, while other species such as A. phagocytophilum, A. platys or A. centrale have 

different preferred hosts (Tabor, 2022). In young cattle, the disease is usually subclinical, but it induces 

anaemia, jaundice, and, in severe cases, death in older animals (Aubry & Geale, 2011).  

Although Anaplasma sp. has not been directly reported in Chad, its presence has been documented in 

neighbouring countries (Cossu et al., 2023), leading to suspicions of its occurrence in Chad. 

Additionally, cases affecting cattle have been notified by the UAE in 2014, 2022 and 2023 (see Table 

1). 

3.5.7.4. Crimean-Congo Haemorrhagic Fever risk assessment 

Caused by the Orthonairovirus haemorrhagiae a ribonucleic acid (RNA) virus of the genus 

Orthonairovirus,in the family Nairoviridae, within the Bunyavirales order (ICTV, 2024) this disease is 

zoonotic and lethal, with no vaccine available yet.  

Positive serology results indicating exposure to the Crimean-Congo haemorrhagic fever (CCHF) have 

been documented in camel, cattle, sheep and goats from the UAE (Khan et al., 1997). Human cases of CCHF 

were reported in the UAE (Perveen & Khan, 2022), although the disease is not considered endemic in this 

country (Al Dabal et al., 2016). 

While not directly reported in Chad, its principal tick vector Hyalomma spp. has been documented 

there and the disease is likely present there (Messina et al., 2015; Temur et al., 2021).  

3.5.7.5. Heartwater or Cowdriosis risk assessment 

This disease is caused by the protozoan parasite Ehrlichia ruminantium, transmitted by ticks of the 

genus Amblyomma. It primarily affects ruminants and can cause high mortality. 

Heartwater, present in Africa and reported in Chad in 2013 and 2021, has been observed affecting 

various wildlife species (Peter et al., 2002). However, SHO was reported to be resistant to the infection in a 

literature review (Oberem & Bezuidenhout, 1987), though this claim relies on unpublished data for this claim 

and requires further verification. 
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3.5.8. Insect-borne diseases 

 
3.5.8.1. Rift valley Fever (RVF) risk assessment 

Rift Valley fever is a viral disease affecting humans, sheep, goats, cattle, water buffalo and wildlife 

species (Rostal et al., 2017). Species and individual susceptibility and clinical signs might vary and include 

fever, anorexia, reluctance to move, abortion and death. Morbidity and mortality are higher in neonates. 

It is caused by a segmented negative-sense RNA virus belonging to the genus Phlebovirus, family 

Phenuiviridae in the order of Bunyavirales. Only one serotype exists butthere are different strains. It is vector-

borne by mosquitoes from the Aedes and Culex families. Outbreaks usually follow heavy rainfalls, with 

severity increasing with the length of relative drought, due to higher number of naive individuals. 

Historically, the disease has been limited to the African continent. While only sporadically notified, 

it is present in Chad (Ringot et al., 2004). A study (Özcelik et al., 2023) showed that RVF seroprevalence was 

28.1% among 966 humans and 10.2% among 1041 livestock in the Yao (in the Batha region) and Danamadji 

(in the Moyen Chari region) rural health districts (see Erreur ! Source du renvoi introuvable.). 

There have been incursions of RVF in the Middle East, in Saudi Arabia (Balkhy & Memish, 2003) 

associated with fatal cases, but the disease is considered not endemic in this region. 

According to the WOAH report from May 20, 2019 (WAHIS, 2019), based on RVF-specific PCR, 69 

SHO were thought to suffer from RVF among the 171 released and 42 reportedly died of it in September 2018. 

3.5.8.2. Trypanosomiasis risk assessment 

Numerous Trypanosoma species cause a range of diseases, some with potential implications for both 

humans and animals (Wilkowsky, 2022). Human African Trypanosomiasis (HAT or sleeping sickness) falls 

into the former category, while Animal African Trypanosomosis (AAT or nagana) is specific to animals. 

Trypanosoma are protozoa and most of the species rely on the tsetse fly (glossina) as their biological vector, 

mechanical transmission has been associated with Tabanids and Stomoxys. T. brucei had been responsible for 

the death of all Southern white rhinoceroses (Ceratotherium simum simum) during a high-profile 

reintroduction in Kenya (Kock et al., 2010). 

In Chad, various Trypanosoma species have been identified, with a more comprehensive 

understanding of those causing HAT. Their distribution tends to be concentrated in the eastern and southern 

regions of the country (Vourchakbé et al., 2022). On the other hand, information about the species responsible 

for AAT is more scattered. T. vivax, for instance, has been documented in the Lake Chad area (Delafosse et 

al., 2006), while T. evansi, linked to "Sura" in camels, has been reported in eastern Chad (Delafosse & 

Doutoum, 2004) and notified several times in the UAE (see Table 1). 
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3.6. Risk management 

 

3.6.1. Brucellosis risk management 

 

3.6.1.1. Likelihood reduction 

The likelihood to release brucellosis in the OROAFR can be reduced in different ways. 

The management of the risk of releasing brucellosis involved simultaneous approaches within the 

UAE collection: mass vaccination with the Rev. 1 vaccine, and animal testing for brucellosis associated with 

isolation. Faced with the unknown, these two strategies necessitated preliminary studies, such as evaluating 

the safety and effectiveness of live Brucella vaccines and studying parameters for brucellosis screening tests 

in this species. In Article 6, we lay the groundwork for controlling this outbreak and mitigating the risk of 

disease transmission in Chad. In this study, studied the immune responses, both humoral and cellular, to the 

administration of one dose of B.melitensis Rev. 1 vaccine administered via subcutaneous or conjunctival 

routes in young SHO. Our focus is on vaccine safety and the long-term test results post-vaccination, essential 

for informed decision-making in disease management strategies. 

Another approach aimed at obtaining Brucella-free animals, offering a faster initiation of the 

reintroduction under favourable conditions, and introducing new bloodlines to increase the genetic diversity 

of the UAE population. This involved the procurement of animals from Brucella-free countries or collections 

within the UAE. 

As seen in the introduction, large populations of SHO are available in zoological institutions and 

hunting ranches across the USA, mainly in Texas where BTV is enzootic. The disease is also present in the 

UAE (Frölich et al., 2005). In this context and apart for the possible different serotypes found in these two 

countries, translocating from the USA to the UAE does not pose a major risk of releasing or exposing to the 

disease. However, the shipment transited through western Europe, where strict regulations were in place to 

prevent BTV introduction, creating a risk of release in this part of the world. We have investigated this risk 

and the results were published in Appendix 1. 

3.6.1.2. Impact reduction 

Limit the impact of brucellosis on domestic livestock: after an active brucellosis surveillance plan, 

that includes the investigation of circulating Brucella species and strain a vaccination campaign associated 

with animal identification and monitoring can be suggested in livestock. 

Limit its impact on public health, through awareness campaigns aiming at reducing the contact with 

aborted material or preventing transmission from milk, but also improved access to health system. 
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Mitigate the impact of brucellosis on wildlife by preventing the risk of release. As released SHO are 

expected to share pastures and potentially interact with local wildlife, safeguarding the latter from potential 

brucellosis becomes challenging. Although active brucellosis surveillance in local wildlife could assess the 

situation and detect new cases, capturing wildlife induces significant stress, possibly leading to lethality. It's 

crucial to evaluate the cost/benefit ratio before undertaking such measures. 

