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ABSTRACT 

ADVANCING DISEASE SURVEILLANCE AND BIOSECURITY IN NORTH AMERICAN 

BISON (BISON BISON): MULTIDISCIPLINARY APPROACHES TO BISON HEALTH 

MONITORING 

North American bison (Bison bison) play a critical ecological, cultural, and 

economic role, yet their long-term conservation and management face challenges from 

disease threats, anthropologic changes, and translocation-associated risks. This 

dissertation integrates a One Health approach to assess key aspects of bison health, 

disease surveillance, and biosecurity policy through a multidisciplinary framework. 

Specifically, this research (1) establishes a stakeholder-driven definition of bison health, 

(2) evaluates the epidemiology of Bluetongue Virus (BTV) and Epizootic Hemorrhagic 

Disease Virus (EHDV) in bison, and (3) assesses the diagnostic performance of 

serological assays for Mycoplasma bovis, a pathogen of increasing concern. 

To define bison health from a multisectoral perspective, a two-round Delphi 

survey was conducted with experts from public, tribal, nonprofit, and private sectors. 

Experts defined bison health as the ability of populations to express natural behaviors, 

demonstrate resilience to external stressors, and sustain high reproductive output with 

minimal intervention. Mycoplasma bovis was identified as a high-priority pathogen, with 

participants highlighting the urgent need for improved diagnostics, biosecurity 

measures, and cross-sectoral disease management strategies. 

In response to the research and biosecurity gaps in bison health identified in the 

Delphi manuscript, as well as the expanding geographical range of Orbiviruses in the 



 

iv 

 

United States, we conducted the first cross-sectional serosurvey of BTV and EHDV in 

North American bison. This study analyzed samples from 287 animals across nine 

herds in seven U.S. states. Competitive ELISA assays revealed a seroprevalence of 

56.5% for BTV and 57.5% for EHDV, with logistic regression identifying age as a 

significant predictor of seropositivity (p < 0.01). PCR-based detection of circulating BTV 

serotypes (6, 11, 13, 17) was noted, indicating exposure to endemic serotypes. 

Additionally, a significant decline in viremia with increasing age suggesting age-related 

immune dynamics. These findings provide foundational data for incorporating bison into 

vector-borne disease surveillance and highlight the need for further investigation into 

their role as incidental hosts. 

Given the increasing impact of M. bovis on bison health along with the economic 

impacts highlighted in the Delphi manuscript, this dissertation also evaluates the 

diagnostic performance of a newly designed P48 ELISA compared to a commercially 

available ELISA for M. bovis detection in bison. This chapter assesses sensitivity, 

specificity, and cross-reactivity, identifying key limitations of current assays and 

providing recommendations for improving serological surveillance in bison populations. 

Findings from this study emphasize the need for species-specific diagnostic validation 

to enhance disease monitoring and outbreak prevention. 

By integrating Delphi consensus-building, epidemiological surveillance, and 

diagnostic evaluation, this dissertation provides critical insights into bison disease 

ecology, biosecurity needs, and translocation risks. The findings support evidence-

based policies for disease mitigation and contribute to the sustainable management of 

bison populations under a One Health framework. 
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CHAPTER 1 – INTRODUCTION AND LITERATURE REVIEW 

 

Bison Health in a One Health Context 

North American bison (Bison bison) embody the principles of One Health and 

Traditional Ecological Knowledge, serving as a powerful example of the 

interconnectedness of environmental, animal, and human health. As a keystone species 

in grassland ecosystems, bison shape their environment through grazing behaviors that 

enhance plant diversity, improve soil health, and support biodiversity across multiple 

taxa, including birds and small mammals (1,2). Additionally, their reintroduction has 

been linked to increased native plant richness and greater ecosystem resilience to 

climate extremes such as drought (1). This ecological influence directly impacts the 

health of the environment, which in turn influences the health of the animals and the 

human populations that depend on them. 

Beyond their role as ecosystem engineers, bison are deeply valued by diverse 

stakeholders, including conservationists, producers, and Indigenous communities. 

Approximately 80% of U.S. bison now reside on private farms and ranches, reflecting 

the expansion of bison production as an industry (3). Bison meat is recognized for its 

nutritional benefits, containing only 2.8 grams of fat per 100-gram serving compared to 

6.4 grams in beef (4). For Indigenous communities, bison restoration is not just an 

ecological or economic matter but also a fundamental aspect of food sovereignty, 

sustainable land management, and the reinforcement of cultural ties to the land (5). A 

One Health approach considers the collective need for healthy food and water, linking 

bison to broader aspects of human well-being and sustainable development (6). 
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Challenges to Bison Health and Sustainability 

Despite their ecological, economic, and cultural significance, the long-term 

sustainability of bison populations remains under threat due to historical large-scale 

slaughter and ongoing challenges such as introduction of disease and habitat loss. The 

historical slaughter of bison was not just an ecological disaster but also a calculated 

effort to undermine Native American nations, as the U.S. government and military 

recognized that the destruction of bison, who are central to Indigenous survival, 

economy, and culture, would force Plains nations into dependence on reservations 

(7,8). By the late 19th century, due to these factors, plains bison populations were 

decimated, reduced from tens of millions to fewer than 1,200 individuals (7,9,10). Due to 

the small initial herd sizes, nearly all present-day bison in North America descend from 

fewer than 100 individuals (11,12). This historic bottleneck, along with restricted herd 

sizes and geographic ranges, has resulted in limited genetic diversity within many herds 

(13,14). 

Given these perspectives, maintaining bison health is of utmost importance. 

Conservation efforts are complicated by genetic constraints, disease risks, and 

environmental pressures. To enhance genetic diversity and improve production, 

contemporary bison conservation and production often rely on translocating animals 

across various public, tribal, NGO, and private operations. However, translocations have 

presented challenges due to these disease risks and exposure to novel environments. 

The movement of bison across large geographic and environmental gradients can result 

in increased morbidity and mortality, reduced reproductive output, and the introduction 

of diseases to new locations, affecting all stakeholders (15–17). Similar examples can 
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be seen with zebra’s translocating African horse sickness to Spain, warble and nostril 

flies transmitted between reindeer and caribou in Greenland, and Brucellosis 

translocated from hare to domestic animals transported from Hungary to Italy (17). 

Environmental conditions also drastically influence disease transmission 

dynamics, particularly for parasitic and vector-borne diseases (18,19). Translocations 

over long distances expose bison to novel environments that can alter infection 

dynamics in unexpected ways. Certain helminths with free-living stages, for example, 

have broad geographic ranges but cause production losses only under specific 

environmental conditions (20–22). Additionally, rising temperatures, shifting precipitation 

patterns, and increased weather variability can expand the range of arthropod vectors 

such as Culicoides midges, which transmit Bluetongue Virus (BTV) and Epizootic 

Hemorrhagic Disease Virus (EHDV)(23–25). As environmental conditions continue to 

evolve for bison, whether through translocations or climate change itself, understanding 

the intersection of climate, vector ecology, and bison health will be crucial for disease 

management and conservation strategies. 

The Need for a Holistic Approach: Harnessing the Delphi Method for Bison Health 

Management 

The challenges bison face highlight the importance of a holistic health 

management approach that accounts for the complex interplay of factors influencing 

their well-being. This approach should focus on defining metrics of health in the context 

of bison, surveillance and biosecurity needs, along with developing tools to help 

managers mitigate the effects of translocation and climate change on bison health. For 

a holistic approach to be applied, the scope must move beyond a narrow focus of health 
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as simply "the absence of disease" and embrace a broader view that incorporates 

biological, social, and environmental determinants (26). While disease can lead to large-

scale wildlife die-offs, most population declines stem from habitat degradation, 

fragmentation, and reduced resilience (27,28). Furthermore, external factors influencing 

health are not evenly distributed across populations, leading to variations in individual 

outcomes (29,30). How population health is assessed, interpreted, and valued depends 

on both the context in which a population exists and the perspectives of those 

conducting the evaluation (26,31,32). Therefore, establishing a shared definition of 

health provides a crucial reference point for stakeholders, aligning them toward unified 

goals and serving as a critical first step in disease risk evaluation (33). 

The Delphi method has proven to be a valuable tool in wildlife health for unifying 

diverse expert opinions into clear, actionable consensus. Delphi studies have 

consistently reinforced that wildlife health is multifaceted, encompassing ecological, 

biological, and social dimensions, with a strong emphasis on resilience and 

sustainability (28,34,35). These studies have yielded tangible outcomes, such as 

prioritizing disease risks (e.g., identifying critical pathogens or stressors), establishing 

standardized monitoring metrics, and highlighting knowledge gaps, all of which inform 

conservation policy and research agendas (28,34). 

In the context of bison health management, the Delphi method offers a structured 

approach to gather and synthesize expert insights, facilitating a systematic convergence 

of opinion through iterative rounds of surveys. This process minimizes bias, fosters 

thoughtful deliberation, and enables consensus-building among diverse stakeholders. 

By engaging a broad panel, Delphi surveys can help identify knowledge gaps, prioritize 
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research needs, and develop consensus-driven strategies for disease surveillance and 

biosecurity. Moreover, this participatory process builds a sense of shared ownership 

over wildlife health goals, which is crucial for implementing disease management and 

conservation interventions that require cross-sectoral collaboration. 

To effectively translate One Health from theory into practice, communication, 

coordination, collaboration, and capacity building (the “4 Cs”) are of utmost importance 

(6). The Delphi method aligns with these principles by serving as a platform for 

structured dialogue and knowledge exchange among diverse stakeholders. By fostering 

consensus across institutional and cultural boundaries, it facilitates collaborative 

decision-making and ensures that conservation and health management strategies for 

bison are based on broad stakeholder agreement. This alignment can also help reduce 

conflicts related to controversial interventions, such as culling or translocation, since all 

parties contribute to defining problems and solutions. 

Ultimately, using the Delphi method in wildlife health management not only 

produces well-defined priorities and strategies but also cultivates a collaborative 

network of experts and stakeholders who share a common vision for wildlife health. This 

synergy is invaluable for addressing emerging disease challenges and conservation 

dilemmas, ensuring that responses are proactive, science-driven, and widely supported 

across agencies, jurisdictions, and disciplines. 

Disease Threats and Surveillance Gaps: Orbiviruses 

Vector-borne diseases represent a significant challenge for wildlife health 

management, particularly in species that occupy the interface between domestic 
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livestock and free-ranging ecosystems. Bluetongue Virus (BTV) and Epizootic 

Hemorrhagic Disease Virus (EHDV) are two closely related Orbiviruses that have 

historically been associated with severe morbidity and mortality in domestic and wild 

ruminants. While extensively studied in cattle, sheep, and white-tailed deer, the role of 

bison in the epidemiology of these viruses remains poorly understood. As climate 

change alters vector distributions and serotype diversity continues to expand in North 

America, the potential impact of BTV and EHDV on bison health and conservation 

warrants further investigation. This section reviews the existing literature on BTV and 

EHDV, including their transmission ecology, host susceptibility, and global emergence, 

while highlighting knowledge gaps that need to be addressed to inform bison health 

management and surveillance strategies. 

Introduction to Bluetongue Virus and Epizootic Hemorrhagic Disease Virus 

Bluetongue (BT) and Epizootic Hemorrhagic Disease (EHD) are two arthropod-

borne viral diseases that cause significant health impacts in domestic and wild 

ruminants, ranging from reproductive losses to vascular injury, hemorrhage and death. 

The causative agents, bluetongue virus and epizootic hemorrhagic disease virus, 

respectively, belong to the Orbivirus genus (family Reoviridae) and are transmitted by 

biting midges of the genus Culicoides. 

Bluetongue was first described in Merino sheep in South Africa, where it was 

initially referred to as "Malarial Catarrhal Fever" due to its association with lameness 

and mouth lesions (36). In North America, periodic outbreaks of epizootic hemorrhagic 

disease in white-tailed deer (Odocoileus virginianus) were reported by hunters as early 
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as the late 1800s, when the condition was commonly referred to as "black tongue" 

(37,38). The first confirmed EHD outbreak, however, was documented in New Jersey in 

1955, where EHDV-1 was identified as the causative agent (39). While the role of 

insects in Orbivirus transmission was suspected for decades, it was not until 1944 that 

Culicoides biting midges were experimentally confirmed as vectors of BTV (40). To date, 

both viruses remain economically significant, causing devastating outbreaks in domestic 

livestock and wildlife globally, including major epizootics in the Netherlands. The net 

costs of the 2006 Bluetongue epidemic were estimated at €32.4 million, while the 2007 

epidemic resulted in losses ranging from €117 to €128 million, showing the substantial 

economic burden associated with these outbreaks (41). 

There are 29 described BTV serotypes, 27–29 of which are putative and capable 

of segment reassortment, and seven EHDV serotypes (42–44). The BTV and EHDV 

genome consists of 10 linear segments of double-stranded RNA and is enclosed in a bi-

layered, icosahedral capsid (45). The 10 segments code seven structural (VP1-VP7) 

and four nonstructural proteins (NS1-NS4), which are responsible for viral replication, 

host immune evasion, and transmission dynamics (45,46). 

BTV and EHDV preferentially replicate in endothelial cells, 

monocytes/macrophages, and lymphocytes, leading to vascular injury (47,48). After the 

initial replication phase, the viruses are highly assoicated with red blood cells, which 

aids in persistence and transmission (47–49). Due to these mechanisms, the clinical 

evidence of Orbivirus infections reflect systemic vasculitis and include coronitis and 

laminitis, mucosal erosions, pulmonary and subcutaneous edema, pericardial effusion, 
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hemorrhage and coagulopathy, among others (47,50–53). The severity of illness is 

influenced by factors such as host species, age, immune status, vector competence, 

and circulating serotypes (38). 

