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Introduction 

The field of wildlife disease management (hereafter referred to as WDM) encompasses all theory 

and actions which aim to observe or influence the prevalence of disease in populations of free-living 

species. The aim of a WDM program can be to prevent, control or eradicate a specific disease of a 

host species (Wobeser 2002). To influence the prevalence of a disease, the program can target the 

disease agent or its vector directly. It can also target the disease indirectly via the host, the 

environment or by changing human activities (Delahay et al 2009; Wobeser 1994). WDM is rapidly 

becoming more integrated between parasite-host and disease ecology theory and scientific field 

studies. The resulting theoretical mathematical models can then be used to predict outcomes of 

different disease management scenarios. The integrative approach is vital for successful WDM 

programs, for without ecological and epidemiological knowledge of a disease and its complex 

interactions within an ecosystem, a management decision could be costly and unsuccessful (Delahay 

et al 2009; Henke et al 2007; Wobeser 2002). An example of how costly a wildlife disease can be to 

control is perfectly illustrated by the bovine tuberculosis, mycobacterium bovis (bTB) issue in cattle 

in the UK. In 2006, over £80 million was spent by the British government on farmer compensation, 

cattle testing and research and yet the disease continues to spread (McDonald et al 2008). 

 

The importance of successful WDM programs based on quantitative scientific data is 

particularly relevant in today’s world with its increasingly expansive and globalised human 

population (Wobeser 2007). Agricultural intensification, increased interactions between domestic 

and wild species, habitat destruction and degradation have led to disrupted parasite-host 

equilibriums prone to outbreaks and fragmented populations more vulnerable to extinction 

Wildlife Disease Management 



[6] 
 

(Thirgood 2009). Animal translocation around the world has also played a part in introducing exotic 

diseases to threatened or naive populations of wild species, such as the introduction of avian 

malaria to native avifauna in Hawaii (Woodford 1993; Woodworth et al 2005). The risk of emerging 

diseases and epizootics such as H5N1 avian influenza have also increased due to the continuing 

perturbation of ecosystems by human activities (Kilpatrick et al 2006). As a consequence of the 

increased risk, public awareness and media attention of disease outbreaks and their management 

has heightened. This places a greater pressure on management programs to be successful and have 

a greater emphasis on public education to increase support (Artois et al 2001).  

 

WDM is ultimately more challenging to achieve than disease management of domestic and 

livestock species. Wild species are free-living, therefore more difficult to capture, assess disease 

prevalence and estimate total population size than in a captive domestic species. Thus estimating 

the rates of mortality and level of infection in the population is difficult and can also delay the 

reporting of a disease outbreak, which can hamper efficient disease control (Artois et al 2001).  

Recapturing and providing treatment for the same individual repeatedly is also more difficult and 

potentially more stressful for a wild animal than for domestic animals. Interventions such as capture, 

radio-collaring and vaccinations against rabies were delivered to Serengeti populations of the 

critically endangered African wild dog Lycaon pictus (Burrows et al 1994). The deadly infectious 

diseases which were subsequently contracted in wild dog study populations were inferred to have 

been a consequence of the stress from intervention (Burrows et al 1994; Burrows et al 1995).  

 

It is important to have a good understanding of the type of disease the disease agent 

belongs to before attempting intervention. Disease agents can be classified as microparasites or 

macroparasites and endogenous or exogenous disease agents. Microparasites such as bacteria, 

viruses, protozoa and fungi are characterised by short generation times, high reproductive rates 

within the hosts and once recovered the hosts can acquire immunity to reinfection (Wobeser 1994). 

Macroparasites such as arthropods and helminths are larger than microparasites, have no direct 
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reproduction within the host and can reinfect the host because there is no lasting host immunity. 

Exceptions to these two disease classifications are prions which are transmissible spongiform 

encephalopathies (TSEs) and infectious cancers (Delahay et al 2009). Exogenous agents are acquired 

from a source outside of the host and are not present within individuals considered “healthy.” They 

cannot survive long outside the host and cause specific diseases, such as rabies. Endogenous agents 

such as Escherichia coli are considered to be ubiquitous in the environment and can be present 

within a “healthy” host, only triggering non-specific disease in certain circumstances (Delahay et al 

2009; Wobeser 1994; Wobeser 2002). 

 

Diseases can be infectious or non-infectious which influences the management methods 

(Wobeser 2007). For example, dispersal of host species would not be appropriate for infectious 

diseases as it could introduce infectious individuals into susceptible populations. An infectious 

agent’s rate of reproduction and transmission or “R” value, can affect which management method is 

chosen (Wobeser 2002). R1 is the average number of secondary infections which result from the 

introduction of one infected individual into a completely susceptible population (Wobeser 1994). 

Therefore, to eradicate a disease from a population the management program must try to reduce R 

to less than one or zero (Henke et al 2007). 

 

This review aims to provide an overview of WDM through discussing the following four 

questions: Why manage wildlife diseases? What is the aim of the WDM procedure?  What are the 

main methods used for WDM? Finally, this review aims to examine what makes a successful WDM 

program. 

 

1.  Why choose to manage wildlife disease? 

Disease is considered to be an important evolutionary and regulatory force upon populations of wild 

animals (Delahay et al 2009). The interactions between host and parasite are dynamic and seek a 
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stable equilibrium (Wobeser 2002). It can be argued that human intervention is interfering with 

host-parasite dynamics and preventing a natural process from taking place (Wobeser 1994). Indeed, 

in certain disease outbreaks in wildlife populations, intervention is costly and unnecessary, as the 

outbreaks can rapidly diminish and host-parasite equilibrium can rebalance without human 

intervention (Henke et al 2007).  

 

However, due to the dramatic impact that humans have had upon the world via population 

expansion and the resulting habitat destruction, animal translocation and environmental pollution, it 

is virtually impossible to find an ecosystem which has not been influenced by humans in some way 

(Deem et al 2001). The majority of parasite-host equilibriums are at least influenced and in some 

cases severely disrupted by human activities. Thus the argument that intervention would be 

unnatural is therefore irrelevant (Spalding & Forrester 1993). The interactions between host, 

parasite and environment and other influencing factors of host susceptibility and survival 

characteristics are summarised in Fig. 1. 
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Fig.1. A diagrammatic representation of the interactions between the host, disease agent and 

environment adapted from Spalding & Forrester (1993). The factors outside of the Venn diagram 

represent increased outbreak risks introduced by humans. The interactions between the 

environment, the disease agent and human impacts have an effect on different characteristics in the 

host and influence the likelihood of its survival, reproductive success, behaviour and immunity to 

diseases. The list of these factors can be found in the centre of the diagram.  
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There are three main categories of anthropocentric justifications for action which are as 

follows: 

1. The disease is considered to have potential health risks to humans and domestic species 

such as the zoonotic disease rabies (Artois et al 2001). 

2. The disease could negatively affect livestock or domestic species and have an economic 

effect negative enough to justify the costs of intervention (Wobeser 2002). 

3. The disease outbreak threatens the survival of a population of endangered species 

(Acevedo-Whitehouse 2009; Daszak et al 2000) or species considered to be of value to 

humans such as a game species (Wobeser 1994). 

 

Diseases which have zoonotic potential and are considered dangerous to human health and 

those which could have a negative economic impact on livestock are those most likely to spark 

public interest and governmental support for intervention (Wobeser 1994). Rabies is one such 

epizootic disease and is responsible for the deaths of 55 000 people a year, which is a major 

incentive for governments of affected countries to engage in WDM (WHO 2005). It is the interaction 

between the public, the politicians and the policy makers which make the decision on when 

intervention begins (Delahay et al 2009). Therefore there is an inherent link between public opinion 

and governmental policy and so factual evidence supporting intervention must be disseminated to 

both the public and the government to influence policy (Deem et al 2001). The allocation of 

governmental resources requires justification and thus a program will be favoured if its costs are 

outweighed by the resulting benefits to the economy or to public health (Delahay et al 2009). 

Therefore, “cost-benefit” analysis is essential to influence governmental policy and gain approval for 

a WDM program or to prevent an inefficient program continuing (see section 4.2). Once policy is 

created, stakeholders and the public are directed to comply with a program, such as a ban on 

translocating livestock to minimise the geographical spread of a disease (Wobeser 1994).  
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2.  What is the aim of the management procedure?  

Once it is decided that intervention is appropriate for a wildlife disease, it is important to have a 

clear objective before starting the program otherwise it is impossible to assess the success of the 

implemented measures. The three general categories of WDM programs are prevention, control or 

eradication of disease and these are outlined below. The choice of the program depends on the 

disease’s characteristics and its interactions with the host and the ecosystem (Delahay et al 2009). 

 

2.1.  To prevent an outbreak  

This is a proactive measure and aims to prevent an outbreak or the introduction of a novel disease 

to individuals of a population currently unaffected in a specific area (Wobeser 2002). The quarantine 

of animals when entering a country is a preventative measure against the introduction of exotic 

diseases or those which have been locally eradicated. Quarantine is most effective when its duration 

is equal to or longer than the longest incubation period of a disease which affects that host species 

(Wobeser 1994). Thus, clinical signs in the host species would be evident before release and the risk 

of disease introduction is minimised. Prevention is considered to be the most economical of the 

three types of management (Henke et al 2007). 