There are opportunities to assess the prevalence of the pathogen in both livestock and humans. This 

includes studying the circulating Brucellae species and their various strains, while also establishing reference 

values for genotyping, phylogenetic analysis, and pathogen tracing purposes. 
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Abstract 

A single dose of 1-2 109 CFU of the Brucella melitensis Rev.1 vaccine strain was administered either 

via the subcutaneous or the conjunctival route to two groups of ten sexually immature scimitar-

horned oryx (Oryx dammah) (SHO). A third group of ten was kept unvaccinated as control. These 

groups were housed together and bred, producing offspring. No clinical signs were observed during 

the week following administration. The rose Bengal test (RBT), a lateral flow assay (LFA) and the 

brucellin skin test (BST) were performed before and throughout the experiment to assess the humoral 

and cellular immune responses after vaccination. These responses were rapid and strong. The cellular 

response was durable and similar in both groups, with 80% (12 out of 15) of SHO vaccinated using 

either route still positive 184 weeks post-vaccination (PV). The conjunctival route provided a shorter 

serological response, with all animals RBT seronegative 12 weeks PV, instead of 57% still positive 

74 weeks PV with the subcutaneous route. The level of LFA positivity remained elevated and not 

different in the two groups until 30 weeks PV where it decreased quicker in the group vaccinated 

conjunctivally. Eventually, all SHO returned to LFA negativity 74 weeks PV. No reaction to RBT 

and BST was observed either in the control group or the offspring. Consistent with results in young 

goats, those findings provide a first step for the strategic management of brucellosis outbreaks in 

captive SHO. 
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1. Introduction 

Brucellosis, also known as Malta fever, is a debilitating zoonotic disease always associated with an 

animal reservoir in humans. It is caused by facultative intracellular Gram-negative bacteria. Among 

12 known Brucella species (Kurmanov et al., 2022), Brucella melitensis causes ovine and caprine 

brucellosis and is the main cause for human brucellosis (Young, 1995). Since its development in 

1957 by Elberg et al., the attenuated live B. melitensis Rev.1 strain has been the central component 

to manage outbreaks in domestic ruminant species when prevalence is over 2% (Fensterbank et al., 

1987). This vaccine provides a long-lasting immunity, but vaccine-induced abortions in sexually 

mature females (Jiménez et al., 1989), and pseudo-horizontal transmission to the offspring through 

colostrum and milk limits its use to younger, sexually immature, animals when pregnancy status is 

unknown. Because the subcutaneous administration induces a persistent serological reaction, 

hindering discrimination between vaccinated and infected individuals, the conjunctival route has 

been developed: it provides a protection almost as good in young ewes (Blasco, 2010), with a 

serological response usually disappearing within 4 months (Fensterbank et al., 1985). 

 

Brucellosis outbreak management in wildlife aims at preventing spillover to domestic species and 

ultimately to humans (Godfroid et al., 2013). Culling might be an option for domestic species, but it 

is usually not socially acceptable in wildlife due to conservation status (Ponsart et al., 2019). 

Vaccines might then be a realistic option for brucellosis control, but no Brucella vaccines are 

currently registered for use in wildlife (Godfroid et al., 2010). Their safety and efficacy must be 

assessed in the targeted species beforehand. In preparation for controlling a B. melitensis biovar 1 

outbreak (Lignereux et al., 2022a) affecting captive endangered scimitar-horned oryx (Oryx 

dammah) (SHO), this study aims to observe the possible side effects and assess the humoral and the 

cell-mediated immune responses following the single administration of a standard dose of 

B. melitensis Rev.1 vaccine by two different routes to sexually immature SHO of both sexes. This is 

the First documented use of this vaccine in this species.  
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2. MATERIALS AND METHODS 

 

2.1. Animals and vaccines 

In this experiment, we conducted a randomized controlled trial on 30 sexually immature and 

apparently healthy SHO. They originated from a parent group undergoing biannual active brucellosis 

serological surveillance with the rose Bengal test (RBT). This group was considered Brucella-free. 

The parent and the trialed groups were held in separate enclosures in, but isolated within, the 

collection affected by B. melitensis (Lignereux et al., 2022a). Physical isolation, with a buffer zone 

and strict biosecurity measures applied to the staff and to the equipment limited the risk of 

transmitting brucellosis. 

On April 17, 2017, the 30 SHO were driven into a mechanical restrain device (Tamer junior®, Fauna 

Research, USA). They were aged, sexed and identified with an ear tag and a subcutaneous microchip. 

Blood was collected via jugular venipuncture using plain vacuum tubes with clot activator and 

separation gel. The first steps of the brucellin skin test (BST) (see below), with the injection of 

brucellin, were performed. After processing all 30 animals, the data was collated in a spreadsheet, 

and the SHO were randomly distributed into three experimental groups of ten animals each. One 

group would receive one single drop of OCUREV (CZ Veterinaria, Spain) batch #142477 (exp 

9/2015) in the right lower conjunctival sac while one millilitre of CZV REV-1 (CZ Veterinaria, 

Spain) batch #153295 (exp 11/2016) would be injected subcutaneously in the pre-scapular area in 

the second group. According to the manufacturer’s leaflets, each dose contains 1 to 2 x 109 colony 

forming units (CFU) of B. melitensis, strain Rev.1. This corresponds to the standard dose in small 

ruminants. The control group would be left unvaccinated.  

 

The 30 SHO were recaptured three days after. The freeze-dried vaccines were reconstituted. The 

BST was read, and the Rev.1 vaccines were administered according to the schedule.  

The three groups were housed together in the same enclosure for the entire experiment to ensure 

identical conditions and possible vaccine strain circulation. 

Eventually, they reached sexual maturity and bred. Part of the animals were removed between weeks 

30 and 74 for population management (brucellosis unrelated) reason. On October 25, 2020, 184 

weeks post-vaccination (PV), during the last capture of the experimental groups, the offspring were 

tested with RBT and BST. 
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2.2. Clinical examination 

Throughout the week following vaccination, we conducted daily monitoring of each animal for any 

clinical signs, such as discomfort or abnormal behavior, with particular attention to the sites of 

vaccine administration. 

 

2.3. Tests and schedule 

2.3.1.Serological tests 

The humoral immune response was assessed with the RBT and a lateral flow assay (LFA) on serum. 

The RBT (Bengatest®, Synbiotics, France) is a rapid buffered agglutination test. To perform the test, 

we mixed 30 l of an inactivated and concentrated solution of B. abortus strain 99 (Weybridge) 

stained with rose Bengal with an equal volume of serum on a clean, single-use microscope slide 

following the protocol outlined in (WOAH, 2022). We observed the agglutination pattern after four 

minutes of gentle agitation and considered the test positive when agglutination occurred. Separately, 

we assigned scores ranging from 0/6 (negative) to 6/6 (very strong positive) to semi-quantify each 

result. The characteristics for interpretation of each score are given in Appendix 1 

In addition to the RBT, we employed a LFA (Antigen Rapid Bovine Brucella Ab Test Kit, 

RB2301DD, Bionote, South Korea). It is a chromatographic immunoassay based on the deposition 

of an invisible band of B. abortus 1119-3 lipopolysaccharide (LPS) on a nitrocellulose membrane. 