Host and Vector Dynamics 

The transmission of vector-borne diseases such as BTV and EHDV is shaped by 

complex interactions between vertebrate hosts, vector species, and environmental 

conditions. Orbiviruses are no exception with host susceptibility and vector competence 

contributing to the virus’s ability to establish and persist in different ecological 

landscapes.  

Although there are regional variations in the prevalence of Orbiviruses in the US, 

overall, BTV and EHDV transmission in the United States is highly seasonal, correlating 

with the abundance of competent Culicoides vectors, which fluctuate with temperature 

and precipitation patterns (25). Warmer temperatures accelerate virus replication within 

vectors, shortening the extrinsic incubation period and increasing transmission 

efficiency (54). Additionally, habitat features, including water sources and vegetation 

cover, influence midge breeding sites and host-vector interactions. In temperate 

regions, vector populations typically peak in late summer and early autumn, aligning 

with increased BTV transmission (25). 

Because Culicoides midges rely on temporary aquatic habitats such as manure 

pools, small puddles, and organic-rich water sources, and their eggs are susceptible to 

desiccation, they face significant ecological dispersal challenges. However, wind-borne 

dispersal of Culicoides has been documented, with midges traveling distances of 130–
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200 km from their original emergence sites (54). This long-distance dispersal can 

facilitate the spread of BTV and EHDV into new regions, particularly when combined 

with anthropogenic factors such as livestock movement. 

Human activities significantly impact Orbivirus transmission by modifying vector 

habitats and host distribution. For example, intensive livestock farming creates ideal 

breeding conditions for Culicoides midges, increasing host-vector contact rates. 

Additionally, the global movement of livestock can introduce novel virus strains into new 

areas, facilitating reassortment events and increasing disease emergence risks (25). 

Transmission of Orbiviruses: Vectors 

There are over 1,400 known species of Culicodies, but only approximately 30 

have been demonstrated to be vectors for BTV (55). In North America, the primary 

Orbivirus vector is Culicodies sonorensis, however, as climate changes occur, other 

ranges of competent vectors such C. insignis are expected to expand, altering 

transmission dynamics (38,55). In the genus Culicodies, females require a blood meal 

for ovarian maturation and egg production (54). Once a Culicoides midge ingests a 

blood meal from an Orbivirus-infected host, the virus undergoes an extrinsic incubation 

period within the insect, typically lasting between 7 and 14 days, depending on 

environmental factors such as temperature (56). During this time, the virus must 

overcome multiple physiological barriers within the midge, including the mesenteron 

infection barrier, which limits initial viral replication in the midgut, and the mesenteron 

escape barrier, which prevents viral dissemination beyond the gut (56,57). If the virus 

successfully bypasses these defenses, it disseminates throughout the midge’s body and 

reaches the salivary glands, often within five days post-infection, where no known 
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barrier exists to prevent further replication and transmission (57). Once established in 

the salivary glands, the virus can be efficiently transmitted to a new susceptible 

ruminant host during subsequent blood meals, completing the transmission cycle (57). 

Importantly, once a female midge becomes infected, it remains infected for the rest of its 

life, continuously transmitting the virus as long as it continues to take blood meals. 

Under optimal laboratory conditions (25°C and 70% relative humidity), Culicoides 

sonorensis females can complete three to four gonotrophic cycles within their three- to 

six-week lifespan (58). However, environmental factors such as rising temperatures can 

accelerate egg development, increasing blood-feeding frequency while potentially 

shortening lifespan (58). Consequently, the total number of blood meals a female midge 

takes in her lifetime can vary significantly based on environmental conditions and 

impact Orbivirus transmission dynamics. Although there has been documentation of 

horizontal transmission routes for BTV, these are likely negligible in the overall 

epidemiology of BT as compared to vector-mediated spread (56,59). 

Transmission of Orbiviruses: Hosts 

Bluetongue tends to occur in ruminants with a seeming predilection for certain 

sheep breeds (60). Among domestic animals, cattle and goats often experience 

subclinical infections with prolonged periods of viremia, making them efficient reservoirs 

often without overt clinical disease (61,62). In contrast, sheep typically develop more 

severe clinical signs, thus serving as both indicator and reservoir hosts in many 

outbreaks (38). In addition to domestic ruminants, several wild ruminants have been 

known to be infected with BT including bison, elk, deer, antelope, among others with 

clinical signs ranging from subclinical infection to death (63–67). 
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For epizootic hemorrhagic disease virus, the virus predominantly affects wild 

ruminants, with white-tailed deer in North America being the primary reservoir. These 

deer are highly susceptible to infection and have been historically linked to severe 

epizootics, such as the outbreak described in New Jersey (39). While other ruminants, 

including cattle and additional deer species, can be infected and act as incidental hosts, 

they generally do not maintain the virus in nature to the same extent as the white-tailed 

deer reservoir host (68). 

BTV and EHDV in Bison 

While there is extensive research on BTV and EHDV in domestic livestock and 

wild deer, the epidemiology of these viruses in bison remains poorly understood. Few 

studies have specifically investigated BTV and EHDV in North American or European 

bison, with most data coming from isolated outbreak reports or serological surveys 

(23,65,69–71). 

Seroprevalence rates for BTV in European bison (Bison bonasus) have ranged 

from 12.83% to 22.1% (69,70). While European bison seroprevalence data provide 

useful context, direct comparisons must account for fundamental differences in BTV and 

EHDV transmission dynamics between North America and Europe. In the United States, 

these viruses circulate in endemic cycles, driven by sustained vector activity and 

environmental conditions conducive to year-round transmission (72). In contrast, 

European outbreaks are typically sporadic, with stricter disease control measures such 

as vaccination and pre-movement testing, limiting disease persistence (73,74). 

Additionally, North American and European bison are distinct species with potentially 

different susceptibilities, immune responses, and interactions with Culicoides vectors, 
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further complicating direct epidemiological comparisons. Understanding these regional 

and species-specific differences is essential for accurately assessing disease risk and 

developing targeted surveillance strategies. Experimental infections with BTV-11 in 

North American bison demonstrated the ability of bison to develop viremia and mount 

an immune response without showing clinical signs (65). While EHD outbreaks in North 

America are commonly associated with high mortality in white-tailed deer, bison are 

generally considered incidental hosts. A 2007 EHD outbreak in a captive facility in 

Colorado confirmed seroconversion in bison without clinical disease, although the role 

of bison in EHDV transmission remains unclear (67). Contrastingly, during the 2012 

EHDV outbreak in the United States, morbidity in bison reached 7%, highlighting the 

potential for disease under specific conditions (75). 

Challenges in Orbivirus Control 

In 1963, the World Organisation for Animal Health (WOAH), then known as the 

Office International des Epizooties (OIE), designated bluetongue as a notifiable disease 

due to severe health impact on animals as well as its detection beyond Africa (76). 

Initially thought to be restricted between 35°S and 40°N, the virus has now been 

detected up to 58°N and on every continent except Antarctica, driven by vector range 

expansion, viral evolution, and anthropogenic factors (55,59,77,78). 

Since 1989, ten previously exotic bluetongue virus serotypes (BTV-1, BTV-3, 

BTV-5, BTV-6, BTV-9, BTV-12, BTV-14, BTV-19, BTV-22, and BTV-24) have been 

detected in enzootic regions of the southeastern United States, highlighting the ongoing 

expansion of BTV beyond its historical range (25,59). Prior to this, only five BTV 

serotypes (BTV-2, BTV-10, BTV-11, BTV-13, and BTV-17) and two EHDV serotypes 
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(EHDV-1 and EHDV-2) were considered endemic to the country. The increasing 

diversity of BTV serotypes in North America emphasizes the role of environmental 

changes, vector range shifts, and global livestock movement in facilitating the spread of 

Orbiviruses into new geographic regions. 

Since the turn of the century, several economically devastating BTV and EHDV 

epizootic events have occurred, affecting both domestic and wild ruminants. The 

unprecedented outbreak of BTV-8 in Europe in 2006 marked a turning point, causing 

widespread morbidity and mortality among livestock, particularly sheep, and resulting in 

significant financial losses due to trade restrictions, vaccination costs, and decreased 

production (59). The outbreak, which initially began in the Netherlands, rapidly spread 

across Northern and Western Europe, with remarkable expansion to 58°N (73). 

Additionally, over 60,000 cases were recorded at its peak in 2007 and 27,000 cases in 

the following year (59). Bison were among the affected species in this outbreak, where 

BTV-8 led to up to 40% morbidity and 20% mortality in captive populations (53,70). 

Clinical signs observed in infected bison included lethargy, fever, mouth ulcers, drooling, 

difficulty eating, conjunctivitis, corneal edema, respiratory difficulty, lameness, and 

coronary band inflammation, with some cases resulting in sudden death (53). The 

severity of disease in bison during this outbreak highlights their susceptibility to novel 

BTV serotypes, particularly in populations without prior immunity.  

Beyond individual outbreaks, the epidemiology of Orbiviruses is shaped by the 

co-circulation of multiple BTV and EHDV serotypes and the potential for viral 

reassortment, further complicating disease dynamics. Immunity acquired against one 

serotype often fails to confer cross-protection against others, increasing the likelihood of 
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repeated infections (79–81). Additionally, variations in virulence among strains within the 

same serotype can result in a wide spectrum of clinical outcomes, ranging from mild to 

severe disease (82,83). The complexity of Orbivirus epidemiology shows challenges in 

predicting disease impact and developing effective management strategies. 

Vaccination for bluetongue virus (BTV) has significant limitations despite its role 

in controlling the disease. Live attenuated vaccines, while effective in some cases, carry 

risks such as teratogenic effects, incomplete attenuation, and potential transmission to 

non-vaccinated animals (84). These vaccines can also recombine with circulating 

strains, potentially reverting to virulence or creating reassorted viruses (84–86). 

Furthermore, they may lead to viremia sufficient for vector uptake and onward spread, 

exacerbating outbreaks (87,88). Inactivated vaccines are safer but require multiple 

doses, increasing costs and logistical challenges (86). Additionally, the diversity of BTV 

serotypes means that vaccination against one serotype often does not offer cross-

protection against others, limiting the efficacy of current vaccines (84,86). As a result, 

control measures for BTV and EHDV must extend beyond vaccination alone, 

incorporating vector management strategies, movement restrictions, and targeted 

surveillance to mitigate disease spread. Given the increasing geographic expansion of 

BTV and EHDV, a comprehensive approach that integrates host, vector, and 

environmental factors is necessary to improve disease forecasting and response efforts. 

Lack of Epidemiological Orbivirus Data in Bison: Summary 

As a species of ecological, economic, and cultural importance, bison occupy a 

unique niche at the interface between domestic livestock and wildlife. Many states 

classify bison under dual designations, which has implications for disease monitoring 
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and movement regulations. Despite their increasing commercial production and 

translocation needs, surveillance efforts for infectious diseases in bison remain limited 

especially when compared to those in domestic livestock. Current Orbivirus surveillance 

efforts largely focus on species known to exhibit severe clinical disease, often 

overlooking bison due to their presumed incidental host status. However, environmental 

changes, shifting vector distributions, and bison-specific ecological behaviors may 

influence disease dynamics in ways that differ from other ruminants. 

 Geographic variability plays a critical role in Orbivirus transmission dynamics 

with cattle studies demonstrating regional clustering in the United States (89). While 

similar patterns are likely to exist in bison, systematic surveillance data are lacking. 

Additionally, environmental factors such as Culicoides breeding habitats, including bison 

wallows, may create localized hotspots for virus transmission, further complicating 

exposure risk assessments (71). Genetic factors may also contribute to species-specific 

differences in disease susceptibility and immune response, as the historical bottleneck 

in North American bison has resulted in reduced genetic diversity, potentially affecting 

pathogen resilience. 

Overall, climate change is expected to increase the frequency, intensity, and 

geographic range of outbreaks for both viruses due to rising global temperatures and 

shifting environmental conditions. Collaborative efforts between wildlife and livestock 

health sectors will be essential for integrating bison into broader Orbivirus surveillance 

under a One Health framework. 

Disease Threats and Surveillance Gaps: Mycoplasma bovis 
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Effective health surveillance is critical for managing disease threats in bison 

populations, yet significant gaps remain in our ability to detect, monitor, and mitigate 

emerging pathogens. Among these, Mycoplasma bovis has become a major concern 

due to its severe impact on herd health, high mortality rates, and the challenges 

associated with diagnosis and management. Unlike in cattle, where M. bovis is often a 

secondary pathogen associated with bovine respiratory disease complex, bison appear 

to be uniquely susceptible to M. bovis as a primary pathogen. However, much M. bovis 

research as well as diagnostic tools have to this date been extrapolated from cattle 

research.  

Cross-Species Transmission 

 Mycoplasma species demonstrate remarkable capacities for cross-species 

transmission through integrated biological adaptations with consequences ranging from 

asymptomatic colonization to population level mortality events (90–95). Despite lacking 

a cell wall, which would typically reduce their ability to persist in the environment, 

mycoplasmas exhibit remarkable environmental durability likely in part due to the 

formation of biofilms (96). Mycoplasma bovirhinis has been shown to survive for 154 

days and Mycoplasma bovis for 126 days on dry substrates at 4°C, while Mycoplasma 

arginini remains viable for 185 days in liquid media(97). This extended survival makes 

mycoplasmas durable in the environment, increasing the potential for indirect 

transmission across species at shared resource sites. Due to this, critical risk factors 

can emerge at anthropogenic interfaces such as M. bovis transmission events from 

cattle to pronghorn via contaminated water troughs (98). A documented outbreak in 

Austria further illustrates this risk, where M. bovis spilled over from cattle to pigs via 
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whey consumption and later re-emerged in cattle, emphasizing how shared resources 

can facilitate host-jumping events and prolonged pathogen circulation (94). Additional 

Mycoplasma species, such as Mycoplasma ovipneumoniae, can cause catastrophic 

pneumonia in bighorn sheep populations following spillover events from domestic 

counterparts (99). The bacterium has also been identified in diseased mule and white-

tailed deer, as well as in apparently healthy Dall sheep, moose, caribou, and mule deer. 

