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ABSTRACT 
 
 

 
A SURVEY FOR POTENTIAL PATHOGENS IN WILD TURKEYS (MELEAGRIS 
GALLOPAVO) IN ONTARIO, CANADA 
 
 
Amanda Marie MacDonald    Advisors: 
University of Guelph, 2018    Dr. Nicole Nemeth & Dr. Claire Jardine 
 
 
 
The primary purpose of this thesis was to investigate the prevalence and distribution of potential 

pathogens circulating in wild turkeys (Meleagris gallopavo) in Ontario. Many potential disease-

causing agents, amplified by anthropogenic actions, pose a threat to the health of wildlife. Since 

their reintroduction in 1984, wild turkeys have increased in number and geographic range. 

Furthermore, these populations geographically overlap with domestic turkey farms (wildlife-

livestock interface), and possible pathogen transmission between wild and domestic turkeys is a 

concern, as they are susceptible to infection with many of the same pathogens. Despite this, 

information on the health and the occurrence of pathogens that may cause disease in wild turkeys 

in Ontario is lacking. To address these knowledge gaps, I conducted a retrospective analysis of 

post-mortem findings and diagnoses for 56 wild turkeys submitted, over a 20-year period, to the 

Canadian Wildlife Health Cooperative for diagnostic evaluation. Non-infectious diagnoses were 

more common than infectious, with emaciation identified most frequently. Next, a prospective 

study was conducted to investigate pathogens previously associated with disease outbreaks or 

decreased fitness of wild and domestic turkeys. Hunter-harvested and other opportunistically 

collected wild turkeys (n=215) from across southern Ontario were tested for Mycoplasma spp., 

Salmonella spp., Escherichia coli, Ornithobacterium rhinotracheale, Erysipelothrix 

rhusiopathiae, Pasteurella multocida, Campylobacter spp., Eimeria spp., avian pox virus, avian 

influenza viruses, and lymphoproliferative disease virus. Positive E. coli isolates were further 



 

tested for antimicrobial resistance (AMR). Laboratory methods included culture, fecal floatation, 

histopathology, and PCR. Most wild turkeys tested positive for Mycoplasma and Eimeria spp., 

and over half were positive for E. coli and lymphoproliferative disease virus. There were rare 

isolations of avian poxvirus and Campylobacter jejuni, and no detection of avian influenza 

viruses, Salmonella, O. rhinotracheale, E. rhusiopathiae, and P. multocida. Finally, AMR testing 

performed on Escherichia coli isolates documented limited resistance to antimicrobials. The 

baseline data provided by this research provides insight into the health of hunter-harvested wild 

turkeys in Ontario and will aid in future monitoring of disease emergence. In addition, it will 

contribute to conservation and management strategies that help to ensure sustainable populations 

of wild turkeys in Ontario. 
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INTRODUCTION 
 

Wild turkeys were extirpated from Ontario in 1909, due to unregulated overhunting and loss of 

their native habitat to clear-cutting for agriculture. Since their reintroduction in 1984, free-

ranging wild turkeys (Meleagris gallopavo) have been increasing in number and expanding their 

native geographic range. The geographic range of wild turkeys overlaps with the majority of 

commercial poultry farms in the province. Increased wild turkey distribution and density in 

Ontario combined with numerous commercial poultry facilities increases the risk of pathogen 

transmission and disease exposure between free-ranging wild turkeys and commercial turkeys at 

the wildlife-livestock interface. Furthermore, domestic and wild turkeys are conspecific and 

therefore susceptible to diseases associated with many of the same disease-causing agents. The 

interface between wild and domestic turkeys provides an opportunity for bidirectional flow of 

these agents, thus creating a need for information regarding potential disease risks to both 

groups. Anecdotal observations of wild and domestic turkey contact strengthen the necessity for 

these studies. Priority pathogens associated with disease outbreaks or decreasing the fitness of 

commercial poultry (e.g., Mycoplasma spp., Eimeria spp., avian pox virus, avian influenza 

viruses, and lymphoproliferative disease virus) were targeted for testing in a surveillance study 

of hunter-harvested wild turkeys. A subset of LPDV-positive samples were also sequenced for 

use in a phylogenetic analysis and generic E. coli isolates from wild turkeys were further tested 

for antimicrobial-resistance.  

 

This analysis provides baseline surveillance data on the current prevalence and distribution of 

common and important pathogens in wild turkeys in Ontario. In addition, knowledge of known 

transmission routes and pathogenesis of disease-causing agents has been used to assess the 

relative risk of pathogen transmission and subsequent disease among wild and commercial 

turkey flocks. These data provide a basis for future assessments of changes in the prevalence and 

distribution of persistent or emerging diseases and changes in pathogen virulence. The 

information gained from this research can be applied to wildlife conservation and management 

strategies and also to the commercial poultry industry by way of disease awareness, 

preparedness, and prevention. Ontario poultry producers, poultry veterinarians, wildlife 

biologists and managers, hunters, and the public will benefit from this information. 
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CHAPTER I: LITERATURE REVIEW and RESEARCH OBJECTIVES 
 
 
INTRODUCTION TO THE WILD TURKEY - MELEAGRIS GALLOPAVO SILVESTRIS 
 
Wild turkeys (Meleagris gallopavo) are large, non-migratory game birds belonging to the order 

Galliformes. This order also includes chickens (Gallus gallus domesticus), quail (Colinus 

virginianus), partridge (Perdix perdix), pheasants (Phasianus spp.) and grouse (Tetraoninae). 

Currently six subspecies of wild turkeys are recognized; however, only two of these are found in 

Canada, the Eastern wild turkey (Meleagris gallopavo sivestris) in the eastern part of the country 

and Merriam’s wild turkey (M. g. merriami) in the west (NWTF 2016).  

 

Wild turkeys were extirpated from Ontario in the early 1900s due to unregulated over-hunting 

and loss of their preferred forest habitat due to agricultural expansion (Allison 1976; OMNR 

2007). They were successfully reintroduced to the province in 1984 by the combined efforts of 

groups such as the Ontario Ministry of Natural Resources, the Federation of Ontario Naturalists, 

the Ontario Federation of Anglers and Hunters, the National Wild Turkey Federation, and other 

fish and game associations and working groups. The geographic range of wild turkeys currently 

exceeds the area occupied prior to reintroduction and the estimated population size is 70,000 

individuals (OMNR 2007). Wild turkeys have once again become a popular game species in 

Ontario and have two annual hunting seasons, one in the spring, and one in the fall, highlighting 

their importance for both recreation and the economy. 

 

Both climate and anthropogenic changes have contributed to the wild turkey’s range expansion. 

Milder winters, attributed to the effects of climate change, have allowed the wild turkey to move 

farther north than was previously possible (Niedzielski and Bowman 2015); however, during 

more severe winters, wild turkeys are subjected to higher mortality rates, in part due to predation 

and difficulty in finding adequate food and cover (Nguyen 2001). Continued human population 

growth requires the management and use of natural resources, often altering landscapes for use 

in agriculture and livestock production, which can lead to increased interactions between wild 

turkeys and domestic (or commercial) poultry. 
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Despite being a valuable species and sharing an interface with domestic poultry, information on 

the health status of wild turkeys in Ontario is limited, particularly in terms of disease prevalence 

and distribution in their occupied range. This creates an urgency to recognize and understand 

transmission and spatial dynamics of potential pathogens circulating among wild turkeys due to 

the threat of disease transmission among these animals. 

 

THE WILDLIFE - LIVESTOCK INTERFACE 
 
Wild birds, particularly migratory waterfowl, are often considered responsible for dispersing, 

maintaining, and serving as reservoirs for various pathogens such as avian influenza virus (AIV), 

Newcastle disease virus, and Salmonella spp. (Palmgren et al. 1997; Wobeser 1997; Alexander 

2000; Dhama et al. 2008). Viral, bacterial, and parasitic disease-producing agents can be 

transmitted between wild and domestic birds through inhalation or ingestion of fecal matter and 

respiratory (i.e., aerosolized) droplets, vectors such as mosquitoes, and contact with 

contaminated equipment, farm personnel, and other fomites. 

 

Because wild and domestic turkeys are genetically the same species, there is a potential for 

bidirectional transmission of pathogens across a shared interface (Aslam et al. 2012). The role of 

wild turkeys in the maintenance and spread of diseases to domestic poultry and vice versa is 

poorly understood. The continued need for land for producing human food (crops, livestock), 

however, and the subsequent encroachment of humans and livestock into wildlife habitat 

increases the number of opportunities for interactions between wild and domestic poultry as well 

as contact points and potential pathogen spread (Miller et al. 2013). 

 

Disease outbreaks occurring in wild and domestic poultry flocks have associated economic costs. 

Losses may result from having to downgrade or dispose of infected carcasses in the commercial 

poultry industry, from decreases in sales of hunting licenses, clothing and firearms, and costs to 

the government from combatting and managing the spread of disease. For example, it is 

estimated that the United States spends upwards of $71 billion on responses and mitigation of 

AIV pandemics (Meltzer et al. 1999; Arnold et al. 2006).  

 

Risk analyses and assessments must be implemented to determine the potential risks for disease 
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transmission at the livestock-wildlife interface (Daniels et al. 2003). Risks such as level of 

biosecurity, disease status of domestic and wild poultry, disease reservoirs, disease pathogenesis, 

and biology and behavior of pathogens in wild and domestic poultry need to be understood and 

considered. Preventative measures such as enhanced biosecurity, separating wild turkeys from 

domestic poultry to prevent or limit exposure to pathogens, and surveillance to determine to role 

of each group in the transfer and maintenance of disease is critical to understanding the potential 

connections among these pathogens and wild and domestic poultry. 

 

PATHOGENS OF INTEREST 
 
The reintroduction of wild turkeys into Ontario in 1984 involved importing birds from Iowa, 

Michigan, Missouri, New Jersey, New York, Tennessee and Vermont. Prior to relocation, all 

birds were examined, and disease tested by veterinarians approved by the United States 

Department of Agriculture and certified by the Canadian Food Inspection Agency at the US-

Canada border. All relocated turkeys tested negative for the following potential pathogens: 

Mycoplasma gallisepticum, Pasteuralla multocida, and Salmonella enterica serovar Pullorum-

Gallinarum (OMNR 2007). Additionally, 363 wild turkeys relocated within Ontario during trap 

and transfer programs were tested for the same infectious agents between 1987 and 1991, with 

the same results and no indications of diseases being transferred between wild turkeys and 

domestic poultry (OMNR 2007). 

 

Numerous diseases and pathogens capable of causing disease can circulate among wild turkeys 

and their domestic counterparts, for example Pasteurella multocida, serovars of Salmonella 

enterica and Mycoplasma species (Adrian 1984, Engering et al. 2013). Food safety risks to 

humans can also arise from diseased animals or those carrying zoonotic pathogens, for example 

those carrying Influenza A viruses or Salmonella spp. (Scallen et al. 2011; Sanchez et al. 2016). 

Potential disease-causing pathogens such as Ornithobacterium rhinotracheale, avian poxvirus 

and Pasteurella multocida have previously been identified in wild turkeys submitted to the 

Canadian Wildlife Health Cooperative (CWHC) in Ontario and will be discussed further in 

subsequent sections. 
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Viral Pathogens 

Avian Influenza Viruses 
 
Avian influenza viruses (Orthomyxoviridae, Influenzavirus A) are RNA viruses that are 

classified by subtypes according to the surface glycoproteins on the virus, e.g., hemagglutinin 

(H1-16) and neuraminidase (N1-9). The distribution of Influenza viruses is worldwide, most 

commonly associated with birds using migratory pathways (Friend and Franson 1999). Wild 

birds, namely waterfowl and shorebirds in the orders Anseriformes (ducks and geese) and 

Charadriiformes (gulls, and terns), are considered the reservoirs for all avian influenza subtypes; 

there is no evidence that gallinaceous birds, such as turkeys and chickens, serve as AIV 

reservoirs (Webster et al. 1992; Perdue et al. 1999, Krauss et al. 2004; Stallknecht and Brown 

2008). Although the majority of virus isolations come from waterfowl and shorebirds, infections 

among them rarely cause disease or death (Swayne and Halvorson 2009). 

 

AIVs may be of the low pathogenic avian influenza (LPAI) or highly pathogenic avian influenza 

(HPAI) phenotype, depending on their ability to cause disease in chickens. LPAI viruses make 

up the bulk of AIVs circulating among migratory birds which, upon introduction into domestic 

poultry flocks, can mutate or reassort into HPAIs with increased virulence and lead to substantial 

outbreaks (Dhama et al. 2005; Olsen et al. 2006; Sanchez et al. 2016). HPAIs are potentially 

zoonotic, can spread very rapidly, causing high flock mortality in domestic poultry (Dhama et al. 

2008). Transmission of LPAIs occurs primarily by the fecal-oral route, whereas the spread of 

HPAIs occurs mainly by the oropharyngeal route (Stallknecht and Brown 2008).  

 

Ontario experienced an H5N2 avian influenza outbreak in the spring of 2015. Two turkey farms 

and one chicken farm were affected, resulting in the depopulation of over 79,000 birds (CFIA 

2015). Most avian influenza outbreaks in domestic poultry flocks are believed to arise due to 

spill over of non-pathogenic H5 and H7 viruses from waterfowl reservoirs and subsequent 

adaptation and mutation into highly pathogenic forms (Webster et al. 1992). HPAIs are not 

generally believed to be maintained in wild bird reservoirs; however, these viruses have been 

reported to have the capacity to be transferred back to wild birds at the wildlife-livestock 

interface (Swayne et al. 2014). Although avian influenza viruses could potentially infect wild 

turkeys, no influenza viruses among them have been reported to date and the risk of HPAI 
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outbreaks among them currently appear to be minor (Davidson et al. 1988; Rocke and Yuill 

1997; Neimanis and Leighton 2004). This lack of documented infections could be related to the 

behavior of wild turkeys, as they do not congregate in large densities in water bodies as do 

waterfowl and migratory birds, and this may limit the potential for widespread infection in these 

birds.  

 

Avian Poxvirus 
 
Avian pox (Poxviridae, Avipoxvirus) is a highly contagious viral disease of birds, including wild 

turkeys. This virus is found globally in commercial poultry, although in wild birds it has not been 

documented in more remote areas such as the Arctic and Antarctic (Odend’hal 1983, van Riper 

and Forrester 2007). Transmission may occur directly or via mechanical arthropod vectors and 

the virus spreads with greater ferocity in high density bird populations. There are two clinical 

forms of the disease: a diphtheritic or wet form that affects the mouth and respiratory tract, and a 

dry or cutaneous form that involves lesions in the skin (Tripathy and Reed 1997). Many avian 

poxvirus infections are self-limiting; however, proliferative lesions in the skin around the eyes 

and in the oral and esophageal mucosa can limit the birds’ sight and thus ability to escape 

predators, as well as to find and ingest food, which may result in death due to predation or 

emaciation (van Riper et al. 2007).  

 

Poxvirus does not appear to be a significant threat to domestic poultry; when a flock does 

experience infection, mortality tends to be low, although the fact that some flocks are vaccinated 

indicates a perceived risk (Neimanis and Leighton 2004). For example, during a cutaneous pox 

outbreak on a domestic turkey farm in Europe only 20 of 11,680 (0.17%) birds showed grossly-

evident lesions and there were no signs of mortality (Hess et al. 2011). Wild turkeys with avian 

pox have been reported in the southeastern United States (Prestwood et al. 1973; Akey et al. 

1981; Davidson et al. 1985), New Jersey (Schorger 1966), Oregon (Lutz and Crawford 1987), 

and Texas (Davidson and Wentworth 1992). Reports of wild turkeys in Ontario, Canada with 

avian poxvirus first occurred in 2009, and have since been reported an additional six times (Doug 

Campbell, Canadian Wildlife Health Cooperative, pers. comm.). 
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Lymphoproliferative Disease Virus and Reticuloendotheliosis Virus 
 
Lymphoproliferative disease virus (LPDV) is caused by a retrovirus (Retroviridae, 

Alpharetrovirus) that induces neoplastic (tumor-causing) disease in wild and domestic turkeys 

(Biggs et al. 1978; Allison et al. 2014). Historically, reports of this virus have been rare and were 

limited to domestic turkeys within Europe and Israel; however, the geographic range of LPDV 

infections in turkeys was recently expanded to include a domestic turkey in Arkansas, as well as 

a high prevalence in wild turkeys in the eastern United States (Biggs 1997; Ianconescu et al. 

1983; Allison et al. 2014; Thomas et al. 2015). Currently, two strains of the virus are recognized, 

the North American LPDV strain and the prototype strain from Israel (Allison et al. 2014). 

 

The route(s) of virus transmission in nature is currently unknown; however, it has been shown 

experimentally to spread horizontally among in-contact birds (McDougall et al. 1978). LPDV is 

often diagnosed concurrently with other infections (such as poxvirus) and has been detected in 

healthy-appearing wild turkeys throughout the eastern United States (Allison et al. 2014; Alger et 

al. 2015; Thomas et al. 2015). Although most reports of the virus have been subclinical, fatalities 

due to massive tumor growth are possible and, in domestic turkeys, cumulative flock mortality 

can be as high as 25% (Biggs et al. 1978; Allison et al. 2014). The impact of LPDV on wild 

turkey populations is not yet understood; in fact, little is currently known about the virus or 

disease. The virus has yet to be documented in Canada, which is most likely due to lack of 

awareness and testing (Allison et al. 2014; Alger et al. 2015). The implications of no documented 

LPDV-infected domestic turkeys in North America suggest that either disease transmission 

between poultry and wild birds is not a significant issue or that there has been a lack of testing in 

domestic birds. 

 

Reticuloendotheliosis virus (REV) can also cause neoplastic disease similar to, and concurrent 

with, LPDV in a number of wild and domestic birds, including wild turkeys (Allison et al. 2014). 