Sera were used and the test was performed following the manufacturer’s instructions. We scored for 

each result, with the interpretation detailed in Appendix 1. 

2.3.2.Allergic test 

The cell-mediated immune response was evaluated with the brucellin skin test (BST) (Saegerman et 

al., 1999). In the middle on the left side of the neck, a 5x5cm skin area was clipped and its skinfold 

measured with a vernier calliper to the nearest ½ mm. Then we injected 0.1ml of Brucellergene 

OCB (Synbiotics, France), intradermally in the center of the area with insulin syringe and needle. 

This is equivalent to 200 units of B. melitensis B115 rough brucellin protein extract. 

After three days, the same veterinarian measured the same skinfold. Both measurements were 

reported. A reaction was considered positive if the skinfold thickness increased by more than 1mm 

(i.e., equal or greater than 1.5mm), which is modified from (Saegerman et al., 1999). 

2.3.3.Testing schedule 

We tested serologically and intradermally all animals three days before vaccination. 

We performed the RBT after 2, 4, 12, 30, 74 and 184 weeks, and the LFA at 2, 4, 12 and 30 weeks 

PV. We conducted the BST at 4, 12, 30, 74 and 184 weeks PV. The specific vaccination and testing 

timeline is provided in Supplementary material 1. 
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2.4. Statistical Analysis 

The Agresti-Coull (modified Wald) method was used to calculate the 95% confidence intervals (CI) 

for the percentages of positivity while the binomial method was used to calculate the 95% CI for the 

means. 

Homogeneity of the three groups was evaluated with the sex and age distributions, with a Chi-squared 

test and a one-way ANOVA, respectively. 

For each pair of experimental conditions (control vs. conjunctival route; control vs. subcutaneous 

route; conjunctival route vs. subcutaneous route) at each sampling time point and for each of the 

three tests, we compared the mean percentage of SHO that tested positive and the mean score of the 

reactions, using a mixed effect analysis (Prism®, Graphpad, USA) because the number of animals 

was not the same over the length of the experiment. We applied the Tukey method (Lee and Lee, 

2018) to correct the confidence intervals for multiple comparisons. 

All p-values <.05 were considered significant. 

 

 

3. Results and discussion 

3.1. Group homogeneity  

Group homogeneity was assessed with data presented in Supplementary material 2. The estimated 

age spanned from two months (59 days), to approximately 12 months old (366 days), with an average 

estimated age of 127.4 days. The three groups were homogenous, with age and sex distributed 

similarly in the three groups (F(2, 27) = 0.5511, p = .5827), (2(2 d.f., N=30) = 0.2679, p = .8747), 

respectively. 

3.2. Immune responses to vaccines 

We did not observe visible clinical signs or abnormal behavior during the week following the 

vaccination. 

All 30 animals tested negative for all three tests before vaccination (see Figure 1) and none of the 

control animals showed a positive reaction to either the RBT or the BST during the entire experiment, 

this demonstrates no evidence of false positive reactions, infection from the environment, or 

transmission of the vaccine strain from vaccinated to unvaccinated individuals. This last point aligns 

with observations made in vaccinated pregnant ewes and goats (Zundel et al., 1992) but differs from 

those in Alpine ibex (Capra ibex) vaccinated ocularly, where in-contact control ibex did seroconvert 

(Ponsart et al., 2019). Additionally, the repeated intradermal injection of brucellin during the multiple 

BST did not lead to any measurable response in this group, which is in agreement with similar 

findings in cattle (Fensterbank et al., 1977).  
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Also, we found that the intensity of the reaction to brucellin does not decrease over time after repeated 

testings, which contrasts with the situation in cattle (Saegerman et al., 1999). 

Although two animals elicited a positive LFA result in the unvaccinated group 12 (scores 2/6 and 

3/6) and 30 weeks PV (score 2/6) (see Appendix 2). Because these reactions were transient and not 

associated with positivity to other tests, this outcome supports our previous suspicion of a lower LFA 

specificity (Lignereux et al., 2022b). 

 

On the other hand, all vaccinated animals became positive to all tests. 

Overall, the response measured with RBT was associated with a rapid onset and an elevated score 

(not statistically different between the vaccinated groups 2 weeks (p = .0558, see Appendix 3) and 4 

weeks PV (p = .1002). 

Among the 10 animals vaccinated conjunctivally, nine seroconverted after two weeks, with the 

remaining animal seroconverting after four. This animal returned to negativity almost immediately, 

but it had longer responses when measured with LFA and BST (see Appendix 2). 

The response was short and 0% seropositivity was reached by 12 weeks PV and remained until the 

end of the experiment. 

Other species presented slightly different results: while kids presented similar responses to the 

conjunctival vaccination, all becoming seropositive at 4 weeks PV, they all returned to seronegativity 

slightly later, at 16 weeks PV (Fensterbank et al., 1987). The situation in lamb is also different, with 

fewer animals seroconverting. Only 10% (n=30) (Fensterbank et al., 1982), to 45% (n=33) 

(Fensterbank et al., 1985) became RBT positive, which was also associated with a quick return to 

seronegativity starting at 4 weeks PV, and achieved at 10weeks PV. 

Conversely, mostly sexually mature Alpine ibex exhibited long-lasting serological reaction with all 

animals still positive 13 weeks PV (Ponsart et al., 2019). The age at vaccination might explain those 

differences more than taxonomic relatedness as the duration of the serological response to brucellosis 

vaccination is shorter in sexually immature animals (Fensterbank et al., 1987). 

In contrast, all animals vaccinated subcutaneously remained positive until 30 weeks PV, apart from 

one animal found seronegative 12 weeks PV (see Appendix 2). The difference with the group 

vaccinated conjunctivally was significant 12 and 30 weeks PV (p < .0001, see Appendix 3). At 74 

weeks PV, 57.14% (95%CI [100, 77%]) of the group vaccinated subcutaneously were still RBT-

positive, but the humoral response faded away and no animal tested positive 184 weeks PV.  

This duration following the subcutaneous administration is longer in SHO than in domestic small 

ruminants. In lambs and kids, the percentage of RBT-positivity started to decline as soon as 4 and 8 

weeks PV, respectively. Interestingly, the percentage of positivity plateaued at approximately 50% 
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until the end of the experiments, which happened 64 weeks in lambs (Fensterbank et al., 1982) and 

32 weeks in kids (Fensterbank et al., 1987). 

In comparison, the immune response following conjunctival vaccination measured with the LFA 

started as early , with all animals testing positive to LFA 2 weeks PV, but lasted longer than with the 

RBT: Nine animals (out of 10) remained positive 12 weeks PV instead of zero with the RBT, and 

the percentage of animals positive to LFA decreased to 30% (95CI [64.6, 0]) 30 weeks PV, returning 

to 0% 74 weeks PV. On the other hand, the response to the subcutaneous vaccination followed an 

evolution with LFA like the one obtained with RBT. 

The mean LFA score was similar in both vaccinated groups until 12 weeks PV (identical 2 weeks 

PV and not different 4 and 12 weeks PV, p>.9999), but different 30 weeks PV (p = .0173), and not 

different 74 weeks PV (p = .1513) (see Appendix 3). 