This variation in disease expression emphasizes how host-specific immune responses 

and coevolutionary histories can also influence infection outcomes (100). 

 Given the growing evidence of Mycoplasma species crossing host barriers, 

bison, especially those with exposure to infected cattle or wildlife, may face an 

increased risk of spillover events. Indirect and direct transmission through respiratory 

aerosols, physical contact with infected animals, environmental reservoirs, shared water 

sources, or contaminated feed may present an ongoing threat to herd health. Therefore, 

there is a need for enhanced biosecurity measures and continued surveillance to 

prevent disease introduction and mitigate potential outbreaks. 

M. bovis in Cattle: A Comparative Baseline 

 Mycoplasma bovis was first isolated in the United States in 1961 from the milk of 

a cow with mastitis (101). Initially described as Mycoplasma agalactia var bovis, it was 

later confirmed as a distinct species through serological responses and DNA homology 

studies (102). M. bovis spread globally through international trade in cattle and cattle 

products, reaching the UK and the rest of Europe in the mid-1970s (103). It continued to 

spread to all continents where cattle are kept, with New Zealand becoming the last 

major cattle-rearing country to be infected in 2017 (103). 
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M. bovis causes a variety of diseases in cattle, including mastitis, pneumonia, 

arthritis, otitis media, among others with presentation of disease often affected by 

management and age (103–106). In cattle, M. bovis primarily affects three target 

groups: feedlot cattle, where it is frequently associated with chronic pneumonia and 

polyarthritis syndrome (CPPS); dairy cattle, where it tends to manifest as mastitis; and 

calves, where it often presents as otitis media (104). The pathogen is frequently 

implicated in bovine respiratory disease complex (BRD) alongside Mannheimia 

haemolytica, Pasteurella multocida, Histophilus somni, and respiratory viruses such as 

bovine herpesvirus-1 and bovine respiratory syncytial virus (104,107). Unlike some 

bacterial pathogens, M. bovis in cattle is rarely an isolated cause of BRD (107). 

Transmission primarily occurs through direct contact, respiratory secretions, and 

potentially through fomites, with evidence suggesting that asymptomatic carriers may 

serve as reservoirs for future outbreaks (104,108). Regardless of the production 

system, M. bovis infections are widely associated with economic losses due to 

decreased productivity and treatment challenges (103). In the United States, losses due 

to reduced weight gain and carcass value have been estimated at $32 million per year, 

while losses from bovine mastitis amount to approximately $108 million per year (109). 

The pathogen's ability to evade host immune responses, persist in infected cattle, and 

develop increasing antimicrobial resistance has made it a formidable challenge for the 

cattle industry, necessitating ongoing research into effective prevention and control 

strategies. 

M. bovis in Bison: Disease Emergence and Severity 



 

19 

 

In bison, M. bovis was first noted as a major threat to feedlot herds in the late 

2000s and noted as an emerging disease by the USDA APHIS in 2013 (110–112). Since 

then, the pathogen has continued to expand, with a notable surge in 2021 for both the 

number of affected herds and the geographic extent of outbreaks, threatening both 

conservation and production herds (113). The economic and conservation 

consequences of M. bovis in bison are severe (103,112). In production settings, high 

mortality and reduced reproductive success can result in substantial financial losses 

(114). Conservation herds face additional threats, as disease outbreaks can decimate 

limited populations, disrupt long-term restoration efforts, and hinder genetic diversity. 

 The disease course of M. bovis is divergent from cattle in many ways. M. bovis 

in bison appears more severe than in cattle, suggesting host-specific vulnerabilities that 

may contribute to increased morbidity and mortality. Whereas cattle typically experience 

M. bovis as a part of a polymicrobial disease complex, bison appear to have a unique 

susceptibility that allows the pathogen to act as a primary cause of severe respiratory 

disease (111,114,115). Comparative genomic analysis reveals that while M. bovis 

strains from cattle and bison share core virulence factors, key genetic differences may 

influence host adaptation and disease severity (116). Expanding sequencing efforts 

across bison herds could clarify whether strain-specific differences contribute to 

increased disease impact in this species. 

Presentation of M. bovis in bison includes severe caseonecrotic pneumonia, 

lameness, chronic weight loss, and necrotizing pharyngitis, with affected herds 

experiencing mortality rates ranging from 10–45% (111,117). These outbreaks are often 

recurrent, indicating that M. bovis may establish persistent, latent infections in some 
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individuals, similar to Mycobacterium bovis (112,114). The most common clinical signs 

include lameness, reluctance to move, swollen joints, difficulty breathing, coughing, 

sluggishness and loss of body condition (114). Additionally, M. bovis has been reported 

to cause reproductive failure including dystocia, abortion, and reduced calving rates 

(114,118).  

Pathologically, pulmonary lesions show necrotizing and granulomatous 

pneumonia with or without fibrinous pleuritis. Systemic dissemination can lead to 

abscess formation in the liver, spleen, mesentery, uterus and intestines (111,119). 

Histologically, infected joints show evidence of severe necropurulent synovitis and 

arthritis, which can be correlated with observed lameness and reluctance to move 

(111,119).  

Another distinction from cattle is the apparent predilection of M. bovis for adult 

females in bison herds. This pattern is believed to be influenced by the matriarchal 

social structure of bison, where females lead herd movements and have more frequent 

close-contact interactions (120). Additionally, female bison may experience seasonal 

immunosuppression during late summer and fall due to the physiological demands of 

lactation and nutritional stress, further predisposing them to infection (112). 

Due to the high mortality, reduced reproductive success, and loss of animals from 

translocation and breeding, the economic consequences of M. bovis outbreaks in bison 

herds are substantial. Conservation herds, which depend on genetic diversity and 

successful recruitment, are particularly vulnerable, as M. bovis outbreaks can decimate 

limited populations and disrupt long-term restoration efforts. Additionally, the inability to 

safely translocate bison due to uncertain M. bovis infection status threatens 
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conservation initiatives aimed at restoring herds across their historic range. Therefore, 

understanding the dynamics of this pathogen in bison is of utmost importance. 

Pathogenesis and Immune Evasion of M. bovis 

Mycoplasmas are small, with a genome mass between 500 to 1,000 kD and 

belong to the class Mollicutes (121). The bacterium is unique in its ability to evade host 

immune defenses, persist within tissues, and establish chronic infections. Unlike many 

bacterial pathogens, M. bovis lacks a cell wall, making it naturally resistant to antibiotics 

that target cell wall synthesis, such as beta-lactams (121,122). It primarily colonizes the 

respiratory tract but can disseminate to other organ systems, including the mammary 

glands, joints, and middle ear (123). 

A key feature of M. bovis pathogenesis is its ability to evade immune clearance, 

which facilitates chronic infections and prolonged bacterial shedding. The bacterium 

expresses at least thirteen variable surface proteins (Vsps) that facilitate attachment to 

bronchial epithelial cells, a process that is crucial for infection establishment (124). M. 

bovis employs high frequency DNA rearrangements in its vsp gene locus to drive phase 

variation which enables antigenic switching through site specific chromosomal 

inversions and recombination events (125). This adaptive mechanism allows immune 

evasion by continuously altering surface epitopes, helping M. bovis persist in host 

environments despite antibody pressure (126,127). Additionally, M. bovis can move 

between different epithelial cell types, enabling systemic spread and persistent 

colonization (121). Isolates from animals exhibiting clinical disease demonstrate greater 

adherence capabilities than those from asymptomatic carriers, suggesting that adhesion 
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plays a role in virulence (124). Within biofilms, M. bovis can alter its antigenic profile, 

further complicating immune recognition and clearance (128). 

In addition to these mechanisms, invasion studies have demonstrated that bison 

isolates can survive within bronchoalveolar lavage macrophages for extended periods, 

with some isolates displaying higher intracellular survival rates than cattle strains (129). 

This intracellular persistence may contribute to recurrent outbreaks in herds, as infected 

bison serve as long-term carriers. The ability of M. bovis to persist intracellularly and 

evade immune detection highlights the critical challenge of identifying and managing 

chronic carriers, particularly in conservation herds where translocation and genetic 

preservation efforts are at risk. 

Despite its ability to evade early immune recognition, M. bovis eventually triggers 

a dysregulated inflammatory response, with high levels of pro- and anti-inflammatory 

cytokines, including IL-12, IL-10, IFN-γ, and TNF-α (130,131). This inflammatory 

imbalance may contribute to excessive lung tissue damage and caseonecrotic 

pneumonia, which is a common occurrence in severe M. bovis outbreaks in bison 

(130,131). However, much of the current understanding of the immune response to M. 

bovis in bison is based on in vitro studies, many of which have been conducted using 

cattle peripheral blood mononuclear cells (PBMCs), and these findings have yet to be 

fully validated in vivo. Preliminary evidence suggests that M. bovis isolates from bison 

differ from those in cattle, potentially contributing to the severe disease outcomes 

observed in bison. Bison derived strains are less effective at suppressing immune cell 

proliferation, leading to a stronger inflammatory response and increased tissue damage 

(129). In cattle, this intensified immune activation is further compounded by the 
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production of nitric oxide and TNF-α by alveolar macrophages, both of which are known 

to exacerbate lung pathology (132). Additionally, cytokine dysregulation can weaken 

lung epithelial junctions, further compromising respiratory integrity and may worsen 

disease severity (133,134). 

Infected cattle often show a Th2-skewed immune response, characterized by 

increased IgG1 and IL-4 production, which is less effective at clearing infection and 

contributes to chronic disease (108). In bison, there is growing evidence that IgG2 

levels play a role in bacterial clearance. A study on naturally infected bison found that 

higher serum IgG2 levels were associated with reduced PCR detection of M. bovis, 

suggesting that a stronger Th1-associated immune response may enhance bacterial 

clearance (135). Bison with low IgG2 responses had persistent M. bovis detection, 

highlighting the importance of Th-1 responses in bacterial clearance. 

The dysregulated immune response in M. bovis infection is further compounded 

by immune exhaustion mechanisms. Chronic infections in cattle have been associated 

with upregulation of inhibitory receptors, such as programmed cell death-1 (PD-1) and 

cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), which suppress T-cell responses 

and further impairs the host’s ability to clear infection (136). This may suggest that bison 

with persistent infections could experience a combination of immune exhaustion and 

inadequate Th1-mediated bacterial clearance, reinforcing M. bovis’s ability to establish 

long-term, subclinical infections in some individuals. Bison that develop chronic 

infections might be more likely to experience long-term immune suppression, which not 

only facilitates bacterial persistence but may also increase susceptibility to secondary 

infections.  
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The differences in M. bovis pathogenesis between cattle and bison suggest that 

bison-specific isolates may have evolved unique adaptations, or that bison immune 

responses differ significantly from cattle, leading to greater susceptibility and severe 

disease outcomes. The ability of M. bovis to persist within host tissues, evade immune 

responses, and induce excessive inflammation expresses the need for bison-specific 

diagnostic tools and targeted biosecurity strategies. Further genomic and proteomic 

studies on bison isolates may provide insight into the molecular mechanisms underlying 

these host-pathogen differences, which could inform vaccine development and disease 

management practices in bison populations. 

Diagnostic Limitations of M. bovis in Bison 

The accurate detection of M. bovis in bison presents several challenges due to 

the pathogen’s biological characteristics, host interactions, and the limitations of 

available antemortem diagnostic assays. One of the major diagnostic challenges is the 

presence of subclinical infections and chronic carriers within bison herds that can 

silently promote persistence (137,138). Additionally, chronic carriers in cattle are known 

to shed M. bovis intermittently and this is speculated to be true in bison (104,139,140). 

This further complicates disease detection, as a negative test result does not 

necessarily indicate the absence of infection.  

The current diagnostic tools for M. bovis are primarily developed for cattle and 

lack validation for bison. The most reliable method for detecting M. bovis is bacterial 

culture; however, this process is challenging and time-consuming. Mycoplasma bovis is 

notoriously difficult to grow in laboratory conditions due to its specific growth 

requirements, and its colonies can easily be overwhelmed by other bacteria making 
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isolation and identification difficult (106). PCR testing of deep nasopharyngeal swabs is 

currently considered the most sensitive method for detecting active infections in bison 

(82.8%), however there is poor agreement between superficial nasal and deep 

nasopharyngeal swabs suggesting that stage of infection and site of colonization may 

influence test outcome (140).  

While ELISA-based serological tests are widely used in cattle, they have 

demonstrated low sensitivity and specificity in bison due to cross-reactivity with non-

pathogenic Mycoplasma species such as M. bovirhinis and M. bovoculi (138). 

Additionally, it has been reported that M. bovis can persist in the respiratory tract of 

health bison and have a variable antibody response ranging from no to high responders 

(135,138). It has been suggested that bison that mount a strong humoral immune 

response initially, may be more efficient at clearing infection (135). Additional reports 

demonstrate that commercial ELISA tests developed for cattle sera are not optimal for 

bison, particularly when antibody levels are low to moderate (141). The antigenic 

variability of M. bovis strains found in bison may also reduce assay sensitivity, as these 

strains may differ from those used in cattle-based diagnostic tests (142–144). The lack 

of an optimized serological assay for bison complicates biosecurity efforts and limits the 

ability to make informed management decisions regarding herd health and animal 

translocation. 

In summary, the diagnosis of M. bovis in bison is challenged by subclinical and 

chronic carriers, immunogenic variation in the host, variable surface proteins expressed 

by M. bovis, and challenges associated with sample collection. Developing a reliable 

serological test would provide critical tools for herd health monitoring, facilitating early 
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detection of M. bovis outbreaks and enabling safer translocation of disease-free bison 

for conservation efforts. Moreover, improved diagnostics would support research into 

chronic infections and transmission dynamics, informing targeted management 

strategies to reduce disease burden in both production and conservation herds. 