REV can be spread horizontally (direct or indirect) and vertically, and although it is considered 

common among domestic poultry in numerous countries, including Japan, Australia, Israel, and 

the US, it rarely causes clinical disease and is not considered a significant threat to the poultry 

industry (Payne 1998; Payne and Venugopal 2000; Drew 2007). 
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Bacterial Pathogens 

Salmonella enterica 
 
Salmonella spp. (Enterobacteriaceae) are the causative agents of salmonellosis, a contagious 

disease that infects numerous animals, including domestic and wild birds, as well as humans. 

Salmonella spp. have a global distribution and there is a significant link between its presence in 

wild birds and their proximity to livestock operations (Daoust and Prescott 2008). There is also 

evidence that contact between wild birds with Salmonella spp. infections and commercial poultry 

can pose a risk of pathogen transfer to domestic birds (Davies and Wray 1996; Craven et al. 

2000). Vertical and horizontal transmission are possible through direct and indirect contact, and 

through dissemination through the fecal-oral route is most common (Friend 1987). 

 

Salmonella spp. rarely cause mass die-offs in most wild birds; however, large songbird mortality 

events at feeders due to salmonellosis caused by Salmonella enterica serotype Typhimurium 

have been reported from the US, Europe, and Canada (Friend and Franson 1999; Daoust et al. 

2000). Outbreaks of serotype Pullorum in commercial poultry flocks are rare and are not of 

economic concern, whereas serotype Typhimurium infection can cause growth depression, 

mortality, and rejection at slaughter (Gast 2009). There are currently no reports of serotype 

Gallinarum in the US; however, serotype Typhimurium has been reported in wild turkeys in 

Texas, South Dakota, Colorado, California, Alabama, Georgia, Virginia, and Florida and 

serotype Pullorum in Texas, South Dakota, California, and Kansas (Hensley et al. 1979; 

Davidson et al. 1992; Charlton 2000; Crupper et al. 2002). In Ontario, Canada, there are 

currently no reports of Salmonella spp. infections in wild turkeys (Agunos et al. 2013).   

 

Escherichia coli & Antimicrobial Resistance 
 
Escherichia coli (Enterobacteriaceae) is a bacterium frequently found within the intestinal tract 

of birds and mammals and is considered normal (i.e., commensal) gut flora. It is also commonly 

found in the respiratory tract of birds. Most strains of E. coli are harmless to the host; however, 

some are pathogenic and can either produce or exacerbate existing disease. Infections caused by 

pathogenic avian E. coli are referred to as colibacillosis and are often found in conjunction with 

other pathogens (Barnes et al. 2011).  
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Another important aspect of E. coli is its potential for antimicrobial resistance (AMR). To ensure 

healthy flocks, the commercial poultry industry is often challenged with controlling pathogens 

and consequently may resort to the use of antimicrobials (e.g., ceftiofur, ampicillin, gentamicin, 

and neomycin) in feed and water for management (Agunos et al. 2013). This potentially leads to 

the unintended spillover of common antibiotics into the environment, including food and water 

sources, which may then be ingested by wildlife and potentially lead to AMR in these animals. 

The public is also at risk through the ingestion of contaminated animal products, which can result 

in the development of resistance to therapeutic drugs (CDC 2012; Agunos et al. 2013; Radhouani 

et al. 2014). 

 

Globally, including in Ontario, both commensal and pathogenic bacteria have shown 

antimicrobial resistance in numerous species of wild and domestic animals (Allen et al. 2011; 

Jardine et al. 2012). For example, in Ontario, high levels of resistance to both tetracycline and 

bacitracin were detected in clinical C. perfringens isolates from domestic turkeys (Slavic et al. 

2011). Also, wild animals have been implicated as reservoirs for resistant bacteria, which can be 

transmitted and maintained across the wild-livestock interface (Blanco et al. 2009; Allen et al. 

2011). The widespread development of resistance among both wild and domestic animals 

illustrates the need for surveillance of AMR in wild turkeys in Ontario.  

 

Mycoplasma spp. 
 
Mycoplasma spp. (Mycoplasmataceae) are bacteria that cause mycoplasmosis in domestic and 

wild birds, as well as many mammals. There are many different species within the genus 

Mycoplasma, but only M. gallisepticum, M. synoviae, M. meleagridis, and M. iowae are known 

to be potentially pathogenic in domestic turkeys and of economic concern to the commercial 

poultry industry (Jordan 1979; Bradbury and McCarthy 1983; Bradbury et al. 1988; Yoder 1991; 

Sumithra et al. 2013). Economic losses may occur due to decreased egg production and 

hatchability, embryonic mortality, reduced food efficacy, and downgrading of carcasses at 

slaughter (Stipkovits and Kempf 1996; Wood and Wilson 2013). Transmission may occur by 

direct contact or indirectly (e.g., via inhalation or through contact with contaminated fomites) 

and vertically (e.g., in ovo and transovarian) (Stipkovits and Kempf 1996; Friend and Franson 

1999; Ley 2003; Kleven and Ferguson-Noel 2009).  
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In wild birds, only M. gallisepticum is currently considered to be a concern (Friend and Franson 

1999). Mycoplasma spp. have been reported in wild turkeys from many US states during 

numerous wild turkey health surveys. For example, M. gallisepticum was isolated from wild 

turkeys in Colorado, Georgia, California, and Texas (Adrian 1984; Davidson et al. 1982; Jessup 

et al. 1983; Fritz et al. 1992). In Ontario, there is only one report of Mycoplasma spp. infection in 

a wild turkey, from which both M. pullorum and M. gallinaceum were isolated from the same 

individual that was diagnosed with proliferative dermatitis and emaciation (Doug Campbell, 

Canadian Wildlife Health Cooperative, pers. comm.). 

 

There is evidence for the potential transmission of Mycoplasma spp. across the wildlife-livestock 

interface; for example, domestic turkeys were considered the source of M. gallisepticum from 

wild turkeys with infectious sinusitis in three different US states (Davidson et al. 1982; Jessup et 

al. 1983; Adrian 1984). Generally, the apparently low prevalence of pathogenic Mycoplasma 

spp. identified in wild turkeys may be in part because of lower population densities versus 

commercial poultry operations, which are comprised of high densities of birds in close contact 

which may facilitate transmission. Wild turkeys may still become infected and serve as a source 

of infection back to domestic birds (Jordan 1979).  

 

Erysipelothrix rhusiopathiae 
 
Erysipelothrix rhusiopathiae (Erysipelotrichidae) is the causative bacterium of the disease 

erysipelas. It has a worldwide distribution and infection and disease has been detected in many 

bird species, although turkeys appear to be highly sensitive to associated disease and are the 

species primarily affected (Bricker and Saif 2008). The pathogen is transmitted directly (from 

bird to bird) and disease usually manifests as septicaemia, which can cause death, downgrading 

of carcasses and egg-laying depression leading to substantial economic losses to the poultry 

industry (Bobrek et al. 2013). Reports of natural infections in domestic birds are otherwise rare, 

although a study by Mazaheri et al. (2005) suggests flock mortality in laying hens may reach as 

high as 50%. 

 

The epidemiology and ecology of erysipelas is not well understood, and it has not yet been 

documented in wild turkeys (Neimanis and Leighton 2004). Although most reports in wild birds 
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are sporadic and involve only individual or small numbers, larger mortality events have 

occurred. For example, an estimated 5,000 birds (mostly grebes) died of erysipelas in Utah 

(Friend and Franson 1999). Despite wild birds being postulated as potential reservoirs for 

transmission to domestic birds, no evidence exists to support wild birds’ status as a likely source 

of infection (Keymer 1958, Mackenzie 1988). 

 

Ornithobacterium rhinotracheale 
 
Ornithobacterium rhinotracheale (Flavobacteriaceae) is an organism that infects turkeys and 

chickens but has also been reported in additional galliformes (e.g., quail, partridge, pheasants, 

ducks and geese) (Hafez 2002). Clinical signs associated with disease caused by O. 

rhinotracheale infection include air sacculitis, fibrinous pneumonia, and tracheitis (Chin and 

Droual 1997). In addition, reduced growth, mortality, and decreased egg production can lead to 

high condemnation rates at processing and economic losses (Sprenger et al. 1998).  

 

Transmission of this pathogen can occur vertically and horizontally (Tanyi et al. 1995). In 1998, 

O. rhinotracheale was isolated from domestic turkeys within a flock of 10,000 birds on a farm in 

Ontario that experienced a sudden increase in mortality. The cause of the outbreak was never 

determined, and despite treatment, 3% of the flock was lost. Literature on O. rhinotracheale 

infection in wild birds is currently scarce, and whether there is potential for cross-interface 

transmission is not discernible. 

 

Pasteurella multocida 
 
Pasteurella multocida (Pasteurellaceae) is the causative agent of avian cholera.  The pathogen is 

transmitted through direct contact and contaminated water and feed (Christensen and Bisgaard 

2000). P. multocida can spread quickly, particularly in high density bird populations, such as 

those in poultry operations. Because of its highly contagious nature, P. multocida can cause 

significant outbreaks, including die-offs due to respiratory disease and septicemia (Wobeser et al. 

1982; Friend 1987).  
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P. multocida has been reported in wild turkeys in Colorado and Arkansas, and on one occasion in 

Ontario 2013 (Doug Campbell, Canadian Wildlife Health Cooperative, pers. comm.; Burget 

1957, Hewitt 1967). It is unclear whether there is potential for transmission between wild and 

domestic birds; for example, when infection in one group occurs, the source population and 

direction of transfer has not been proven (Samuel et al. 2008). 

 

Campylobacter jejuni 
 
Campylobacter jejuni is a zoonotic pathogen, one of the causative agents of Campylobacter 

enteritis in humans. Campylobacter enteritis may be contracted as a foodborne illness or from 

contact with an infected animal (Spickler 2018). Camplybacter jejuni has not been isolated from 

wild turkeys in Ontario, however, it has been previously reported in wild aquatic birds (e.g., 

gulls, ducks, and Canada geese) tested from the Grand River watershed in southern Ontario, at a 

prevalence of 73% (n = 51; Van Dyke et al. 2012). A high prevalence of Campylobacter spp. 

was also detected in manure samples from commercial turkeys in British Columbia in 2015 

(86%, n = 120; Public Health Agency of Canada 2017).  

 

Parasitic Pathogens 

Eimeria spp. 
 
Species of Eimeria (Eimeriidae) are the etiological agents responsible for the disease coccidiosis, 

a common threat to the health of commercial turkeys and potential cause of substantial economic 

losses (Shirley et al. 2005). In addition, Eimeria spp. may pose a risk to the health of wild birds 

(Chapman et al. 2008). Infection in domestic and wild turkeys is most commonly subclinical, but 

more serious infections may cause emaciation, lethargy, hemorrhagic diarrhea and death, leading 

to heavy production losses in commercial birds (Clarkson 1959; Yabsley 2008).  

 

Found worldwide, Eimeria are easily transmitted via the fecal-oral route when susceptible birds 

consume infected oocysts, and the number of oocysts ingested largely dictates the severity of the 

resulting infection (Price et al. 2015). Population density, habitat, and foraging differences of 

domestic and wild turkeys likely play a role in the frequency of parasite species with which they 

come into contact and therefore, the resulting intensities of infection (Aslam et al. 2012). Along 
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wildlife-livestock interfaces, shared contaminated environments and bird-to-bird contact may 

facilitate the spread of Eimeria spp. oocysts between groups, although wild turkeys appear to be 

of little threat to domestic poultry, in which the same species of Eimeria circulate (Ruff et al. 

1988; McDougald 2003). 

 

There are few data on Eimeria spp. infections in wild turkeys in Canada; however, a study of 

wild birds in Nova Scotia documented E. dispersa in ruffed grouse (Bonasa umbellus), ring-

necked pheasant (Phasianus colchicus), Northern bobwhite quail (Colinus virginianus), and gray 

partridge (Perdix perdix) (see Neimanis and Leighton 2004). Numerous studies have detected 

Eimeria spp. shed from wild turkeys in the US, including: 42/113 (37%) wild turkeys positive 

for Eimeria spp. oocysts in Nebraska (Oates et al., 2005), and 38/95 (40%) of wild turkey fecal 

samples positive for E. meleagridis oocysts in Pennsylvania (Kozicky, 1948).  

 

STUDY RATIONALE & RESEARCH OBJECTIVES  

Study Rationale 
 
Wild turkeys are an important recreational and economic species that add to the biodiversity of 

Ontario. After their extirpation from Ontario in the early 1900’s, much time and resources went 

into successfully reintroducing the birds to the province. Human population growth and 

transformation of land for agriculture and livestock production has increased the potential 

contact between wild and domestic poultry; however, little is known concerning the health status 

of wild turkeys. Surveillance monitoring the presence, emergence, and spatial distribution of 

pathogens or diseases in Ontario wild turkeys, particularly at the wildlife-livestock interface, is 

an important component of health assessments in these birds. Transmission can occur in a 

bidirectional manner, from wild to domestic or vice versa, as wild and domestic turkeys can 

share many of the same pathogens. Substantial economic losses can occur for poultry producers 

due to infection in commercial poultry with such pathogenic agents. This research will expand 

our understanding of potential trends in infectious disease transmission and prevalence at the 

wildlife-livestock interface and could contribute to pathogen management strategies. 
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Research Objectives 

1. Determine common and uncommon causes and contributors to mortality among 

free-ranging wild turkeys in Ontario through a retrospective analysis of diagnostic 

data from the Canadian Wildlife Health Cooperative (CWHC); 

2. Determine the prevalence of potential poultry pathogens among free-ranging wild 

turkeys in Ontario via testing of samples from hunter-killed wild turkeys. 

Potential pathogens include those previously associated with disease outbreaks or 

decreased fitness of wild and domestic turkeys (e.g. Mycoplasma spp., Salmonella 

spp., Escherichia coli, Ornithobacterium rhinotracheale, Erysipelothrix 

rhusiopathiae, Pasteurella multocida, Campylobacter spp., Eimeria spp., avian 

pox virus, avian influenza viruses, and lymphoproliferative disease virus). 

 

STUDY SIGNIFICANCE 
 
This study is important because it will: 1) serve as baseline surveillance data on the current 

prevalence and distribution of common and important pathogens in wild turkeys in Ontario; 2) 

aid in identifying and assessing the risk of infectious disease spread between wild and domestic 

turkeys.  
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CHAPTER II: MORTALITY AND DISEASE IN WILD TURKEYS (MELEAGRIS 
GALLOPAVO) IN ONTARIO, CANADA FROM 1992-2014: A RETROSPECTIVE 
REVIEW 
 
ABSTRACT 
 
Wild turkeys (Meleagris gallopavo silvestris) were extirpated from Ontario, Canada in the early 

1900s due to unregulated over-hunting and habitat loss. Despite a successful reintroduction 

program and strong population numbers, information regarding the health of wild turkeys in 

Ontario is scarce. A 22-year (1992-2014) retrospective study was performed to evaluate 

diagnostic data, including the cause(s) and contributors to death, in wild turkeys submitted to the 

Ontario-Nunavut node of the Canadian Wildlife Health Cooperative (n = 56). Non-infectious 

diagnostic findings (39/56; 69.6%) were more common than infectious, with emaciation 

recognized most frequently (n = 19; 33.9%) followed by trauma (n = 11, 19.6%). The majority of 

deaths due to emaciation occurred in winter and spring (17/18; 94.4%), which is consistent with 

lack of access to or availability of food resources. Morbidity and mortality due to infectious 

diseases was diagnosed in 16 (28.6%) wild turkeys. Avian poxvirus was the most common 

infectious cause of disease (n = 7; 12.5%), followed by bacterial infections (n = 5; 8.9%), the 

most common of which was Pasteurella multocida. Zinc phosphide toxicosis (n = 7; 12.5%) 

occurred in two incidents involving multiple birds. This study aims to provide baseline data that 

can be used for reference and comparison in future wild turkey disease surveillance and 

population monitoring studies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
* A version of this chapter is published as: MacDonald AM, Jardine CM, Campbell DG, Nemeth NM. 
2016. Mortality and disease in wild turkeys (Meleagris gallopavo) in Ontario, Canada from 1992-2014: A 
retrospective review. Avian Dis 60:644-648. 
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INTRODUCTION 
 
 
The eastern wild turkey (Meleagris gallopavo silvestris) was extirpated from Ontario by the 

early 1900’s due to unregulated over-hunting and habitat loss (Ontario Ministry of Natural 

Resources 2007). In 1984, the reintroduction of wild turkeys began in the province and proved 

highly successful, including unassisted range expansion and population estimates of 

approximately 70,000 turkeys in 2007 (Ontario Ministry of Natural Resources 2007, Niedzielski 

& Bowman 2015). Consistently strong numbers of wild turkeys and their popularity as a game 

bird species has afforded the province with two annual wild turkey hunting seasons, making 

them important both for recreation and the economy.  

 

Despite being a valuable species, information on the health status of wild turkeys in Ontario, 

particularly in terms of disease prevalence and distribution in their occupied range, is scarce. For 

example, much of the current research focus on wild turkeys in Ontario has been on aspects of 

their ecology and life history (Nguyen et al. 2003, Nguyen et al. 2004, Niedzielski & Bowman 

2015). The recent outbreak of avian influenza viruses among domestic turkeys and chickens in 

many states in the US as well as Ontario, Canada (Canadian Food Inspection Agency 2015, 

United States Department of Agriculture 2015) highlights the need to evaluate available 

diagnostic data as well as perform ongoing disease surveillance among valuable bird 

populations. Prior to their initial release, and during trap and transfer programs, wild turkeys in 

Ontario tested negative for multiple pathogens, including Salmonella spp., Mycoplasma 

gallisepticum and Pasteurella multocida (Ontario Ministry of Natural Resources 2007).  