 

2.2.  To control an existing wildlife disease 

This strategy aims to have a decreasing effect on the prevalence of a disease which is currently 

established in a host population. The control measure is by its nature ongoing and can reduce the 

impact a disease is having upon a population to a predetermined level (Delahay et al 2009). For 

example, control programs can attempt to prevent disease from spreading geographically. Barrier 

methods, such as fences have been employed to restrict disease transmission into susceptible 

populations from afflicted areas (Wobeser 2002).  
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2.3.  To eradicate an existing wildlife disease 

Eradication programs aim to remove the disease completely from all of the individuals in a 

population in a set area. Eradication programs are generally only carried out for diseases which are 

considered to be the most dangerous and costly so that the huge cost and effort required for a 

successful eradication program is justified (Henke et al 2007). It is very difficult to determine exactly 

when total eradication of the disease from the target population is achieved. Therefore continued 

surveillance of the target species is recommended throughout the time scale of the program, as are 

accurate diagnostic tests to prevent reestablishment of the disease (Wobeser 2002).  

 

3.  What are the main methods used for WDM?  

This section outlines three different overall strategies and the methods used to manage wildlife 

diseases depending upon the disease agent’s ecology in the environment, the biology of the host 

and the interactions between both. 

 

3.1.  Targeting the agent or its vector. 

It is possible to target some disease agents directly either in the environment, the host or to prevent 

their transmission to the host via targeting the vector. Vectors transmit or carry infectious agents 

and can be targeted for disease control, either by reducing the density of vector species in contact 

with the host or by preventing transmission of the disease agent from the vector (Delahay et al 

2009). The more hosts or vectors which the disease agent can infect and be transmitted by, the 

more challenging the disease management becomes (Wobeser 2002; Gortázar et al 2007). The main 

methods used include pesticides, antibiotics and antihelmintics and biological control. 

 

 Pesticides such as organochlorines commonly used in the past for vector and agent control, 

are not recommended today due to evidence that their environmental persistence led to 
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environmental damage, health risks and bioaccumulation. A study showed that the use of DDT in 

Zimbabwe, to control tsetse fly Glossina spp., the vector of Trypanosoma brucei, which causes 

sleeping sickness, had resulted in a decline in the breeding population of local bird species 

(Douthwaite 1995). This demonstrates the risks associated with the use of persistent pesticides on 

non-target species. 

 

Antibiotics and antihelmintics successful in domestic species can also be used in wild species 

to target the disease agent directly within the host. However, difficulties associated with these 

treatments discourages their use in free-living species, such as the difficulties of effective 

deployment, the potential detrimental effect on the host and the risk of the disease agent acquiring 

resistance to the treatment (Artois et al 2001). Thus, these treatments are reserved for valuable 

species, populations of endangered species and serious diseases (Gortázar et al 2007). The Iberian 

ibex Capra pyrenaica hispanica is an example of a valuable game species which was successfully 

treated against sarcoptic mange Sarcoptes scabiei with an intensive intervention program using the 

anti-parasite drug Ivermectin (León-Vizcaíno et al 2001).  

 

Biological control of a disease agent is a method of preventing disease transmission without 

the risks to the environment of using chemicals (Wobeser 2007). Eradication programs of the blowfly 

Callitroga hominovorax in North America which used sterile insect technology (SIT) have been very 

successful. The blowfly larvae are obligate parasites and were causing damage to both livestock and 

wildlife species in Florida to the point where the local government decided action was justified 

(Richardson et al 1982). The program successfully released a large number of sterile male blowflies 

into the environment to disrupt the reproductive process, resulting in a dramatic reduction of 

blowfly larvae and therefore reducing the damage to wildlife and livestock. The program was 

estimated to have successfully prevented 99.92% of blowfly cases predicted to have occurred 

without the SIT intervention (Baumhover 2002). 
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3.2.  Targeting the host.  

For infectious diseases it is important to reduce the number of susceptible individuals in the 

population to reduce the chances of transmission, replication of disease agent and the disease’s 

ability to persist in a population. Reducing the number of susceptible individuals can be done by 

immunising or by reducing the population density via culling or fertility control. There are a number 

of challenges associated with targeting the host; free-living animals can be difficult to capture and 

recapture, we cannot always fully predict how intervention will alter behaviour and some diseases 

affect the demographics of the population unevenly (Delahay et al 2009; Thirgood 2009). Thus a 

WDM program must take these factors into account before taking action.  

 

Immunisation of wildlife can be effective at controlling a disease because it decreases the 

pool of susceptible individuals, effectively decreasing R potential (Henke et al 2007; Lyles & Dobson 

1993). Vaccination tends to be restricted to diseases which are deemed to pose the greatest risk to 

the public or are the most costly to the government due to its expense and labour intensive 

deployment (Gortázar et al 2007). Diseases which are passed down from the mother to the offspring 

by “vertical transmission” make immunisation by vaccine very difficult because the individual has 

already been exposed to the agent prior to vaccination and could have contracted the disease, be a 

carrier or already have acquired immunity (Wobeser 2002).  

 

Oral vaccines are more efficient and avoid the stress and logistical difficulties of capture and 

recapture associated with intravenous or intramuscular vaccinations. However, unless vaccine 

uptake in the target species is monitored, it is not evident what percentage of the population has 

been inoculated. Care must be taken when designing the bait, else vaccine might be “wasted” via 

attracting non-target species, which may potentially become contaminated (Wobeser 2002). The 

oral vaccine used to control rabies lyssavirus in its European reservoir, the red fox Vulpes vulpes, has 

been a successful WDM method (Cross et al 2006). Culling had been used prior to the development 
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of the oral vaccine however, the disease continued to reoccur and the costs and large effort needed 

for culling rendered the method unsuccessful. The oral vaccine developed for rabies had the 

qualities recommended for a successful vaccine; ingestion of the bait gave acquired immunity, the 

bait was host specific to red foxes and remained stable when deployed into the environment (Cross 

et al 2006; Wobeser 2002). Since the deployment of the oral vaccine in Western Europe, some 

countries including France have successfully eradicated the disease (Cliquet & Aubert 2004). 

 

Population density control via culling is another method to decrease R potential by removing 

the number of potentially susceptible individuals. Density control can be “non-selective” or 

“selective” targeting those individuals infected with the disease. Good knowledge of the host’s 

biology and interactions with the disease is vital when attempting to control a disease by culling the 

host, otherwise complications can arise such as changes in host behaviour and perturbations to the 

social system and food chain (Delahay et al 2009). Furthermore, models have suggested that culling 

in the wrong circumstances can increase the chance of a disease epidemic and lead to host species 

extinction (Choisy & Rohani 2006).  

 

Diseases can occur at different levels of prevalence within different demographic groups 

within the host population, which should be taken into account (Delahay et al 2009). A modelling 

study indicated that in white tailed deer the prevalence of bTB is higher in males. Moreover, the 

control program was predicted to be more efficient if a slight bias towards culling males over 

females was undertaken (Fenichel & Horan 2007). 

 

Non-selective culling can be an effective method for disease control and has been successful 

in many cases. This method is based on the theory that certain diseases are density-dependant, thus 

by lowering the density of the host population the ability of the disease to be transmitted becomes 

impaired (Wobeser 1994). A modelling study by Wasserburg et al 2009, predicted culling to be an 

effective control measure of chronic wasting disease (CWD), a disease causing prion in white tailed 
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deer Odocoileus virginianus for both density and frequency dependent transmission. The prevalence 

of CWD in hunted deer populations was lower than in non-hunted populations, which suggests non-

selective culling could be a useful method of CWD control in white tailed deer.  

 

Culling to control disease prevalence consists of three different types of deployment 

(Wobeser 1994). Firstly, to create a barrier to disease transmission by culling the host population 

between an infected area and a disease free area. Secondly, to cull the host population in a localised 

area to decrease prevalence in that locality. Finally, to cull the host population over a wide area, 

which is the most costly form of culling (Delahay et al 2009). The barrier method was effective at 

preventing bovine rabies from spreading to populations of vampire bats in Brazil (Lord 1980). The 

spread of the disease could be effectively predicted and therefore a barrier population could be 

targeted to prevent further spread. The bats were mist-netted and strychnine was applied. Once the 

strychnine coated bats returned to their roosts their mutual grooming behaviour ensured the poison 

was ingested by many others and entire roost populations could be efficiently eliminated. 

 

However, in some diseases and host species, selective control is more appropriate, such as 

in endangered species where each individual is of high value and key to overall, population survival. 

Selective culling is only applicable for diseases where a diagnostic test is available and is most 

effective when the diagnostic test is very accurate. If the test is inaccurate then it can result in the 

culling of individuals which were false positives or the release of infectious individuals classed as 

false negatives back into a susceptible population (Wobeser 2007). Other challenges to this method 

include the ability to capture all individuals of a wild population and hold them in isolation from the 

remaining population whilst determining their disease status. Subsequently releasing the non-

infected individuals into a holding pen separate from the untested population, until all members 

have been diagnosed and treated accordingly (Wobeser 2002). This method was effectively used to 

control CWD in a population of mule deer Odocoileus hemionus in Colorado (Wolfe et al 2004). The 

study found that test and slaughter could be appropriate and feasible for the control of CWD in the 



[17] 
 

local population and predicted that continuation of the program could reduce the prevalence by the 

overall goal of 2% within 5-10 years. 

 

Fertility control is another form of population density reduction which benefits from not 

facing as much public opposition as culling. Other benefits include preventing the increase of 

compensatory recruitment that occurs after culling and decreasing vertical transmission (Delahay et 

al 2009). Fertility control can be both reversible, such as chemical contraceptives or can be 

irreversible, such as sterilisation. However, surgical sterilisation is very costly and thus not an 

achievable method to be employed for large populations of wild species. Fertility control could 

potentially reduce transmission of diseases, via decreasing contact behaviour between sexes and 

thus preventing diseases with venereal routes of transmission, such as brucellosis (Killian et al 2007). 