Research Objectives and Hypotheses 

The overarching objective of this dissertation is to advance the understanding of 

disease surveillance, biosecurity, and health management in North American bison 

through a multidisciplinary One Health framework. By integrating epidemiological 

studies, expert consensus methodologies, and ecological assessments, this research 

seeks to bridge gaps in bison health monitoring and inform more effective management 

strategies across public, private, tribal, and conservation sectors. 

The specific objectives of this research are: 

1. To define bison health and identify gaps in bison health surveillance, biosecurity, 

and diagnostic tools from a multidisciplinary perspective using the Delphi method 

• Hypothesis 1: Agreement on a definition of bison health, key disease 

concerns and management priorities can be reached across stakeholder 

groups, despite differences in objectives. 

• Hypothesis 2: The current state of bison disease surveillance lacks 

standardization across sectors highlighted by lack of bison-specific diagnostic 

tools and research. 



 

27 

 

2. To characterize the prevalence, serotype diversity, and epidemiology of 

Bluetongue Virus (BTV) and Epizootic Hemorrhagic Disease Virus (EHDV) in 

North American bison 

• Hypothesis 1: BTV and EHDV seroprevalence in bison is high and varies 

geographically, influenced by climate, vector distributions, and habitat 

characteristics. 

• Hypothesis 2: Age-related differences exist in seroprevalence and active 

infection rates, leading to differences in disease management strategies. 

3. To evaluate the accuracy and reliability of ELISA-based serological assays for 

detecting Mycoplasma bovis antibodies in bison 

• Hypothesis 1: Commercially available ELISA assays designed for cattle sera 

will demonstrate reduced sensitivity and specificity when applied to bison due 

to antigenic variation and cross-reactivity with non-pathogenic Mycoplasma 

species. 

• Hypothesis 2: The newly designed P48 ELISA will demonstrate improved 

sensitivity and specificity compared to commercially available ELISAs when 

detecting M. bovis antibodies in bison. 

• Hypothesis 3: The P48 ELISA will reduce cross-reactivity with non-pathogenic 

Mycoplasma species commonly found in bison, leading to more accurate 

serological results. 

Structure of the Dissertation 
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Chapter 1: Introduction and Literature Review 

This chapter provides background on bison health in a One Health context and 

reviews translocation-related health risks, the need for a multidisciplinary approach for 

bison health, and major pathogen threats including bluetongue virus, epizootic 

hemorrhagic disease virus, and Mycoplasma bovis. 

Chapter 2: Delphi Survey Leads to Multi-Stakeholder Consensus on the Definition of 

Health in North American Bison (Bison Bison) 

This chapter presents a Delphi survey that engaged experts from diverse sectors 

to develop a working definition of bison health. It identifies key health determinants, 

common disease concerns, and management/research priorities from conservation, 

production, and tribal perspectives. 

Chapter 3: High Seroprevalence and Age-Associated Dynamics of Bluetongue and 

Epizootic Hemorrhagic Disease in North American Bison (Bison Bison) 

This chapter details the epidemiological study on BTV and EHDV in bison herds, 

highlighting seroprevalence trends, regional variations, and the influence of 

environmental and herd factors on disease transmission. 

Chapter 4: Evaluation of a P48 ELISA for Mycoplasma bovis in North American Bison 

(Bison bison): Inferior Performance Compared to a Commercially Available ELISA  

This chapter assesses the diagnostic accuracy of a newly designed P48 ELISA 

against an existing commercial ELISA assay. It examines differences in sensitivity, 
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specificity, and cross-reactivity, revealing key limitations and opportunities for assay 

refinement. 

Chapter 5: Discussion and Conclusions 

This final chapter synthesizes findings across all studies, emphasizing their 

implications for bison health management and future research directions. It provides 

recommendations for enhancing disease surveillance, improving diagnostic accuracy, 

and integrating One Health principles into bison conservation and production systems. 
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CHAPTER 2- DELPHI SURVEY LEADS TO MULTI-STAKEHOLDER INSIGHTS ON 

DEFINITION OF HEALTH IN NORTH AMERICAN BISON (BISON BISON)1 

Introduction 

Bison are uniquely susceptible to genetic inbreeding due to their very small 

founder population as well as the restricted movement between herds that prevents 

genetic exchange (1). Loss of genetic diversity and inbreeding depression can 

negatively impact the viability of a species due to reproductive failure, poor recruitment, 

reduced disease resistance, and inability to adapt to changing climate or environmental 

conditions (2,3). Smaller, fragmented populations also increase the potential negative 

impacts of disease introduction. One such pathogen, Mycoplasma bovis, was listed as 

an emerging disease by the United States Department of Agriculture in 2013 (4) 

Mycoplasma bovis is an important primary bacterial pathogen of bison that expanded 

rapidly in both numbers of affected herds and geographic range in 2021 (5,6) The 
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emergence of M. bovis heightened awareness of the need for a comprehensive and 

collaboratively developed definition of bison health that could unify differing stakeholder 

sectors. Without a clear and collective understanding of what constitutes bison health, 

efforts to manage disease, translocate animals, and support long-term population 

resilience remain fragmented and inconsistent. A consensus definition serves as a 

foundational framework for aligning conservation and production strategies, guiding 

health monitoring, informing policy, and enhancing the effectiveness of coordinated 

responses to current and emerging health threats. Furthermore, bison industry mortality 

rates are much higher than that of the cattle industry (2.3% vs. 1.5%, respectively) and, 

of those bison deaths, 60% are health related problems (7,8) Bison health is a common 

value shared across sectors that can help bridge differences in these goals and 

ultimately help bison to become more resilient to health threats.  

Bison translocation, essential for improving genetics and conservation, presents 

significant challenges due to disease risks and exposure to novel environments. 

Especially of concern is bison movement across large geographic areas and 

environmental gradients which can result in high morbidity and mortality, reduced 

animal performance and reproductive output, and disease introductions into new 

locations, with far-reaching implications for multiple livestock stakeholders and 

rightsholders (2,3,9) Stress from translocation may suppress immune function, 

reactivate dormant pathogens, and heighten susceptibility to infections, while 

environmental changes can alter disease dynamics unpredictably (10–14). For 

example, certain helminths with free-living stages have broad geographic ranges but 

cause production losses only under specific environmental conditions (15–17) In these 
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ways, animal translocations can increase disease risks for both previously infected 

hosts as well as promote infectious agent introductions and shedding to new individuals 

and herds (18) These risks underscore the critical need for a One Health approach and 

practical tools to mitigate the effects of translocation on bison health.  

Geospatial tools such as remote sensing and GIS play a key role in a One Health 

approach, which emphasizes the interconnected health of humans, animals, and the 

environment. These technologies help identify habitat overlap, environmental stressors, 

and climate shifts that influence disease dynamics, as demonstrated in studies of 

infectious keratoconjunctivitis in Italy (19). Additional advancements, such as the 

Sen2WQ application developed within Google Earth Engine, have been utilized to 

enable indirect assessment of water quality indicators using satellite data (20). By 

supporting early detection and surveillance, these tools provide timely, actionable data 

to inform disease prevention and control policies. 

Defining wildlife and livestock health is the first step in determining disease risk 

(21). However, this definition can vary greatly between stakeholders and across 

management goals (22,23). By having a population-level health definition for a species, 

one can better identify species and sector needs to find mutually beneficial goals 

between stakeholders. The Delphi method is a tool for achieving expert consensus 

through iterative feedback, particularly useful when time or data are insufficient for 

quantitative hazard assessment. It is well-suited for fields where insights are based 

largely on professional experience (24–26). Experts are surveyed on topics such as 

species health definitions, key health determinants, common diseases, and medical 

interventions. Survey results are compiled, shared anonymously, and refined through 
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subsequent rounds to develop consensus and mitigation guidelines. This survey aimed 

to establish a definition of bison health, identify common health hazards, and prioritize 

treatment practices, providing a foundation for multidisciplinary collaboration. The 

findings will guide efforts to address bison health needs and infectious disease risks 

associated with translocation. 

Materials and Methods 

We identified and invited top bison experts (n=22) representing each of four separate 

sectors (public, private, tribal, nonprofit organization) to participate in a two-round Delphi 

survey (24,27)(Figure 2.1). We use the terms bison and buffalo interchangeably to be 

inclusive of preferred nouns for Bison bison by myriad stakeholders in North America. 

This study was approved by the South Dakota State University Institutional Review 

Board: IRB-2112004-EXM. These participants were identified by their peers as having 

extensive knowledge of and experience with bison health, research, and management 

and were responsible for bison health decisions within their sector as evidenced by job 

titles and years of experience in the bison sector. We sent the identified experts an 

electronic survey link via email with a description of the study objectives. Experts were 

given 6 weeks to respond, with three follow-up emails.  

In the first round of the survey, 11 open-ended, 4 Likert, and 3 multiple choice 

questions were presented to the participants. Completed questionnaires were compiled 

anonymously via Qualtrics. Three members of the research team reviewed the survey 

responses blinded to one another to identify common themes within the survey 

answers. Once individual reviews were completed, results were evaluated as a group. 



 

45 

 

From this discussion, results were gathered into qualitative or quantitative data and 

served as the premise for the second round of the survey.  

The second round of the survey gave the respondents the opportunity to review 

and comment on aggregated answers from the first-round survey. New question styles 

included ranking (n=3), Likert (1), check box (1), and open ended (1). Each question 

was followed by an area to leave comments. The results from the round 2 questionnaire 

were evaluated quantitatively or qualitatively, as applicable. Descriptive statistics, 

including means, standard deviations, modes, and ranges, were calculated to 

summarize the data using Microsoft Excel (Version 2403 [Build 17425.20146 c2r]). 

Qualitative data was evaluated using thematic analysis. 

In order to identify the determinants of bison health, the research team categorized 

the first-round responses into six themes identified by Wittrock et al. as being 

associated with fish and wildlife health when determining a health model (28) Wittrock et 

al. provided a conceptual model that adapted the determinants of health framework 

from human public health to wildlife, validated through both literature review and expert 

consensus across two ecologically and culturally significant species, caribou and 

salmon. This model offered a flexible yet structured foundation for categorizing 

multifactorial drivers of health, making it well-suited for applying to bison health in a 

similarly complex ecological and management context. In the second round of this 

question, survey participants were provided with information to obtain the Wittrock et al. 

manuscript for clarification, and Figure 1 from the paper was included directly within the 

survey. The six determinants of health from the Wittrock et al. manuscript are listed 

below. 
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1) The biologic endowment of the individual and population 

2) The animal’s social environment  

3) The quality and abundance of the animal’s needs for daily living 

4) The abiotic environment in which the animal lives  

5) Sources of direct mortality 

6) Changing human expectations 

Results 

We compiled both the first and second round questionnaires in Qualtrics. Round 

one included 12 survey responses resulting in a response rate of 55% (12/22). One 

survey response was excluded due to lack of consent. First round respondents included 

in the survey analysis comprised of 3 public, 3 private, 3 nonprofit organization, and 2 

tribal sector experts. Ten of the included experts resided in the United States and 1 

resided in Canada at the time of the survey. Nine survey respondents were recorded for 

the second round of the Delphi survey (41% response rate). 

3.1 Bison Health 

3.1.a. Definition  

A consensus definition of bison health was developed. Stakeholders consistently 

identified reproductive capacity (n=7), also referred to as fitness, environmental factors 

(5), and the ability to display natural behaviors (4) as the most important aspects 

defining bison health. This led to a final consensus on the definition of bison health as 

follows: “Bison health can be assessed by a population’s ability to express natural 

behaviors, be resilient to external stressors that include disease, and display high levels 
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of lifetime reproductive output within its environment with minimal intervention” (Mean 

and SD, respectively: 8.33 ±1.33). Participants were also invited to provide open-ended 

feedback and suggest modifications. One participant commented that the concept of 

health is a human construct, therefore, as human health expectations evolve so will this 

definition. Another added that bison health is intimately related to the health of the 

environment in which the animals live and is dependent on the ability of that 

environment to sustain and support the bison population. 

3.1.b. Determinants of Health 

Key determinants of bison health were ranked in importance from 1 (utmost 

importance) to 6 (little or no importance) with biological endowment (mean 1.5), and 

need for daily living (mean 1.88) rated as the highest priorities. Social (mean 3) and 

abiotic environments (mean 4.25) were also significant but secondary considerations. 

Metrics for monitoring bison health included reproductive performance (n=6), body 

condition (5), forage and habitat use (4), parasite load (2), and mineral status (2). 

3.1.c. Monitoring and diagnostics 

There was broad agreement on the need for improved resources for bison health 

monitoring, prevention, and treatment. Respondents identified that needs exist for 

research and development (89%), disease prevention (78%), and biosecurity protocols 

(44%). Respondents highlighted gaps in diagnostic capabilities, including the need for 

bison-specific tests for Mycoplasma bovis (n=5), fecal parasitology (2), Johne's disease 

(2), tuberculosis (2), and brucellosis (1). Specific concerns included the lack of 

antemortem diagnostic tools and standardized mineral reference ranges as well as the 
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lack of knowledgeable bison veterinarians. As one respondent noted “There has been 

very little done in the way of research and development of bison health and treatment 

from drug companies, research institutions, and government entities to support the 

producer”. 

3.2 Bison Health Concerns 

3.2.a. Current threats 

Respondents were asked to list the top 5 most significant threats to bison. 

Mycoplasma bovis was identified as the most significant health threat to bison 

(mean=2.88 ±1.96) with severe economic and health impacts due to high mortality rates 

and production losses (n=8). Other prominent threats included habitat loss/modification 

(3.00 ±2.07), general diseases (3.75 ±2.12) such as brucellosis, tuberculosis, and 

parasitism, policy (4.6 ±1.07), and climate (4.8 ±1.55). One participant stated, 

“Mycoplasma bovis is not only lethal, but it severely impacts herd productivity by 

reducing pregnancy rates and restricting animal movement between herds.” 