 

In an effort to better understand the current health status of wild turkeys in Ontario, we 

retrospectively evaluated the causes of death and potential contributors to mortality among these 

birds during a 22-year period (1992-2014). Information from this study will serve as a baseline 

data that can help guide future studies of disease and pathogen surveillance in Ontario wild 

turkeys, especially in consideration of ongoing environmental changes, such as those involving 

habitat and climate (Niedzielski & Bowman 2015).  
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MATERIALS AND METHODS 
 
Postmortem diagnostic data for all wild turkey carcasses submitted to the Ontario-Nunavut node 

of the Canadian Wildlife Health Cooperative (CWHC) from January 1992 to December 2014 

were reviewed to examine the causes of morbidity and mortality, as well as the demographic, 

temporal, and geographic distribution of submissions. Full postmortem examinations were 

performed on all carcasses. Data collected for each turkey included age (juvenile or adult; based 

on plumage characteristics) (Pelham et al. 1992), sex, weight, location where found, deceased or 

alive when first observed, date of death (as provided by submitters), and final diagnosis. 

Diagnoses were determined by a combination of gross and histopathologic observations and 

select ancillary diagnostic tests. Tissue processing for histopathology and diagnostic tests were 

performed using standardized protocols at the Animal Health Laboratory at the University of 

Guelph, and the latter included polymerase chain reaction, bacterial culture, virus isolation, 

toxicology (gas-chromatography mass spectrometry), and immunohistochemical staining. In 

general, carcasses were frozen prior to submission and were examined immediately after 

thawing. Three free-ranging turkeys were euthanized due to perceived morbidity and poor 

prognosis, and three hunter-harvested carcasses were submitted due to gross abnormalities noted 

post-harvest.  

 

The primary diagnostic finding (i.e., the major contributing cause to mortality) for each turkey 

was classified as infectious, noninfectious, or unknown. Infectious causes included viral, 

bacterial, fungal, and parasitic, and noninfectious causes included emaciation, toxicosis, 

miscellaneous (e.g., drowning and frostbite), and trauma (e.g., gunshot and other physical 

injuries). Additional findings (i.e., considered secondary contributors to death or incidental) were 

included. Birds for which a diagnosis could not be determined were categorized as unknown. 

The percentages of submissions and their 95% confidence intervals were estimated using the 

number of turkeys per etiology (Table 2.1).  

 

The percentages of turkeys that were male, female, juvenile, and adult were calculated, along 

with the percentage submitted for each season (i.e., winter: December 22–March 21; spring: 

March 22–June 21; summer: June 22–September 21; fall: September 22–December 21). 

Locations of turkeys when found were mapped according to Geographical Information System 
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(GIS) coordinates (i.e., latitude and longitude) provided by submitters and were categorized 

according to the eco-region, a level of the Ontario Ministry of Natural Resources’ Ecological 

Land Classification system (Crins et al. 2009). 

 
 
RESULTS 
 
Diagnostic data from 56 wild turkeys are summarized in Table 2.1. Mortality was attributed to 

noninfectious causes of death in 39 (69.6%) of these birds, and 16 (28.6%) turkeys were 

diagnosed with infectious diseases; the cause of death was undetermined in one turkey. 

Emaciation was the most common noninfectious cause of mortality (n=19; 33.9%), followed by 

trauma (n=11; 19.6%). Trauma was more commonly considered acute (n=9; 16.1%) and 

attributed to shotgun pellets, cardiac atrial rupture, fractures, capture-related injuries, collision 

during flight, and penetrating wounds. Less frequent diagnoses included zinc phosphide toxicosis 

(n=7; 12.5%), drowning (n=1; 1.8%), and frostbite (n=1; 1.8%).  

 

Viral infections were the most common infectious cause or contributor to mortality and were 

exclusively due to avian poxvirus (n=7; 12.5%), followed by bacterial (n=5; 8.9%) and parasitic 

infestations (n=3; 5.4%); one death was attributed to a fungal infection (1.8%). Histomonas 

meleagridis was the leading diagnostic finding resulting from parasitic infections, and the most 

consistent lesion was multifocal hepatic necrosis. Pasteurella multocida was the most commonly 

diagnosed bacterial etiology and manifested as septicemia with hepatic and splenic necrosis and 

pulmonary edema. Zinc phosphide toxicosis was diagnosed in wild turkeys during two incidents, 

in November 1999 and 2011; multiple turkey mortalities in the same location were involved in 

each incident. Carcasses from the first group were found face-down in a wooded area, and the 

second group (six turkeys) was in a soybean field (four of which were submitted for diagnostic 

evaluation); in both cases, locations of carcasses were near orchards (Table 2.1). Common gross 

and histopathological findings in these turkeys were multiorgan congestion and petechial 

hemorrhages on the epicardium.  

 

Two birds, whose primary cause of death was emaciation, concurrently suffered from urate 

nephrosis, which could secondarily result from dehydration (i.e., reduced uric acid excretion) 
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(Schmidt et al. 2003). An adult male turkey diagnosed with emaciation also had severe 

proliferative dermatitis consisting of histiocytes and fewer lymphocytes in the unfeathered skin 

of the head and neck with similar nodular inflammatory cell aggregates in the renal interstitium 

and adrenal gland; poxvirus and other infectious agents (e.g., bacteria, protozoan, and fungi) 

were ruled out by histopathology, special stains, and bacterial and fungal culture. Secondary (i.e., 

opportunistic) bacterial infections included Staphylococcus aureus and Trueperella pyogenes in 

soft tissue from the foot of a turkey that succumbed primarily to traumatic injuries. Mycoplasma 

gallinaceum and Mycoplasma pullorum were isolated from the oropharynx of an adult male 

turkey that was diagnosed with emaciation and proliferative dermatitis.  

 

A small subset of wild turkeys were observed alive and were euthanatized due to poor prognosis 

(n = 3) or were recreationally harvested (n=2). Two of the three birds that were euthanatized 

suffered from acute trauma, and the third turkey had a primary diagnosis of severe emaciation. 

The two hunter-harvested birds had lesions consistent with preexisting trauma, and one was 

diagnosed with histomoniasis.  

 

Of the 56 wild turkeys assessed, 37 (67.1%) were adults, 6 (10.7%) were juvenile, and 13 

(23.2%) were of unknown or unrecorded age. In addition, 32 (57.1%) were male, 18 (32.1%) 

were female, and sex was undetermined in six birds (10.7%). The majority of wild turkeys were 

found in the southwestern part of the province (Figure 2.1). Forty-one wild-turkeys came from 

the Lake Simcoe-Rideau ecoregion (6E), nine from the Lake Erie-Lake Ontario ecoregion (7E), 

four from Pigeon River (4W), and two from Georgian Bay (5E).  

 

The number of birds submitted per season was as follows: 15 (26.8; 95% confidence interval 

[CI]: 0.17–0.40) in winter, 24 (42.9%; 95% CI: 0.31–0.56) in spring, five (8.9%; 95% CI: 0.04– 

0.19) in summer, and 12 (21.4%; 95% CI: 0.13–0.34) in fall. Thus, the majority of birds (n=24; 

42.9%) died during spring. Temporally, six (11%) wild turkeys were submitted to the CWHC 

between 1992 and 1996, 12 (22%) between 1997 and 2001, 6 (11%) between 2002 and 2006, 20 

(36%) between 2007 and 2011, and 12 (22%) during 2012 and 2014. 
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DISCUSSION 
 

Emaciation was the most commonly diagnosed primary cause of death among wild turkeys in the 

present study. All but one of these deaths occurred in the spring and winter months, which is 

consistent with end-of-winter malnutrition. In Ontario, wild turkeys and other wildlife can be 

exposed to long winters with severe weather, including extended periods of subzero temperatures 

that can result in deep, ice encrusted snow and limited access or availability of food sources, thus 

contributing to increased mortality rates (Nguyen et al. 2003, Kane et al. 2007, Niedzielski & 

Bowman 2015). The incidence of winter mortality can vary from ≤10% in agricultural areas that 

may provide abundant food sources throughout the year to 50% or greater in more isolated 

habitat patches (Austin & Degraff 1975, Wunz & Hayden 1975, Porter et al. 1980, Vander 

Haegen et al. 1988). Postmortem investigations of Ontario wild turkeys that suffer from winter 

mortality have revealed severe malnourishment and muscle atrophy (Nguyen et al. 2004). 

Further, wild turkeys living on Ontario’s Bruce Peninsula, at the northern extent of their range 

and beyond the historical range, had reduced survival and increased predation versus populations 

in the United States (Niedzielski & Bowman 2015). Trauma was the second most commonly 

diagnosed cause of death among wild turkeys in the present study and had a variety of attributed 

causes from shotgun pellets to collisions with stationary or moving objects. Trauma has been 

reported as a significant cause of mortality among other North American wild bird species, 

including raptors (Davidson et al. 1985, Fix & Barrows 1992, Work & Hale 1996, Wendell et al. 

2002).  

 

Avian poxvirus infections and toxicosis were the third and fourth leading causes of mortality 

among wild turkeys, respectively. Avian pox has been reported in wild turkeys in the 

southeastern United States (Prestwood et al. 1973, Akey et al. 1981, Davidson et al. 1985), as 

well as Texas (Davidson & Wentworth 1992), Oregon (Lutz & Crawford 1987), and New Jersey 

(Schorger 1966), and has been described as the most commonly reported viral infection in wild 

turkeys involved in restoration programs (Akey et al. 1981, Davidson et al. 1985). Many avian 

poxvirus infections are not clinically significant; however, in severe cases, proliferative lesions in 

the periocular skin, including the eyelids, around the beak, and within the oral cavity and 

esophagus, can impede the birds’ vision and ability to forage and ingest food, resulting in an 

increased likelihood of death due to emaciation or predation (van Riper III & Forrester 2007). An 
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additional bird that died of emaciation had nodular aggregates of inflammatory cells in the 

dermis and several visceral organs; although no etiology was determined in this case, 

lymphoproliferative disease virus has been associated with similar multiorgan proliferative 

inflammatory lesions in wild turkeys throughout the eastern United States (Allison et al. 2014).  

 

Zinc phosphide toxicosis was diagnosed in wild turkeys in two episodes, 12 years apart, both in 

the late fall and involving multiple wild turkey deaths. Zinc phosphide is used as a 

nonanticoagulant rodenticide, and the route of exposure in the turkeys in the present study was 

most likely ingestion of rodenticide baits on orchards, corresponding to where the turkey 

carcasses were found. Nontarget poisoning with rodenticides (i.e., chlorophacinone and zinc 

phosphide) has been previously diagnosed as a cause of death in wild turkeys in Kansas in two 

incidents (2002 and 2009); the second incident was associated with mortality of at least 45 wild 

turkeys (Ruder et al. 2011).  

 

Histomoniasis, caused by the protozoan Histomonas meleagridis, is an important and well-

documented, potentially fatal disease of poultry (including wild turkeys, grouse, partridges, 

pheasants, and quail). Histomoniasis can limit productivity and cause morbidity and mortality 

associated with hepatic and cecal lesions (McDougald 2005, 2011). Histomoniasis is a well-

documented disease of wild turkeys (Stoddard 1935, Mosby & Handley 1943, Thomas 1964, 

Bailey & Rinell 1968, Prestwood et al. 1973, Hurst 1980) and was the third leading cause of 

death among 139 wild turkeys examined in a retrospective study (1972–1983) of diagnostic data 

from across eight southeastern states of the United States (Davidson et al. 1985).  

 

Pasteurella multocida, the etiologic agent of avian cholera and a significant pathogen in poultry 

and wild waterfowl (Wobeser et al. 1982, Christensen & Bisgaard 2000), was diagnosed in four 

wild turkeys in the present study that were submitted together from Thunder Bay, Ontario, in 

2013. No known previous P. multocida outbreaks have occurred at this site. In waterfowl, P. 

multocida can cause significant outbreaks with mortality due to respiratory disease and 

septicemia (Friend 1987, Wobeser et al. 1982), its pathogenicity varying with the strain involved 

(Christensen & Bisgaard 2000). Infection with P. multocida was previously reported in wild 

turkeys in Colorado that had been in contact with a contaminated poultry yard (Burget 1957, 
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Hewitt 1967) and as part of a field study of infectious diseases in wild turkeys in Arkansas 

(Hopkins et al. 1990). The latter study took place during the winter and early spring (January to 

March), with the highest percentage of positive cases (15/30; 50%) occurring in the area with the 

greatest number of birds tested (i.e., the Holla Bend Refuge). In Canada, P. multocida outbreaks 

in wild birds have involved lesser snow geese (Anser caerulescens caerulescens), Ross’ geese 

(Anser rossi), and other waterfowl species in Saskatchewan and nesting common eiders 

(Somateria mollissima) in Quebec (Wobeser et al. 1982). 

 

Although most wild turkey deaths are likely unobserved or consumed by predators, carcasses 

submitted to the CWHC and other wildlife diagnostic centers provide a valuable service that 

contributes to our understanding of the health status of this and other wildlife species. Data from 

the present study are valuable considering the lack of available information on wild turkey 

mortality in Ontario and other regions. It is important to note that surveys such as these carry an 

inherent sampling bias. For example, the CWHC relies in part upon public and provincial and 

federal wildlife agencies, as well as private citizens, to report and submit sick or dead wild 

turkeys. Therefore, turkeys that appear to be in poor nutritional condition or died due to human-

related causes (e.g., trauma due to motor vehicle collisions) are more likely to be noticed or 

observed, and hence are more likely to be submitted versus those that die in remote areas or of 

more chronic illnesses. Retrospective evaluations of diagnostic data can therefore help indicate 

contributors to mortality among wild turkey populations but cannot alone provide an accurate 

measure of the health of these birds.  

 

Continued surveillance, including monitoring of morbidity and mortality with postmortem 

examinations of Ontario wild turkeys and other wildlife, remains an important component in 

population health assessments. These efforts can expand our understanding of potential trends in 

mortality and infectious diseases and could ultimately contribute to conservation and 

management strategies. Information concerning the health status of wild turkeys in Ontario is 

limited, yet essential. The interface of wild turkeys, other wild birds, and domestic poultry flocks 

can encompass the potential for pathogen transmission either directly (i.e., bird-to-bird) or via 

shared environmental sources. Further, studies of diseases of wild birds and other animals at the 

northern limits of their range, such as in the present study of wild turkeys in Ontario, are 
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important in consideration of ongoing climatic and landscape changes. The sharing of this 

information, as well as collectively understanding its implications, is important to poultry 

farmers and producers, veterinarians, wildlife biologists, natural resource managers, and hunters, 

as well as those involved in ongoing and future population monitoring. 
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Table 2.1.  Category of mortality cause and etiology (determined through diagnostic 

investigations), number diagnosed, and 95% CI for 56 wild turkeys submitted to the 

Ontario-Nunavut node of the Canadian Wildlife Health Cooperative, 1992-2014. 

Category Etiology 
Turkeys (n = 56) 

No. (%) 95 % CIa 
Emaciation — 19 (33.9) 22.9 – 47.0 
Traumab — 11 (19.6) 11.3 – 31.8 
Toxic Zinc phosphide  7 (12.5) 6.2 – 23.6 
Viral Avian poxvirus 7 (12.5) 6.2 – 23.6 

Bacterialc Pasteurella multocida and 
others 

5 (8.9) 3.9 – 19.3 

Parasitic Histomoniasis 3 (5.4) 1.8 – 14.6 
Fungal Aspergillosis 1 (1.8) 0.3 – 9.5 
Miscellaneous Drowning 1 (1.8) 0.3 – 9.5 
 Frostbite 1 (1.8) 0.3 – 9.5 
Unknown — 1 (1.8) 0.3 – 9.5 

a The 95% Confidence Interval (CI) was calculated using the Wilson calculation method. 
b Includes cases attributed to acute (n = 9; 16.1%) and chronic traumatic injuries (n = 2; 3.6%). 
c Includes Pasteurella multocida (n = 4; 7.1%) and bacterial pododermatitis (n = 1; 1.8%). 
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Figure 2.1. Map depicting the locations and major mortality causes among 56 wild turkeys 

submitted to the Ontario-Nunavut node of the Canadian Wildlife Health Cooperative from 

1992-2014.  
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CHAPTER III: HIGH PREVALENCE OF MYCOPLASMA AND EIMERIA SPECIES IN 
FREE-RANGING WILD TURKEYS (MELEAGRIS GALLOPAVO) IN ONTARIO, 
CANADA 
 
ABSTRACT 
 
Following extirpation from Ontario, Canada in the early 1900’s, Eastern wild turkeys (Meleagris 

gallopavo) were successfully reintroduced to the province in 1984. Despite the subsequent 

establishment of robust populations and biannual hunting seasons, data on the circulation of 

potential pathogens in these birds are lacking. Similarly, the interface between wild turkeys and 

poultry is poorly understood and includes possible bidirectional pathogen transmission via direct 

or indirect contact. Mycoplasma and Eimeria spp. are potential pathogens in galliforms, and our 

objective was to determine their prevalence and distribution in Ontario wild turkeys. During the 

2015 spring hunting season (April-May), oropharyngeal swabs from 147 hunter-harvested and 

five opportunistically-collected Eastern wild turkeys from southern Ontario were cultured for 

Mycoplasma spp. The intestinal or cloacal contents of 107 of these birds and an additional 24 

opportunistically- and biologist-collected Eastern wild turkeys were analyzed for Eimeria spp. 

using PCR or fecal flotation. At least one Mycoplasma spp. was isolated in 98.7% (n=152) of 

turkeys, with six species identified. Mycoplasma gallopavonis was identified most commonly 

(96.7%), followed by M. gallinaceum (23.7%). Potential poultry pathogens (M. meleagridis, M. 

iowae and M. synoviae) were isolated from swabs of five (3.3%) wild turkeys. Coinfections with 

up to three Mycoplasma spp. were detected in 56 (36.8%) of turkeys. Most wild turkeys tested 

positive for Eimeria spp. oocysts (75.6%; n=131). A subset of positive samples (n=11) were 

characterized by PCR, which detected the following species: E. meleagridis (81.8%), E. 

adenoeides (54.5%), E. dispersa (27.3%), and E. innocua (9.1%). Over half (54.5%) of these 

samples were positive for more than one Eimeria spp. This study reveals that numerous, mostly 

non-pathogenic Mycoplasma and Eimeria spp. circulate in Eastern wild turkeys across southern 

Ontario and helps establish baseline information for comparison with future surveillance and 

monitoring. 