An investigation into reproductive control of brushtail possums Trichosurus vulpecula, in New 

Zealand found that in gonadectomised females and males the transmission of Leptospira interrogans 

serovar balcanica was successfully reduced by 63% and 88% respectively (Ramsey 2007). 

 

Potential problems with this method include a long delay before benefits of the procedure 

are achieved, for it is necessary to wait for infertile and infected individuals to die (Delahay et al 

2009). Behavioural changes or social complications might arise due to infertility and or hormonal 

alterations. More research is needed before it is considered appropriate for WDM however, it is a 

promising area of disease control especially if used in conjunction with other control methods 

(Artois et al 2001; Henke et al 2007). 

 

3.3.  Targeting the environment or altering human behaviour. 

Environmental manipulations and changing human actions can disrupt disease transmission to the 

host or aim to eliminate the agent from the environment. A good knowledge of the disease’s ecology 

within the environment and its routes of transmission to the host species are vital (Delahay et al 
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2009). The environmental methods to be discussed include disinfection, manipulation of water levels 

and the use of barriers. Disease controlling alterations of human behaviour include public education 

and species translocation legislation including enforced quarantine.  

 

Disinfection of the environment is only appropriate for diseases which occur in localised 

areas, such as the disinfection of anthrax causing bacteria Bacillus anthracis around a waterhole 

(Wobeser 1994). Furthermore disinfectant can have non-target effects within the ecosystem. 

Controlled burning is an alternative to chemical disinfectants however, if not well supervised 

valuable, non-target wildlife may also perish in the fire and contaminants may remain. A study found 

that 42% of the cases of unsupervised burning of anthrax infected carcasses of Grevy’s zebra Equus 

grevyi in Kenya did not successfully eliminate the spores (Muoria et al 2007). 

 

Manipulating the environment to reduce disease epidemics has been achieved with water 

fowl and the non-infectious disease avian botulism Clostridium botulinum type C (Wobeser 2002). 

The bacteria lives on decaying matter in anaerobic conditions and produces a toxin as a by-product 

which, when consumed kills water birds. These carcasses prolong the epizootic by providing more 

decaying matter. Thus it was predicted by keeping water levels stable, outbreaks could be prevented 

because there would be no sudden influx of decaying, vegetative matter (Barras & Kadlec 2000). 

 

The use of barriers such as fencing, have been deployed to prevent transmission of diseases 

between domestic species and wildlife species and also between infected and susceptible wildlife 

populations. Double -fencing was used to contain a foot and mouth disease (FMD) outbreak in 

African buffalo Syncerus caffer, from reaching domestic species (Hargreaves et al 2004). Despite 

these efforts a FMD outbreak was reported in domestic cattle outside of the fencing and it was 

inferred that species capable of jumping the fence, such as antelope were responsible for disease 

transmission. Fencing can also be obstructive to non-target species and interfere with migratory 
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routes and other natural ranging behaviours which must be taken into account before intervention 

(Delahay et al 2009).  

 

The alteration of human behaviour is also important for successful WDM. For example, 

public education of the risks of not vaccinating pets against diseases, such as rabies, which also 

affect wild species can help prevent disease transmission. Domestic species can also act as a 

reservoir for diseases of wildlife, thus it is important to have cooperation from the general public for 

domestic inoculation campaigns (Deem et al 2001). Public education is important for gaining 

financial and overall support of the WDM program and as previously mentioned in section 1, is also 

important for the creation of legislation and policies beneficial to WDM programs (Henke et al 

2007). 

 

Translocating species which potentially harbour diseases existing in or novel to the 

environment can introduce outbreaks in wildlife (Daszak et al 2000). Thus legislation surrounding 

translocation of animals and enforced quarantine of certain species are important preventative 

measures (see section 2.1). It would be recommended for species which pose a risk of introducing 

serious diseases such as rabies or tuberculosis, to be clinically examined and have diagnostic testing 

to determine their disease status (Woodford 1993). Otherwise individuals carrying disease without 

showing clinical signs would not be detected in quarantine. 

 

4.  What makes a successful WDM program?  

Once intervention is justified and the WDM program is deemed feasible there are five other areas 

which must be considered and taken into account to make a program successful.  
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4.1.  Knowledge of risk factors involved 

Outbreaks and epizootics are more likely if one of the following risk factors is involved and must be 

dealt with accordingly; 

- Where contact between domestic and wild species is possible, as either can act disease 

reservoirs (Thirgood 2009). 

- Overabundance of a host species because this increases the success of density-dependent 

diseases (Gortázar et al 2007). 

- The translocation of host species to a new population or region (Daszak et al 2000).  

- Furthermore, if the animal is endangered this heightens its susceptibility of extinction due to 

a disease outbreak. Thus the importance of a successful WDM program with adequate 

resource allocation is paramount to endangered species survival (Deem et al 2001).  

 

Preventative measures are the most efficient and where an endangered species is concerned 

vital for species survival. A preventative program against the spread of feline leukaemia virus (FeLV) 

which threatened the critically endangered Iberian lynx Lynx pardinus, was conducted using a 

combination of different methods in 2007 (López et al 2009). Feral cats were culled to reduce the 

disease reservoir, infected lynx were removed and susceptible lynxes were vaccinated. After 8 

months and vaccination of 80% of the afflicted lynx subpopulation, the epizootic was considered 

controlled and no further outbreaks were observed. The feral cat population continue to be 

controlled in the outbreak region to prevent a further spill-over of FeLV. Thus, the risk to the survival 

of the lynx was recognised and the WDM program implemented was justified and effective. 

 

4.2.  Solid understanding of host and disease agent’s biology and ecology 

A good understanding of both the host and the disease agent’s biology and ecology and complex 

interactions in the ecosystem are very important. The implications of WDM methods must be fully 
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explored prior to intervention so that the most efficient methods are used, otherwise induced 

behavioural changes can be counter-productive to disease control. 

 

From 1973 to 1998, culling badgers Meles meles, was a WDM strategy to control bTB in 

cattle in the UK (ISG on cattle bTB 2007). The method aimed to reduce bTB transmission from 

badgers to cattle and to decrease bTB prevalence in cattle by reducing badger population density, 

yet it did not take into account its effect on the badger’s territorial social system and behaviour. 

Controversy of public opinion surrounded the subject, which made objective, evaluative studies 

paramount to influence policy and public opinion (Donnelly et al 2006). Moreover, an independent 

study (the Randomised Badger Culling Trial) evaluated the effectiveness of the method and found 

varying results according to whether the culling was proactive or reactive against the control survey 

area (ISG on cattle bTB 2007). Reactive culling was deployed in areas where bTB outbreaks in cattle 

had occurred and proactive culling took place in any accessible areas (McDonald et al 2008). Whilst 

proactive culling was associated with a 23% decrease of bTB incidence in cattle within the area, 

outside the study area bTB incidence in cattle was found to increase by 25% (ISG on cattle bTB 

2007). Reactive culling was also found to increase bTB incidence in cattle by 20%. A further study 

also found that when badgers were culled reactively, bTB incidence increased by 27% in cattle 

(Donnelly et al 2003). 

 

Culling was found to have a perturbing effect upon badger social systems, causing an 

increase in ranging behaviour and immigration of badgers into different territories (McDonald et al 

2008). Stable levels of bTB infections were found to be contained within spatially clustered 

populations of badgers (Woodroffe et al 2006). The increased ranging behaviour induced by 

intervention dispersed infected badgers and increased the potential for disease to reach susceptible 

populations and spread geographically. Therefore, despite reducing badger population density, the 

bTB infections continued in badgers and cattle. An economic analysis of the method showed the 

benefits of proactive culling were outweighed four times over by the costs of implementation (ISG 
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on cattle bTB 2007). These scientific findings, together with the cost-benefit analysis of badger 

culling, dissuaded the government from continuing the method. Thus, highlighting the importance of 

solid knowledge of host and disease biology and of evaluating the method used, to prevent counter-

productive or ecologically detrimental programs from continuing.  

 

4.3.  To overcome challenges specific to wildlife disease control  

As previously mentioned, WDM encounters many challenges related to the control of diseases in 

free-living animals such as the complexity of host-parasite dynamics, unpredictable outcomes of 

intervention, trophic cascades, immigration and compensatory recruitment, resistant strains of 

pathogen, multiple host pathogens and public opinion (Delahay et al 2009).  

 

 Mesopredator release occurs when a predator which occupies a similar niche as a species 

targeted for control, benefits from the resulting decrease in its competitor’s population density. The 

competitive pressure between the two species is released, which can lead to overpopulation of the 

non-target species and potentially to an outbreak of a density dependant disease and is a challenge 

when aiming to control predators. When badgers were culled to control bTB in the UK, a study 

showed that mesopredator release for the red fox was a potential outcome. In a controlled study it 

was found that removal of badgers increased fox densities by 1.6–2.3 foxes km2 (Trewby et al 2008). 

Thus the potential impacts of increased non-target species densities induced by a WDM campaign 

must be considered. 

 

4.4.  Clear objective and method for measuring programs success  

It is very important to have a clear objective and measurable end point to the procedure in order to 

assess the success of the program. In 1988, the blowfly was introduced into Libya via imported cattle 

and the Libyan government immediately aimed to eradicate the species before it took hold.  An 

eradication program was deployed with integrated methods including regular veterinary inspections 
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of livestock, treatment, quarantine stations and SIT (Lindquist et al 1992). Once the release of sterile 

blowfly had finished in 1991, the surveillance, monitoring and quarantine of livestock continued until 

1992, when the pest was officially declared eradicated and the program had been a success. 