The percentage of positivity followed this evolution and was only significantly different between the 

vaccinated groups 30 weeks PV (p=.0034) (see Appendix 3). 

To the best of our knowledge, no previous studies have used this test to evaluate the immune response 

following Rev.1 vaccination in other species. 

It is noteworthy that the manufacturer of the LFA produces a similar rapid test, “Rapid GS.brucella 

Ab”, labelled for caprine and ovine brucellosis detection, which may have different levels of 

sensitivity and specificity. 

Lastly, the cellular response measured by the BST is also rapid as it happened within 4 weeks PV 

in all vaccinated animals and persistent, lasting at least until the end of the experiment: five out of 

seven SHO that received the subcutaneous form and seven out of eight that received the ocular form 

were still positive to the BST 184 weeks PV (3 ½ years). 

There was no significant difference at any time point between the two groups for both the percentage 

of positive animals (4, 12 and 30 weeks PV p=.5951; 74 weeks PV p=.3358 and .7564 184 week PV, 

see Appendix 3) and regarding the skinfold thickness difference ( 4 weeks PV, p=.2671; 12, 30 and 

74 weeks PV p>.9999 and .1634 weeks 184 PV). 

To the best of our knowledge, no information is currently available in domestic or wildlife species 

regarding such an extended duration of immune response, however (Pardon et al., 1989) reported 

that out of 50 ewes vaccinated with Rev.1 only four (8%) were positive to the BST performed on the 

eyelid three years PV. 

No information regarding the cellular immunity provided by Rev.1 vaccine and the protection against 

brucellosis is available in SHO, but previous study has suggested that cellular immune response 

correlates with immunity in adult goats vaccinated subcutaneously with Rev.1 (Brinley Morgan et 

al., 1966). 
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It's worth noting that two individuals vaccinated conjunctivally presented fluctuating BST results: 

after testing positive 4 weeks PV, then turned negative either 12 or 74 weeks PV (see Appendix 2) 

but tested positive during the following testing. This finding raises concerns regarding the sensitivity 

of the BST. 

3.3. Absence of positive test in non-vaccinated offspring 

The offspring did not show any positive reactions in RBT (n=19) nor in the BST (n=17, excluding 

the two youngest animals aged 54 days). This observation is preliminary and might indicate an 

absence of transmission of the vaccine strain from the vaccinated adults to their offspring. Specific 

study associated with bacteriological investigation should confirm this observation. 

3.4. Limitations of the study 

Several logistical and technical constraints posed some limitations: No live bacteria count in vaccine 

doses was performed and we relied solely on information from the manufacturer. 

As a result of logistical constraints, we utilized vaccines and reagents beyond the expiration dates 

indicated on the packaging. The subcutaneous and the conjunctival vaccines were five and 19 months 

expired, respectively. All tests and vaccines were stored in the dark at 6°C before use. Nevertheless, 

we observed immune responses with both vaccines that were consistent with findings reported in the 

literature from fresh batches, which tends to confirm the excellent stability of the Rev.1 vaccine 

claimed by Milward (1995) who suggested that this stability exceeds 5 - 10 years. 

Brucellin had been commercially unavailable for a long time. We employed a batch that expired over 

four years before we used it for the second BST (see Supplementary material 1). However, the results 

conformed to expectations, indicating that the freeze-dried purified protein extract, which is supplied 

in a sealed vial devoid of oxygen and kept in obscurity at 6C. is expected to have excellent stability 

(M.Zygmunt, INRAE - France, personal communication Dec 2022). 

At the start of the experiment, the LFA was two months expired. While it can be kept at room 

temperature, we stored it at 6C which could have extended its shelf life. 

We do not recommend using tests and vaccines past their expiry dates to reduce variation, but based 

on their expected stability when properly stored, and the results we have obtained, we believe that 

their performance was not impacted. 
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4. Conclusion 

Both ocular and subcutaneous Rev.1 Brucella vaccines induced no adverse reaction in young SHO. 

but a rapid onset of immune responses and a persistent effect on the cellular response, lasting at least 

3 ½ years. The conjunctival route gives a shorter-lived humoral immunity than the subcutaneous 

route, providing a benefit in the event of outbreak control with a test and isolation strategy. 

Furthermore, neither the control group nor the offspring responded to the vaccination of the animals 

in contact. 

While assessing the efficacy of the vaccines and ensuring the absence of vaccine strain circulation 

are imperative, this preliminary study suggests that both vaccines could be beneficial in a brucellosis 

outbreak control strategy for this species, albeit with potential limitations in distinguishing between 

vaccinated and infected SHO. 
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Captions 

 

Figure 1: temporal evolution of the immune responses of scimitar-horned oryx following the 

administration of Brucella melitensis Rev-1 ocularly ( ); subcutaneously ( ), and in the 

control group ( ) 

Diagrams A, B and C show the evolution of the percentage of SHO positive to the tests. Diagrams 

E and F show the evolution of the mean score attributed to the rose Bengal test (RBT) and to the 

lateral flow assay (LFA) Antigen rapid B. Brucella test, respectively. Diagram G shows the evolution 

of the mean difference in skinfold thickness (in mm) during the brucellin skin test (BST). Diagrams 

A and D represent the results obtained with the RBT; diagrams B and E with the LFA, diagrams C 

and F with the BST. 

The time is shown in weeks after vaccination. The error bars represent the 95% confidence intervals. 

 

Appendix 1: score chart for the rose Bengal test (RBT) and the lateral flow assay (LFA) 

Anigen rapid B. Brucella test  

 

Appendix 2: individual temporal evolutions of test outcomes in each experimental group 

Each row (A, B and C) presents the evolution of score according to time for each test: rose Bengal 

test (RBT), lateral flow assay (LFA) and brucellin skin test (BST). Graphs on the left present the 

results in the control group, in the middle are the results obtained after conjunctival administration 

of the B.melitensis Rev1. vaccine, and on the right the results after subcutaneous vaccination. The 

results from individuals that reacted oddly appear with different symbols. 

 

Appendix 3: p values for each pairwise comparison performed at each time point for the 

percentage of positivity and for the mean score (or mean skinfold thickness increase) obtained 

with rose Bengal test (RBT), lateral flow assay (LFA) and brucellin skin test (BST) 

 

Supplementary material 1: injection and testing schedule 

The commercial names are provided. The batch numbers and expiration dates of vaccines and tests 

are recorded at the time of performance. "Missing" is indicated whenever this information is not 

available. "PV" means "post-vaccination. 

 

Supplementary material 2: age and sex distribution in each experimental group. 
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Supplementary material 1 

Supplementary material  2 

  

BRUCELLA  VACCI NE Rose Bengal Test Lateral Flow Assay Brucellin Skin Test

week post vaccination Synbiotics Bengatest Anigen Bionote B. 