 

 
* A version of this chapter is under review with the Journal of Wildlife Diseases as: MacDonald AM, 
Jardine CM, Rejman E, Barta J, Bowman J, Cai H, Susta L, Nemeth NM. High prevalence of 
Mycoplasma and Eimeria species in free-ranging with turkeys (Meleagris gallopavo) in Ontario, Canada. 
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INTRODUCTION 
 
 
After being extirpated from Ontario, Canada in the early 1900’s, wild turkeys (Meleagris 

gallopavo silvestris) were reintroduced to the province in 1984 with birds from a number of US 

states, including Missouri, Iowa, Michigan, New York, Vermont and New Jersey, and later in the 

program additional birds from Michigan, New York, and Tennessee (Ontario Ministry of Natural 

Resources and Forestry 2007). Recently, an estimated population of 70,000 birds has been 

reached, many of which are distributed across agricultural landscapes in southern regions of the 

province (Ontario Ministry of Natural Resources and Forestry 2007). The current range of wild 

turkeys in Ontario (Ontario Ministry of Natural Resources and Forestry 2007) corresponds with 

the locations of numerous commercial poultry operations (Ontario Ministry of Natural Resources 

and Forestry 2011) and thus, creates the potential for geographic overlap between these two 

groups. Mycoplasma and Eimeria spp. circulate among and are potential pathogens of poultry as 

well as wild birds, including wild turkeys (Jeffers and Bentley1980; Hoffman et al. 1997). 

Further, several Mycoplasma and Eimeria spp. are considered important poultry pathogens due 

to their capacity to cause economic losses to the commercial poultry industry (Levisohn and 

Kleven 2000; Agunos et al. 2013). A list of Mycoplasma spp. documented in North American 

galliforms with geographic locations and detection methods are provided to demonstrate the 

diversity of Mycoplasma spp., infected avian host species and geographic range (Supplemental 

Table). 

 

Despite the successful reintroduction and recognized role of wild turkeys as an economically and 

culturally valued game bird in Ontario, little is known about their current health or reservoir 

status for a variety of infectious agents. Furthermore, wild and domestic turkeys are conspecific 

and therefore susceptible to infection and associated disease due to many of the same pathogens 

(Aslam et al. 2012). Thus, the interface between wild turkeys and commercial and backyard 

poultry flocks may include shared environments and associated contaminants (e.g., discarded 

bedding or litter, biological waste, contaminated water sources), which provide opportunities for 

bidirectional pathogen transfer and maintenance that may be detrimental to the health of either 

group of birds. For example, wild turkeys with infectious sinusitis in three U.S. states were 

infected with M. gallisepticum, and nearby domestic turkeys were deemed the most likely source 
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(Hensley and Cain 1979; Davidson et al. 1982; Jessup et al. 1983). Because of the potential 

health threat to both wild and domestic turkeys, it is important to identify the prevalence of 

Mycoplasma and Eimeria spp. in free-ranging wild turkeys in regions where these groups 

overlap. 

 

The objectives of the present study were to: 1) provide the first assessment of Mycoplasma and 

Eimeria spp. prevalence in free-ranging Wild Turkeys in Ontario, and 2) to identify the species 

diversity and extent of co-infections among Mycoplasma and Eimeria spp. in these birds. This 

information may contribute to wildlife conservation and management strategies as well as 

commercial poultry husbandry and biosecurity risk assessments and will help create baseline 

disease surveillance data for comparison with future studies.  

 
 
MATERIALS AND METHODS 
 
Sample and data collection 

During the 2015 spring hunting season (April 27-May 31), 147 “hunter-harvested” wild turkey 

carcasses (hereafter referred to as such) were collected from across southern Ontario. Additional 

wild turkeys (n=7) were “opportunistically-collected” (hereafter referred to as such) and included 

carcasses of three turkeys that were found dead and submitted to the Canadian Wildlife Health 

Cooperative for diagnostic evaluation and four turkeys killed by motor vehicle collision. In 

addition, 22 turkeys were killed by gunshot in Carden Alvar, Ontario as part of another study 

(Ontario Ministry of Natural Resources and Forestry Wildlife Animal Care Committee approval 

#11-267) between August-October of 2011 (hereafter referred to as “biologist-collected”). In 

total, samples from 176 wild turkeys were included in this study. When possible, data for each 

turkey carcass included: age (i.e., juvenile or adult - based on plumage characteristics; Pelham 

and Dickson 1992), sex, date of death, and location. Confidence intervals (95%) were estimated 

for the prevalence of each Mycoplasma and Eimeria spp. (Tables 3.1, 3.2).  

 

Carcasses were stored at -20°C and thawed at 4°C prior to postmortem examination and sample 

collection. Postmortem examination of hunter-harvested and opportunistically-collected turkeys 

included assessment of nutritional condition (e.g., pectoral musculature and subcutaneous and 
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visceral adipose tissue deposition; deemed poor, fair or good), confirmation of sex (i.e., 

visualization of gonads), and documentation of overt gross abnormalities. Oropharyngeal swabs 

were collected from each carcass using the Starplex Multitrans™ and Transportation System 

(Starplex Scientific Inc., Etobicoke, Ontario, Canada). The intestinal contents (proximal 

duodenum to cloaca) of 107 of the hunter-harvested carcasses and cloacal contents from two of 

the turkeys killed by vehicle collision and the 22 biologist-collected wild turkeys were collected 

for parasitological examination.  

 
 
Laboratory testing for Mycoplasma spp. 

Bacterial culture for Mycoplasma spp. was performed using standard laboratory protocols on 

oropharyngeal swabs collected from the hunter-harvested and five of the opportunistically-

collected turkey carcasses (n=152) at the Animal Health Laboratory (AHL), University of 

Guelph (Kleven 1998; Cai et al. 2008). Briefly, swab samples were inoculated directly into 

modified Friis agar plates and modified Friis broth containing 20% pig serum for enrichment. 

Broths were incubated at 35°C aerobically and if growth occurred within 21 days, bacteria were 

sub-cultured onto Friss agar plates. Agar plates were incubated at 35°C in 5% CO2 and 90% 

humidity and examined for growth every 48 hr. When Mycoplasma spp. colonies were observed, 

species were identified primarily by matrix-assisted laser desorption/ionization time-of-flight 

mass spectrometer (MALDI-TOF MS, Bruker, Milton, Ontario, Canada) and confirmed by an 

indirect fluorescent antibody test (Ruhnke and Resendal 1994) using antisera specific for M. 

gallisepticum, M. meleagridis, M. synoviae,  M. iowae , M. gallinaceum, M. gallopavonis and M. 

pullorum.  

 
 
Laboratory testing for Eimeria spp.  

For the 107 hunter-harvested turkeys and two of the turkeys killed by vehicle collision, Eimeria 

spp. oocyst counts were performed on intestinal or cloacal contents and determined using a 

combined concentration of cloacal contents and the McMaster counting method (Dorney 1964). 

For the McMaster counting method, oocyst numbers estimated above 1,000/slide were 

comprised of at least 200-300 oocysts/row, with six rows/slide. The number of oocysts per gram 

(OPG) of intestinal contents was recorded. DNA was extracted from samples containing oocysts 
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using DNAZol® (Life Technologies, Carlsbad, California, USA) according to the manufacturer’s 

instructions, modified to include 0.5-mm glass beads (Ferro Micro beads: Cataphote Division, 

Jackson, Mississippi, USA) to aid oocyst disruption, as described previously (El-Sherry et al. 

2013). Genus-specific primers mtCOI_19F and WG_MT_inv2768R were designed to amplify 

the majority of the mitochondrial cytochrome c oxidase subunit I (mtCOI) gene and 95 bp 

beyond the 3’-end of the mtCOI coding region (1520 bp). PCR was performed using 50 ng of 

genomic DNA, 50mM MgCl2, 1mM dNTPs, 1× PCR buffer, and 0.4 U Platinum Taq (Life 

Technologies Inc., Burlington Ontario, Canada). The PCR reaction profile included an initial 

denaturation/Taq activation at 95°C for 10 min, followed by 35 cycles of 94°C for 30 sec, 58°C 

for 30 sec, and 72°C for 70 sec, and a final extension of 72°C for 10 min. Both negative and 

positive template controls were included. Amplified products were identified under ultraviolet 

light after being separated electrophoretically in a 1.5% agarose gel. Bands from samples that 

generated amplification were excised and purified using the QIAquick gel extraction kit (Qiagen, 

Toronto, Ontario, Canada). Only 11/84 oocyst-positive samples had sufficient quality DNA, 

likely due to a carcass freeze-thaw cycle, to produce a primary PCR product that was 

subsequently used in a nested PCR to amplify species-specific mtCOI fragments. Species-

specific primers for select Eimeria spp. were utilized as described by Hafeez et al. (2015). 

  

Cloacal contents from the 22 biologist-collected turkeys were tested for Eimeria spp. oocysts by 

standard fecal float at the AHL (molecular characterization of Eimeria spp. was not determined 

in these samples). Eimeria spp. shedding in these birds was subjectively scored following oocyst 

scanning under an entire slide coverslip. Scores were assigned as follows: ‘1+’ indicated low 

levels of shedding (1-100), 2+ moderate (100-300), and 3+ high levels (>300).  

 
 
RESULTS 
 
Demographic data and gross postmortem assessment  

Most hunter-harvested and opportunistically-collected wild turkey carcasses were subjectively 

determined as in fair or good nutritional condition (125/152; 82.2%; 13 were in poor nutritional 

condition and nutritional status was not determined in 14 turkeys) with no clinical signs reported 

by hunters or biologists. All birds appeared to have been in good health based on the described 
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assessment of nutritional condition, lack of significant gross lesions, and digesta evident 

throughout all or most of the gastro-intestinal tract. The age distribution of the 172 wild turkeys 

for which age was determined was 129 adults and 43 juveniles; the sex ratio was 161 males:13 

females. Age was not determined for two biologist-collected birds and age and sex were not 

determined for two of the turkeys killed by vehicle collision. Hunter-harvest regulations likely 

contributed to the biases for adult, male turkeys.  

 
 
Mycoplasma and Eimeria spp. prevalence 

At least one Mycoplasma spp. was detected in 150/152 (98.7%) oropharyngeal swabs, and six 

different Mycoplasma spp. were isolated (Table 3.1). Mycoplasma gallopavonis was the most 

common isolate (147/152; 96.7%). Mycoplasma gallinaceum was cultured from 36 (23.7%) of 

the oropharyngeal swabs, and M. pullorum from 28 (18.4%). Swabs from three (2.0%) wild 

turkeys tested positive for M. meleagridis, one (0.7%) for M. iowae, and one (0.7%) for M. 

synoviae.  

 

The overall prevalence of Eimeria spp. oocysts in intestinal or cloacal contents was 75.6% 

(99/131). This included 84/107 (77.1%) hunter-harvested birds, which had a mean number of 

175 OPG (range 0-4491 OPG). Only five birds (4.6%) shed oocysts of >500 OPG. The intestinal 

contents of three of these birds contained >1×103 OPG, and oocysts in the fecal samples of the 

other two were too numerous for accurate quantification but were estimated at >5×103 OPG. 

Eimeria meleagridis (81.8%), E. adenoeides (54.5%), E. dispersa (27.3%), and E. innocua 

(9.1%) were identified in 11 turkeys that had sufficient quality DNA to produce a primary PCR 

product (Table 3.2). Among the biologist-collected wild turkeys, Eimeria spp. oocysts were 

detected in 15/22 (68.2%) cloacal contents. Eleven of these turkeys were considered to have low 

levels of infection, three had moderate, and one had high levels of Eimeria spp. infection.  

 
 
Mycoplasma and Eimeria spp. co-infections 

Coinfections with up to three Mycoplasma spp. were detected in 56/152 (36.8%) turkeys, and 

most commonly involved M. gallopavonis and M. gallinaceum (24/152; 15.8%). Table 3.1 

demonstrates the diversity of Mycoplasma spp. isolated, prevalence and 95% confidence 



 43 

intervals of each species detected by demographic group and describes the coinfections. Mixed 

Eimeria spp. oocysts were detected in the intestinal contents of 6/11 (54.5%) hunter-harvested 

wild Turkeys. Six turkeys had Eimeria spp. co-infections, four of which included E. adenoeides 

and E. meleagridis; one turkey had concurrent infection with three different Eimeria spp. (Table 

3.2). In addition, 69/89 (77.8%) hunter-harvested wild turkeys and one opportunistically-

collected wild turkey that had Eimeria spp. oocysts in intestinal contents were concurrently 

infected with Mycoplasma spp. For 20 of the hunter-harvested turkeys with detectable Eimeria 

oocysts, the Mycoplasma spp. infection status was unknown.  

 

Geographic data 

Wild turkey carcasses originated from across southern Ontario. Most of the turkeys that tested 

positive for Mycoplasma spp. originated in southwestern Ontario, with sporadic isolations from 

birds in southeastern Ontario. For the three Mycoplasma spp. detected that are considered 

potential pathogens in poultry (e.g., turkeys), locations of positive wild turkeys varied: M. 

meleagridis (three turkeys, including two in southeastern Ontario and one in southwestern 

Ontario), M. synoviae (one turkey in southwestern Ontario), and M. iowae (one turkey in 

southeastern Ontario). Wild turkeys were blindly assigned novel identification numbers for 

Eimeria spp. testing; thus, the corresponding geographic locations of these birds were not 

known. 

 
 
DISCUSSION 
 
Wild Turkeys and their domestic counterparts within Ontario overlap geographically, which 

allows for the possibility of bidirectional pathogen transmission across the wildlife-livestock 

interface (Ontario Ministry of Natural Resources and Forestry 2007; 2011). This interface is 

further complicated by potential pathogen spread associated with human activity (Burns et al. 

2011). The wildlife-livestock interface warrants heightened awareness due to the health threats it 

may pose to both sides of the interface; disease transmission may be direct (e.g., via bird-to-bird 

contact or aerosolized droplets through fences or open housing) or indirect (e.g., shared 

contaminated environmental substrates, including discarded waste or animal products and water 

sources as well as insect vectors and contact with other animal reservoirs) (Gortazar et al. 2014). 
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Both Mycoplasma and Eimeria spp. are important as they cause economic losses to the poultry 

industry; for example, Mycoplasma spp. infections may lead to respiratory disease, decreased 

egg production and hatchability, embryonic mortality, reduced production efficacy, and 

downgraded carcass quality (Stipkovits and Kempf 1996; Ley 2003; Wood and Wilson 2013). 

Infection with Eimeria spp. in domestic turkeys may cause emaciation, lethargy, hemorrhagic 

diarrhea and, rarely, death (Clarkson 1959; Yabsley 2008). Regional studies of wild turkeys in 

North America have revealed widespread detections of Mycoplasma spp. in the U.S.; for 

example, M. cloacale, M. gallinaceum, M. gallisepticum, and M. gallopavonis have been isolated 

from wild turkeys in Colorado (Rocke and Yuill 1987; Cobb et al. 1992; Fritz et al. 1992; 

Luttrell et al. 1992a; Hoffman et al. 1997; Supplemental Table). Fewer studies have been 

conducted on the prevalence of Eimeria spp. in wild turkeys in North America; however, there is 

evidence of the circulation of these coccidians in wild turkeys in the U.S. (Hopkins et al. 1990; 

Oates et al. 2005).  

The cross-over of pathogens maintained in either wild or domestic birds depends upon many 

factors, such as pathogen dose, transmission route, spatial proximity, and environmental 

conditions. Mycoplasma spp. are transmitted via inhalation, through contact with contaminated 

fomites, and vertically (Stipkovits and Kempf 1996; Friend and Franson 1999; Ley 2003; Kleven 

and Ferguson-Noel 2009). In contrast, Eimeria spp. are spread via ingestion of oocysts shed by 

carriers that contaminate the environment. In Ontario and some other regions, wild turkeys and 

domestic poultry may have direct contact or occupy shared habitats, thus fostering transmission 

of Mycoplasma spp. bacteria and Eimeria spp. oocysts. In many parts of Canada, the risk of 

pathogen transmission among wild or captive birds housed outdoors may be intensified in the 

winter season, as both groups may congregate for warmth and the latter to access limited food 

resources across fragmented landscapes (Jessup et al. 1983; Adrian 1984; Rocke and Yuill 1987; 

Hoffman et al. 1997).   

 

At least one Mycoplasma spp. was isolated from the oropharyngeal swabs of nearly all wild 

turkeys in the present study, with M. gallopavonis as the most common species. This high 

prevalence is consistent with previous studies in wild turkeys in the U.S., including areas of 

North Carolina, Texas, Oklahoma, and Colorado (Rocke and Yuill 1987; Cobb et al. 1992; Fritz 

et al. 1992; Luttrell et al. 1992b; Hoffman et al. 1997; Supplemental Table). Mycoplasma 



 45 

gallinaceum was isolated less commonly from wild turkeys in Ontario (~25%), some of which 

had concurrent detections of M. pullorum. These two species were previously isolated from the 

oropharyngeal swab of a wild turkey in Ontario diagnosed with proliferative dermatitis and 

emaciation in 1999 at the Canadian Wildlife Health Cooperative (MacDonald et al. 2016). The 

isolation of potentially-pathogenic Mycoplasma spp. from swabs of wild turkeys in the present 

study were rare and included M. meleagridis, M. synoviae, and M. iowae. To the authors’ 

knowledge, this is the first report of isolation of M. meleagridis and M. iowae from wild turkeys.  