Therefore, this program was successful because a range of different methods appropriate for this 

disease agent were used and surveillance and monitoring were continued so that no re-emergence 

would go undetected and compromise the objective. 

 

4.5.  The use of integrated methods and intuitive technologies 

Integrated and intuitive technologies are the future for successful WDM programs. New 

technologies such as GIS and GPS could be used to track the extent of a host’s home range and the 

spread of an epizootic (Henke et al 2007). Advances in oral vaccines and reproductive control of the 

host could also prove very useful for effective and well supported methods of disease control by 

members of the public. Furthermore, the importance incorporating a public education program to 

engage public support and influence governmental policy is also very important as part of long term 

disease management (Deem et al 2001). The most successful WDM programs use a combination of 

different methods to prevent, control and eradicate disease in conjunction with factual knowledge 

of the host and disease ecology.  
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Conclusion 

To summarise, WDM is an intriguing field growing in its importance to society, as the risks of 

epizootics and spill-over diseases in wildlife increase as part of a globalised trend. The risk factors for 

disease outbreaks are in general human induced and therefore require our attention to mitigate the 

disruption we have caused, by not only increasing risks to our own health and safety but which also 

threaten species survival and biodiversity. WDM programs can aim to prevent, control or eradicate 

diseases using various methods based on host and disease agent biology and ecology. Programs can 

aim to target the agent or vector directly or indirectly via the host or environment and alterations of 

human behaviour (Wobeser 2007). WDM programs face many challenges, which is why a 

multifaceted program including public education, predictive models, solid scientific data to back up 

methods choice and theoretical assumptions and an evaluative study of methods used are vital for 

success (Thirgood 2009). Further study of the integration of new technologies into programs, such as 

the creation of oral baits, reproductive control and control of reservoir hosts, will provide further 

routes for success in the future. 
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Abstract 

1. Livestock diseases in the UK are a cause of substantial economic losses to farmers and to the 

government every year. The majority of cattle diseases in the UK can be carried by wildlife. The 

implications of these wildlife species, which are disease reservoirs visiting farm buildings have not 

been fully investigated in terms of the potential for disease transmission to cattle. 

2. This study analyses the observations of wildlife visits to forty farms, surveyed in the South-West of 

England and collected by motion-triggered infrared cameras in farm buildings over a year. Species 

trends of visits are identified and the implications these trends might have for disease transmission 

specific to cattle are also discussed. 

3. Foxes, rabbits and rats were found to visit farms throughout the entire year and were found both 

in cattle sheds and feed stores. Foxes were found to visit farms consistently with a peak of visits in 

November and December. October, November and December were found to receive the greatest 

number of visits from rats. Rabbit visits were found to increase in late summer and early autumn. 

Rabbit visits were found to decrease with an increase in rainfall. The implications of these findings 

for disease transmission to cattle are: the higher level of fox visits in November and December could 

provide an increased risk of transmission of bTB, bovine brucellosis, Paratuberculosis, Salmonella, 

Leptospirosis and Cryptosporidiosis. The peak of rat visits in the winter could provide an increased 

risk of transmission of Salmonella, Leptospirosis, Cryptosporidiosis and E. coli 0157. The increase of 

The use of farm buildings by wildlife and the 

implications for interspecific disease 

transmission 
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rabbit visits in the late summer months could provide an elevated risk of transmission of 

Paratuberculosis and E. coli 0157. 

4. Synthesis and applications.  Effective control of diseases of livestock, which have wildlife 

reservoirs, should take into account all potential routes of transmission. This report highlights the 

need for further study into the role of wildlife visits to farm buildings in the UK, as a potential route 

of disease transmission to cattle. 

 

Key words: bovine brucellosis, bovine tuberculosis, cattle, Cryptosporidiosis, disease management, 

disease reservoir, E. coli 0157, fox, Leptospirosis , Paratuberculosis, rabbit, rat, Salmonella. 

 

Introduction 

Diseases of livestock in the UK and wildlife as reservoirs  

In the UK, diseases which affect livestock cause serious economic loses to both farmers and the 

government. DEFRA is reported to spend £330 million a year on animal health alone and the cost of 

any outbreak of disease is in addition to this figure (DEFRA, 2011a).The foot and mouth outbreak 

alone in 2001, was estimated to cost the British government £8 billion (DEFRA, 2011a). However, 

endemic diseases are also very costly to governments and continue to cause disruptions to farming 

in the long term. In 1996, five endemic cattle diseases were estimated to cost the UK £107.7 million 

a year at their lowest valuation (Bennett, R.M., Christiansen, K. & Clifton-Hadley R.S., 1999). The 

majority of cattle diseases are transmittable to and from wildlife, which can either act as long term 

reservoirs of the disease or temporary spillover hosts. Both of which can play a role in the 

introduction of disease into susceptible herds or in the maintenance of infection in affected farms. 

Yet extensive study of the role which British wildlife species play in terms of inter-species disease 

transmission and their overall role in the epidemiology of important cattle diseases is lacking and 

largely neglected bar the most notifiable cattle diseases, such as bovine tuberculosis (bTB). This 
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disease is estimated to cost the British government £80 million annually on research, surveillance 

and compensation and as a result, the role of the European badger (Meles meles) as a reservoir host 

for bTB in cattle has been taken very seriously and has been extensively studied (Arinaminpathy, N., 

Mclean, A.R. & Godfray, H.C.I., 2009). Part of this study focuses on seven diseases which affect cattle 

in the UK and can be transmitted by other less studied in terms of disease transmission, British 

wildlife species, namely the red fox (Vulpes vulpes), which has been found to carry bTB among other 

diseases, the European rabbit (Oryctolagus cuniculus), which is deemed an important reservoir of 

paratuberculosis and the brown rat (Rattus norvegicus), which is linked with the transmission of 

Leptospirosis and Salmonella. The seven cattle diseases which will be discussed in this study are:  

bovine brucellosis, bTB, Paratuberculosis, Salmonella, Leptospirosis, Cryptosporidiosis and E. coli 

0157. 

 

Brucellosis is a serious problem for cattle farming in the US and in the EU and is present 

worldwide (Bienen, L. & Tabor G., 2006). The UK was declared brucellosis free in 1985, however, 

outbreaks have occurred as recently as 2003 and 2004. The cost to control the outbreak in 2003 

reached £500,000 (DEFRA , 2010a).The bacterial disease is a zoonosis causing an undulant fever and 

severe flu-like symptoms in humans, which adds further importance to the efficacy of the disease’s 

control (Godfroid J., 2002; Thorne, T.E. 2001). The disease can be transmitted between species via 

contact with infected material such as aborted foetuses and has been isolated in rats and foxes 

(Blood D.C. & Radostits, O.M., 1989). 

Bovine TB in cattle is a big issue for farmers in the UK, and causes considerable economic 

losses to both farmers and the UK government each year. Over 2009-2010 £63 million was spent by 

the British government on the bTB issue within England (DEFRA 2011b). bTB has been found in both 

foxes and rats and can be transmitted by direct and indirect contact (Simpson, V.R., 2002). Thus, 

investigation of other wildlife species as reservoirs of the disease could be useful for effective 

control of the disease.  
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Paratuberculosis is a chronic disease of cattle caused by the bacterium Mycobacterium 

avium subsp. paratuberculosis, (MAP) which has led to economic losses world-wide, £13 million per 

year in the UK alone (DEFRA , 2010b). The most common route of transmission is faecal-oral route. A 

range of ruminant and non-ruminant wildlife reservoirs, such as foxes have been found for MAP. In 

particular MAP has been isolated in rabbits which are inferred to be a reservoir for disease in 

Scotland (Williams, E.S. within Thorne 2001; Daniels, M.J., Hutchings, M.R., Beard, P.M., et al 2003). 

 

Salmonella is an enteric disease, caused by the bacterium Salmonella dublin and is regarded 

as one of the most important food-borne zoonosis world-wide and it is found to be present in a wide 

range of livestock and wild species (Meerburg, B.G., & AKijlstra, A., 2007; Veterinary Laboratories 

Agency, 2009). The most common serovar found in cattle in the UK is S. dubin, which was found to 

account for 63.8% of all Salmonella infections in cattle in 2008 (Veterinary Laboratories Agency, 

2009).This serovar has also been found in foxes and rats and can be transmitted by faecal-oral route 

between species (Kopczewski, A. & Chylinski G., 1981; Simpson, V., 2008). 

 

Leptospirosis is caused by the bacterium Leptospirosis icterohaemorrhagiae and is an 

important zoonosis which affects cattle and humans (Blood D.C. & Radostits, O.M., 1989). The 

disease is most commonly transmitted between species by consuming water or feed contaminated 

with infected urine. Leptospirosis is carried by rats and foxes (Blackmore, 1964; Twigg, G.I., 1973). 

 

Cryptosporidiosis is caused by the zoonotic protozoan Cryptosporidium parvum, which 

mainly affects calves, particularly neonatal calves and is spread predominantly by the faecal-oral 

route of transmission (Blood D.C. & Radostits, O.M., 1989). Both foxes and rats have been found to 

carry the oocysts within their faeces which makes them potential reservoirs species (Olsen, M.E., 

O’Handley, R.M., Ralston, B.J., et al, 2004; Sturdee, A.P., Chalmers, R.M. & Bull, S.A., 1999). 