Brucella  rapid test

Synbiotics 

Brucellergen OCB

0 CZV Rev1, 153295 (exp 11/2016)

CZV Ocurev, 142477 (exp 9/2015)

15BGT80 

(exp 5/11/2018)

2301058 

(exp 17/2/2017)

162058 

(exp 3/2019)

2 15BGT80

 (exp 5/11/2018)

2301058 

(exp 17/2/2017)
not done

4 15BGT80

 (exp 5/11/2018)

2301058 

(exp 17/2/2017)

10001

 (exp 4/2013)

12 15BGT80 

(exp 5/11/2018)
missing

162058 

(exp 3/2019)

30
missing missing

162058 

(exp 3/2019)

74
missing not done missing

184 18ZBAB011

 (exp 3/7/2021)
not done

920115 

(exp 5/2022)

TEST

sampling size

mean standard deviation male female

none 148.6 51.18 5 5 10

conjunctival 176.0 94.72 4 6 10

subcutaneous 186.7 97.11 5 5 10

AGE (in days) SEX

vaccination route
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3.6.2. Foot-and-mouth disease risk management 

 

3.6.2.1. Likelihood reduction 

To reduce the likelihood to release or to expose to FMD, one could suggest creating buffer zones or 

separation areas between the reintroduced oryx and areas where FMD-prone livestock are present, and 

implementing controlled access to these zones. This zoning and separation strategy has been implemented in 

different countries, for instance in Botswana with the buffalo fence, at the cost of heavy impact on natural 

process such as wildlife migration interruption. 

Biosecurity measures can be implemented before the SHO are released. It is part of the project to 

maintain the SHO in a quarantine pen, after they are transported during the dry season and before they are 

released, at the beginning of the rainy season. Domestic livestock is kept at a distance. A contingency plan for 

managing an outbreak should be developed for the case where FMD is detected, including rapid response 

measures, isolation of affected individuals, and disease control strategies. 

Given the airborne transmission and the high contagiousness of the FMD over long distances, the 

effects of a buffer zone and quarantine to minimise the spread of the disease once potentially infected animals 

are in Chad could be discussed. The released SHO are expected to evolve naturally in the OROAFR, along 

with domestic species. This option of buffer zone seems therefore unpracticable, and not appropriate in the 

current context of the OROAFR. 

Consequently, preventing the arrival of FMD-infected SHO in Chad seems the most feasible measure. 

The level of FMD viral excretion and its duration for the different serotypes are unknown in this 

species, as well as the effects of the vaccine on these parameters. For instance, FMD vaccines decrease both 

the excretion and its duration in sheep, but the impact of a single dose administration on transmission might 

be limited (Orsel et al., 2007). By decreasing viral shedding, FMD vaccination could prove interesting, but 

further studies are needed to address this knowledge gap. 

It could be tempting to perform FMD-specific pre-transport serological testing , but the benefit of this 

approach can also be discussed: seropositive results might only reflect past exposure. In the absence of data 

regarding the possible carrier status of the SHO, it is impossible to take a decision based solely on 

seropositivity. 

On the other hand, acutely infected SHO might seroconvert few days post-infection, possibly after 

showing typical clinical signs. In this case, infected SHO might be falsely seronegative at the time of testing 

and seroconvert later.  
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A pre-transport clinical examination might prove a better option to detect the infection, in a timely 

and cost-effective manner. Associated with a pre-transport quarantine and strict biosecurity measures during 

transport, this approach could effectively reduce the risk of releasing FMD. 

Regarding this point, our Article 4 highlights that the source population has been affected by a 

diversity of FMD serotypes and lineages. Also, there has been an apparent absence of outbreaks outside major 

circulation events in the region. Both are clues in agreement with repeated new exposures rather than re-

emergence possibly due to chronic carriers. While we suggest that the SHO may not serve as a reservoir for 

FMD, this assertion requires verification. We suggest performing pre-movement retro-pharyngeal scraping 

and multi-strain FMD-specific PCR analysis to minimize the risk of transporting carrier SHO. 

To mitigate the risk of FMD infection in the Scimitar-Horned Oryx (SHO) prior to transport, the 

implementation of a quarantine coupled with stringent biosecurity measures may be effective. However, the 

group of animals quarantined within the source population (in pen D, as shown in Figure 1 in Article 4) was 

affected by the third outbreak, despite being physically separated from the rest of the collection and following 

strict biosecurity protocols. Therefore, the quarantine facility should be relocated to a site distant from any 

potential sources of airborne transmission. The Deleikha Holding Facility (refer to the “problem description” 

chapter) could be considered as an alternative location.  

3.6.2.2. Impact reduction 

Several options are presented below. 

Considering the context of the FMD control program in the UAE and the impending reintroduction to 

Chad, strain-specific FMD vaccination could prove beneficial by enhancing the acquired herd’s immunity. 

However, given the apparently limited susceptibility of the SHO to the virus without obvious clinical 

disease, the benefit of FMD vaccination in this species warrants discussion. 

Moreover, there is no approved vaccine for wildlife. Vaccine safety is apparently good in Arabian 

oryx, with short-lived imunity levels compatible with protection (Kilgallon et al., 2008), but information 

regarding FMD vaccine use in SHO is lacking. FMD vaccines typically provide immunity for a limited period. 

Given the logistics of vaccination in wild populations, maintaining a sufficient level of immunity over time 

would be challenging.  

Administering vaccines to wild animals can be logistically challenging. Capturing and handling oryx 

for vaccination can be stressful and may have negative health and behavioural consequences. It may not be 

feasible to vaccinate a significant portion of a wild population. For instance, in cattle, FMD vaccination 

campaigns are costly and labour-intensive, involving a two-injection primo-vaccination followed by bi-annual 

boosters. This complicates further the decision-making process.  
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Furthermore, FMD vaccine safety and efficacy in wild SHO populations would need to be thoroughly 

tested. The response to vaccines can vary among species, and the vaccine's effectiveness in oryx would need 

to be determined.  

Also, the use of vaccines in wildlife should consider ethical and ecological implications. It may alter 

disease dynamics in the ecosystem, affect other species, and raise ethical questions regarding the potential 

impacts on individual animals. 

3.6.3. Contagious caprine pleuropneumonia risk management 

 

3.6.3.1. Likelihood reduction 

Close contact with CCPP-infected individuals is the main contamination pathway. While SHO might 

share pastures with livestock and wildlife, it is unknown whether this might lead to close contact between 

susceptible species or not. However, it seems sensible to prevent the release of CCPP.  

To reduce the likelihood of transporting CCPP-affected SHO pre-movement preventive health 

screening, based on serological testing could be performed. A multi-species ELISA ( c-ELISA) exists, with 

the aim to detect past exposure and possible carrier state. However, the epidemiological role of the SHO is 

unknown. Furthermore, the sensitivity and specificity of the test are unknown in SHO, which requires a 

preliminary validation step. 

The SHO are quarantined in a pre-release pen for a few months before they are released. This 

quarantine is important by possibly allowing the expression of clinical signs, (respiratory in the case of CCPP), 

facilitating the clinical detection of SHO possibly affected by the disease. The isolation of the suspected cases, 

or their death, would decrease the risk of releasing the disease. While definite diagnostic might prove 

challenging in a timely manner at this location, a contingency plan should be put in place in case the disease 

is detected at this point. 

3.6.3.2. Impact reduction 

Several options are presented below. 

While CCPP vaccines are safe in goats, no specific vaccine for wildlife, including the SHO, currently exists. 