 

Mycoplasma meleagridis, M. synoviae, M. iowae and M. gallisepticum are potential pathogens of 

wild turkeys. Mycoplasma meleagridis is restricted primarily to turkeys but may also infect quail 

(Coturnix coturnix) and peafowl (Pavo cristatus; Simecka et al. 1992; Hollamby et al. 2003); 

infection is often subclinical in adults, but respiratory disease, poor growth and bone 

deformations may occur in young turkeys (Yamamato 1991; Ley 2003). Mycoplasma synoviae is 

an important cause of synovitis and respiratory disease in domestic chickens and turkeys and has 

been detected in other galliforms such as red-legged partridges (Alectoris rufa) and Japanese 

quail (Coturnix japonica; Bencina et al. 1987a; Poveda et al. 1990; Kleven et al. 1991; Kleven 

and Ferguson-Noel 2009). Mycoplasma iowae primarily infects domestic turkeys, although it has 

also been isolated from chickens and other wild birds, including a single wild turkey in the 

present study (Yoder and Hofstad 1962; Bozeman et al. 1984; Bradbury and McCarthy 1983; 

Bencina et al. 1987b). Mycoplasma iowae can cause embryonic mortality, joint-related growth 

abnormalities in the legs, as well as mild air sacculitis in turkeys (Bradbury and Ideris 1982; 

Bradbury et al. 1988). Although M. gallisepticum is the most well-documented, pathogenic 

Mycoplasma species in North American birds, most notably house finches (Haemorhous 

mexicanus), as well as galliforms (e.g., chukar partridges, A. chukar; ring-necked pheasants, 

Phasianus colchicus; Supplemental Table) (Friend and Franson 1999; Luttrell et al. 2001; Ley 

2003; Sumithra et al. 2013), it was not detected in wild turkeys in the present study. 

 

Seven species of Eimeria have been described in domestic turkeys, and the infecting species and 

number of oocysts ingested largely dictate the severity of infection (Lund & Farr 1965; Price et 

al. 2015). Oocysts of various Eimeria spp. were identified commonly in the cloacal contents of 

Ontario wild turkeys, consistent with previous studies in free-ranging wild turkeys the 
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southeastern U.S. For example, E. dispersa was identified in the feces of live-trapped birds in 

Arkansas; 37% (n=113) of turkeys were positive for Eimeria spp. oocysts in Nebraska (Hopkins 

et al. 1990; Oates et al. 2005), and 50.4% of wild poults tested in Alabama, Arkansas, 

Mississippi, and West Virginia shed oocysts (Prestwood et al. 1971). Environmental and 

ecological differences between domestic turkeys and free ranging wild turkeys, such as 

population density, habitat, foraging behavior, and diet, likely affect the diversity of Eimeria spp. 

and oocyst quantities with which they come into contact (Long et al. 1975; Aslam et al. 2012). In 

turn, these differences help determine the resulting prevalence and intensity of coccidial 

infections; wild turkeys have lower population densities in nature and ongoing mixed age 

population structures, and therefore likely encounter fewer viable oocysts in their environment. 

Although clinical coccidiosis reports in wild turkeys are limited to captive birds, it is possible 

that decreased energy levels or immunosuppression associated with more severe infections could 

reduce survival of birds in the wild by other means, such as increased predation likelihood or 

reduced fecundity (Shillinger and Morley 1937; Kozicky 1948; Davidson and Wentworth 1992).  

Although many Mycoplasma spp. are considered commensals of the respiratory tract in poultry 

and are thus considered non-pathogenic as a sole infection, synergistic effects in the host may 

occur between non-pathogenic species as well as viruses and other bacteria (Rhoades 1981; 

Bradbury and McCarthy 1983). For example, increased severity of sinusitis in domestic turkeys 

was observed during simultaneous M. meleagridis and M. synoviae infections and of air 

sacculitis in birds coinfected with M. meleagridis and M. iowae (see Rhoades 1977; Rhoades 

1981). The observed high prevalence of Eimeria spp. co-infections (including at least four 

different Eimeria spp.) in wild turkeys in Ontario is consistent with previous studies in wild 

turkeys in other regions of North America. For example, a health survey of infectious diseases in 

wild turkeys in Mississippi indicated that 70% (n=10) of poults were positive for one or more of 

at least five different Eimeria spp. (Prestwood 1968). 

 

Wild turkey populations have become re-established in Ontario over the past 30 years following 

successful reintroduction efforts. The present study demonstrated that apparently healthy, free-

ranging wild turkeys in Ontario commonly shed numerous microorganisms (i.e., Mycoplasma 

and Eimeria spp.) that may also infect domestic poultry species. The locations of wild turkeys in 

the present study corresponded to the majority of commercial poultry operations in the province 
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(Ontario Ministry of Natural Resources and Forestry 2011), and transmission between these 

groups, backyard poultry, and other wild birds is possible. However, the detection of pathogens 

in wild turkeys that are capable of causing disease in poultry was rare in the present study. 

Limitations of the present study include probable exclusion of diseased birds due to 

carcass/sample sources (e.g., hunters) and deterioration of diagnostic samples due to freeze-thaw 

cycles, likely decreasing the sensitivity of diagnostic tests. Wildlife diagnostic services 

contribute important information on pathogen detections (e.g., Mycoplasma and Eimeria spp.) in 

diseased wild turkeys and other wild birds that is synergistic with wildlife survey data, such as in 

the present study.   

 

Wild turkeys and their harvest contribute to the economy, cultural heritage, and biologic 

diversity within the Canadian province of Ontario. The present study revealed a high prevalence 

and species diversity of Mycoplasma and Eimeria spp. in wild turkeys in Ontario. However, 

additional information is needed on their current and ongoing health status, including causes and 

contributing factors to morbidity and mortality, and specifically on pathogens that infect both 

wild and domestic turkeys. Thus, continued surveillance for pathogens with potential individual 

or population-level impacts in turkeys will aid in understanding and in predicting potential future 

threats to both wild and domestic turkeys in Ontario and is recommended to help ensure long-

lived healthy and sustainable populations. 
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Table 3.1. The prevalence and 95% Confidence Intervals (CI) of Mycoplasma spp. 

(including coinfections) cultured from oropharyngeal swabs of hunter-harvested and 

opportunistically-collected wild turkeys in April-May, 2015 in Ontario, Canada (n=152) by 

age and sex.  

Mycoplasma spp. No. Total 
(%) 

95% CI No. Adults 
(%) 

No. Juv. 
(%) 

No. Male 
(%) 

No. Female 
(%) 

M. gallopavonis 147 (96.7) 0.9-1.0 120 (78.9) 27 (17.8) 145 (95.4) 2 (1.3) 

M. gallinaceum 36 (23.7) 0.2-0.3 33 (21.7) 3 (2.0) 36 (23.7) 0 (0.0) 

M. pullorum 28 (18.4) 0.1-0.3 23 (15.1) 5 (3.3) 28 (18.4) 0 (0.0) 

M. meleagridis 3 (2.0) 0.0-0.1 2 (1.3) 1 (0.7) 3 (2.0) 0 (0.0) 

M. iowae 1 (0.7) 0.0-0.0 1 (0.7) 0 (0.0) 1 (0.7) 0 (0.0) 

M. synoviae 1 (0.7) 0.0-0.0 1 (0.7) 0 (0.0) 1 (0.7) 0 (0.0) 

Not isolated 2 (1.3) 0.0-0.0 1 (0.7) 1 (0.7) 2 (1.3) 0 (0.0) 

M. gallopavonis + 
M. gallinaceum 24 (15.8) 0.1-0.2 21 (13.8)  3 (2.0) 24 (15.8) 0 (0.0) 

M. gallopavonis + 
M. pullorum 17 (11.2) 0.1-0.2 12 (7.9) 5 (3.3) 17 (11.2) 0 (0.0) 

M. gallopavonis + 
M. gallinaceum + 
M. pullorum  

9 (5.9) 0.0-0.1 9 (5.9) 0 (0.0) 9 (5.9) 0 (0.0) 

M. gallopavonis + 
M. meleagridis 3 (1.3) 0.0-0.0 2 (1.3) 1 (0.7) 3 (1.3) 0 (0.0) 

M. gallinaceum + 
M. pullorum 1 (0.7) 0.0-0.0 1 (0.7) 0 (0.0) 1 (0.7) 0 (0.0) 

M. gallopavonis + 
M. synoviae 1 (0.7) 0.0-0.0 1 (0.7) 0 (0.0) 1 (0.7) 0 (0.0) 

M. gallopavonis + 
M. gallinaceum + 
M. iowae 

1 (0.7) 0.0-0.0 1 (0.7) 0 (0.0) 1 (0.7) 0 (0.0) 

Total with ≥1 
Mycoplasma spp.  56 — 47 9 56 0 
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Table 3.2. Prevalence of Eimeria spp. (including co-infections) identified by nested PCR in 

intestinal contents of hunter-harvested wild turkeys in 2015 in Ontario, Canada (n=11). 

Eimeria spp. No. Total 
(%) 

95% CI No. Adults 
(%)a 

No. N.D 
(%)b 

No. Male 
(%)a 

No. N.D 
(%)b 

E. meleagridis 10 (81.8) 0.1-0.2 6 (54.5) 4 (36.4) 6 (54.5) 4 (36.4) 
E. adenoeides 6 (54.5) 0.0-0.1 2 (18.1) 4 (36.4) 2 (18.1) 4 (36.4) 
E. dispersa 3 (27.3) 0.0-0.1 3 (27.3) 0 (0.0) 3 (27.3) 0 (0.0) 
E. innocua 1 (9.1) 0.0-0.1 1 (9.1) 0 (0.0) 1 (9.1) 0 (0.0) 
E. adenoeides + E. 
meleagridis 

4 (36.4) 0.0-0.1 2 (18.1) 2 (18.1) 2 (18.1) 2 (18.1) 

E. meleagridis + E. 
dispersa 

1 (9.1) 0.0-0.1 1 (9.1) 0 (0.0) 1 (9.1) 0 (0.0) 

E. meleagridis + E. 
dispersa + E. 
innocua 

1 (9.1) 0.0-0.1 1 (9.1) 0 (0.0) 1 (9.1) 0 (0.0) 

Total with ≥1 
Eimeria spp. 
detected 

6 (54.5) — 4 (36.4) 2 (18.1) 4 (36.4) 2 (18.1) 

a No juvenile or female birds reported. 
b No. N.D = the number of Wild Turkeys where age and sex could not be determined. 
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Supplemental Table. Mycoplasma spp. documented in North American galliforms, with geographic locations and detection 

methods. 

Mycoplasma species Host(s) State or province Detection method References 
M. cloacale Wild Turkey Colorado Culture Hoffman et al. 1997 
M. gallinarum Chicken Colorado Culture Hoffman et al. 1997 
M. gallinaceum Chicken Colorado Culture Hoffman et al. 1997 
 Chicken, Guinea Fowl Georgia Culture Luttrell et al. 1991 
 Wild Turkey Colorado Culture Hoffman et al. 1997 
M. gallisepticum Chicken, domestic Turkey Colorado Serology Hoffman et al. 1997 
 Domestic Turkey California Serology Jessup et al. 1983 
 Chicken Georgia Serology Luttrell et al. 1991 
 Chicken, domestic Turkey N/A Serology Edward and Kanarek 1960 
 Ring-necked Pheasant California  Serology Cookson and Shivaprasad 

1994;  
Osborn and Pomeroy 1985 

 Chukar Partridge California  Serology, culture Cookson and Shivaprasad 
1994 

 Northern Bobwhite Quail N/A Serology, culture Madden et al. 1967 
 Wild Turkey Colorado Serology, culture Adrian 1984;  

Hoffman et al 1997 
  Georgia Serology, culture Davidson et al. 1982 
  California  Serology, culture Jessup et al. 1983 
  Texas  Serology, culture Fritz et al. 1992 
  Colorado   Serology  Charlton 2000 
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Mycoplasma species Host(s) State or province Detection method References 
  Texas  Serology Rocke and Yuill 1987; 

Peterson et al. 2002; 
Hensley and Cain 1979 

  North Carolina Serology Cobb et al. 1992;  
Luttrell et al. 1992a 

  Arizona, Colorado, 
New Mexico, 
North Dakota, 
Texas, Oklahoma 

Serology Fritz et al. 1992 

  California, South 
Dakota, 
Pennsylvania 

Serology Charlton 2000 

  Kansas Serology Veatch et al. 1998;  
Crupper and Applegate 
2002 

  Georgia Serology Luttrell et al. 1991 
  Missouri Serology Amundson 1985 
  Wisconsin Serology Amundson 1985;  

Rocke 1985 
M. gallopavonis 
 

Domestic Turkey Colorado Culture Hoffman et al. 1997 

 Wild Turkey 
 

South Carolina Culture Luttrell et al. 1992b 

  Georgia Culture Luttrell et al. 1991 
  Colorado Serology, culture Hoffman et al. 1997 
  North Carolina Culture Cobb et al. 1992;  

Luttrell et al. 1992a 
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Mycoplasma species Host(s) State or province Detection method References 
     
  Texas  Culture Rocke and Yuill 1987 
M. iners Chicken N/A  Serology Edward and Kanarek 1960 
 Domestic Turkey Colorado Culture Hoffman et al. 1997 
M. meleagridis Domestic Turkey N/A Culture Yamamoto et al. 1965 
 Wild turkey South Dakota Serology Charlton 2000 
  Colorado Serology Hoffman et al. 1997 
  Kansas Serology Crupper and Applegate 

2002 
  Texas  Serology Rocke and Yuill 1987 
  Georgia, North 

Carolina 
Serology Davidson et al. 1988 

M. pullorum Chicken Colorado Culture Hoffman et al. 1997 
 Chicken Georgia Culture Luttrell et al. 1991 
 Chicken, domestic Turkey Colorado Serology, ELISA Hoffman et al. 1997 
M. synoviae Wild Turkey Arizona Serology, culture Fritz et al. 1992 
  New Mexico, 

North Dakota, 
Oklahoma 

Serology Fritz et al. 1992 

  Kansas Serology Crupper et al. 2002 
  South Dakota, 

California 
Serology Charlton 2000 

  Colorado Serology Hoffman et al. 1997 
  Tennessee Serology Davidson et al. 1988 
  North Carolina Serology, culture Lutrell et al. 1992a 
  Texas  Serology Peterson et al. 2002;  

Rocke and Yuill 1987 
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CHAPTER IV: FIRST DETECTION OF LYMPHOPROLIFERATIVE DISEASE VIRUS 
IN CANADA AND SURVEY FOR OTHER VIRUSES IN ONTARIO WILD TURKEYS 
(MELEAGRIS GALLOPAVO)  
 
 
ABSTRACT 
 
The successful reintroduction of wild turkeys (Meleagris gallopavo) to Ontario, Canada has led 

to established populations in southern portions of the province and currently allows for biannual 

hunting seasons. These populations geographically overlap with domestic turkey farms, an 

important sector of the provincial agri-food industry. Potential pathogen transmission between 

wild and domestic turkeys is a concern, as they are susceptible to infection with many of the 

same pathogens and have direct and indirect contact via outdoor or open-farm settings and 

contaminated environmental substrates. However, data concerning potential poultry pathogens in 

wild turkeys in Canada are scarce. Thus, we assessed the prevalence and geographic distribution 

of geographically-relevant viruses in Ontario wild turkeys. Oropharyngeal and cloacal swabs 

were tested for avian influenza viruses (AIV) by real-time reverse-transcriptase (qRT)-PCR 

(n=207), pooled tissues for lymphoproliferative disease virus (LPDV; n=183) and 

reticuloendotheliosis virus (REV; n=119) by PCR, and gross skin lesions by real-time RT-PCR 

for avian poxvirus (n=8). We sequenced a fragment of the gag polyprotein (p31) gene of LPDV 

on a subset (n=10) of LPDV-positive samples for phylogenetic analysis and tested additional 

upland gamebird species (n=39) and domestic fowl for LPDV (n=17). We document the first 

detection of LPDV in wild turkeys in Canada, with a prevalence of 65%. Phylogenetic analysis 

revealed that LPDV sequences from Ontario were genetically similar to other North American 

strains and did not group into separate clades. Reticuloendotheliosis virus was detected in 5% of 

LPDV-positive wild turkeys. Grossly-evident skin lesions from five wild turkeys tested positive 

for poxvirus and all turkeys tested negative for AIV. This study provides the first evidence of 

LPDV circulation in Canada and provides a baseline for comparison with future wild turkey 

pathogen surveillance and monitoring in Ontario and elsewhere. 

 
 
 
* A version of this chapter is published as: MacDonald AM, Jardine CM, Bowman J, Susta L, Nemeth 
NM. First detection of lymphoproliferative disease virus in Canada and survey for other viruses in 
Ontario wild turkeys (Meleagris gallopavo). J Wildl Dis: In-press. 
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INTRODUCTION 
 
 
The wild turkey (Meleagris gallopavo) was extirpated from Ontario, Canada in the early 1900s 

because of unregulated overharvesting and land use changes leading to habitat loss (Mosby and 

Handley 1943). Following successful reintroduction in the 1980s, populations are now 

considered stable with recent estimates of approximately 70,000 individuals, allowing for annual 

spring and fall hunting seasons (Ontario Ministry of Natural Resources and Forestry 2007). 

Numerous viruses are reported to circulate in wild turkeys in the US, including avian poxvirus 

(family Poxviridae, genus Avipoxvirus), lymphoproliferative disease virus (LPDV; family 

Retroviridae, genus Alpharetrovirus), and reticuloendotheliosis virus (REV; family Retroviridae, 

genus Gammaretrovirus; Davidson et al. 1985; Davidson and Wentworth 1992; Allison et al. 

2014). Although in general, these viruses are not likely to impact wild turkey populations, they 

may cause grossly-evident lesions and thus cause alarm to hunters and biologists (Couvililon et 

al. 1991; Thomas et al. 2015; Jennelle et al. 2017). In addition, avian influenza viruses (AIV; 

family Orthomyxoviridae, genus Influenzavirus A), maintained in populations of aquatic 

migratory birds, can infect and cause disease in domestic fowl, including turkeys (Swayne 2008). 