[36] 
 

In contrast with the other diseases discussed above, the E.coli 0157 strain of enterotoxigenic 

bacteria is ubiquitous in the environment and does not cause detrimental symptoms in cattle 

(DEFRA, 2010c; Fairbrother, J.M. & Nadeau É., 2006). However, this strain is known to cause serious 

infections in humans and cattle are considered the reservoir for infection, which is why it is also 

interesting from a human health perspective to examine the transmission dynamics between wildlife 

and cattle (Simpson, V.R., 2002). Both rats and rabbits have been found to carry this strain and 

faecal-oral route is a main route of infection (Garcia, A. & Fox, J.G., 2003; Nielsen, E.M., et al, 2004). 

 

The importance of managing disease reservoirs for effective disease control 

A disease reservoir can be defined as “one or more epidemiologically connected populations or 

environments in which the pathogen can be permanently maintained and from which infection is 

transmitted to the defined target population. Populations in a reservoir may be the same or 

different species as the target and may include vector species” (Haydon, D.T., Cleaveland, S., Taylor, 

L.H., et al, 2002). 

It has been long accepted that management of multi-host pathogen reservoirs which affect 

humans, livestock or species of interest is deemed to be vital for successful disease control (Power, 

A.G. & Mitchell, C.E., 2004). For a disease which is both present and transmissible between cattle 

and wildlife species, to target the disease solely in the cattle population is unlikely to be effective, for 

the disease could be retransmitted into cattle from the wildlife population and vice versa. For 

example, paratuberculosis can be transmitted by faecal-oral route back to cattle via grazing on 

pastures contaminated by infected rabbits faeces (Judge, J., Davidson, R.S., Marion, G., et al, 2007). 

To further highlight the importance of the role which disease reservoirs play in disease ecology, 

77.3% of infectious diseases which infect livestock have multiple hosts. Moreover, 54.4% of diseases 

found to infect livestock were also found to infect wild animals (Cleaveland, S., Laurenson, M.K. & 

Taylor L.H., 2001). Thus, when controlling for diseases of livestock, other host species and wildlife 
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reservoir species need to be taken account of for effective control (Cleaveland, S., Laurenson, M.K. & 

Taylor L.H., 2001). There is also potential for zoonotic infections in humans to arise from a disease 

reservoir within wildlife or livestock, as 61% of human diseases are zoonotic, such as Brucellosis and 

Salmonella. This from an anthropocentric perspective provides further incentive for research within 

this field to better understand disease ecology and how to best manage the disease within the 

wildlife and livestock populations (Taylor, L.H., Latham, S.M. & Woolhouse, M.E.J., 2001).  

 

Control of a disease within a reservoir host may be achieved by two strategies; firstly, 

decreasing the host or vector population density and secondly, by preventing the transmission of the 

disease between the reservoir and the target population (Wobeser, G. A.  1994). Good farm 

husbandry and biosecurity on farms can provide effective methods of limiting contact between 

livestock and potentially infected wildlife, thus reducing the chance of transmission and spread of 

infectious diseases and warrants further study (Ward, A.I., Tolhurst, B.A. & Delahay, R.J., 2006). 

Historically, wildlife disease control would have generally involved culling the wildlife vector to 

protect the livestock. However, in some cases, such as for non-density dependent diseases, this can 

be an ineffective and unsustainable method of disease control and there has been a recent push for 

research into other methods (Horan, R.D., Wolf, C.A., Fenichel, E.P., et al, 2008). For example, the 

control of rabies in the red fox in Europe was successfully achieved using oral vaccines after previous 

attempts at eradicating the disease via culling were unsuccessful (Williams, E.S., Yuill, T., Artois, M., 

et al, 2002). Furthermore, culling is often perceived as a “controversial” method of disease control 

by the general public, thus governments and policy makers have an incentive to research other 

methods such as reducing contact between vector and target species. Hence the recent interest into 

the potential role of good farm husbandry as a preventative measure for disease control in livestock 

where there is a reservoir of disease in wildlife. 

 



[38] 
 

The role modern farming plays in disease dynamics in terms of disease 

transmission between wildlife and livestock 

The intensification of farming methods and increase of land given over to farming could also play a 

part in increasing the chances of disease transmission between livestock and wildlife and its 

maintenance within a species (Delahay, R.J, Smith, G.C & Hutchings, M.R., 2009; Ward, A.I., Tolhurst, 

B.A. & Delahay, R.J., 2006). Greater population densities can promote disease transmission and 

maintenance of infection within wildlife populations (Thirgood, 2009). This can also increases the 

chances for disease spillover to occur to livestock and for wildlife to have direct and indirect contact 

with livestock, as more generalist wildlife become more reliant on human-managed habitats such as 

pastures and feed stores within farms (Gummow, G., 2010). Moreover, once disease transmission to 

livestock has occurred from a wildlife reservoir, intensive farming methods can cause rapid 

transmission throughout an entire livestock population within a farm. This can result in drastic 

economic consequences for farmers and ultimately for the government, for example the costly 

control of bTB in England (DEFRA, 2011b). This underlines the importance of investigating the role of 

wildlife as disease reservoirs for livestock and also their use of farm buildings and interactions with 

livestock as a potential route of disease transmittance. 

 

The aims of this study are firstly; to determine the level of wildlife visits to farms buildings. 

Secondly, to investigate potential risks areas of disease transmission between these wildlife species 

and cattle through investigation of the trends of visits to farm buildings.  

 

Methods 

The methodology and resulting data set is taken and adapted from a study by FERA which primarily 

investigated the effectiveness of farm husbandry manipulations to reduce farmyard contact 
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between badgers and cattle (DEFRA, 2009). Fieldwork was undertaken for a minimum of 365 days 

per farm. The time taken to deploy camera equipment varied per farm and was accounted for by the 

duration of nights with surveillance. Due to different durations of surveillance, the percentage of 

nights surveyed was used for any intra-farm comparisons. Surveillance took place between 01/02/07 

and 31/08/08. 

 

Study farm selection 

Farms which were located within Gloucestershire, outside RBCT proactive culling areas and had a 

cattle herd under annual TB testing were randomly selected from VETNET database.  Selected farms 

which gave permission of access were visited to determine their suitability for the study. The three 

main criteria which had to be met were; firstly, a herd size of at least 30 cattle which are kept 

indoors for part of the year. Secondly, their use of cereal feed or concentrate (grain, barley, cake or 

sugar beet). Finally, a feed store which could be isolated from the cattle housing.  A total of forty 

farms were selected. 

Camera trapping 

The cameras used were motion-triggered, infra-red, digital still camera (Leaf River IR3-BU, 

Vibrashine Inc., Taylorsville MS, USA, Stealth Cam 1430IR, Stealth Cam LLC, Grand Prarie TX, USA and 

Game Spy 140, Moultrie Feeders, Alabaster AL, USA).  The cameras were set-up in cattle-sheds, feed 

stores and silage clamps at places where there was a potential for badger access. Between four and 

thirteen cameras were deployed per farm depending on the size of the farm and the number of 

buildings. 
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Image Sorting 

Camera memory cards (at least 1Gb) were replaced every two weeks at the same time as replacing 

the batteries. Images of wildlife were then sorted and catalogued using the program Extensis 

Portfolio 8 software (Extensis, Portland OR, USA). Details such as the date, time recorded, farm 

name, camera number, building type (silage clamp, feed store or cattle housing) and species 

observed were all saved with the corresponding images. 

 

Building Survey 

Once a fortnight a systematic survey of building use and contents was undertaken. Data collected 

included the main use of the building (silage clamp, feed store and cattle housing), the age class and 

total number of cattle present per building, presence of stored feed, number of water/feed troughs 

present, whether feed was in the troughs and whether there were any other livestock present. 

These data were recorded on the building and farmyard survey form. Ten surveyors collected these 

data and to keep continuity, detailed instructions were given on how to objectively complete the 

form.  

 

Rainfall 

Rainfall data (mm) were obtained per day from the Met Office weather station located 

geographically closest to each farm and downloaded from the British Atmosphere Data Centre 

website. For the days where rainfall data is absent for the data set, NA was inputted to aid statistical 

analysis. 

 



[41] 
 

Data sorting and analysis 

All other wildlife visit data was collated into total visits per farm per species in a year. This was used 

to create the percentage of visits for the total nights of surveillance and then averaged to find the 

most frequent wildlife species to farm buildings. Foxes, rabbits and rats were the most frequent 

wildlife visitors and a total nights surveyed data set was created per species to allow for analysis of 

presence/absence trends. A data set of number of wildlife visits per month along with number of 

visits per building type per month was also created per study species to facilitate analysis of trends 

in building type use. Data for silage clamp was added into the feed store category thus there are two 

categories of building types; cattle shed and feed store. 

 

Statistical analysis 

Binomial generalised linear mixed model (GLMM) structures in the statistical program R (version 

2.11.1) were used to determine significance of the influence of factors such as month, sampling 

effort and precipitation on the presence/absence of wildlife visits to farms. The confounding effects 

of date and farm were fitted into the model structure as random effects. The maximal model was 

Anova tested against identical models which had an explanatory variable removed. If the result of 

the Anova test was not significant then the explanatory variable which had been removed was left 

out of the maximal model until a minimal adequate model containing only factors with significant 

effects was created. As precipitation data for some nights recorded was absent, to avoid a potential 

skew analyses were adjusted by removing all data which did not have a corresponding precipitation 

entry to provide a data subset which was used for all statistical tests. If precipitation was not found 

to be significant, and was removed from the model, the analysis was restarted using the overall data 

set. The variation of visits between months was explored post-hoc by using a multiple comparisons 

of means using Tukey contrasts. 
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Further statistical analysis into the interaction between the month and the building type 

visited on wildlife species visits was then explored. Total wildlife visits per month were used as the 

response variable within a GLMM with poisson error structure.  Average precipitation and sampling 

effort per month along with building type and month data were fitted to the model as fixed effects 

with farm as a random effect. The process of model simplification using Anova tests with subset data 

as previously described was repeated for these models.  