3.2.b. Disease management of adult bison 

Respondents were then asked to identify the top 5 most common diseases seen 

in bison adults. The most common to least common included Mycoplasma bovis 

(mean=2.1), parasites (3.5), pink eye (4.3), stress (4.3), and injury (4.6). A commenter 

stated, “Good pasture management is often overlooked and the basis of overall herd 

health including in calves”. 

A combination of open-ended and Likert style questions were asked regarding 

the medical interventions, consequences, and economic consequences of the most 
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common diseases listed by the respondents. Management strategies for common 

diseases included mineral supplementation (n=5), vaccination (4), test-and-cull 

approaches (3), and anthelmintic use (2), though efficacy varied. Respondents 

highlighted the need for research on biosecurity measures, disease surveillance, and 

non-invasive health monitoring methods. Additionally, commenters mentioned the need 

to maintain genetic diversity as a way to mitigate disease risk and another commenter 

stated that some of the consequences of these diseases include the inability to move 

animals due to disease status. 

3.2.c. Disease management of bison calves 

The most common health issues in calves included parasitism (n=5), respiratory 

diseases (4), diarrhea (3), and bovine viral diarrhea virus (2). Management approaches 

focused on improving pasture conditions (n=3) and targeted interventions (3), though 

consensus on effective strategies was limited. Respondents reported most calf diseases 

were of low to moderate health consequence and of low to moderate economic 

consequence. One producer shared, “We lost 41 weaned bison calves in fall 2021 due 

to Pasteurella pneumonia, and yet these losses did not qualify for USDA disaster relief.” 

Others emphasized that “calf diseases are generally related to management practices 

and hygiene,” especially in more intensively managed herds. 

3.3 Shared Needs and Priorities 

The results emphasized the need for multidisciplinary research, improved 

diagnostics, and dedicated funding for bison health. Stakeholders stressed the 

importance of collaboration to address health challenges and translocation-associated 
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disease risks. Commenters noted that bison health threats vary by geography and herd 

use (e.g., conservation or production) and highlighted the importance of including Native 

American perspectives. They also called for more research, public dissemination of 

findings, and expanded government compensation for losses. 

Discussion 

Bison health is a complex and multifaceted concept, particularly for wild 

populations, as highlighted by stakeholders in this study. Given that bison are 

recognized as having multiple statuses as livestock, wildlife, cultural resources, 

ecosystem engineers, ecological keystone species, significant management differences 

exist. For example, public and tribal sectors often mentioned the importance of bison 

thriving within their landscape as well as their ability to cope with environmental stress 

(i.e., resiliency). NGO and private sectors frequently brought up aspects such as 

productive capabilities, body condition, and veterinary care as important aspects of 

bison health. Despite these differences, stakeholders aligned on the interconnectedness 

of animal health and environmental health, supporting the utility of the Delphi method in 

fostering consensus across disciplines.  

This study achieved a consensus definition of bison health and identified key 

challenges and priorities for improving bison health management. The definition—

emphasizing natural behaviors, resilience to stressors, and reproductive success with 

minimal human intervention—provides a foundation for collaborative efforts. The results 

call attention to the opportunity to address shared challenges, including infectious 

disease risks and gaps in diagnostic and biosecurity resources. 
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The emergence of Mycoplasma bovis as an infectious disease risk was 

consistently identified as the most pressing health threat to bison, with significant 

economic and biological consequences. High mortality rates and limited diagnostic 

options highlight the urgent need for antemortem testing strategies, the ability to quickly 

on-board new bison specific diagnostic tests for emerging diseases, and interpretations 

of test results (18,29). Harm reduction may be a good way to approach all aspects of 

bison health so that bison can thrive, knowing that the threats will vary across time and 

space and diagnostic limitations remain (30). Additionally, the emergence of M. bovis 

revealed critical gaps in bison health monitoring, prevention, and treatment (6,31). 

Stakeholders emphasized the need for dedicated funding to support research and 

develop bison-specific diagnostic tools. A lack of bison health veterinary expertise 

compared to other livestock species further complicates management, stressing the 

need for specialized training and collaborative research efforts. 

Stakeholders also identified pasture management as a fundamental but often 

overlooked aspect of herd health, highlighting the needs of a One Health approach 

involving experts in rangeland and grazing sciences, habitat restoration specialists, and 

monitoring indicator species for grassland health (32) Additionally, these approaches 

can lead to economic advancements along with additional benefits to ranchers including 

lower invasive plant and pest pressures, increased biodiversity that could foster 

recreation and ecotourism opportunities, nutritional diversity for grazing bison, improved 

soil health and resulting sustained productivity, and more resilience against extreme 

weather and climate change (33–35). Agricultural and natural resource conservation 

agencies must tailor program resources specifically to bison for the role they play as a 
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keystone species. Through One Health initiatives such as these, bison restoration can 

support the goals of multiple human sectors. 

The integration of Traditional Ecological Knowledge (TEK) and One Health 

principles enriches the understanding of bison health. Several commenters noted that 

bison well-being contributes to and reflects the health of their environment, emphasizing 

the interconnection between wildlife, ecosystems, and human communities (33,36). 

TEK, rooted in indigenous observations and cultural knowledge, emphasizes the 

reciprocal relationship between people and nature (37). This perspective highlights the 

importance of ecosystem balance in sustaining bison health and suggests that the 

Bison Management System implicitly incorporates these principles (32). Collaboration 

across sectors and the inclusion of Native American perspectives are essential for 

advancing holistic, culturally informed bison health strategies. 

This study has several limitations that should be considered when interpreting 

the findings. Although a recent review suggests that Delphi studies aiming for statistical 

confidence may require larger samples (60–80 participants) and response rates of at 

least 70% per round for methodological rigor, this study reflects the reality of conducting 

expert elicitation within a small and highly specialized field (38,39). Experts (n = 22) 

were recruited through peer nomination and represented leading authorities across 

tribal, public, nonprofit, and private bison sectors. While only 12 individuals completed 

the first round, and a subset continued to the second round, this response rate is 

consistent with similar Delphi studies involving niche or hard-to-reach populations 

(26,40,41). Second, while qualitative responses added critical nuance to the 

interpretation of health and management challenges, further thematic analysis and 
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respondent validation could strengthen the integration of these perspectives. Finally, as 

with many Delphi studies, participant dropout between rounds may have affected the 

consistency of feedback and the robustness of the consensus. These limitations are 

acknowledged; however, the diversity of perspectives and the high level of expertise still 

allowed for meaningful synthesis and consensus development. Future efforts may 

benefit from additional incentives or institutional partnerships to improve response rates 

and panel continuity. 

Ultimately, this study provides a consensus definition of bison health and 

highlights the need for expanded research into both specific disease threats, such as M. 

bovis, and broader factors affecting bison health, including environmental influences on 

disease dynamics. Addressing gaps in diagnostics, biosecurity, and resource availability 

will be critical for improving bison health outcomes and fostering resilience. By 

integrating One Health and TEK principles into management strategies, stakeholders 

can create a comprehensive framework to support the ecological, cultural, and 

economic roles of bison in a changing world. 
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TABLES AND FIGURES 

Figure 2.1. Reproductive capacity (fitness) and environment are identified as the 
most important aspects defining bison health in a two-round Delphi survey.  

A Delphi survey is an iterative process used to summarize knowledge and opinions of a 
group of experts by using a series of questionnaires (Fig 1A). Larger words represent a 
larger frequency than smaller words identified in expert responses in the first round of 
the Delphi survey (Fig 1B).  

The results from Round 1 were used to create a definition of bison health that was 
relayed back to the experts in the Round 2 questionnaire. (Fig 1C). The results from the 
Round 2 questionnaire led to a final consensus on the definition of bison health as 
follows: “Bison health can be assessed by a population’s ability to express natural 
behaviors, be resilient to external stressors that include disease, and display high levels 
of lifetime reproductive output within its environment with minimal intervention”. This, 
along with other survey questions will be used to identify needs pertaining to bison 
health as well as serve as a premise for creating a disease risk analysis for bison 
translocation. 
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CHAPTER 3- HIGH SEROPREVALENCE AND AGE-ASSOCIATED DYNAMICS OF 
BLUETONGUE AND EPIZOOTIC HEMORRHAGIC DISEASE IN NORTH AMERICAN 

BISON (BISON BISON)2 

 

Introduction 

Shaped by climate change, globalization, and anthropogenic activities such as 

farming, land-use modifications, and trade, vector-borne viruses of ruminants (often 

referred to as arboviruses despite the term having no taxonomic significance) have 

undergone significant shifts in their epidemiology over the past several decades (1–3) 

These shifts have contributed to the re-emergence and geographic spread of many 

arboviruses, including the economically significant bluetongue (BT) and epizootic 

hemorrhagic disease (EHD).  

 

2 Frontiers in Veterinary Science, section Veterinary Infectious Diseases 

Catherine Krus1, Ian Zander2, Tyler J. Sherman2, Courtney Maichak3, Danielle E. 
Buttke4, Lee Jones5, Christie Mayo2* 

1 Department of Clinical Sciences, Colorado State University, Fort Collins, CO, United 
States 

2Department of Microbiology, Immunology, and Pathology, Colorado State University, 
Fort Collins, CO, United States 

3Department of Environmental and Radiological Health Sciences, Colorado State 
University, Fort Collins, CO, United States 

4Biological Resources Division, National Park Service, Fort Collins, CO, United States 

5Natural Resource Program Center – Wildlife Health, United States Fish and Wildlife 
Service, Bozeman, MT, United States 
 



 

60 

 

Bluetongue Virus (BTV) and Epizootic Hemorrhagic Disease Virus (EHDV) are 

classified in the genus Orbivirus and are transmitted by various species of Culicoides 

midges (4,5). In the genus Culicodies, females require a blood meal for ovarian 

maturation and egg production (6). When a Culicodies midge feeds on an Orbivirus-

infected host, the virus undergoes an extrinsic incubation period of 7 to 14 days, 

depending on environmental factors like temperature (5). During this time, the virus 

must overcome physiological barriers in the midgut before disseminating to the salivary 

glands, where it replicates unchecked and becomes transmissible to a new host during 

subsequent blood meals (5,7). Historically, these viruses were confined to tropical and 

subtropical regions of Africa, but have since expanded into more temperate zones, 

including Europe, the Americas, and Asia, with projections indicating continued 

geographic expansion (8–11).   

Bluetongue Virus consists of 29 described serotypes, 27–29 of which are 

putative and capable of segment reassortment (12–15). This contributes to its genetic 

diversity and complicates vaccine development (16). The clinical manifestations of BTV 

and EHDV infections vary depending on the host species and virus serotype but can 

include fever, hemorrhage, abortion, oral ulceration, and edema, with outcomes ranging 

from subclinical to severe (17–20). These diseases impose significant economic costs 

through decreased productivity, direct veterinary expenses, and the implementation of 

control measures (21–23). 

While extensive research on BT and EHD has focused on domestic livestock, the 

epidemiology of these diseases in bison remain poorly understood, with only a handful 

of studies specifically exploring these diseases in North American or European bison 
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(18,24–27). As an iconic species of ecological, economic, and cultural importance, bison 

are uniquely positioned at the interface between domestic livestock and wildlife, with 

many states listing them under dual classifications, highlighting the critical importance of 

their health status in understanding disease dynamics (28–31).  

This gap is particularly concerning given the unknown potential for bison to 

facilitate the maintenance and vector-mediated transmission of these viruses to co-

grazing domestic livestock and other wildlife. To address this, our study investigated the 

seroprevalence of BTV and EHDV antibodies in range-limited, minimally managed 

(handled yearly or biennially) North American bison, identified circulating BTV serotypes 

via RT-qPCR; and examined age-associated dynamics in correlation to current and past 

exposure. These findings offer valuable insight into the epidemiology of BTV and EHDV 

in bison and emphasize the importance of integrated surveillance and control measures 

to mitigate the broader impact of vector-borne diseases on diverse ruminant populations 

and ecosystems. 

Materials and Methods 

Sample Collection 

Samples from a total of 287 North American bison (285 serum, 216 whole blood, 

with 214 paired) were collected from nine herds in seven states (Table 3.1, Figure 3.1). 

The states included in this study (CO, IA, KS, MT, NE, OK, SD) encompass regions 

within the historical range of North American plains bison and include areas where 

significant bison populations persist today. While comprehensive data on private bison 

herds remain limited, these states are home to several Department of the Interior (DOI) 
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conservation herds that serve as an essential resource for bison conservation and 

management, along with a few conservation herds managed similarly by other agencies 

and organizations (32).  Sampling was conducted opportunistically during routine 

management-assoicated capture and handling events scheduled between August 31st 

and November 13th, 2023, with individuals sampled based on accessibility and 

availability. All sampling procedures were performed in coordination with herd 

managers, veterinary personnel, and wildlife biologists to minimize stress and ensure 

activities met currently accepted professional standards of animal welfare as identified 

by each agency or managing organization. Serum samples were extracted through 

centrifugation in the field prior to storage alongside K3EDTA preserved whole blood 

samples in coolers with ice packs during transport to the Colorado State University 

Veterinary Diagnostic Laboratory for further diagnostic processing. 

ELISA Testing for BTV and EHDV Antibodies 

Competitive enzyme-linked immunosorbent assays (cELISAs) were conducted to 

detect antibodies against Bluetongue Virus and Epizootic Hemorrhagic Disease Virus 

using the Bluetongue Virus Antibody Test Kit (VMRD, Washington, US) and EHD Virus 

Antibody Test Kit (ID Screen, France) respectively. Plates with antigen-coated wells 

were incubated with serum samples and controls that were supplied by the kit, washed, 

and sequentially treated with substrate and stop solutions following the manufacturers’ 

protocols. Optical densities were read on a plate reader (BioTek Instruments Inc., 

Vermont, US) at 630 nm for BTV and 450 nm for EHDV. Final classifications were based 

on kit validation criteria provided by the manufacturer. 
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For BTV, samples with a mean percent inhibition (%I) ≥60% were classified as 

positive. For EHDV, samples with a percent sample-to-negative (%S/N) ratio ≤30% were 

classified as positive, while values of 30% < %S/N < 40% were retested to confirm 

results.  