If proven effective and safe for SHO, vaccination could be a viable option to mitigate the impact of CCPP 

exposure on the SHO population. However, potential challenges, particularly the use of short-lived vaccines 

in released wildlife, should be carefully considered. In Article 5, we expressed concerns about the efficacy of 

commercial vaccines due to inadequate quality control, recommending pre-testing vaccine batches. 
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CCPP control program in local goats, based on mass vaccination, would reduce the impact on goats, 

as well as the transmission to SHO likelihood. 

Implementing a serological screening plan in local goats, ideally coupled with diagnostic methods 

utilising specific molecular detection and bacteriological investigation (such as isolation, culture, and 

genotyping), could significantly benefit local herds. This comprehensive approach would aim at minimizing 

the impact of a CCPP outbreak through early detection and treatment. Additionally, the identification of 

problematic goats within the local herds would further diminish the risk of transmitting the disease to the 

SHO. 

3.6.4. Bovine tuberculosis risk management  

should incorporate an analysis that assesses the specific bTB strains, its prevalence, and the potential 

impacts in both the source and destination regions. Appropriate mitigation measures should be developed and 

implemented based on this analysis, including strict biosecurity protocols, pre-release testing, and response 

plans for disease detection. According to (Delafosse et al., 2002) the constrained survival conditions for the 

pathogen, coupled with the extensive nature of livestock farming practices featuring low animal densities, 

likely contribute to the restricted dissemination of the infection 

3.6.5. Lumpy skin disease and Sheep and Goat pox risk management 

Both inactivated and live attenuated vaccine formulations exist based on different capripox virus 

strains. Live attenuated ones provide long-term, cross-protection against the three diseases in targeted species, 

with potential side effects. While they might be potentially useful to mitigate both risks of release and exposure 

during the reintroduction project, information regarding their safety and effectiveness is lacking in SHO as in 

most wildlife species susceptible to the infection. 

3.6.6. Rift Valley Fever risk management 

While further epidemiological investigation might be required, mitigation strategies could include 

pre-reintroduction vaccination. Attenuated live vaccines and killed vaccines have been developed for 

livestock, but they are not licensed for use in wildlife. Attenuated vaccines provide longer-term immunity, but 

they might induce abortion and possible RNA reassociation with wild strain. Their efficacy and safety should 

be assessed before implementation. Vector control by draining standing water has also proved helpful in 

outbreak management, as well as control of animal movement, but these options might not be possible to put 

in place. 
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3.6.7. Riks management of arthropod-borne infections 

Active surveillance within the recipient area is recommended for both the vectors and the various 

pathogens they transmit. 

The effective risk management of arthropod-borne infections should consider the proper timing for 

SHO release, aligned with the specific biological cycles of vectors. For instance, releasing the SHO during 

the season with the lowest tick burden could be a prudent strategy, aiming at gradually enhancing the 

population's natural immunity. 

As part of this approach, limiting contact between livestock and wildlife species might be 

contemplated, but its implementation and efficacy are questionable.  

In the future, effective tick infestation control and risk of pathogen transmission mitigation might 

involve anti-tick vaccine formulations (Contreras et al., 2019; Rodríguez et al., 2022), but there is currently a 

large gap in the knowledge regarding their effects on wildlife species. 

However, the complexity of tick biology, their host range, their predators, the impact of human 

activities on tick populations require a One Health approach to help with appropriate decision-making 

(Machtinger et al., 2024). 

 

 

3.7. Risk communication 

The risks should be communicated to the team responsible for managing the source population, with 

a particular emphasis on zoonotic diseases to protect the staff, and highly contagious infectious diseases, such 

as FMD, to contain the diseases and avoid internal and external transmission with biosecurity measures.  

The risks should also be communicated to senior management and project partners through written 

reports, as well as verbally during meetings and workshops. During these discussions, options for risk 

management should be presented, and active participation should be encouraged to foster understanding, 

gather feedback, and promote responsible decision-making. 

Peer-reviewed publications serve as a valuable form of communication, providing long-term access 

to information, enhancing credibility and trustworthiness, and facilitating dissemination to a wider audience. 

This form of communication supports evidence-based decision-making. 

For notifiable diseases, it is a legal requirement to report diagnosed cases to official entities.
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Chapter 4 - General 

discussion, perspectives, 

limitations and conclusion 
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4.1. General discussion 

Most parts of the Arabian Peninsula are under arid climates with low fodder production, largely 

unsuitable for cattle and small ruminant production. Historically, there has been an important livestock trade 

through the Red Sea to provide meat and animal products to the Middle East, largely from the horn of Africa. 

Infectious disease screening has not been part of this trade until recently, partially explaining why the statuses 

of the UAE and Chad regarding livestock infectious diseases are somewhat comparable, but there is also an 

important livestock trade from Asia (Iran/Pakistan/India) explaining the emergence of Asian lineages. 

In this study, we have confirmed the presence of at least three infectious diseases with potential impact 

during the reintroduction of the SHO to Chad. 

Brucella melitensis biovar 2 was cultured and isolated in the source population, where it causes 

neonatal death and orchitis in SHO, as well as arthritis in gazelles’ species. Two isolates provided the same 

genotyping profile through Multi Locus Variable Number of Tandem Repeat Analysis (MLVA-VNTR) using 

15 markers. Their profiles were compared to the global database, the phylogenetic analysis indicated they 

belonged to the African cluster, and they formed a smaller cluster with strains located in UAE, Oman, and 

Qatar.  

The initial steps of disease control were put in place as soon as January 2013, with serological testing 

and isolation of the negative animals. The disease had a 67% overall seroprevalence and was present in all 

tested enclosures. Repeat testing has been performed twice a year since then. Because the prevalence was so 

elevated, the option to control the outbreak through vaccination has been implemented. Facing a lack of 

knowledge regarding live Brucella vaccine safety and effectiveness, we conducted a vaccine trial based on B. 

melitensis Rev.1 vaccine. Our results indicate an apparent vaccine safety and that both the cellular and the 

humoral immune responses are somewhat comparable to the response in small ruminants, with a long-term 

allergic reaction associated with a short serological immunity. Vaccine effectiveness should be evaluated.  

We have also discovered that SHO is susceptible to FMD. This was expected, but we have observed 

three different outbreaks in the population raising concerns regarding the status as a maintenance host. 

Based on viral culture and isolation techniques, and genotyping techniques using the capsidal viral 

protein (VP1) sequence, our results demonstrate that the three FMD outbreaks were caused by different 

viruses: from two different serotypes (A and O) and the two O serotypes outbreaks were caused by different 

genotypes, belonging to the main lineages circulating in the region at this time, namely O/ME-SA/PanAsia-

2ANT-10, and O/ME-SA/Ind-2001d. The A serotype belonged to the A/ASIA/Iran-05FAR-11 lineage.  This 

indicates three different episodes, rather than a re-emerging occurrence. Also, no seropositivity was observed 

in the SHO before the first outbreak, and the seroconversion happened during this outbreak. While systematic 
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research is required to confirm this, these observations tend to indicate that SHO does not constitute a 

maintenance host for FMD. 

Nevertheless, the SHO can indeed be acutely infected by FMD, and with over 70% of the population 

affected within weeks, the disease spreads like a bushfire in this species. The SHO is likely to spread the 

disease during this acute phase, therefore it is important to contain the viral excretion as well as limit the risk 

of transporting FMD acutely infected SHO. Pre-transport vaccination might be an option, but a cost-benefit 

ratio of vaccination program in this species should be evaluated to fill this knowledge gap. Clinical 

examination before transport and retropharyngeal scraping (probang) associated with FMD-specific PCR 

might be easily implemented to reduce the risk. 