 

Results 

A total of eleven wildlife species (excluding badgers) were recorded entering farm buildings. Of 

these species, those with the greatest percentage of nights visited were included in the further 

analysis as they may be inferred to have a greater potential for disease transmission. Foxes, rabbits 

and rats were the most frequent wildlife species visiting all farms and thus are the primary focus of 

all further analysis. Foxes were present on 39 of the 40 farms (97.5%) and percentage of nights 

visited on farms varied between 0.82% to 78.68%. Rabbits were present on 29 of the 40 farms 

(72.5%) and percentage of nights visited on farms varied between 0.25% and 74.59%. Rats were 

present on 37 of the 40 farms (97.5%) and percentage of nights visited on farms varied between 

0.51% and 52.66%.  

 

1.  The variation of wildlife visits to farm buildings by month, precipitation 

and sampling effort  

  All three wildlife species were recorded within farm buildings every month of the year studied (Fig. 

1). Farm visits were found to significantly vary with month and sampling effort for all three wildlife 

species (Table 1 and appendices 1-3). Precipitation was only found to be significant for rabbit visits. 
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Between respective GLMM models, the trends of visits between months were then explored for 

each of the three species. 

 

Species Factor Degrees of Freedom X
2
 value P value 

Fox Month 15 45.824 <0.001 

Fox Sampling effort 15 80.551 <0.001 

Fox Precipitation 16 1.9073 NS 

Rabbit Month 16 315.98 <0.001 

Rabbit Sampling effort 16 62.129 <0.001 

Rabbit Precipitation 16 15.226 <0.001 

Rat Month 15 366.61 <0.001 

Rat Sampling effort 15 71.905 <0.001 

Rat Precipitation 16 0.1822 NS 

Table 1. The significance of the effects of month, precipitation and sampling effort on fox, rabbit 

and rat visits to farm buildings. NS stands for not significant. 

 

1.1. Analysis of fox visits to farm buildings by month 

Fox visits significantly varied with month (X2
15=45.824, P value=<0.001). The visit rates of foxes 

appear to stay relatively constant throughout the year with a drop in the spring and a peak of visits 

in the winter (Fig.1). However, visits are significantly fewer in March compared to February, August, 

November and December. The greatest levels of visits occur in November and December (appendix 

4).  
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Fig. 1 The percentage of nights with fox visits per month with standard error bars. 

 

1.2. Analysis of rabbit visits to farm buildings by month 

Rabbits visits to farms were found to significantly vary by the month (X2
16=315.98, P value=<0.001). 

Rabbit visits to farm buildings were low during the spring and early summer months with a rapid 

increase of visits of during late summer and autumn, specifically peaking around August, September 

and October (Fig. 2 and appendix 5). September and October have the significantly greatest number 

of visits. January through to May show similar low rates of visits which are significantly lower than 

almost all other months.   
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Fig. 2. The percentage of nights with rabbit visits per month with standard error bars. 

 

1.3. Analysis of rat visits to farm buildings by month 

Rat visits to farms were found to vary significantly with month (X2
15=366.61, P value=<0.001). High 

levels of visits occurred during the winter, decreasing during the spring and dropping low during 

summer and early autumn months (Fig. 3). November has the peak of rat visits to farm buildings 

(appendix 6). October and December have similarly high levels of visits and are also significantly 

greater than almost all other months. The months with the significantly lowest levels of visits are 

June, July and August.  
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Fig. 3. The percentage of nights with rat visits per month with standard error bars. 

 

2.  The interaction between month and farm building type and its effect on 

wildlife visits 

All three wildlife species were recorded in both cattle shed and feed store building types throughout 

the year. However, there are clear overall preferences of building type per species. The interaction 

between building type visited and month was significant for all three species (Table 2 and 

appendices 7-9). Sampling effort was also found to be significant for variation of fox and rabbit visits 

recorded per month (fox X2
26=18.722, P value= <0.001, rabbit X2

26=23.114, P value=<0.001). 

Precipitation was not found to significantly affect any species visits between farm building types.  
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Species Factor Degrees of Freedom X
2
 value P value 

Fox Building type and month interaction 27 28.329 <0.01 

Fox Precipitation 27 1.3653 NS 

Fox Sampling effort 26 18.722 <0.001 

Rabbit Building type and month interaction 27 25.974 <0.01 

Rabbit Precipitation 27 0.5731 NS 

Rabbit Sampling effort 26 23.114 <0.001 

Rat Building type and month interaction 27 25.984 <0.01 

Rat Precipitation 27 0.3582 NS 

Rat Sampling effort 26 3.0491 NS 

Table 2. The significance of the effects of the interaction between month and building type, 

precipitation and sampling effort on fox, rabbit and rat visits to farm buildings. NS stands for not 

significant. 

 

Foxes visit cattle sheds significantly more than feed stores throughout the entire year 

(appendix 7). However, in general the level of visits throughout the year follows a similar pattern for 

both building types (Fig. 4). The mean number of fox visits from the raw data could imply that peaks 

of visits differ between building types. Fox visits to cattle sheds peak in May and December and visits 

to feed stores peak in April and December but as these trends are from raw data, they should be 

taken with caution (Fig. 5).  
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Fig. 4 Mean fox visits by building type and month, precipitation and sampling effort with farm as a 

random effect. Standard error bars, also back transformed and taken from the model are present.  

 

Fig. 5 Mean fox visits to cattle sheds and feed stores taken from raw data with standard error bars. 
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Rabbits were also found to visit cattle sheds significantly more than feed stores across the 

entire year (Fig. 6 and appendix 8). The pattern of visits throughout the year is very similar between 

building types indicating that as the number of visits to farms changes, the usage of building type 

does not. The mean number of rabbit visits from the raw data could imply that peaks of visits also 

differ between building types (Fig.7). Rabbit visits to cattle sheds have peaks in June and September 

whereas visits to feed stores have peaks in July and October, which again should be interpreted with 

care as these trends are sourced from raw data.  

 

 

Fig. 6 Mean rabbit visits by building type and month, precipitation and sampling effort with farm as a 

random effect. Standard error bars, also back transformed and taken from the model are present.  
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Fig. 7 Mean rabbit visits to cattle sheds and feed stores taken from raw data with standard error 

bars. 

 

Rat visits to farm buildings varying significantly by building type and month but there was no 

significant difference between rat visits to cattle sheds and feed stores (appendix 9 and Fig. 8). The 

mean number of rat visits from the raw data could imply that peaks of visits differ between building 

types (Fig.9). There are a greater number of visits to feed stores than cattle sheds in certain months. 

Peaks of visits to feed stores occur in November and peaks of visits to cattle sheds occur in March 

and November, which again must be inferred with caution as they originate from raw data.  
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Fig. 8 Mean rat visits by building type and month, precipitation and sampling effort with farm as a 

random effect with standard error bars.   
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Fig. 9 Mean rat visits to cattle sheds and feed stores taken from raw data with standard error bars. 
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1.  Significant trends of visits to farm buildings by wildlife over a year and 
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transmission of diseases. The three study species were recorded in both the cattle sheds and the 

feed stores. Wildlife presence in the cattle sheds implies that direct contact between wildlife and 

cattle is possible and therefore diseases such as bTB, which may be transmitted through close 
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wildlife faeces or urine. Furthermore, theses wildlife visits to farm buildings were found to 

significantly vary by month and by the interaction between month and building type.  

 

1.1.  Foxes 

Foxes are present within farms throughout the year with peaks in November and December. This fits 

with their territorial behaviour and year round activity (Harris, S. & Yalden, D.W., 2008). Significantly 

fewer visits occur in the spring months with the lowest level of visits in March. This could be 

explained as the majority of births occurring in March and female foxes stay for longer periods 

underground with very young cubs (Fig. 7). Moreover, by the end of March all previous years 

juveniles are estimated to have dispersed from their natal territory (Harris, S. & Yalden, D.W., 2008). 

 

 Fig. 7 The fox’s annual cycle, taken and adapted from Harris, S. & Yalden, D.W. (2008). Months 

which are shaded are those found by this study to have the highest fox visits to farm buildings. 

 

Fox visits increase over the late autumn and winter period with the significantly greatest 

number of visits in November and December, which could be explained by an increase in population 

size with the presence of that year’s juveniles prior to dispersal and also by the presence of roaming 

males. November and December are the beginning of the mating season, which is an important 

factor for increasing male ranging behaviours (Baker, P.J., Robertson, C.P.J., Funk, S.M., et al, 1998). 

Furthermore, an increase of visits in the winter period could be due to the increased need for shelter 
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during the harsher climatic conditions and also an increased pressure on natural food resources. 

Rabbit visits to farm buildings are also greater during the winter season, thus foxes may be attracted 

by the increased presence of a prey species. In terms of disease transmission, fox visits are relatively 

constant so the risk to cattle is present all year round. However, the greatest number of fox visits 

during November and December, could represent an increased risk of inter-species disease 

transmission for cattle. 

 

Foxes were present in both building types all year round but were found to visit cattle sheds 

significantly more than feed stores throughout the entire year (see Fig.4. and appendix 7). This 

provides a potential for direct contact between foxes and cattle and moreover for transmission of 

diseases which require direct contact between individuals. Whilst interpretation of the raw data 

should be taken with care mean fox visits to cattle sheds peak in May and December (Fig.5). These 

months could have a greater risk of direct transmission of fox-borne disease to cattle.  Mean fox 

visits to feed stores on the other hand, peak in April and December, which could imply these months 

hold a greater risk of indirect transmission of fox-borne diseases to cattle. 