RNA Extraction and Duplex RT-qPCR 

RNA Extraction 

RNA was extracted from whole blood samples using the MagMAX™ Pathogen 

RNA/DNA Kit (ThermoFisher, Massachusetts, USA) on a KingFisher 96 automated 

system according to the manufacturer’s protocol. Extracted RNA was stored at −80°C 

until analysis. 

Duplex RT-qPCR 

Bluetongue Virus and Epizootic Hemorrhagic Disease Virus RNA were 

simultaneously detected using the SuperScript™ III Platinum™ One-Step qRT-PCR kit 

on an Applied Biosystems™ 7500 Real-Time PCR System (ThermoFisher, 

Massachusetts, USA). Reactions were conducted in a single tube with 25 µL reaction 

volumes containing primers and probes targeting conserved regions of BTV and EHDV 

genomes (33–35). 5 uL of extracted nucleic acids were first denatured at 95°C for 5 

mins prior to the addition of the reaction master mix. Thermal cycling conditions then 

included a reverse transcription step (48°C for 30 min), initial denaturation (95°C for 2 

min), and 40 amplification cycles (95°C for 15 sec, 56°C for 30 sec, 72°C for 30 sec). 

Negative and positive controls were included in each run to validate results. Cycle 
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thresholds (Ct) were determined at 10% of the amplification plateau of the positive 

amplification control (PAC). 

RT-qPCR BTV Serotyping 

Samples previously confirmed positive for BTV via RT-qPCR were tested for 

specific serotypes using RT-qPCR with serotype-specific primers for BTV-2w, BTV-3, 

BTV-6, BTV-10, BTV-11, BTV-13, and BTV-17 (36). Reactions were performed using the 

SuperScript™ III Platinum™ One-Step qRT-PCR System, as described above. Thermal 

cycling conditions then included a reverse transcription step (48°C for 30 min), initial 

denaturation (95°C for 2 min), and 40 amplification cycles (95°C for 15 sec, 56°C for 30 

sec, 72°C for 30 sec). Positive and negative controls were included for quality 

assurance. Amplification was performed using the Applied Biosystems 7500 Real-Time 

PCR System. Ct thresholds were determined at 10% of the amplification plateau of the 

positive amplification control (PAC). 

Data Analysis 

Data analysis was conducted in R (v4.3.0) using the tidyverse package for data 

preprocessing and visualization. We obtained weather data from Open-Meteo, which 

provides meteorological data through numerical weather prediction models. Logistic 

regression models were used to evaluate associations between demographics and 

meteorological data (e.g., age, sex, herd demographics, land area, and weather 

conditions) and outcomes (EHDV/BTV serostatus and RT-qPCR status). Predictors 

were selected based on biological relevance and exploratory analysis. 
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Models were optimized using the Akaike Information Criterion (AIC) to balance fit 

and complexity. To assess multicollinearity among predictor variables, Variance Inflation 

Factors (VIFs) were calculated using the car package in R. Odds ratios (OR) with 95% 

confidence intervals (CI) were calculated to assess the strength of associations. 

Visualizations, including probability curves with confidence intervals, were generated 

using ggplot2. Effect sizes for significant predictors were highlighted to enhance 

interpretability. 

Results 

Antibodies against BTV were detected in 56.5% (161/285) of bison sera using 

cELISA, with EHDV seroprevalence at 57.5% (164/285), and 45.3% (129/285) testing 

positive for antibodies to both viruses. Among the 9 tested herds, BTV seroprevalence 

ranged from 0% (MT and NE herds) to 83.3% (KS herd), while EHDV seroprevalence 

ranged from 3.2% (MT herd) to 86.7% (KS herd) (Table 3.1).  

RT-qPCR-based serotyping revealed the presence of multiple circulating BTV 

serotypes, including BTV-6, BTV-11, BTV-13, and BTV-17. These serotypes were 

detected in herds from South Dakota, Kansas, and Oklahoma (Table 3.1). BTV and 

EHDV RT-qPCR positivity were lower than antibody detection, with BTV RT-qPCR 

positivity ranging from 0% to 7% and EHDV RT-qPCR positivity between 0% and 20%. 

Variation in seroprevalence and RT-qPCR positivity among herds highlighted 

potential influences of herd size, geography, and local environmental factors. However, 

broader herd-level logistic regression models incorporating factors such as herd 
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composition, land area, and climatic variables (temperature, precipitation, windspeed) 

did not identify statistically significant predictors of seropositivity or RT-qPCR positivity. 

Variables with high multicollinearity (VIF > 10) were excluded from the final 

analysis to improve model stability and interpretation. Logistic regression analysis 

identified significant relationships between age and seropositivity for both viruses 

(Figure 3.2). For BTV, each additional year of age increased the odds of seropositivity 

by 15% (OR: 1.15, CI: 1.05–1.26, p-value: 0.006). Similarly, for EHDV, each additional 

year of age was associated with a 16% increase in the odds of seropositivity 

(OR: 1.16, CI: 1.06–1.28, p-value: 0.0014). Age was also significantly negatively 

associated with RT-qPCR positivity for both viruses. For BTV, animals were less likely to 

be RT-qPCR positive (OR: 0.70, CI: 0.53–0.93, p-value: 0.014) as they aged, and the 

same pattern was observed for EHDV (OR: 0.56, CI: 0.33–0.93, p-value: 0.024). No 

significant associations with sex were observed for either seropositivity or RT-qPCR 

positivity (Table 3.2). No significance was associated with daily precipitation or 5-day 

average temperature and RT-qPCR positivity (Table 3.3). 

Discussion 

This study identified notably higher seroprevalence rates for BTV and EHDV in 

North American bison compared to previously reported values of 12.83% and 22.1% for 

BTV in European bison (Bison bonasus) populations (24,25). While comparisons with 

European bison seroprevalence are valuable, it is crucial to recognize fundamental 

differences in BTV and EHDV transmission dynamics between North America and 

Europe, including differences in habitat and climate. In the United States, these viruses 
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persist in endemic cycles, sustained by continuous vector activity in some geographic 

regions, whereas in Europe, outbreaks tend to be sporadic and are more tightly 

controlled through mitigation efforts (37–39). Additionally, European bison and North 

American bison are distinct species with potentially differing susceptibilities, immune 

responses, and ecological interactions with vectors. While EHD outbreaks in North 

America are commonly associated with high mortality in white-tailed deer, bison are 

generally considered incidental hosts and often remain asymptomatic, as noted during a 

natural outbreak in a captive facility (40). However, the 2012 EHDV epidemic in the 

United States revealed that morbidity in bison could reach as high as 7%, highlighting 

the potential risk to this species under certain conditions (20). Combined with the 

observed high seroprevalence in the present study, these findings suggest that bison 

could potentially contribute to Orbivirus transmission as incidental hosts, particularly 

during the first two years of life when they are more likely to be infective. As with 

European red deer, which do not appear to maintain BTV in France, it remains uncertain 

whether bison can sustain transmission cycles of if they are spillover hosts (41). Bison’s 

role in transmission ecology is likely limited compared to species with prolonged periods 

of viremia, such as noted with EHDV in white-tailed deer (42). Further research into 

their role in Orbivirus ecology and implications for disease transmission dynamics is 

warranted. 

There are many aspects that further complicate disease dynamics in bison, 

including BTV/EHDV serotype co-circulation and reassortment. Immunity to one 

serotype does not often provide effective protection against another (43–45). 

Additionally, BTV and EHDV exhibit strain-dependent variations in virulence, with 
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different strains of the same serotype causing varying levels of clinical disease (46,47). 

The detection of multiple BTV serotypes in the present study highlights the complexities 

associated with serotype-specific immunity and the potential for novel serotype 

introductions to precipitate outbreaks. During the BTV-8 novel outbreak in Europe 

(2006-2008), BTV-8 caused the deaths of 10 of 33 bison in a German breeding center 

along with up to a 40% morbidity and 20% mortality in European zoos (19,25). Reported 

clinical signs included lethargy, fever, mouth ulcers, drooling, difficulty eating, 

conjunctivitis, corneal edema, respiratory difficulty, lameness, inflammation of the 

coronary band, and sudden death (19). Notably, North American bison experimentally 

infected with BTV-11 developed detectable antibodies without exhibiting clinical signs 

(18). This finding highlights the ability of bison to mount an immune response to a 

specific serotype, potentially reducing clinical disease severity in subsequent exposures 

to the same serotype. The age-dependent dynamics observed in the current study may 

also reflect the accumulation of partial immunity in older animals due to prior exposures, 

which could mitigate the impact of subsequent infections. However, the introduction of a 

new serotype, to which the population has no prior exposure, can still result in high 

morbidity and mortality, as evidenced by the recent European outbreaks (39,48). These 

events emphasize how exposure to novel serotypes can lead to significant disease 

outbreaks, particularly in populations lacking prior immunity. 

Geographic variability also plays a critical role in Orbivirus transmission (42,49). 

The wide range of seroprevalence observed between sites in the current study 

highlights the role of localized environmental factors and vector habitats in shaping 

Orbivirus transmission dynamics. Bison wallows, for example, serve as temporary 
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breeding sites for Culicoides spp., with species like Culicoides sonorensis favoring 

active wallows enriched by bison activity (27). These findings suggest that landscape 

features and host behaviors can create focal points for vector-host interactions, 

influencing disease transmission at a local level. Additionally, the 2012 EHD outbreak in 

the U.S. demonstrated geographic clustering, with most cases in cattle and bison 

occurring in Nebraska, South Dakota, and Iowa (20). Similarly, cattle studies have 

reported region-specific seroprevalence rates, emphasizing the impact of geographic 

and ecological factors on disease exposure risk (22).  

In a broader context, climate change is expected to further influence the 

distribution and epidemiology of orbiviruses. Rising temperatures and altered 

precipitation patterns are predicted to expand the geographic range of Culicoides 

vectors, extend their active seasons, and increase the availability of suitable breeding 

habitats (3,8). For example, higher mean annual temperatures and age were correlated 

with increased BTV seroprevalence in water buffalo and cattle in southern Italy (50). 

These environmental shifts may promote viral transmission dynamics, particularly in 

landscapes with high host densities and modified habitats like wastewater lagoons and 

fragmented agricultural areas (1).  

Although logistic regression modeling in the present study did not find significant 

associations in weather or herd demographics and BTV/EHDV status, the small sample 

size likely limited the power of the analyses. Additionally, the cross-sectional design of 

the study provides a snapshot of vector-host interactions but does not allow us to 

determine causality. Future research should include longitudinal studies to track 

seroconversion and PCR positivity over time, coupled with ecological assessments of 
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vector populations and habitats. Collaborations between wildlife and livestock health 

sectors are essential for integrating surveillance within a One Health framework. 

Overall, our findings reveal significant age-associated dynamics in the 

epidemiology of BTV and EHDV in North American bison, with older animals showing 

higher seroprevalence but reduced PCR positivity. This suggests that immunity to 

orbiviruses accumulates over time due to repeated exposures, while risk of detectable 

viremia declines with age. Long term persistence of antibodies to both BTV and EHDV 

serotypes have been noted, supporting the concept that immunity following infection is 

generally long lasting for that specific serotype (51,52). Additionally, the timing of 

sampling within the vector season may influence observed seroprevalence and viremia 

rates, as animals sampled at the end of the season may have had more opportunities 

for exposure and antibody development, while those sampled earlier may be more likely 

to exhibit active infection. Nonetheless, these dynamics highlight the importance of 

considering life stage in disease surveillance and management strategies. Younger 

bison, which were more likely to exhibit active infections in our study, may contribute 

disproportionately to virus transmission during peak vector activity, while older 

individuals may serve as immunological sentinels, reflecting historical exposure to these 

viruses. To better understand these patterns, longitudinal sampling across multiple 

seasons to capture variations in exposure, immune response, and viremia over time is 

advised.  

Understanding these age-related patterns is critical for designing targeted 

surveillance programs and control measures. Future research should explore how these 

dynamics interact with environmental and vector-related factors to influence disease 
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transmission at the wildlife-livestock interface. Enhanced surveillance efforts that 

incorporate bison as a model for understanding Orbivirus ecology can provide valuable 

insights into mitigating risks to livestock, wildlife, and ecosystem health. These results 

contribute to the growing body of evidence supporting the importance of wildlife in 

Orbivirus dynamics, particularly under the influence of climate change. 
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TABLES AND FIGURES  

Table 3.1. Geographic distribution, seroprevalence, PCR-positivity, and serotype 
identification of orbiviruses in a 2023 cross-sectional survey of North American bison 
herds.  

State Serum* Whole 
Blood* 

Total 
Animals 
Sampled 

BTV    
ELISA  

+  
(%) 

EHDV 
ELISA 

+  
(%) 

EHDV  
PCR +  

(n) 

BTV 
PCR 
+ (n) 

BTV 
Serotypes 

CO 10 10 10 70.0 70.0 0 3 N/A 
IA 5 5 5 0.0 20.0 1 1 N/A 
KS 30 29 30 83.3 86.7 2 5 6,13 
MT 31 31 31 0.0 3.2 0 0 - 
NE 30 30 30 0.0 6.7 1 0 - 
OK 30 30 30 60.0 53.3 2 7 11,13,13,13 
SD 30 31 32 80.0 76.7 0 0 - 
SD 101 50 101 82.2 80.2 4 5 6,11,17,17 
SD 18 0 18 22.2 33.3 - - - 

* Total serum and whole blood samples collected per herd. 
**BTV serotypes identified using PCR serotyping. Some positive samples could not be 
successfully serotyped.  
N/A was placed in locations where serotypes could not be identified via RT-qPCR.  
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Table 3.2. Logistic regression analysis of sex as a function of BTV and EHDV test 
results from a BTV/EHDV cross-sectional survey in bison. No significance was noted.  