 

Lymphoproliferative disease virus is an exogenous oncogenic virus that can cause disease in 

both wild and domestic turkeys. Rare historical accounts of LPDV infections are limited to 

domestic turkeys in Europe and Israel; however, the geographic range of LPDV infections in 

turkeys recently expanded to include wild turkeys across much of the eastern US, with a high 

prevalence across much of the region (e.g., up to 83%), which includes New York State (Alger et 

al. 2015; Thomas et al. 2015). Infection is typically subclinical, although fatalities associated 

with the development of lymphoid tumors are possible and cumulative flock mortality can be as 

high as 25% in domestic turkeys (Biggs et al. 1978; Allison et al. 2014).  

 

In addition to a large wild turkey population, southwestern Ontario is home to numerous 

commercial and backyard poultry farms. The altered landscapes used in agriculture and livestock 

production may lead to increased interactions and spillover between wild turkeys and domestic 

(or commercial) poultry. Also, since wild and domestic turkeys are conspecific, they are 

susceptible to infections with the same pathogens (Aslam et al. 2012). As wild turkeys may come 
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into contact with domestic fowl and other wild avian species, each group may potentially act as 

disease reservoirs for the others. In turn, shared contaminated environmental substrates in and 

around turkey farms (e.g., bedding, carcasses, water bodies) may serve as sources of exposure 

for infectious agents to wild turkeys and other wildlife. Because of the potential for bidirectional 

pathogen spread among wild and domestic turkeys, it is important to assess for the circulation of 

potential pathogens (e.g., viruses) in these birds. These data are currently scarce in Canada, and 

baseline data as well as ongoing monitoring are needed to better understand health risks to both 

groups. 

 

To help address these knowledge gaps, we surveyed hunter-harvested, biologist-collected and 

opportunistically-collected wild turkeys from southern Ontario for evidence of exposure or 

infection with AIV, avian poxvirus, LPDV, and REV. Additionally, phylogenetic analysis of a 

subset of LPDV sequences originating from Ontario wild turkeys was compared to sequences 

previously derived from wild turkeys in the US and Israel.  

 
 

 
MATERIALS AND METHODS 
 
Origin and submission data of bird carcasses  

In total, 271 birds from southern Ontario were included in this study, 215 of which were wild 

turkeys. These wild turkeys were comprised of 147 hunter-harvested, 20 biologist-collected (i.e., 

killed by gunshot, Ontario Ministry of Natural Resources and Forestry Wildlife Animal Care 

Committee approval #11-267), 32 live-sampled, and 16 opportunistically-collected turkeys. The 

latter group consisted of eight turkeys killed by motor vehicle collisions, six carcasses submitted 

to the Canadian Wildlife Health Cooperative (CWHC) for diagnostic evaluation, one that died 

from rocket-trap related injuries, and one killed by predation. In addition, samples from eight 

hunter-harvested ruffed grouse (Bonasa umbellus), 31 farmed gamebirds [19 pheasants 

(Mongolian, blue back, and ring-necked), ten partridges (Hungarian and chukar), and two 

Northern Bobwhite quail], and 17 domestic birds (15 turkeys and two ducks submitted to the 

Animal Health Laboratory [AHL] at the University of Guelph for diagnostic evaluation) were 

included.  
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Data provided by submitters and hunters included age class (i.e., juvenile or adult - based on 

plumage characteristics; Pelham and Dickson 1992), sex, and date and location where found 

dead, harvested, euthanized, or live-trapped. The geographic locations of each bird were 

recorded as Global Positioning System (GPS) coordinates (latitude and longitude). When a road, 

town or wildlife management unit was provided, the center of that area was used to attain GPS 

coordinates. Postmortem examination was performed on 192 birds (186 wild turkeys and six 

domestic turkeys) and included confirmation of sex (i.e., visualization of gonads) and 

documentation of gross lesions. Age and sex was unknown for 39 hunter-harvested or captive 

game birds and two biologist-collected wild turkeys, while sex was unknown for five domestic 

turkeys and two ducks, and location for one opportunistically-collected wild turkey.  

 
Sample collection and testing for LPDV and REV  

Tissues samples (spleen, liver and when possible, bone marrow) from 239 bird carcasses were 

tested for LPDV, including 183 wild turkeys (147 hunter-harvested, 20 biologist-collected, and 

16 opportunistically-collected), 8 hunter-harvested ruffed grouse, and 31 farmed gamebirds and 

17 domestic birds (as described above). A total of 25 mg of pooled tissues (equally divided) was 

placed in a cryovial and frozen to -80°C until processing. Tissues (i.e., spleen, liver, and bone 

marrow) from 25 hunter-harvested or opportunistically-collected Wild Turkeys with 

splenomegaly and/or grossly-evident skin lesions were also fixed in 10% neutral-buffered 

formalin for histopathology. There tissues were routinely processed, embedded in paraffin, 

sectioned at approximately 4 μm, mounted on glass slides and stained with hematoxylin and 

eosin at the AHL.  

 

For LPDV and REV PCR, DNA was extracted from each sample using the QIAGEN® 

DNeasy® Blood & Tissue Kit (Qiagen, Toronto, Ontario, Canada) per manufacturer’s 

guidelines. The PCR was performed by testing for proviral DNA using primers that targeted a 

431 base pair (bp) fragment of the gag polyprotein (partial p31/partial capsid; Allison et al. 

2014). All LPDV-positive samples were also tested for REV by PCR using long terminal repeat-

specific primers targeting a 200 bp fragment of the REV viral genome (El-Sebelgy et al. 2014). 

Positive controls for LPDV and REV originated from known-positive wild turkeys in the US 
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(provided by Dr. Andrew Allison, Southeastern Cooperative Disease Study, University of 

Georgia) and distilled water was used as a negative control.  

 

Samples from ten wild turkeys that tested positive for LPDV by electrophoresis and represented 

varied geographic locations across southern Ontario were subjected to sequencing (Advanced 

Analysis Centre, Genomics Facility, University of Guelph). Sequences were deposited in 

GenBank under the accessions MF953375 - MF953384. These ten sequences (341 bp, partial 

p31 coding region) were aligned and used to construct a phylogenetic tree to infer the 

evolutionary history between Ontario-derived LPDV isolates, the prototype Israeli strain, and 

sequences representative of other regions of North America (n=58; total, n=69; Sarid et al. 1994; 

Allison et al. 2014). Evolutionary history was inferred using the Maximum Likelihood method 

based on the General Time Reversible model (Tavaré 1986) as implemented in MEGA7 (Kumar 

et al. 2016). Initial tree(s) for the heuristic search were obtained automatically by applying 

Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the 

Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior 

log likelihood value. A discrete Gamma distribution was used to model evolutionary rate 

differences among sites (5 categories [+G, parameter = 0.6591]). The analysis involved 69 

nucleotide sequences and all positions that contained gaps; missing data were eliminated for a 

total of 382 positions in the final dataset.  

 
 
Sample collection and testing for testing for avian influenza viruses 

Samples from a total of 207 wild turkeys were tested for AIV, including 147 hunter-harvested, 

32 live-sampled, 20 biologist-collected, and eight opportunistically-collected birds. 

Oropharyngeal and cloacal swabs were pooled from each wild turkey and placed in Starplex 

Multitrans™ and Transportation System (Starplex Scientific Inc., Etobicoke, Ontario, Canada) 

vials and media. Swabs were tested for the influenza A virus RNA at the AHL by using an M1 

gene specific real-time RT-PCR assay modified as previously described (Weingartl et al. 2010) 

and primers provided by the National Centre for Foreign Animal Disease (Winnipeg, Canada).  
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Sample collection and testing for avian poxvirus 

A total of 183 wild turkeys (147 hunter-harvested, 20 biologist-collected and 16 

opportunistically-collected) were examined grossly for proliferative skin lesions suggestive of 

poxvirus (van Riper and Forrester 2007) by examining unfeathered skin and the oropharyngeal 

cavity, crop, esophagus, and trachea. Eight birds had proliferative, 2- to 15-mm diameter lesions 

in the unfeathered skin (e.g., head, neck, feet, or legs) and/or oropharyngeal cavity. Portions of 

these lesions were removed with a sterile scalpel blade, placed in a cryovial, and tested for avian 

poxvirus DNA by PCR at the AHL. Briefly, total nucleic acids were extracted using the 

MagMAX-96 Viral RNA Isolation Kit in a MagMAX Express-96 Magnetic Particle Processor 

(Thermo-Fisher, Burlington, Ontario, Canada). Detection of avian poxvirus DNA was achieved 

using a duplex real-time PCR assay. The following primers and probes that target a fragment of 

the 4b core protein gene were utilized: FWPV_4B_Forward 5’- AACGCCGAATAAAGCAAC-

3’, FWPV_4B_Reverse 5’- ATGTCAACRTCTAGTGATATGT-3’, FWPV_4B_Probe 5’- 

CCTATGGAATCCTGGTCTTTGAATC3’ and CNPV_4B_Forward 5’- 

CTTRACRCCGAATAAAGCYAC-3’, CNPV_4B_Reverse 5’- 

GATARTARAATAGGAGATCARMTKAAG-3’, CNPV_4B_Probe 5’-

ATAAGMGCYTGRTATCTAGAMGG-3’. Real-time PCR was carried out in 25 µL reactions 

using the Ag Path-ID One-Step RT-PCR Kit (Thermo-Fisher, Burlington, Ontario, Canada). 

PCR conditions included reverse transcription for 10 minutes at 45°C, followed by 45 cycles of 

denaturation at 94°C for 5 seconds, annealing at 60°C for 60 seconds and extension at 60°C for 

60 seconds. Samples were considered positive for poxvirus at cycle threshold values below 37.  

 
 
RESULTS 
 
Demographic data and postmortem assessment  

Of the 215 wild turkeys included this study, 184 were male, 30 were female and sex was not 

determined in one bird. Sixty wild turkeys were juveniles, 153 were adults and age was not 

reported for two birds. Postmortem examination revealed gross lesions in 25 wild turkeys (i.e., 

22 hunter-harvested and three opportunistically-collected); eight had splenomegaly; 16 had skin 

lesions, and one had concurrent splenomegaly and skin lesions. Distribution of skin lesions 

varied, with seven on the head only, one on the neck only, four on both the head and neck, one 
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on the head, neck, and oropharyngeal mucosa, three on the feet only, and one on the leg only. 

Eight of these skin lesions were suggestive of poxvirus infection. No microscopic evidence of 

lymphoid neoplasia was observed in the spleen, liver, bone marrow or skin of any of the wild 

turkeys with splenomegaly or proliferative skin lesions. 

 
Lymphoproliferative disease and reticuloendotheliosis viruses 

Lymphoproliferative disease virus was detected by PCR in 119/183 (65.0%) wild turkeys, 

including 98/147 (66.7%) hunter-harvested, 16/20 (80.0%) biologist-collected, and 5/16 (31.0%) 

opportunistically-collected wild turkeys. Of the LPDV-positive birds of known age, 95/118 

(80.5%) were adults and 23/118 (19.5%) were juveniles. The sex ratio of LPDV-positive wild 

turkeys was 104 males: 15 females. The virus was not identified in any of the other species 

tested, including 39 gamebirds, 15 domestic turkeys, and two ducks. Reticuloendotheliosis virus 

was concurrently detected by PCR in six (5.0%; 5/119) LPDV-positive wild turkeys.  

 

Phylogenetic analysis revealed that the Ontario LPDV strains from wild turkeys clustered with 

other North American strains (Allison et al. 2014; Thomas et al. 2015) and not Old World-like 

sequences, such as the Israeli prototype strain (Sarid et al. 1994, GenBank accession U09568), 

respectively, as supported by a high bootstrap value (Figure 4.1). Sequences from Ontario LPDV 

isolates segregated within the North American clade; however, these did not cluster in any 

specific extant group, suggesting that isolates from Ontario wild turkeys are evolutionarily 

homogeneous with other North American wild turkey isolates. BLAST analysis of the Ontario 

strains against US and Israeli strains showed 99% nucleotide identity with Wild Turkey samples 

collected in New York (GenBank accession KC801998), New Jersey (GenBank accession 

KP299749) and Pennsylvania (GenBank accession KC801979) while sharing 88% identity with 

the Israeli strain.   

 
Avian influenza and poxviruses 

No avian influenza viruses were detected by real-time RT-PCR of pooled oropharyngeal and 

cloacal swabs from the 207 wild turkeys tested. Five of eight wild turkeys (three hunter-

harvested and two opportunistically-collected) tested positive for avian poxvirus; four of these 

were adults, one was a juvenile; three were male and two were female. Dry, cutaneous lesions 
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appeared in all poxvirus-positive birds and diphtheritic lesions were concurrently observed in the 

oropharyngeal cavity of one bird. The prevalence of poxvirus was not determined, as only birds 

with grossly evident lesions in unfeathered skin were tested.  

 

Geographic distribution 

Wild turkeys originated from across southern Ontario, with LPDV-positive birds distributed 

across the collection range but most concentrated in southwestern Ontario (Figure 4.2). Three 

birds with a triple-infection with LPDV, REV, and poxvirus were clustered within a region of 

southwestern Ontario (Kawartha Lakes [n = 2] and Simcoe County [n = 1]). 

 
DISCUSSION 
 
The present study describes the initial detection of LPDV in wild turkeys in Canada, which 

follows the first recognized cases in the US in 2009 (Allison et al. 2014). Over half of the wild 

turkeys tested in Ontario were LPDV-positive and none had evidence of associated disease. This 

high prevalence with rare or no observed disease is consistent with surveillance in the US. 

Evidence of viral infection was detected in 45% (n = 74) of hunter-harvested wild turkeys from 

South Carolina in 2010 (Allison et al. 2014) and 47% (n = 1,164) of wild turkeys sampled across 

17 states in 2011-13 (Thomas et al. 2015). In 2014, apparently healthy wild turkeys in New York 

State had an LPDV prevalence of 83% (n = 137; Alger et al. 2015). However, among wild 

turkeys submitted for diagnostic evaluation (i.e., found sick or dead), 15% (n = 39) of LPDV-

infected wild turkeys had grossly-evident and microscopically-confirmed lymphoid neoplasia 

(Allison et al. 2014).  

 

Although the origin and duration of LPDV in North America is unknown, translocations of wild 

turkeys to Ontario from the US in 1984 included states in which wild turkeys subsequently tested 

LPDV-positive. These turkeys seeded the currently robust and more widespread provincial 

population (Ontario Ministry of Natural Resources and Forestry 2007). In addition, wild turkeys 

in Ontario have undergone a northward range expansion, which may be facilitated by global 

climate change (Niedzielski and Bowman 2015). Ontario shares southern land borders with New 

York and is in close proximity to Ohio and Pennsylvania, where LPDV cases have been recently 
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documented in wild turkeys (Allison et al. 2014, Thomas et al. 2015). Thus, there have likely 

been continuous opportunities for cross-border intermixing of wild turkeys.   

 

Demographic traits of wild turkeys in the present study were skewed toward adult males, owing 

to the hunter-harvested source. However, in a previous study, juveniles and females were more 

likely to test LPDV positive (Alger et al. 2017). The ratio of agricultural lands to forest cover 

was also predictive of infection in the latter study. A better understanding of demographic 

patterns of LPDV infections and habitat factors in wild turkeys will help elucidate aspects of its 

eco-epidemiology and therefore aid in future monitoring.  

 

Both LPDV and REV may manifest similarly in turkeys as multi-organ, lymphoid neoplasia, and 

these viruses have been detected concurrently in wild turkeys (Biggs et al. 1978; Allison et al. 

2014). In the present study, a small percentage (5%) of apparently healthy wild turkeys in 

Ontario was co-infected with REV and LPDV. The percentage of these co-infections was higher 

in wild turkeys across ten eastern US states in which REV was detected in 46% (n=41) of 

LPDV-positive birds (Allison et al. 2014). Although REV is commonly detected in domestic 

poultry in countries such as Japan, Australia, Israel, and the US, infection is usually subclinical 

and not considered an industry-level threat (Payne 1998; Payne and Venugopal 2000; Drew 

2007). In comparison, LPDV is a rare cause of disease outbreaks in domestic turkeys, including 

locations in Europe and Israel (Ianconescu et al. 1983; Biggs 1997). 

 

The high prevalence of LPDV in wild turkeys in the US and Canada contrasts with the absence 

of reported LPDV detections in domestic turkeys in North America and may in part reflect lack 

of assessment. Despite this, the detection of LPDV in free-ranging wild turkeys has fueled 

concern among poultry producers and farmers. In Ontario, anecdotal reports of contact between 

wild turkeys and backyard and commercial turkey flocks suggest that these birds co-exist in 

many areas and may occasionally have direct contact. A better understanding of transmission 

dynamics and virus persistence in the environment would help assess the potential for virus 

dissemination and maintenance in the environment, including at the wildlife-agriculture 

interface.  
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The phylogenetic analysis in the present study compared nucleotide sequences of LPDV strains 

from wild turkeys in Ontario with those from the US (Allison et al. 2014) and Israel (i.e., the 

prototype strain; Sarid et al. 1994). Results suggested that the virus strains identified in Ontario, 

Canada and the eastern US are evolutionarily homogenous. No specific clustering of the Ontario 

LPDV strains was evident; however, Ontario and the majority of US strains from wild turkeys 

comprise a North American clade distinct from the clade that includes the Israeli strain. Thus, 

these relationships remain consistent with those described by Allison et al. (2014) and Thomas et 

al. (2015). This finding further supports a history of comingling of wild turkeys from the 

northeastern US and southern Ontario. 

 

Avian influenza viruses, commonly associated with subclinical shedding in migratory waterfowl 

and gulls, are highly transmissible RNA viruses capable of causing widespread outbreaks and 

substantial economic losses to the poultry industry (Friend and Franson 1999; Canadian Food 

Inspection Agency 2015). These viruses have also been reported in wild galliforms including the 

ring-necked pheasant (Phasianus colchicus) and rock partridge (Alectoris graeca; Romváry et al. 