 

1.2.  Rabbits 

The presence/absence of rabbits in farm buildings was found to decrease significantly with 

increasing precipitation (appendix 8). This could be due to rabbits decreasing their activity during 

heavy rain (Harris, S. & Yalden, D.W., 2008). However, when a count of the number of rabbit visits 

per month was analysed within a model which included the interaction between building type and 

month, precipitation was not found to be significant (Table 2.).This contradictory result is most likely 

due to precipitation being included as a monthly average in this model, which is not as accurate as 

the nightly precipitation data analysed in the previous model.  Thus, in terms of disease transmission 
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precipitation does not increase the risk of inter-species disease transmission between rabbits and 

cattle.  

 

Rabbits visits were found to significantly vary with month. Fewer visits were observed during 

the spring and early summer months, with an increase of visits of during summer and autumn and 

finally a decrease in visits during the winter months. Previous studies of rabbit population trends in 

Southern England found population numbers to peak over the summer and stabilise during the 

winter months (Tittensor, A.M., 1981). January through to May show similarly low rates of visits to 

farm buildings, which are significantly fewer than those in all other months bar December, which 

would infer a period of low risk of inter-species disease transmission. Mortality of young rabbits is 

very high, 70% of a year’s total offspring mortality in one population being due to predation, which 

may explain the decrease in visits during spring and winter, as the overall rabbit population is 

decreasing (Myers, K., & Schneider, E.C., 1964). June, July and August start the trend of increasing 

numbers of visits, which could be explained by an increase in population size via recruitment of that 

year’s offspring as all the young are weaned by September see Fig. 8 (Harris, S. & Yalden, D.W., 

2008). September and October have the significantly greatest level of visits and may be the months 

with the greatest risk of inter-species disease transmission for cattle.  

 

Fig.8 The rabbit’s annual cycle, taken and adapted from Harris, S. & Yalden, D.W. (2008). Months 

which are shaded in are those found by this study to have the highest rabbit visits to farm buildings. 
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Rabbit visits varied significantly by building type by month. Rabbits were also found to visit 

cattle sheds more frequently than feed stores throughout the entire year (See Fig. 6 and appendix 

8). Rabbits have a greater presence within cattle sheds which provides a greater risk of direct 

contact between cattle and rabbits and thus transmission of contact transmissible diseases. Peaks of 

visits to cattle sheds occurred in June and September, which could imply that these months have a 

greater risk of direct transmission of rabbit-borne diseases to cattle (Fig. 7). Peaks of visits to feed 

stores however, occurred in July and October which could indicate a greater risk of indirect 

transmission of rabbit-borne diseases to cattle. However, these trends are inferred from raw data 

and so should be taken with caution. 

 

1.3.  Rats 

Rat visits to farms varied significantly by month with the greatest number of in the winter months 

and fewest visits occurring over the summer. A study on the monthly population numbers of rats on 

pig farms found the population peaks to be during the spring and autumn months (Butler, F.T. & 

Whelan, J. 1994). However, the peaks of visits in this study were found to be most significant in the 

winter months which could be explained by the increased availability of cattle feed over the winter 

period and rat populations are responsive to and dependant on food levels (Harris, S. & Yalden, 

D.W., 2008). As natural food supplies such as cereals, on which rats rely, decrease in winter rats may 

be supplementing their diet with the stored feed available in farm buildings. Furthermore, the 

greatest number of weaned young are present over the winter which increases overall population 

numbers (Fig. 9) (Harris, S. & Yalden, D.W., 2008). In the summer months when their natural food 

resources are more plentiful and cereals are ripe, the reliance on farm buildings for resources is no 

longer as critical, thus visits drop significantly. October, November and December appear to have 

similar levels of visits and are also significantly greater than nearly all other months. Due to the 
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significantly greater presence of rats, these three months could have the greatest risk of rat-borne 

disease transmission to cattle.  

 

Fig.9The rat’s annual cycle, taken and adapted from Harris, S. & Yalden, D.W. (2008). Months which 

are shaded in are those found by this study to have the highest rat visits to farm buildings 

 

Rat visit rates were found to vary significantly by building type by month. It appears that 

there is little variation between visit rates between building types and within the minimal adequate 

model no significant difference between feed store and cattle shed was found (See Fig. 6 & appendix 

9). In terms of disease transmission, this provides both an indirect risk of disease transmission via 

cattle consuming rat faeces contaminated feed and a direct risk via cattle and rats being in close 

contact. However, on interpreting the raw data which again must be taken with caution, rats were 

observed to be more frequently visiting the feed stores than the cattle sheds in certain months, 

which is converse to the general trends found in the other two species (Fig. 9). As previously 

mentioned, cereals are the rats preferred food, which would explain why rats visiting feed stores  

more frequently than cattle sheds (Harris, S. & Yalden, D.W., 2008). Furthermore, a peak in visits to 

feed stores was observed in November. This could highlight this month as one with a greater risk of 

indirect disease transmission of rat-borne diseases to cattle. Peaks of rat visits to cattle sheds 

occurred in March and November which could imply these months have the greatest risk of direct 

transmission of rat-borne diseases to cattle. 
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2.  Potential for inter-species disease transmission 

In the UK, the use of farm buildings by badgers has been shown to be a risk area for bTB 

transmission to cattle. Studies found badgers to come into close contact with cattle in cattle housing 

and infected animals were recorded urinating and defecating in feed and silage stores, which 

provide direct and indirect routes of bTB transmission respectively (Roper, T.J., Garnett, B.T. & 

Delahay, R.J., 2003; Ward, A.I., Judge, J. & Delahay, R.J., 2010; Tolhurst, B.A., Delahay, R.J., Walker, 

N.J., et al, 2009). Furthermore, exclusion of wildlife from cattle housing and feed stores was 

recommended as a potential preventative measure against further bTB transmission (Ward, A.I., 

Judge, J. & Delahay, R.J., 2010). One of these studies also found foxes to urinate and defecate on 

feed and silage in farms, which could imply further disease transmission risks to cattle (Roper, T.J., 

Garnett, B.T. & Delahay, R.J., 2003). While the interactions between badgers and cattle in farm 

buildings have been studied in depth, as of yet the use of farm buildings by other wildlife species and 

the resulting risks of disease transmission has not been fully explored.   

 

The results of this study have shown that a variety of wildlife species make use of farm 

buildings, with some species present in buildings all year around. In terms of efficient disease 

control, scientific investigation into the trends of other British wildlife visits to farm buildings, the 

level of interactions with the livestock and potential for disease transmission is key. It is generally 

accepted that in order to control a disease which affects livestock and which is either carried by or 

exists as a reservoir in wildlife, that investigation into the epidemiology and ecology of the disease is 

essential for effective control. Furthermore, controlling for the disease in only one of the known host 

species, or simply reducing wildlife populations via culling as a method for disease control can be 

ineffective and is in some cases unsustainable long-term (Bengis, R.G., Kock, R.A. & Fischer, J., 2002). 

The traditional approach to wildlife disease control by culling the wildlife reservoir as a method for 

disease control in livestock has been found to have mixed results (Ward, A.I., Tolhurst, B.A. & 
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Delahay, R.J., 2006). In some cases such as with badgers and bTB, it was found to alter the social and 

territorial dynamics of badgers so much that an initial rise in the spread of bTB was observed 

(Donnelly, C.A., Woodroffe R., Cox D. R., et al, 2003). This reinforces the need for solid research into 

the role of the wildlife species in terms of disease transmission to livestock, the ecology of the 

disease within both livestock and wildlife and into effective methods of disease control within both 

livestock and wildlife (Simpson, V.R., 2002). 

 

British wildlife species are known to carry zoonoses, and diseases relevant for cattle health 

and potentially carried by and transmitted to cattle by the three main study species of this report 

are described in Table 3 (Ward, A.I., Tolhurst, B.A. & Delahay, R.J., 2006). 
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Diseases which affect cattle in the 

UK 

Routes of interspecies 

transmission 

Characteristic 

symptoms within 

cattle 

Wildlife species in which 

the disease has been 

found in  

   Fox Rabbit Rat 

Bovine brucellosis  

(Brucella abortus) 

Consuming contaminated 

feed, water or infected 

material  

Inhalation  

Contact with post parturient 

discharges and foetal 

membranes  

 

Infertility and 

abortion  

   

Bovine tuberculosis 

(Mycobacterium bovis) 

Consuming contaminated 

water 

Inhalation 

 

Lesions on local 

lymph nodes 

Infection of the 

respiratory tract 

 

   

Paratuberculosis (Mycobacterium 

avium subsp. paratuberculosis) 

Consuming feed or water 

contaminated with faeces 

from infected individuals 

 

Diarrhoea 

Progressive 

emaciation 

    

Salmonella strains which infect 

cattle (Salmonella typhimurium, S. 

dublin, S. newport) 

Consuming infected feed  Dependant on the 

strain, three main 

syndromes: 

Chronic enteritis 

Acute enteritis 

Peracute 

septicaemia 

 

   

Leptospirosis strains which infect 

cattle 

(Leptospirosis icterohaemorrhagiae, 

L. Interrogans serovar hardjo, L. 

Interrogans serovar pomona ) 

Consuming feed or water 

contaminated with infected 

urine or aborted foetuses 

 

 

 

 

Abortion 

Acute septicaemia 

Interstitial nephritis 

Hemolytic anemia 

 