Because being a reservoir depends on the interactions between hosts and pathogens in a certain 

context, being a reservoir in the UAE context does not necessarily translate into being a reservoir in a natural 

set-up, where intraspecific interactions are different, but also interactions with other wildlife, livestock, and 

humans, and where predators and reduced fitness possibly linked to disease might exert natural selection 

pressure.  

However, based on the brucellosis transmission pathways, notably with horizontal and vertical 

transmission, and long environment persistence, we posit that the SHO exhibits characteristics indicative of 

potential brucellosis reservoir status. However, comprehensive investigations are warranted to assess the 

suitability of the entire captive population and the specific predisposition of this species towards serving as a 

reservoir. 

We have also observed a single case of CCPP in the Arabian oryx, as well as in the SHO source 

population, calling for further investigation. For instance, we suggest carrying CCPP surveillance in these 

species, based on multi-species serological tests, such as the c-ELISA we used in our study, with the inclusion 

of a preliminary test validation in this species. Based on observations we made, CCPP constitutes a lethal risk 

for gazelle species, with 70% mortality in high-density captive sand gazelle. Furthermore, the disease spread 

over the 80m wide corridors between the enclosures, a distance much longer than previously expected, when 

the disease was thought to be transmitted only through close contact. Furthermore, the commercial vaccines 

available at the time did not provide the anticipated protection calling for better quality control in the 

manufacturing process, and the testing of vaccine batches before their implementation in national disease 

control plans. 

This outbreak gave another example of pathogen’s movement between the African continent and the 

Middle-East: upon culture and isolation of Mycoplasma capricolum capripneumoniae, we obtained a 

genotype based on a multilocus sequence scheme, which compared with available profiles proved closely 

related to eastern African strains.  
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Tuberculosis due to Mycobaterium bovis is another important concern in the source population that 

will require further investigation in many aspects: pathogen characterization, screening tests evaluation, and 

control strategy assessment. 

4.2. Limitations of the study 

 

4.2.1. Limitations related to epidemiological information 

Limitations are: 

- Limited information regarding the basic epidemiological knowledge on infectious animal diseases in Chad. 

The Chadian national veterinary laboratory located in Farcha near N’Djamena has co-authored numerous 

publications with international collaborators, such as CIRAD, etc…, but recent or regularly updated 

information on diseases’ prevalence and incidence, circulating pathogens strains and genotypes is needed. 

-Lack of knowledge regarding the epidemiological roles of the SHO for most infectious diseases, 

encompassing susceptibility or carrier function. 

-Lack of information regarding test parameters (sensitivity and specificity) for disease screening in SHO. 

-Lack of knowledge regarding animal vaccines’ safety and effectiveness in SHO. 

4.2.2. Limitations related to physical constraints 

Limitations are: 

-Staffing: The screening, diagnostics, and vaccination campaign faced significant challenges due to the limited 

staffing, with only one or two veterinary surgeons available in the source population at the time. This proved 

overwhelming given the substantial population of over 18,000 animals. 

- Climatic window: The arid climate of the UAE, where temperatures can reach up to 50°C, permits diurnal 

work only during the cooler months between October - November and March - April. This seasonal limitation 

hinders the ability to maximize the time dedicated to animal care. 

- CITES: While CITES was established with good intentions, its application and execution may appear to 

burden well-intentioned individuals with unwarranted paperwork and administrative tasks. In the event of an 

outbreak affecting CITES-listed species that necessitates the international shipment of diagnostic samples, the 

current regulations mandate the acquisition of a CITES export permit, along with a corresponding CITES 

import permit in the country where the laboratory is situated. In the best-case scenario, this process is time-

consuming and may lead to delays as the outbreak progresses, potentially resulting in the loss of animals. In 

the worst-case scenario, the local CITES authority collaborates with the international disease notification 

authority, and the latter may be hesitant to allow the dissemination of infectious disease data without explicit 

consent, which may not be readily obtained. 

- Possible passive reluctance to the active unwillingness to notify infectious diseases from governments 
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- Laboratory capacity in UAE: At the time of the study, laboratory capacity in the UAE was constrained. The 

most advanced veterinary laboratories could conduct certain PCRs or serological tests using commercial kits, 

but often with inadequate quality controls or utilizing obscure materials and methods. The available PCRs 

were primarily diagnostic and not consistently designed for pathogen genotyping. Pathogen culture and 

isolation were generally confined to standard bacterial culture, with viral culture being nearly non-existent. 

This, associated with the two previous points, proved a challenge. 

4.3. Perspectives 

This project provides a unique opportunity to advance veterinary knowledge in both the source and 

recipient countries. Through integration within a One Health framework, surveillance of pathogens and their 

potential vectors can guide prioritization of actions and development of evidence-based control strategies, 

benefiting local human, livestock, and wildlife populations. This collaboration also fosters numerous 

opportunities for research and international cooperation. 

Given the presumed naivety of the current reintroduced population of SHO to certain arthropod-borne 

infections, it is crucial to assess their susceptibility and epidemiological role. Despite their extinction, the SHO 

likely had interactions with these diseases in the past, highlighting the need for vigilance regarding potential 

exposure and the subsequent impact on the population. 

In the recipient area, recognizing the logistical challenges of capturing wild, endangered species, the 

disease surveillance efforts should prioritize species with easier handling and lower stress susceptibility, such 

as domestic livestock. However, acknowledging the broader ecological context, wildlife should also be 

included in Chad's disease monitoring program whenever possible. Sampling opportunities, such as during 

conservation-related captures, should be maximized. Implementing distant wildlife health monitoring should 

be considered as viable options for infectious disease surveillance. Regular health monitoring, coupled with 

external indicators, will be essential for ensuring the ongoing health and well-being of both wildlife and 

domestic animals in the recipient area. 
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4.4. Conclusion 

The central inquiries surrounding the risk of release in this project are as follows: Considering that 

these pathogens already exist in Chad, why should extensive efforts be made to prevent the transport of 

potential carriers? Can a conservation initiative ethically release pathogens already present in the recipient 

country and potentially in the ecosystem where the SHO will be reintroduced? 

A deliberation is necessary to determine the prioritization between two distinct approaches: the first 

one involves the creation of a disease-free population of SHO, which potentially demands substantial 

investment in time, effort, and resources. While this approach aims to mitigate infectious risks upon release, 

it raises concerns about exposing the population to pathogens once reintroduced into the natural environment. 

The second approach consists in addressing biodiversity loss and safeguarding natural ecosystems. This 

approach prioritizes seizing the opportune moment for reintroduction, aligning decision-makers, staff, budget, 

and animal availability. However, it may risk compromising disease control measures due to time constraints 

and resource limitations. 

This discussion, which includes various stakeholders and experts as highlighted in the introduction, 

will lead to informed and responsible decision-making. Ultimately, the authority to decide on the 

implementation of mitigation measures and reintroduction rests with the stakeholders. Informed by 

comprehensive risk assessments and transparent communication, stakeholders play a pivotal role in shaping 

the trajectory of this conservation endeavour. 