1976; Lipkind et al. 2003). None of the wild turkeys in the present study tested positive for AIV; 

the majority of these were sampled during a highly pathogenic AIV H5N2 outbreak in poultry in 

the US and southern Ontario in 2015. During this outbreak, two turkey farms and one chicken 

farm in Ontario were affected, resulting in the depopulation of over 79,000 birds (Canadian Food 

Inspection Agency 2015). Although wild turkeys are likely susceptible to AIV infection, there 

are no reports of AIV in this species and the threat posed by highly pathogenic AIV outbreaks is 

considered low (Rocke and Yuill 1987; Davidson et al. 1988; Neimanis and Leighton 2004). In 

addition, the likelihood of widespread AIV infection among wild turkeys may be low in part 

because they do not congregate at high densities in water bodies, thereby reducing transmission 

potential (Brown and Stallknecht 2008).  

 

Avian pox is a highly transmissible viral disease of birds, is spread through direct contact or 

arthropod vectors, and occurs globally in commercial poultry and as well as in wild turkeys in 

North America. Many of these infections are self-limiting; however, proliferative lesions in the 

skin around the eyes and in the oropharyngeal and esophageal mucosa can limit sight and thus 

the ability to forage and escape predators, which may indirectly result in death due to starvation 
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or predation (van Riper and Forrester 2007). A small portion of hunter-harvest biased sample of 

wild turkeys in the present study had mild to moderate skin lesions that tested PCR-positive for 

poxvirus. Within the US, avian pox has been reported in wild turkeys from southeastern states 

(Prestwood et al. 1973; Akey et al. 1981; Davidson et al. 1985), as well as New Jersey, Oregon, 

and Texas (Schorger 1966; Lutz and Crawford 1987; Davidson and Wentworth 1992). In 

Ontario, avian poxvirus was first documented in wild turkeys in 2009, with an additional six 

turkeys since reported (MacDonald et al. 2016). Poxvirus is currently not considered a major 

concern in domestic poultry, as associated mortality is often minimal. For example, during an 

outbreak on a European domestic turkey farm, only 0.2% (n = 11,680) of birds showed grossly-

evident lesions with no associated mortality (Hess et al. 2011). 

 

Despite its value as a game bird and conservation symbol and its overlap with areas shared by 

human populations and commercial poultry (Ontario Ministry of Natural Resources and Forestry, 

2007), information on the health of wild turkeys in Ontario, Canada is limited. While predation 

and emaciation are recognized as important causes of death in this species (Niedzielski and 

Bowman 2015; MacDonald et al. 2016), the present study aimed to highlight some of the viral 

pathogens that circulate in wild turkeys in Ontario, Canada. Similar to wild turkeys across the 

eastern US, LPDV was commonly detected in healthy-appearing wild turkeys in Ontario. This 

finding, in conjunction with ongoing anthropogenic environmental and landscape changes, 

warrants continued study and surveillance for LPDV and other potential pathogens in wild 

turkey populations.  
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Figure 4.1. Phylogenetic tree of p31/capsid sequences from lymphoproliferative disease 

virus strains isolated from ten hunter-harvested wild turkeys (Meleagris gallopavo) in 

Ontario, Canada, 2015. The prototype Israeli strain (1978) and 58 virus strains from the 

US (Allison et al. 2014) are included. The tree is drawn to scale, with branch lengths 

proportional to the number of substitutions per site. The tree with the highest log 

likelihood (- 2715.3638) is shown and bold depicts Ontario wild turkey data.  
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Figure 4.2. Map of southern Ontario, Canada depicting the locations of 183 hunter-

harvested and opportunistically-collected wild turkeys (Meleagris gallopavo) in April and 

May, 2015 that tested positive for lymphoproliferative disease virus, reticuloendotheliosis 

virus or avian pox virus.  
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CHAPTER V: SURVEY FOR BACTERIA AND ANTIMICROBIAL RESISTANCE IN 
WILD TURKEYS (MELEAGRIS GALLOPAVO) IN ONTARIO, CANADA  

 
 

ABSTRACT 
 
Since being successfully reintroduced into Ontario, Canada, wild turkey (Meleagris gallopavo) 

populations have undergone robust growth and range expansion. This, along with increases in 

land use changes from human population growth and subsequent developments in agriculture 

and livestock production, has heightened opportunities for interactions between wild turkeys, 

domestic poultry, and humans. As conspecifics, wild and domestic turkeys are susceptible to 

infection and disease from many of the same pathogens. Thus, transmission by direct or indirect 

contact is a potential health threat to both groups, particularly with the overlapping range of wild 

turkeys in Ontario with numerous commercial and backyard poultry operations. However, these 

threats are difficult to assess due to knowledge gaps in the prevalence and geographic 

distribution of potential pathogens circulating among wild turkeys. We assessed for potentially 

pathogenic bacteria in free-ranging, hunter-harvested wild turkeys in Ontario (n = 152) by culture 

of cloacal swabs for Campylobacter spp., Salmonella spp., and Escherichia coli; and culture of 

lung and spleen for Pasteurella multocida, Ornithobacterium rhinotracheale, and Erysipelothrix 

rhusiopathiae. Antimicrobial resistance testing was also performed on E. coli isolates. Generic E. 

coli isolates were recovered from 69.1% (105/152) of wild turkeys tested and two (1.9%) of 

these isolates exhibited resistance to azithromycin, and one (1.0%) to ampicillin. Intermediate 

susceptibility to chloramphenicol was observed in one (1.0%) isolate. One (0.7%) wild turkey 

swab tested positive for C. jejuni, while no samples were positive for P. multocida, Salmonella 

spp., O. rhinotracheale, or E. rhusiopathiae. To our knowledge, this is the first survey of these 

bacteria and assessment for antimicrobial resistance, among wild turkeys in Ontario. 

 
 
 
 
 
 
 
 
* A version of this chapter is published as: MacDonald AM, Jardine CM, Susta L, Slavic D, Nemeth NM. 
2018. Survey for bacteria and antimicrobial resistance in wild turkeys (Meleagris gallopavo) in Ontario, 
Canada. Avian Dis: In press. 
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INTRODUCTION 
 
 
The wild turkey (Meleagris gallopavo) is currently distributed across southern Ontario, Canada, 

a region that includes the majority of the province’s commercial turkey farms (Ontario Ministry 

of Natural Resources and Forestry 2007; 2011), thus creating the potential for geographic 

overlap between these two groups. This overlap allows for the possibility of bidirectional 

pathogen transmission across the wildlife-livestock interface. Extirpated in the early 1900s due 

to unregulated overhunting and habitat loss, the wild turkey was reintroduced to the province in 

1984 and the establishment of robust populations has been recently estimated at 70,000 

individuals (Ontario Ministry of Natural Resources and Forestry 2007). Human population 

growth and associated agriculture and livestock production contribute to fragmented and 

otherwise altered landscapes, often affecting wild turkey habitat use and leading to increased 

opportunities for interactions between wild turkeys and domestic (or commercial) poultry.  

 

Information regarding the subclinical infections with common, potentially-pathogenic bacteria in 

wild turkeys is sparse. Infectious bacterial agents such as Pasteurella multocida, Salmonella 

enterica, and Escherichia coli can be transmitted directly between and within wild and domestic 

flocks through inhalation or ingestion of aerosolized (i.e., respiratory) droplets and fecal matter, 

respectively. Indirect transmission may occur through contact with environmental substrates or 

water contaminated with carcasses or soiled bedding, or via equipment or movement of farm 

personnel and other fomites (Engering et al. 2013; Friend and franson 1999). Therefore, it is 

important to recognize the bacteria that circulate in wild turkeys in Ontario, particularly in areas 

that correspond to poultry farms. In addition, wildlife may be exposed to pathogens and 

antimicrobial resistant bacteria in their environments, especially corresponding to areas in close 

association with humans or agriculture. This can lead to contamination of the environment with 

infectious agents as well as antibiotics, leading to the development of antimicrobial resistance 

(AMR) among wildlife that may inadvertently ingest them (Vittecoq et al. 2016). 

 

Our study aimed to determine the presence of potentially pathogenic bacteria in free-ranging 

wild turkeys in Ontario, including Campylobacter spp., P. multocida, S. enterica, 

Ornithobacterium rhinotracheale, and Erysipelothrix rhusiopathiae. These agents were selected 
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due to their ability to cause disease in poultry as well as their zoonotic potential (Patterson and 

Guerin 2013). In addition, generic E. coli isolates were tested for resistance to antimicrobial 

agents and geographic locations assessed for proximity to human populations and agricultural 

operations. This information will increase awareness and contribute to wildlife management 

strategies, commercial poultry husbandry practices and biosecurity risk assessments, as well as 

aid in a better understanding of anthropogenic sources of antimicrobials into the environment. 

 
MATERIALS AND METHODS 
Sample collection and storage 

During the 2015 spring hunting season (April-May), 147 apparently-healthy, hunter-harvested 

and five opportunistically-collected wild turkey carcasses (three found dead and two killed by 

motor vehicles) were obtained from across southern Ontario and frozen to -20°C for transport to 

the University of Guelph. Upon thawing, birds underwent a postmortem examination to assess 

nutritional condition (e.g., pectoral musculature and subcutaneous and visceral adipose tissue 

deposition; deemed poor, fair or good), confirm sex (i.e., visualization of gonads), and document 

gross abnormalities. Samples of fresh lung and spleen were aseptically collected from each 

turkey and frozen at -80°C until testing. In addition, two cloacal swabs (one for Salmonella spp. 

and E. coli culture, one for isolation of Campylobacter spp.) were collected from each turkey and 

placed into their respective BD BBL™ CultureSwab™ Transport Systems with Cary-Blair Agar 

(Becton, Dickinson, and Company, Annapolis, Maryland, USA). Swabs for Salmonella spp. and 

E. coli culture were frozen to -80°C until testing; swabs for isolation of Campylobacter spp. were 

stored at 4°C prior to being shipped to PHAC/ASPC in Lethbridge, Alberta for testing.   

 

Bacterial culture. Fresh lung and spleen samples were submitted to the Animal Health 

Laboratory, University of Guelph for bacterial culture. The surface of each tissue was seared 

with a spatula and cut open with a sterile blade. The same blade was used to scrape the surface of 

the cut tissue and transfer the scraped material to blood agar (BA), MacConkey agar (MAC), and 

phenylethyl alcohol agar (PEA) plates. All plates were incubated for up to 48 hr at 35°C with 

either 5% CO2 (BA and PEA plates) or under aerobic conditions (MAC plates) to assess for 

growth of P. multocida, O. rhinotracheale, and E. rhusiopathiae.  
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Cloacal swabs were tested by bacterial culture for Campylobacter spp. using the membrane 

filtration method, as previously described by Jokinen et al. (2012). Briefly, cloacal swabs were 

inoculated into 20mL of Bolton broth and incubated at 42°C ± 1°C for 24 hr. Following 

incubation, 100uL of Bolton broth culture was added to and filtered through a 0.65uM cellulose 

acetate membrane on modified charcoal-cefoperazone-deoxycholate agar (mCCDA) plates. 

These plates were incubated for 48 hr at 42 ± 1°C. Campylobacter-like colonies were sub-

cultured to blood agar plates and incubated at 42 ± 1°C for 24 to 48 hr. All incubations occurred 

under microaerophilic conditions (10% CO2, 5% O2, 85% N2). Suspect Campylobacter sp. 

isolates were sub-cultured, followed by DNA extraction using the EZ1 DNA tissue kit (Qiagen, 

Mississauga, Canada) according to the manufacturer’s guidelines. Confirmation of 

Campylobacter spp. isolates was performed by PCR using markers for Campylobacter genus 

level identification, as well as species-specific markers for C. jejuni, C. coli, C. upsaliensis, and 

C. lari (Wang et al. 2002).  

 

For Salmonella spp. and E. coli culture, cloacal swabs were incubated in buffered peptone water 

(BPW) for 18 hr at 37°C. Isolation of E. coli colonies was performed by streaking Oxoid™ 

MacConkey Agar plates with one loop of BPW inoculum followed by incubation for 18-24 hr at 

37°C. Single colonies were inoculated onto Oxoid™ Columbia blood agar plates and incubated 

overnight at 37°C. Isolation of Salmonella spp. was performed by streaking Oxoid™ XLT-4 agar 

plates with one loop of inoculum followed by incubation for 36 hr at 37°C. Indole spot reagent 

testing was used to confirm presumptive E. coli colonies. Suspect Salmonella spp. colonies were 

sent to the Public Health Agency of Canada, Guelph, Ontario for confirmation using triple sugar 

iron slant and urea slant agars. 

 

Antimicrobial susceptibility testing for E. coli 

Antimicrobial susceptibility testing was conducted at the Center for Public Health and Zoonoses, 

University of Guelph, Guelph, Ontario, using the Sensititre™ automated broth microdilution 

method according to the manufacturer’s guidelines. The National Antimicrobial Monitoring 

System CMV3AGNF panel was used to identify the minimum inhibitory concentration (MIC) 

for each isolate using 14 antimicrobials: amoxicillin-clavulanic acid, ampicillin, azithromycin, 

cefoxitin, ceftiofur, ceftriaxone, chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid, 
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streptomycin, sulfizoxazole, tetracycline, and trimethoprim-sulfamethoxazole. Breakpoints for 

MIC are those used for human health purposes by the Canadian Integrated Program for 

Antimicrobial Resistance Surveillance, derived from Clinical Laboratory Standards Institute 

breakpoints (Clinical and Laboratory Standards Institute 2015). Based on these established 

breakpoints, isolates were classified as susceptible, intermediate, or resistant. 

 
RESULTS  
 
Generic E. coli isolates were recovered from the majority of wild turkey cloacal swabs (105/152; 

69.1%; Table 5.1). One wild turkey cloacal swab (0.7%) was positive for C. jejuni, and all 

cloacal swabs were negative for Salmonella spp. No tissue samples from 152 wild turkeys 

yielded growth of E. rhusiopathiae, O. rhinotracheale, or P. multocida by culture.  

 

E. coli isolates from swabs of four wild turkeys exhibited some level of resistance to one 

antimicrobial agent each. Two (1.9%) of these isolates were resistant to azithromycin, one 

(1.0%) was resistant to ampicillin, and one (1.0%) exhibited intermediate susceptibility to 

chloramphenicol. Two of these wild turkeys were from Middlesex County, Ontario and two 

others were each from Prince Edward and Oxford Counties. All E. coli isolates were susceptible 

to amoxicillin-clavulanic acid, cefoxitin, ceftiofur, ceftriaxone, ciprofloxacin, gentamicin, 

nalidixic acid¸ streptomycin, sulfizoxazole, tetracycline, and trimethoprim-sulfamethoxazole.  

 
DISCUSSION 
 
In Ontario, Canada, wild turkeys are a popular gamebird and conservation symbol, and poultry 

(both commercial and backyard) is an economically important component of the agricultural 

sector. Due to growing human populations and associated landscape alterations, these birds share 

an increasingly important interface. Despite this, information regarding the present health status 

of wild turkeys, including circulation of potential pathogens, is scarce. Escherichia coli was by 

far the most commonly detected bacteria in wild turkeys in the present study. Although a 

common inhabitant of the intestinal tract of birds and mammals, E. coli may also synergistically 

cause disease of the upper respiratory tract in conjunction with other pathogens. In addition, 

coinfections of Mycoplasma gallisepticum with either infectious bronchitis or Newcastle disease 

viruses can increase the subsequent susceptibility of E. coli infection in chickens, leading to 
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airsacculitis, pericarditis, and perihepatitis (Friend and Franson 1999; Gross 1956; Gross 1958). 

For example, there may be synergism between M. gallisepticum and E. coli complicating the 

effects of chronic respiratory disease in domestic turkeys. Escherichia coli is not commonly 

included in health surveys of wild turkeys; however, a wild turkey in Arkansas was diagnosed 

with a coinfection of E. coli, Staphylococcus aureus, and Enterococcus spp. with associated 

salpingitis and fibrinous peritonitis (Thogmartin et al. 1999).  

 

Numerous wild bird species, including barn owls (Tyto alba), common buzzards (Buteo buteo), 

and Eurasian blackbirds (Turdus merula) in Europe and wild herring gulls (Larus argentatus) in 

the northeastern US have been reported as carriers of E. coli (Alroy and Ellis 2011; Guenther et 

al. 2010). In Canada, E. coli has historically been one of the most commonly diagnosed 

pathogenic bacteria in commercial turkeys and was among the most common disease-causing 

agents in domestic turkeys that required antimicrobial drug treatment in a recent Canadian study 

(Agunos et al. 2013; Martin et al. 2007). 

 

Drug-resistant E. coli has been reported in numerous wild bird species, including non-migratory 

Canada geese (Branta canadensis) in North Carolina. Nearly half (48%) of cloacal swabs from 

geese tested (n = 25) had resistant E. coli to three or more antimicrobial agents. These birds were 

known to frequent swine waste lagoons (Cole et al. 2005). Also, numerous wild bird species, 

including mute swans (Cygnus olor) and rock pigeons (Columba livia), sampled from the District 

of Eichsfeld, Germany, showed resistance to multiple antimicrobial drugs (e.g., amoxicillin, 

ampicillin, streptomycin, neomycin, and chloramphenicol; Guenther et al. 2010). Anthropogenic 

sources, for example, water contaminated with untreated sewage or hospital effluent, can foster 

resistant bacteria that wild birds may come into contact with, especially those that forage non-

discriminately on the ground, such as wild turkeys (Larsson et al. 2007; Rolland et al. 1985). 

Also, to prevent and control enteric pathogens in the maintenance of healthy flocks, commercial 

poultry producers sometimes rely on the use of antimicrobials in feed and water (Agunos et al. 