Dependent 
Variable 

Independent 
Variable Estimate (β) Std. Error p-Value 

BTV PCR Sex 0.8245 0.4825 0.08747 

EHDV PCR Sex 0.9327 0.6814 0.171021 

BTV ELISA Sex 0.1089 0.4082 0.789565 

EHDV ELISA Sex -0.3441 0.4075 0.398326 
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Table 3.3. Weather variables and BTV/EHDV PCR results from logistic regression 
modeling for a BTV/EHDV cross-sectional survey in bison. No significance was noted. 

 

 

 

 

 

 

 

 

 
EHDV PCR 

(β) EHDV 95% CI BTV PCR (β) BTV 95% CI 

Daily 
Precipitation 

0.090 -0.361, 0.541 0.105 -0.230, 0.439 

5-Day Avg 
Temp. -0.228 -1.286, 0.830 -0.060 -0.697, 0.576 

    
* p<0.1; ** p<0.0

5; *** p<0.01 
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Figure 3.1. Geographic distribution and herd size of North American bison with 
associated BTV seroprevalence in a 2023 cross-sectional study on Bluetongue Virus 
and Epizootic Hemorrhagic Disease. 
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Figure 3.2. Predicted probability of positivity (ELISA and PCR) for Bluetongue Virus and 
Epizootic Hemorrhagic Disease Virus by age in bison from a 2023 cross-sectional study, 
including 95% confidence intervals.  
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CHAPTER 4 – EVALUATION OF A P48 ELISA FOR MYCOPLASMA BOVIS IN 

NORTH AMERICAN BISON (BISON BISON): INFERIOR PERFORMACE COMPARED 

TO A COMMERCIALLY AVAILABLE ELISA 

 

Introduction 

North American bison (Bison bison) are a species of ecological, cultural, and 

economic significance. As a keystone species, they maintain the balance of grassland 

ecosystems and play a vital role in supporting Indigenous food sovereignty (1–3). 

However, bison populations continue to face challenges from Mycoplasma bovis, a 

bacterial pathogen first detected in the United States in the late 2000s (4,5). By 2013, 

M. bovis had emerged as a significant threat to both conservation and production herds, 

with a rapid increase in the number of affected herds and geographic spread noted in 

2021 (4–7). Unlike in cattle, where M. bovis is associated with the polymicrobial bovine 

respiratory disease complex, bison experience severe primary infections characterized 

by caseonecrotic pneumonia, septic arthritis, and high mortality rates, with outbreaks 

leading to losses of 10–45% of adults (6,8,9). 

Due to the challenges associated with the safe capture and handling of bison, 

effective diagnostic tools are essential for disease management, particularly for 

identifying asymptomatic and chronic carriers. In cattle, chronic carriers can 

intermittently shed M. bovis, complicating detection, and similar subclinical or persistent 

infections are suspected in bison (10–12). These undetected infections likely contribute 

to disease persistence within herds (8,13). 
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The lack of species-specific diagnostic tools for wildlife uncovers the need for 

more targeted and effective diagnostic methods specifically designed for bison. Current 

antemortem diagnostic methods include PCR for detecting active M. bovis infections 

and commercially developed ELISAs for serological surveillance, yet both approaches 

have limitations (12,14,15). Widely used commercial ELISA kits were originally 

developed for cattle and may not accurately reflect M. bovis exposure status in bison 

(8,14). Previous studies evaluated the suitability of these kits for bison sera and 

demonstrated that their performance was influenced by the antigen source and the 

conjugate used for IgG detection (14). Additionally, these commercial kits may fail to 

detect low antibody titers in infected but asymptomatic animals, leading to 

underestimation of antibody prevalence (10). This challenge is compounded by 

uncertainty surrounding the interpretation of existing serologic data, which has led to 

conflicting conclusions about the true extent of M. bovis exposure in bison populations. 

A previous report initially suggested widespread exposure of bison to M. 

bovis based on seropositive results (16). However, later research revealed significant 

cross-reactivity between M. bovis and other Mycoplasma species in serologic assays 

(8). This misinterpretation emphasized the urgent need for more accurate diagnostic 

tools to distinguish between true M. bovis infections and exposure to 

other Mycoplasma species. The implications of resolving this ambiguity are profound: 

either M. bovis exposure is far more geographically and numerically extensive than 

previously thought, or it remains a primary pathogen limited to herds with documented 

mortality events (12). Clarifying this distinction is critical for shaping future bison 
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management strategies, whether focused on broad surveillance or targeted 

interventions in high-risk herds. 

To address these limitations, alternative antigen targets have been explored to 

improve ELISA specificity and sensitivity in bison. The P48 protein, a conserved surface 

antigen of M. bovis, is homologous to the P48 protein in Mycoplasma agalactiae, which 

has proven to be a highly sensitive and specific antigen in M. agalactiae assays (17). 

Given the high number of other Mycoplasma species known to occur in cattle and bison, 

assays for both M. bovis and M. agalactiae require a high degree of specificity to 

minimize cross-reactivity (17,18). Therefore, this study aimed to develop an indirect 

ELISA test for the detection of antibodies against the M. bovis P48 protein and compare 

the performance of this assay to a commercially available test kit. 

Materials and Methods 

Purification of Recombinant M. bovis P48 Protein 

The sequence of the P48 gene from M. bovis PG45 was codon-optimized for 

expression in E. coli, synthesized, then cloned into the pET-28a(+) plasmid (GenScript, 

Piscataway, NJ, USA). Recombinant plasmids were used to transform BL21 E. coli 

(ThermoFisher, Waltham, MA, USA) following manufacturer’s instructions and positive 

clones were selected by plating on LB agar plates with kanamycin (100μg/ml) at 37 °C 

for 18 hrs. Colonies were used to inoculate 100ml cultures of LB broth with kanamycin 

incubated with shaking at 37 °C until the OD600 reached 0.5. Protein production was 

induced by the addition of isopropylthiogalactoside to the culture medium to a final 

concentration of 0.3mM. Following a 2 hr incubation, bacterial cells were harvested by 
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centrifugation at 4000 x g, 10 min at 4 °C. The supernatant was discarded and the cell 

pellet resuspended in binding buffer. E. coli cells were disrupted via sonication, details, 

and the insoluble material was pelleted via centrifucation at 10,000 x g for 10 minutes at 

4 °C. Histidine tagged P48 protein were purified from the supernatant by filtering 

through a nickel nitrilotriacetic acid resin (Millipore Sigma, Burlington, MA, USA) on a 

rocking platform for 1 hr at 4 °C. Bound protein was eluted by addition of 0.5 ml elution 

buffer on ice for 5 minutes. The resin was removed from the eluted protein by 

centrifugation at 13,000 rpm for 2 min at 4 °C. Supernatant from the elution step were 

further purified by dialysis using a dialysis cassette (ThermoFisher) in 50mM Tris-HCL 

pH 8.0 and stored at -80 °C. 

P48 Indirect ELISA Development 

An indirect ELISA targeting the Mycoplasma bovis P48 gene was developed following a 

standardized protocol. 96-well microtiter plates (Thermo cat #14-245-153) were coated 

with P48 antigen at a concentration of 4 µg/mL by diluting stock protein in 1X 

phosphate-buffered saline (PBS) and incubating overnight at 4°C. Plates were washed 

with PBS-T and then blocked with 3% milk in PBS-Tween 20 (PBS-T) for 1 hour at room 

temperature. 

Samples were heat-inactivated for 1 hour at 56 °C. Serum samples were diluted 1:50 in 

PBS-T containing 1% milk and added in duplicate to wells, followed by a 2-hour 

incubation at room temperature. After washing, an HRP-conjugated secondary antibody 

(protein A/G HRP Thermo Scientific #32490) was diluted 1:10,000 in PBS-T containing 

1% milk and incubated for 1 hour at room temperature. Plates were developed using 

SigmaFast OPD substrate, and the reaction was stopped with 3M HCl after 6 minutes. 
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Optical density (OD) was read at 490 nm using a microplate reader and the mean 

optical density of the sample triplicate or duplicate was used for classification.  Positive 

control serum was obtained from a bison with confirmed M. bovis infection by PCR, 

culture, and commerical ELISA positivity. Negative control serum was sourced from 

long-term monitored herds with no history of M. bovis exposure, as determined by 

annual ELISA and PCR testing. 

Cutoff Determination for P48 ELISA 

Following optimization, the final cutoff values were applied as follows: 

Negative Indeterminant Positive  
< 0.30 0.30-0.43 >0.43 

 

These values were calculated based on known positive and negative samples.  

When running optimization protocols, false negatives were found within the 

indeterminate range (0.30-0.43), along with many known negative samples. The lower 

limit of the indeterminate range is the standard deviation of the negative controls times 

three.  The upper limit of the indeterminate range is the mean OD of negative control 

samples + (3 × standard deviation of negative controls).   

Comparison of the P48 ELISA to the commercial ELISA 

To assess the performance of P48 ELISA, results were compared to the 

commercially available BioX BioK260 Mycoplasma bovis ELISA (Rochefort, Belgium). 

The commercial ELISA was performed according to the manufacturer’s instructions 

using the same serum sample set.  
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Three distinct sample groups were used to evaluate the assays: 

1. Confirmed M. bovis-Positive Samples (n = 35): Defined as samples from bison 

that tested positive for M. bovis by PCR at least 3 months after the start of an 

outbreak.  

2. Other Mycoplasma Samples (n = 30): Defined as samples that were culture 

positive for other Mycoplasma species (n=28 M. bovirhinis; one M. dispar; one 

Enterobacter spp.) but PCR and culture negative for M. bovis. 

3. Negative Control Samples (n = 168): Obtained from bison herds with long-term 

annual testing and no historic positive results on commercial ELISA, culture 

and/or PCR for M. bovis. 

All PCR samples in the present study were tested using the validated uvrC gene, 

which has demonstrated greater sensitivity than conventional PCR in cattle (12,19). 

All serum samples were heat-inactivated at 56°C for 60 minutes as a biosecurity 

measure as noted in Schwartz et al. (1973) and did not impact results (20). Samples 

were then aliquoted into ~100 µL volumes to minimize freeze-thaw cycles and stored at 

-20°C until testing. 

Samples classified as indeterminate were excluded from the final statistical analysis 

to ensure a clear distinction between positive and negative results. This approach was 

chosen to reduce potential misclassification bias and improve assay accuracy. 
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Sensitivity (Se) and specificity (Sp) were calculated along with their corresponding 95% 

confidence intervals (CIs) using the Wilson Score Interval method. These calculations 

were performed in R (v4.3.0) using the binom package (v1.1-1.1). 

Additional diagnostic metrics calculated included positive predictive value (PPV), 

negative predictive value (NPV), false positive rate (FPR) and false negative rate (FNR), 

overall accuracy, receiver operating characteristic (ROC) curve and area under the 

curve (AUC), and Cohen’s Kappa Statistic to assess agreement between ELISAs. 

These analyses were performed with the tidyverse (v2.0.0), binom (v1.1-1.1), pROC 

(v1.18.5), and irr packages (v0.84.1). DeLong’s test was used to compare the statistical 

significance of the AUCs. A p-value < 0.05 was considered significant. Graphs were 

created using ggplot2 (v3.5.1). 

Results 

Sensitivity and Specificity 

The P48 ELISA, commercial ELISA, and a combination of the two ELISAs 

(combined ELISA) were evaluated on their ability to detect M. bovis positive serum 

samples. The commercial ELISA demonstrated higher sensitivity (77.8%, CI: 61.9-

88.3%) and specificity (97.5%, CI: 94.2-98.9) (Table 1) indicating a higher accuracy in 

identifying both positive and negative samples. In contrast, the P48 ELISA had a lower 

sensitivity (63.9%) but maintained a high specificity (94.9%). The combined ELISA, in 

which a sample was considered positive if either test was positive, yielded the highest 

sensitivity (83.3%, CI: 68.1-92.1%), at the cost of a slightly lower specificity (93.4%, 

89.1-96.1%) (Figure 4.1, Table 4.1).  
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Predictive Values and Overall Accuracy 

The Commercial ELISA had the highest PPV (84.8%, CI: 69.1-93.3%) compared 

to 69.7% (CI: 52.7-82.6%) for the P48 ELISA, indicating that the commercial ELISA had 

the highest probability that a positive result correctly identified an infected individual 

(Figure 4.1, Table 4.1). In contrast, the combined ELISA had a marginally higher NPV 

(combined 96.9%, CI: 93.3-98.6; Commercial 96.0% CI: 92.3-98.0%), minimizing false 

negatives and ensuring that negative results were more reliable. Additionally, the 

commercial ELISA had the highest overall accuracy at 94.4%, while the P48 and 

combined ELISA had an accuracy of 90.2% and 91.9% respectively (Figure 4.1, Table 

4.1). 

False Positive and False Negative Rates 

False positive rate (FPR) and false negative rate (FNR) were evaluated to 

assess diagnostic reliability (Table 2). The commercial ELISA had the lowest FPR 

(2.53%), making it the most specific test with the combined ELISA having the lowest 

FNR (16.7%). The P48 ELISA had the highest FNR (36.1%). In the other Mycoplasma 

spp. group, the P48 ELISA detected 6/30 (20%) false positives while the commercial 

ELISA detected 5/30 (16.7%) false positives. 