 

Figure 7: Reintroduced scimitar-horned oyrx in the Ouadi Rimé - Ouadi Achim Faunal 

Reserve 
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Appendixes 

APPENDIX 1 

Orbivirus screening from imported captive oryx in the United Arab 

Emirates stresses the importance of pre-import and transit measures 
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Annexes 

Annex 1: Comparison of indicators between the UAE and Chad 

  

Parameter United Arab Emirates (Source) Chad (Source)

country size 83,600 km2 1,284,000 km2

Climate Arid; desert climate, hot and dry Arid to semi-arid; desert in north

Temperature Hot throughout the year; extreme heat in summer Varies by region; hot in north, cooler in south

Yearly average rainfall 100 mm  (Weatherbase) 700 mm  (Weatherbase)

Yearly average temperature 26°C  (Weatherbase) 26°C (Weatherbase)

Human population 9.89 million 17.41 million

Human density High population density, especially in urban centers Varied; lower population density in rural areas

GDP  $507.54 billion (2022) (World Bank) $17.4 billion (2022) (World Bank)

GDP per capita $51,310 per capita (2022) (World Bank) $683.89 per capita (2022) (World Bank)

Human Development Index (HDI) 0.891 (very high) (UNDP) 0.404 (low) (UNDP)

Income inequality Lower levels of income inequality (World Bank) High levels of income inequality (World Bank)

Poverty rate Negligible poverty rate due to high standard of living 42.3% (2011) (World Bank)

Unemployment rate 2.6% (2019) (World Bank) 22.4% (2019) (World Bank)

Employment sectors

Diverse economy with sectors including oil, finance, tourism, and 

construction Predominantly agriculture, with some mining and oil extraction

Healthcare system Advanced healthcare infrastructure with modern facilities Limited access to healthcare facilities, particularly in rural areas

Births attended by skilled health staff (in 

2015) 99.9% of total (The World Bank, 2024) 24.3% of total (The World Bank, 2024)

Education system Advanced education system with high-quality schools and universities Limited access to education, particularly in rural areas

Literacy rate 93.8% (2015) (World Bank) 22.3% (2018) (World Bank)

Natural resources Oil, natural gas, minerals, fish in coastal areas Limited water resources; oil, uranium, gold, minerals

Percentage of Agriculture in GDP 0.8% (2022 worldbank) 22.6% (2022 worldbank)

Agricultural resources

Limited agricultural resources due to arid climate, with emphasis on 

date palms, vegetables, and fruits grown using advanced irrigation 

techniques

Mainly subsistence agriculture, crops include millet, sorghum, maize, 

and peanuts

Surface dedicated for agriculture

Crop: limited due to arid climate, with small percentage of land area 

dedicated to agriculture 

Pasture: minimal, with emphasis on desert agriculture and advanced 

irrigation techniques 

Intensive farming: Limited due to scarcity of arable land and water 

resources

Crop: 10% of total land area 

 Pasture: 25% of total land area 

Intensive farming: Negligible

Employment in agriculture (modeled ILO 

estimate) 1.4% of total employment (The World Bank, 2024) 69% of total employment (The World Bank, 2024)

Domesticated animal density High, especially in agricultural areas Moderate to high; nomadic herding prevalent

Number of cattle (in 2018) 103,361 (FAO, 2024) 29,069,601 (FAO, 2024)

Number of goats (in 2018) 2,395,166 (FAO, 2024) 36,534,693 (FAO, 2024)

Number of sheep (in 2018) 2,147,665 (FAO, 2024) 33,230,856 (FAO, 2024)

Number of exported cattle (in 2018) 1,327 (FAO, 2024)

72,000 (FAO, 2024); 700,000 (African Development Bank Group, 

2021)

Number of exported goats (in 2018) 22,842 (FAO, 2024) 110,000 (FAO, 2024)

Number of exported sheep (in 2018) 4,688 (FAO, 2024) 23,796 in 2021 (FAO, 2024)

Number of imported cattle (in 2018) 7,139 (FAO, 2024) 4,305 (FAO, 2024)

Number of imported goats (in 2018) 1,000,000 (FAO, 2024) 1,471 (FAO, 2024)

Number of imported sheep (in 2018) 201,926 (FAO, 2024) 353 (FAO, 2024)

Import of livestock

Cattle: imported primarily for domestic consumption, sourced from 

countries like Australia, India, and Brazil

Sheep: imported primarily for domestic consumption, sourced from 

countries like Australia, New Zealand, and Somalia

Goats: minimal import for domestic consumption

Cattle, sheep and goat: minimal import  for local consumption and 

nomadic herding

Native wild ruminant species Sand gazelle, mountain gazelle, Arabian tahr, Arabian oryx

In the OROAFR: dorcas gazelle, addax, scimitar-horned oryx 

(reintrodcued), dama gazelle

Wild animal density Lower due to arid environment and urbanization Moderate to high in some regions

Zoonotic diseases

Presence of zoonotic diseases such as Middle East respiratory 

syndrome (MERS), Q fever, Crimean-Congo hemorrhagic fever 

(CCHF), Leptospirosis

Presence of zoonotic diseases such as anthrax, brucellosis, Rift Valley 

fever, Crimean-Congo hemorrhagic fever 

Vector Species

Presence of ticks (Hyalomma dromedarii, Rhipicephalus annulatus), 

mosquitoes (Culex  spp., Aedes spp.)…

presence of ticks (Rhipicephalus spp., Hyalomma spp .), flies 

(Stomoxys calcitrans)…

Animal Vaccination against

Bovine viral diarrhoea (2006-), Brucella melitensis, contagious caprine 

pleuropneumonia, foot-and-mouth disease, haemorrhagic septicaemia, 

lumpy skin disease, paratuberculosis, Peste des petits Ruminants, Sheep 

pox and goat pox (WAHIS, 2024)

Anthrax, haemorrhagic septicaemia, contagious bovine 

pleuropneumonia, Peste des Petits Ruminants (WAHIS, 2024)
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Annex 2: Number of results in two scientific literature search engines? The queries entered comprehended 

the keywords indicated in the first column, and either “Chad”, “UAE”, or “Belgium”. (performed March 15, 

2024) 
 

Keywords Chad UAE Belgium Chad UAE Belgium

zoonotic disease 50 58 960 8,860 9,790 55,700

brucellosis 12 7 164 2,820 2,510 14,500

foot-and-mouth disease 5 6 104 2,350 2,240 13,600

contagious caprine pleuropneumonia 2 0 4 789 321 1,390

bovine tuberculosis 14 2 58 4,870 3,570 26,700

Crimean-Congo hemorrhagic fever 3 11 10 738 1,240 2,220

vector borne diseases 156 63 2,814 10,700 7,600 36,600

lumpy skin disease 1 2 33 665 434 2,800

toxoplasmosis 1 13 145 2,130 2,250 16,200

Q fever 6 4 46 11,600 14,400 61,900

tuberculosis 59 81 2,185 24,300 18,300 152,000

Mers CoV 0 44 40 15,800 17,600 26,700

bluetongue 0 2 129 600 518 4,830

total 309 293 6,692 86,222 80,773 415,140

average 24 23 515 6,632 6,213 31,934

PubMed Google Scholar
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