2013). In the present study, E. coli from a small proportion of wild turkeys exhibited resistance 

to azithromycin, ampicillin and chloramphenicol; these drugs are primarily used to treat various 

bacterial infections in humans, such as toxoplasmosis, meningitis, and conjunctivitis, 

respectively (Kim et al. 2016). Wild turkeys would most likely gain access to these through 
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contaminated water sources, as many treatment plants in Canada cannot successfully filter all 

pharmaceuticals from effluents (Bienkowski 2013). The panel used to test for E. coli AMR in the 

present study was targeted toward human/zoonotic bacterial pathogens and indicated limited 

development of resistance to antimicrobial agents in wild turkeys in southern Ontario, a region of 

dense human populations and high livestock productivity (Ontario Ministry of Natural Resources 

and Forestry 2011). Despite this finding, AMR remains an important and emerging threat to the 

poultry industry as well as public health (Agunos et al. 2013; Pruden et al. 2006).  

 

This study represents the first report of C. jejuni isolation from a wild turkey in Ontario, although 

it has been previously reported in wild aquatic birds (e.g., gulls, ducks, and Canada geese) tested 

from the Grand River watershed in southern Ontario, at a prevalence of 73% (n = 51; Van Dyke 

et al. 2012). A high prevalence of Campylobacter spp. was also detected in manure samples from 

commercial turkeys in British Columbia in 2015 (86%, n = 120; 35). Camplybacter jejuni is a 

major cause of enteritis in humans, thus its detection in wild turkeys that may be consumed as 

harvest by hunters, is significant (Leedom Larson and Spickler 2018). Salmonella spp. have been 

isolated from healthy and diseased wild turkeys in various regions, including the southeastern 

U.S. (i.e., Florida and Alabama; Jokinen et al. 2012; White et al. 1981) and Nebraska (Oates et 

al. 2005). In Canada, there are no published reports of Salmonella spp. infections in wild turkeys; 

however, in British Columbia, a prevalence of 39% (n = 120) was reported in commercial 

turkeys (35). Salmonella spp. have a global distribution and there is a significant link between its 

detection in wild birds and their proximity to livestock operations (Daoust and Prescott 2007). 

Infected poultry flocks are also considered an important reservoir of salmonellae that can be 

transmitted to humans (Gast 2011). In the present study, the sensitivity of Campylobacter and 

Salmonella isolation was likely decreased by freezing and thawing of carcasses and swab 

samples, thus underestimating the presence of these bacteria (Stern et al. 1985; Peplow et al. 

1999). The use of cloacal swabs versus fresh fecal matter for sampling also could have 

contributed to the lack of isolation of Campylobacter and Salmonella spp., especially in 

consideration of the intermittent nature of Salmonella spp. shedding (Immerseel et al. 2004).  

 

Wild turkey samples in the present study were tested for Erysipelothrix rhusiopathiae, O. 

rhinotracheale, and P. multocida due to concern for their ability to cause disease in domestic 
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turkeys (Clark and Pyle 2009) and the lack of information on these bacteria in their wild 

counterparts. To our knowledge, E. rhusiopathiae infection has not been documented in wild 

turkeys, although sporadic reports involving individual or small numbers of wild birds exist, and 

larger mortality events have occurred (Neimanis and Leighton 2004). For example, an estimated 

5,000 birds (mostly eared grebes; Podiceps nigricollis) died of E. rhusiopathiae infection in Utah 

(Friend and Franson 1999). Among domestic birds, turkeys are most commonly afflicted with 

severe disease associated with E. rhusiopathiae infection, which is often due to acute sepsis 

(Bobrek et al. 2013). Flock mortality in laying hens may reach 50% (Mazaheri et al. 2005). 

Similarly, there are currently no published reports of O. rhinotracheale infection in wild turkeys. 

Although the source of the outbreak was not determined, O. rhinotracheale was isolated from 

turkeys during an outbreak in a domestic flock of 10,000 birds in Ontario that experienced a 

sudden increase in mortality (Abdul-Aziz and Weber 1999). Pasteurella multocida, the causative 

agent of avian cholera, can spread quickly, particularly in high density bird populations such as 

those in poultry operations. This can lead to significant outbreaks, including die-offs due to 

respiratory disease and septicemia (Friend 1987; Wobeser and Leighton 1982). Infection 

associated with morbidity and mortality has been reported in wild turkeys in Colorado and 

Arkansas, and on one occasion in Ontario in 2013 (Burget 1957; Hewitt 1967; MacDonald et al. 

2016). As with Campylobacter and Salmonella spp., freeze-thaw cycles may have damaged 

bacterial cells, thereby decreasing the sensitivity of E. rhusiopathiae, O. rhinotracheale, and P. 

multocida detection in Ontario wild turkeys and potentially resulting in false negative data (Gao 

and Critser 2000. 

 

Results from the present study suggest a lack of shedding or active infection in wild turkeys with 

most of the bacteria examined. Results reflected a biased study sample of healthy appearing, 

hunter-harvested turkeys; however, the knowledge that these birds are generally free of common 

bacterial pathogens of poultry with little evidence of AMR is important. For example, these birds 

were likely actively mobile across their home range and mingled with conspecifics and 

potentially other wild birds and domestic fowl. In addition, wild turkeys continue to be a popular 

gamebird in many parts of North America; thus, hunters come into close contact when handling 

these birds post-harvest, likely plucking birds without protective gloves. The circulation of 

several bacteria among wild and domestic birds, including Salmonella spp. and E. coli, further 
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justify the need for continued investigations into factors that may affect disease susceptibility 

and spread and the development of AMR in these animals. The source(s) of AMR in wild 

turkeys in the present study are unknown; thus, continued monitoring in the environment and 

among domestic animals, wild turkeys, and other wildlife is recommended. These data provide a 

baseline to help target future research efforts, such as intervention strategies to manage and treat 

disease in commercial turkeys, and to reduce the anthropogenic spread of antimicrobials in the 

environment. This will help increase recognition and awareness of the effectiveness of current 

commercial poultry and human-related practices, specifically waste disposal and management, in 

safeguarding the environment and corresponding wildlife populations.   
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Table 5.1. Antimicrobial susceptibility of Escherichia coli isolates (n = 105) collected from 

wild turkeys in southern Ontario, Canada in 2015.  

Antimicrobial agent MIC Breakpointsa  Total (%) Isolates 
S I Rb  S I R 

Amoxicillin-clavulanic acid ≤8/4 16/8 ≥32/16  105 (100.0) 0 (0.0) 0 (0.0) 
Ampicillin ≤8 16 ≥32  104 (99.0) 0 (0.0) 1 (1.0) 
Azithromycin ≤16 ─ ≥32  103 (98.1) 0 (0.0) 2 (1.9) 
Cefoxitin ≤8 16 ≥32  105 (100.0) 0 (0.0) 0 (0.0) 
Ceftiofur ≤2 4 ≥8  105 (100.0) 0 (0.0) 0 (0.0) 
Ceftriaxone ≤1 2 ≥4  105 (100.0) 0 (0.0) 0 (0.0) 
Chloramphenicol ≤8 16 ≥32  104 (99.0) 1 (1.0) 0 (0.0) 
Ciprofloxacin ≤0.06 0.12-0.5 ≥1  105 (100.0) 0 (0.0) 0 (0.0) 
Gentamicin ≤4 8 ≥16  105 (100.0) 0 (0.0) 0 (0.0) 
Nalidixic acid ≤16 ─ ≥32  105 (100.0) 0 (0.0) 0 (0.0) 
Streptomycin ≤32 ─ ≥64  105 (100.0) 0 (0.0) 0 (0.0) 
Sulfizoxazole ≤256 ─ ≥512  105 (100.0) 0 (0.0) 0 (0.0) 
Tetracycline ≤4 8 ≥16  105 (100.0) 0 (0.0) 0 (0.0) 
Trimethoprim-sulfamethoxazole ≤2/38 ─ ≥4/76  105 (100.0) 0 (0.0) 0 (0.0) 

aMinimum Inhibitory Concentration (MIC) breakpoints were those used by Canadian Integrated 

Program for Antimicrobial Resistance Surveillance and National Antimicrobial Monitoring 

System, which are derived from Clinical Laboratory Standards Institute breakpoints (Clinical and 

Laboratory Standards Institute, 2015). 
bS = susceptible, I = intermediate susceptibility, R = resistant 
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CHAPTER VI: GENERAL DISCUSSION 

 
SUMMARY OF MAJOR RESULTS 
 
Wild turkeys are a culturally and economically important gamebird in Ontario, Canada and other 

parts of North America. The overall objective of this research was to report on the presence, 

prevalence, and distribution of potential pathogens circulating among hunter-harvested wild 

turkeys in Ontario. The studies included in this dissertation represent the first comprehensive 

study of potential disease-causing agents in wild turkeys in Ontario, Canada.  

 

In Chapter I, I reviewed past and current literature pertaining to the health and disease status of 

wild turkeys in North America. This helped to shape an understanding of the pathogens and 

associated diseases that have been documented in wild turkeys throughout the US and included 

studies specific to the disease-causing agents I targeted for pathogen testing throughout the 

remaining chapters. From this review, I determined that very little information exists on the 

prevalence and distribution of disease-causing agents in wild turkeys in Ontario as well as 

Canada in general. It was established that there is a knowledge gap as well as a paucity of 

published data regarding the potential for pathogen transmission at the wildlife-livestock 

interface between wild and domestic turkeys. 

 

In Chapter II, Mortality and disease in wild turkeys (Meleagris gallopavo) in Ontario, Canada 

from 1992-2014: a retrospective review, the objective was to evaluate causes of death and 

potential contributors to mortality for 56 wild turkeys that had been submitted to the Canadian 

Wildlife Health Cooperative over a 20-year period. This study served as a comparison and guide 

for future studies. Non-infectious causes of morbidity and mortality were most commonly 

observed, with emaciation recognized most frequently. Most of these emaciation-related deaths 

occurred during the winter and spring months, coinciding with a lack of access to or availability 

of food resources. Trauma was the next leading cause of morbidity and mortality, and diagnoses 

were most consistent with collisions and penetrating objects. Deaths attributed to infectious 

disease occurred less frequently. Avian poxvirus was reported most often, followed by bacterial 

infections, the most common of which was Pasteurella multocida. Zinc phosphide toxicosis also 

occurred in two incidents involving multiple birds. 
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The objectives of Chapter III, High prevalence of Mycoplasma and Eimeria species in free-

ranging wild turkeys (Meleagris gallopavo) in Ontario, Canada, were to provide the first 

assessment of Mycoplasma and Eimeria spp. prevalence in free-ranging wild turkeys in Ontario, 

and to identify the species diversity and extent of co-infections among Mycoplasma and Eimeria 

spp. in these birds. At least one Mycoplasma spp. was isolated in most of the turkeys, with six 

different species identified. Mycoplasma gallopavonis was identified most commonly and was 

detected in nearly all wild turkeys sampled. The next most frequently detected species were M. 

gallinaceum and M. pullorum. There were also rare isolations of M. meleagridis, M. iowae and 

M. synoviae, which are potential poultry pathogens. Coinfections were common, with up to three 

Mycoplasma spp. detected in a third of wild turkeys tested. Most wild turkeys also tested positive 

for fecal Eimeria spp. oocysts, and over half of these samples were positive for more than one 

Eimeria spp. One significant result of this study was the first report of M. meleagridis and M. 

iowae isolation from wild turkeys.  

 

In Chapter IV, First detection of lymphoproliferative disease virus in Canada and survey for 

other viruses in Ontario wild turkeys (Meleagris gallopavo), the objectives were to survey 

hunter-harvested, biologist-collected and opportunistically-collected wild turkeys from southern 

Ontario for evidence of exposure or infection with avian influenza viruses (AIV), avian poxvirus, 

lymphoproliferative disease virus (LPDV), and reticuloendotheliosis virus (REV) and to perform 

a phylogenetic analysis of a subset of LPDV sequences originating from Ontario wild turkeys to 

compare to sequences previously derived from wild turkeys in the US and Israel. LPDV was 

detected in over half of the wild turkeys surveyed, with REV detected concurrently in a small 

fraction of these. Phylogenetic analysis revealed that LPDV sequences from Ontario were most 

genetically similar to other North American strains (i.e., U.S. strains). A small proportion of wild 

turkeys tested positive for poxvirus and all turkeys tested negative for AIV. This study is 

significant in that it documents the first detection of LPDV in wild turkeys in Canada. 

 

The objectives of Chapter V, Survey for bacteria and antimicrobial resistance in wild turkeys 

(Meleagris gallopavo) in Ontario, Canada, were to determine the prevalence of potentially 

pathogenic bacteria in free-ranging wild turkeys in Ontario, including Campylobacter spp., 
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Pastuerella multocida, Salmonella enterica, Ornithobacterium rhinotracheale, and 

Erysipelothrix rhusiopathiae. Also, generic Escherichia coli isolates were tested for resistance to 

antimicrobial agents and geographic locations assessed for proximity to human populations and 

agricultural operations. Generic E. coli isolates were recovered from two thirds of the wild 

turkeys tested.  E. coli from a small proportion of wild turkeys exhibited resistance to 

azithromycin, ampicillin and chloramphenicol. Two of these wild turkeys were from Middlesex 

County, Ontario and two others were each from Prince Edward and Oxford Counties. One wild 

turkey tested positive for C. jejuni, while no samples were positive for P. multocida, Salmonella 

spp., O. rhinotracheale, or E. rhusiopathiae. This study was significant in that it documented the 

first isolation of C. jejuni from a wild turkey in Ontario. 

 

STUDY LIMITATIONS 
 
The hunter-harvested and opportunistically-collected wild turkeys analyzed in this study 

represent a valuable sample set, which can often be difficult to acquire for research purposes. 

Although invaluable, such a sample set also carries inherent biases. Due to hunting regulations in 

Ontario, only male wild turkeys are allowed to be harvested during the spring hunting season, 

which coincided with our sample collection timeframe. Therefore, the majority of birds in this 

study were male, ruling out the potential for statistical analysis with sex as a variable. Also, 

hunters generally target bigger, healthier-appearing animals for consumption and to mount as 

trophies, and are thus more likely to avoid smaller, unhealthy-looking or diseased birds. Sick and 

unhealthy birds also tend to remain out of sight, fall victim to predation and are thus likely 

under-reported in studies such as this. This could give the impression that wild turkeys in Ontario 

are not infected with many pathogens, are not often clinically diseased, and that populations are 

healthier overall than is actually the case. 

 

In addition, due to the logistical constraints in sampling large numbers of birds collected over a 

short period of time, carcasses and samples were often subjected to multiple freeze-thaw cycles. 

Birds were frozen prior to collection and thawed for necropsy. Also, some carcasses underwent a 

prolonged thaw, permitting deterioration of tissue architecture thereby decreasing sensitivity for 

histopathologic evaluation and possibly PCR and other diagnostic tests. Retained tissues and 

some of the collected swabs were refrozen until processing, thus interfering with histopathologic 
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interpretation and reducing the ability to detect cryo-sensitive pathogens such as Salmonella spp., 

Eimeria spp., Campylobacter spp., E. rhusiopathiae, O. rhinotracheale, and P. multocida. The 

presence of these pathogens, therefore, likely went under-reported. Despite this, I was still able 

to determine that wild turkeys were carriers of Eimeria spp, and could be infected with 

Camplybacter jejuni. 

 

Other study limitations included the inability to systematically and completely sample turkeys 

from across such a large provincial range, and therefore data points were concentrated on 

southern Ontario. Also, temporal bias exists due to collecting carcasses during a single hunting 

season, preventing analyses of seasonal or longer-term annual patterns. Lastly, specific sampling 

protocols, such as the use of cloacal swabs versus fresh fecal matter for sampling also could have 

contributed to the lack of isolation of Campylobacter and Salmonella spp., especially in 

consideration of the intermittent nature of Salmonella spp. shedding.  

 

RESEARCH SIGNIFICANCE, IMPLICATIONS AND FUTURE DIRECTIONS 
 
Wild turkeys and their harvest contribute to the economy, cultural heritage, and biological 

diversity within the Canadian province of Ontario. After their extirpation from Ontario in the 

early 1900s, much time and resources were invested into successfully reintroducing the birds to 

the province. Human population growth and transformation of land for agriculture and livestock 

production has increased the potential for contact between wild and domestic poultry; however, 

little was known focused on the health status of these birds. Much of the previously existing 

research has dealt with the health of wild turkeys in the US, or were studies concerning the 

ecology of wild turkeys in Ontario. Surveillance studies that monitor for the presence, 

emergence, and spatial distribution of pathogens or diseases in Ontario wild turkeys, particularly 

at the wildlife-livestock interface, are lacking, yet represent an important component of health 

assessments in these birds. This is particularly important when considering that wild and 

domestic turkeys are conspecific, can become infected with and transmit the same pathogens; the 

latter may occur in a bidirectional manner. This research expands our understanding of potential 

trends in infectious disease transmission and prevalence at the wildlife-livestock interface and 

may contribute to pathogen management strategies. 
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Future research investments into surveillance studies in wild turkeys and other wildlife should 

continue and should include a systematical sampling of wild turkeys across their geographic 

range and sampling should occur throughout the year. This would enable researchers to 

determine the distribution of these pathogens and identify potential disease “hotspots” through 

mapping and spatial analysis of the distribution of pathogen-carrying wild turkeys relative to 

disease-free turkeys as well as assess for seasonal or temporal patterns in pathogen prevalence.  

Temporo-spatial relationships between the distribution of pathogen-carrying wild turkeys and 

disease-free turkeys relative to commercial poultry farms should also be investigated to assess 

the potential for pathogen transmission at the wild turkey-poultry interface.   

  

The results of this research are important as they will serve as baseline surveillance data on the 

current prevalence and distribution of common and important pathogens in wild turkeys in 

Ontario. These data will also aid in identifying and assessing the risk of infectious disease spread 

between wild and domestic turkeys and will provide a basis for future assessments of changes in 

the prevalence, distribution, or virulence of persistent or emerging diseases. Continued 

surveillance must remain an important component in these population health assessments. These 

efforts can expand our understanding of potential trends in mortality and infectious diseases and 

could ultimately contribute to conservation and management strategies to help ensure long-lived, 

healthy, and sustainable populations. 
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