Comparison of AUC Values 

The area under the curve (AUC) was computed for each test to measure overall 

diagnostic performance (Table 4.3, Figure 4.2). The commercial ELISA had the highest 

AUC (0.876), followed closely by the combined ELISA (0.884), while P48 ELISA had the 

lowest AUC (0.794), indicating reduced discriminatory power.  
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To determine whether differences in AUC were statistically significant, DeLong’s 

test for two correlated ROC curves was applied. These findings confirm that commercial 

ELISA is statistically superior to the P48 ELISA (p-value: 0.048) but combining both 

ELISAs does not significantly outperform commercial alone (p-value: 0.713). These 

results confirm that the commercial ELISA alone is the most effective, and while the 

combined ELISA slightly improves AUC, the difference is not statistically significant. 

Cohen’s Kappa: Agreement Between Tests 

The Cohen’s kappa statistic was used to measure agreement between ELISA 

tests. The P48 compared to the commercial ELISA had a kappa value of 0.674 

indicating moderate agreement. The combined ELISA verses the positive or negative 

sample categories had a stronger agreement of 0.711 indicating substantial agreement 

and improved diagnostic accuracy.  

Discussion 

Our findings indicate that the P48 ELISA did not surpass the commercial test kit 

in diagnostic performance. Additionally, the combination of the two ELISAs did not 

significantly improve serological detection of M. bovis antibodies in bison serum 

samples. The findings presented in this study also provide the first formal sensitivity and 

specificity estimates for the commercial ELISA in bison (Se: 77.8, Sp: 97.5, Figure 4.1, 

Table 4.1). While the commercial ELISA performed better than the P48 ELISA, both 

assays had limitations, showing the necessity for further refinement of M. bovis 

serological testing. 
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A key objective of this study was to evaluate the specificity of the commercial 

ELISA, given its suspected cross-reactivity with other Mycoplasma species and its 

previous use without validation leading to result misinterpretation (8,16). Cross-reactive 

antibodies produced in response to other ruminant Mycoplasma species introduce false 

positive serological diagnostic tests that can reduce diagnostic test accuracy and 

misinform disease management decisions. In this study, 30 serum samples from bison 

infected with other Mycoplasma species (e.g., M. bovirhinis) were tested to assess 

assay specificity. Ideally, a highly specific ELISA should classify these samples as 

negative though our data shows the P48 ELISA produced 6/30 (20%) false positives, 

while the commercial ELISA yielded 5/30 (16.7%), indicating that both assays may 

detect cross-reactive antibodies. This suggests that while P48 may be a strong antigen 

for detecting M. bovis-specific antibodies, it may share conserved epitopes with proteins 

of other Mycoplasma species resulting in false positives. Minimizing false positives is 

critical for effective diagnostic tests as incorrect identification of infected animals can 

lead to adverse events including unnecessary herd interventions, movement 

restrictions, or culling.  

Although the specificity of both assays remained high (~95–97%), the high level 

of false positives in the other Mycoplasma spp. samples may have significant impacts to 

herd-level disease management in herds with high rates of these other Mycoplasma 

species. These findings are consistent with Register et al. (2021), which reported 

approximately 3% seropositivity among bison herds with no known history of M. bovis, 

matching the expected false-positive rate of the commercial ELISA in non-infected 

herds (16). This dramatically changes the current understanding of the ubiquity of M. 



 

92 

 

bovis and the importance of preventing M. bovis introduction into naïve herds and 

demonstrates that the current ELISAs available must be used alongside other 

confirmatory testing such as PCR, Mycoplasma culture, or repeated serological testing 

to ensure accuracy. 

Unlike ELISA, which detects antibodies, PCR identifies the pathogen, making 

direct comparisons difficult. Due to the lag in time between initial infection and the 

development of detectable antibodies, it is plausible that PCR positive animals might 

test negative on ELISA simply due to the timing of sample collection. This, in turn, could 

lead to an underestimation of ELISA sensitivity, as truly infected animals may not yet 

have circulating antibodies at the time of testing. This challenge is compounded by the 

fact that timing and consistency of antibody production in bison infected with 

Mycoplasma bovis have not been well characterized. Bison appear to exhibit variability 

in humoral immune responses, with some animals failing to seroconvert despite 

confirmed infection through multiple positive nasal swab PCR tests (21). However, 

findings from the present study, in which samples were collected from PCR-positive 

animals in herds that experienced M. bovis-associated mortality at least three months 

prior to sampling, suggest that sufficient time had likely elapsed for the development of 

detectable antibody levels. 

Establishing an appropriate P48 ELISA cutoff was critical for balancing sensitivity 

and specificity. Unlike some ELISA validation studies that use dilution series to 

determine antibody detection thresholds, this study optimized cutoff values using known 

PCR-confirmed positive and negative samples (22). Given the lack of a universal 

serological gold standard for M. bovis, an indeterminate range (0.30–0.43 OD) was 
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implemented to account for borderline cases, reducing false positives while flagging 

weakly reactive samples for retesting. The final positive cutoff was set at >0.43 OD, 

ensuring a conservative threshold for classifying positive sera. By using real sample 

distributions instead of serial dilutions, this method improves practical applicability for 

field diagnostics. 

One important direction for ELISA development is the exploration of M. bovis 

antigenic diversity, particularly variable surface proteins (Vsps), which undergo phase 

variation to evade immunity (23,24). Such antigenic variation predicts that an ELISA 

based on a single protein could miss strains or phases of the pathogen that do not 

prominently express that target. Future proteomic and immunologic comparisons 

between M. bovis isolates from bison and cattle could identify additional 

immunodominant markers, improving diagnostic accuracy. Given that cross-reactivity 

with other Mycoplasma species remains a significant challenge, targeted antigen 

modifications and epitope mapping could enhance assay specificity. Similar screening 

efforts in bison, utilizing convalescent sera, could identify new antigenic targets that 

improve sensitivity while reducing non-specific reactivity. Wynn et al. identified a core 

genome shared across M. bovis strains from both cattle and bison, which includes 38 

secreted or outer membrane proteins with antigenic potential (25). Rather than pointing 

to major genomic differences between strains, these findings suggest that multiple 

antigens are consistently present and potentially recognized by the host immune 

system, even within a single strain. Therefore, a multi-antigen approach combining P48 

with other immunogenic proteins may improve detection by compensating for antigenic 

and host immune response variation (26–28).  
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Ultimately, these findings bring to light the challenges in M. bovis diagnostics, 

particularly in improving sensitivity without compromising specificity and expanding the 

diagnostic toolkit to keep pace with M. bovis’s antigenic variability across time and host 

species. By targeting stable immunogenic proteins and implementing multiplex antibody 

detection, more robust serological assays for bison herd surveillance and management 

tools may be developed in the future. This study provides foundational data on the 

performance of the commercial ELISA in bison and expresses demand for next-

generation serological diagnostics tailored to bison-specific M. bovis epidemiology. It 

also reinforces the importance of re-evaluating past findings and interpretations derived 

from the commercial ELISA, given its limitations in this host species.  
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TABLES AND FIGURES 

 

Figure 4.1. Comparison of sensitivity, specificity, negative predictive values (NPV), 
positive predictive values (PPV) with 95% confidence intervals (CI) and overall accuracy 
between two ELISAs and the combination of the two (combined ELISA) in detecting 
Mycoplasma bovis antibodies in bison serum. 
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Figure 4.2. The area under the curve (AUC) computed for two Mycoplasma bovis 
ELISAs and the combination of the two to measure overall diagnostic performance in 
detecting M. bovis antibodies in bison serum. 
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Table 4.1. Comparison of the sensitivity, specificity, negative predictive values, positive 
predictive values with 95% confidence intervals) and overall accuracy of the P48, 
commercial, and a combination of the two (combined ELISA) in detecting Mycoplasma 
bovis specific antibodies in bison serum. 

Test ELISA Estimate (%) Lower CI (%)c Upper CI (%)c 
Sensitivity P48 63.9 47.6 77.5 

 Commercial 77.8 61.9 88.3 
 Combined 83.3 68.1 92.1 

 
Specificity P48 94.9 90.9 97.2 

 Commercial 97.5 94.2 98.9 
 Combined 93.4 89.1 96.1 

 
PPVa P48 69.7 52.7 82.6 

 Commercial 84.8 69.1 93.3 
 Combined 69.8 54.9 81.4 

 
NPVb P48 93.5 89.3 96.2 

 Commercial 96.0 92.3 98.0 
 Combined 96.9 93.3 98.6 

 
Accuracy P48 90.2   

 Commercial 94.4   
 Combined 91.9   

a, positive predictive values 

b, negative predictive value 

c, confidence interval 
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Table 4.2. False positive and false negative rates used to assess diagnostic reliability of 
two ELISAs and the combination of the two (Combined ELISA) for detecting 
Mycoplasma bovis antibodies in bison serum. The bold numbers indicated that the BioX 
ELISA was the most reliable in confirming true negative and the Combined ELISA 
reduced false negatives. 

Metric P48 ELISA Commercial 
ELISA 

Combined ELISA 

False Positive Rate 5.05% 2.53% 6.57% 
False Negative 

Rate 
36.10% 22.20% 16.70% 
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Table 4.3. Area under the curve (AUC) and interpretation in assessing overall diagnostic 
performance two ELISAs and the combination of the two (Combined ELISA) for 
detecting Mycoplasma bovis antibodies in bison serum. 

Test AUC Interpretation 

P48 ELISA 0.794 Fair diagnostic ability 

Commercial ELISA 0.876 Good diagnostic ability* 
Combined ELISA 0.884 Slightly better than BioX** 

*=Statistically significant improvement as compared to the P48 ELISA 

**=Not statistically significant 
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CHAPTER 5- CONCLUSIONS AND FUTURE DIRECTIONS 

Integration of Findings and Implications 

The research presented in this dissertation advances our understanding of bison 

health through a multidisciplinary approach by integrating stakeholder perspectives, 

epidemiological studies, and diagnostic evaluations. By addressing gaps in disease 

surveillance, biosecurity, and diagnostics, these findings inform the development of 

more effective policies and management strategies for bison populations. 

A key contribution of this work is the multisectoral definition of bison health 

developed through a Delphi survey. Bison health can be assessed by a population’s 

ability to express natural behaviors, be resilient to external stressors that include 

disease, and display high levels of lifetime reproductive output within its environment 

with minimal intervention. This definition provides a foundation for health monitoring that 

extends beyond pathogen detection and integrates ecological and behavioral health 

indicators.  

The high seroprevalence of BTV and EHDV in bison herds across multiple states 

highlights the importance of incorporating bison into existing vector-borne disease 

surveillance programs. The identification of multiple circulating serotypes suggests that 

bison could serve as incidental hosts for Orbiviruses, warranting further investigation 

into their role in disease transmission dynamics. Additionally, the study of age-related 

immunity patterns may have implications for herd-level disease monitoring. 

The evaluation of M. bovis diagnostics in bison shows the persistent need for 

species-specific serological assays. The comparative analysis of a novel P48 ELISA 
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against a commercially available ELISA demonstrates suboptimal diagnostic 

performance, highlighting cross-reactivity issues and poor sensitivity in bison. This 

finding stresses the importance of tailoring diagnostic tools to bison-specific immune 

responses to enhance disease detection and management. The validation of bison-

specific ELISAs should be prioritized to improve M. bovis detection. Further research on 

bison immunological responses is necessary to enhance diagnostic accuracy, and 

point-of-care diagnostic tools should be developed for field applications in conservation 

and production settings. 

Cross-sectoral collaboration is essential for effective disease management. 

Communication between tribal, conservation, government, and private-sector 

stakeholders should be facilitated. The integration of Traditional Ecological Knowledge 

(TEK) into disease mitigation strategies can strengthen management practices. 

Additionally, interdisciplinary training programs should be developed for veterinarians, 

ecologists, and bison producers to enhance One Health capacity building. 

Future Research Directions 

Building on the findings of this dissertation, several key areas warrant further 

investigation. The Delphi survey uncovered the needs of the bison sector including the 

need for enhanced diagnostic research, biosecurity resources, and collaborative 

approaches to mitigate disease risks and support bison health. 

Longitudinal studies on BTV and EHDV in bison are essential in order to better 

understand vector transmission dynamics. It remains unclear whether bison serve as 

incidental hosts or more, requiring a deeper evaluation of viremia over time. Further 
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research should examine the role of bison in BTV serotype reassortment and genetic 

exchange, as well as assess the risk of bison exposure to novel BTV/EHDV serotypes, 

particularly considering differences between young and old individuals. Understanding 

antibody cross-protection between different BTV serotypes in bison will provide insight 

into immune responses and disease resilience. Additionally, longitudinal vector studies, 

such as midge captures near bison wallows in conjunction with bison sampling, can 

help expand knowledge of Orbivirus prevalence in the midge and how that plays into the 

disease dynamics of bison.  

M. bovis pathogenesis and host adaptation also require further study, particularly 

through genomic comparisons between bison and cattle M. bovis strains to identify 

host-specific adaptations. Research into the role of chronic carriers in disease 

persistence and transmission is necessary, as is the exploration of host immune 

response variations to guide the development of targeted vaccines and therapeutics. 

The role of IgG2 immune responses as a potential marker for chronic carriers also 

warrants further examination. Additionally, a multiplexed ELISA or multiple protein 

ELISAs incorporating new proteins need to be developed in order to improve diagnostic 

sensitivity and specificity. Proteomic analyses will be instrumental in identifying novel 

antigenic targets for diagnostic development. Alternative diagnostic methods such as 

PCR-based surveillance for early detection should be further assessed and used in 

conjunction with ELISA for antemortem testing. 

Conclusion 

This dissertation proves the importance of a multidisciplinary and One Health 

approach to bison disease surveillance and management in providing a comprehensive 
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framework for improving bison health policy. Moving forward, standardized surveillance, 

improved biosecurity, species-specific diagnostics, and cross-sectoral collaboration will 

be essential for mitigating disease risks and ensuring the sustainable management of 

bison populations. By addressing these priorities, this research contributes to the long-

term conservation and health resilience of North American bison in the face of emerging 

disease challenges and environmental changes. 