   

Cryptosporidiosis species which 

infect cattle 

(Cryptosporidium parvum, C. 

andersoni) 

Consuming water or feed 

contaminated with the 

oocysts, which are present in 

infected animals faeces 

 

Diarrhoea 

Anorexia 

Depression 

   

E.Coli strains which infect cattle 

(Escherichia coli VTEC 0157) 

Consuming feed or water 

contaminated with faeces 

from infected individuals 

Asymptomatic    

Table 3. Summary of the key diseases transmittable to cattle carried by wildlife species found to visit farm 

buildings and their routes of transmission. Information on routes of transmission and characteristic symptoms 

taken from Thorne, T.E. 2001 and Blood D.C. & Radostits, O.M., 1989. Sources used to determine which 

wildlife species can be infected by which disease is taken from a range of literature discussed and referenced 

in following sections. 
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2.1.  Bovine brucellosis  

The major wildlife reservoirs for brucellosis in the US are ruminant wildlife species such as bison 

(Bison bison) (Olsen, S.C., 2010). In Europe, brucellosis is not thought to have a true wildlife reservoir 

but instead wildlife act as spill over hosts, contracting infection from infected cattle (Gortázar, C., 

Ferroglio, E., Höfle, U., et al, 2007). Once in the wildlife population, there is the potential of 

persistence of infection via reinfecting cattle and for wildlife with large home ranges spreading the 

disease between farms. Brucellosis has been isolated in non-ruminant species such as foxes and rats 

in Northern Ireland and Europe respectively (Moore, M.S. & Shnurrenberger, P.R., 1987). It is 

inferred that foxes and rats contract brucellosis after scavenging on infected material such as 

aborted foetuses from infected cattle (Blood D.C. & Radostits, O.M., 1989). It is possible that non-

ruminants such as foxes and rats are capable of transmitting the disease back to cattle via 

contaminating feed stores with infected faeces and urine. Attempts to infect cattle via brucellosis 

infected rat faeces in cattle feed were unsuccessful, so it is unlikely that rats play a large role in 

transmitting the disease back to cattle in spite of being susceptible to brucellosis (Bosworth, T.J., 

1940). Infection of cattle by brucellosis infected foxes has not been fully explored in the UK and 

within this study, there were multiple observations of foxes urinating or defecating within farm 

buildings including feed stores. This could be a potential area for further investigation to minimise 

risk of persistence of brucellosis infection in cattle herds.  

 

2.2.  Bovine tuberculosis 

In the UK, bTB infection has also been found present in wildlife species other than badgers, such as 

rats and foxes (Simpson, V.R., 2002). A review of bTB infections in British wildlife evaluated the role 

of foxes and rats in terms of bTB transmission to cattle (Delahay, R.J, De Leeuw, A.N.S., Barlow, A.M., 

et al, 2002). Foxes were found to have evidence of bTB infection but to show a very low level of 

visible lesions. This trend in foxes was also confirmed by an extensive study in 2007, which found 24 
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bTB positive cases out of 756 animals tested (Delahay, R.J, Smith, G.C., Barlow, A.M., et al, 2007). 

However, no positive cases of bTB infection were found in 317 rats tested within the same study. 

Thus, further study of the role of foxes in bTB transmission to cattle could be interesting in terms of 

disease control as there are a few cases with lesions, which would provide a low risk of transmission 

to cattle (Delahay, R.J, Smith, G.C., Barlow, A.M., et al, 2007). The consistent use of farm buildings by 

foxes found in this study could imply that if infection was present within the cattle population, it 

would be possible for it to spill over into foxes which could then transmit the disease between farms 

in their home ranges. Furthermore, if a previously bTB positive farm was attempting to become “TB 

free,” then exclusion of foxes from farm buildings could be sensible to prevent reinfection of cattle, 

particularly in November and December, when fox visits are highest. 

 

2.3.  Paratuberculosis (MAP) 

Rabbits and foxes have been found to be infected with the disease, and it is inferred that foxes 

acquire the infection via ingestion of infected rabbits (Beard, P.M., Henderson, D., Daniels, M., et al 

1999; Florou, M., Leontides, L., Kostoulas, P., et al 2008). Histopathological lesions, which are found 

in varying severity in rabbits, have not been found in foxes (Hutching, M.R., Stevenson, K., Greig, A., 

et al 2010 within Behr, M.A. & Collins, D.M.). Thus, despite studies indicating a higher prevalence of 

disease in foxes (85%) than rabbits (17%) it is more probable that rabbits play a greater role in 

transmission of MAP to cattle than foxes, as their level of infection is much greater than in foxes 

(Beard, P.M., Daniels, M.J., Henderson, D., et al 2001; Judge, J., Davidson, R.S., Marion, G., et al 

2007). Furthermore, rabbits were found to excrete MAP and shed high rates of the disease in their 

faeces, “106 CFU per gram of faeces,” which is clinically tested to be enough to infect a cow (Judge, 

J., Kyriazakis, I., Greig, A., et al 2006; Stevenson, K., Alvarez, J., Bakker, D., et al 2009). Moreover, as 

cattle do not avoid eating rabbit droppings and MAP infections are most commonly transmitted to 

cattle via the faecal-oral route, it can be inferred that infected rabbit or fox droppings in the feed 

stores provide a route of infection (Daniels, M.J., Hutchings, M.R., Beard, P.M., et al 2003; Judge J., 
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A. Greig, I. Kyriazakis et al, 2005; Smith, L.A., White, P.C.L., Marion, G., et al 2009). A study in 

Scotland found that the level of infections of MAP in cattle on their study farms could be directly 

explained by the probability of the number of infected faeces consumed per year, which implies 

contamination of feed stores or troughs by rabbit faeces is of serious concern for cattle health 

(Daniels, M.J., Hutchings, M.R. & Greig, A., 2003). Rabbits were recorded in both cattle housing and 

feed stores in this study. Thus, if infected rabbits defecate in the feed store or in the feed troughs 

within cattle housing it is possible that disease could be transmitted to the herd.  The greater 

number of rabbit visits between July to November could potentially be perceived as high risk months 

for MAP transmission to cattle. However, a study investigating the seasonal trends of prevalence of 

MAP in rabbits found the peak of infections to be in spring months with 55.4% of the rabbits tested 

being positive for MAP (Judge, J., Kyriazakis, I., Greig, A., et al 2005). While the peak of infections 

within the rabbit population does not coincide with the peak of rabbit use of farm buildings, the 

same study found that 26.2% of samples tested in autumn and 43.9% of samples tested in winter 

were positive for MAP, thus prevalence of MAP infection is still considerable during the seasons 

when rabbits most frequent farm buildings. Therefore, the use of farm buildings by rabbits is still of 

great risk for disease transmission for cattle and exclusion of rabbits from farm buildings is highly 

recommended. Despite the reviewed literature above indicating that foxes are not as important for 

MAP infections of cattle, the level of prevalence of MAP in foxes could be used as an indication of 

the prevalence of MAP infections in the local rabbit population and thus the risk of disease 

transmission faced by cattle (Judge, J., Davidson, R.S., Marion, G., et al 2007). Thus investigation into 

the fox as a potential indicator species for MAP infections could be useful for cattle farmers.  

 

2.4.  Salmonella  

The most common form of Salmonella transmission is the faecal-oral route, via consuming infected 

feed or water sources (Blood D.C. & Radostits, O.M., 1989). Subclinically infected rats are known to 

excrete the Salmonella bacteria in their faeces (Simpson, V., 2008). Therefore, infected rat faeces in 
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feed stores or troughs could be a source for infection of cattle (Hinton, M.H., 2000). In 2003, an 

American study provided evidence for contaminated feed as a route for Salmonella transmission in 

cattle, 0.8% of 2405 feed samples tested positive for the disease causing bacteria (Davis, M.A., 

Hancock, D.D., Rice, D.H., et al, 2003). Further evidence of consuming rodent faeces in feed as a 

source of infection for Salmonella was found in the afore mentioned study by Daniels, M.J., et al 

2003.The level of rodent faeces predicted to be consumed by cattle could also explain the 

prevalence of infection within the cattle tested. Studies have shown that although cattle show some 

behavioural avoidance to eating feed contaminated with rodent droppings, a significant amount of 

rat droppings “between 2 and 15 rat faeces per 400g of feed” (Daniels, M.J. & Hutchings, M.R., 2001) 

are still consumed. Thus rats can be considered an important reservoir of Salmonella for cattle. The 

results of this study indicate that rats are at their highest frequency in the farm buildings during the 

late autumn and winter months, which may be no coincidence as it coincides with the increased use 

of supplementary feed for cattle. Thus during the period when the greatest quantity of stored feed is 

being consumed by cattle, there is also the greatest chance of transmission of rat-borne diseases, 

such as Salmonella, via the faecal-oral route. This is an important factor for farmers to consider 

when their cattle are reliant on stored feed sources and should indicate the importance of good 

farm husbandry via well kept feed stores, e.g. those which are lockable and small mammal proof. 

 

 A study in Norway on red foxes found the presence of S. typhimurium and S. dublin strains 

in 118 and 25 faecal swabs respectively (Kopczewski, A. & Chylinski G., 1981). These results imply 

that foxes could indeed act as carriers of the disease and infect cattle. More recently, S. enteritidis, a 

strain which can infect humans, was also found to be present in fox faeces, which implies foxes could 

also play a part in passing the disease to humans via contact with faecal contaminated material 

(Liebana,E., Garcia-Migura, L., Clouting, C., et al, 2003). As previously mentioned, within this study 

there are multiple records of foxes defecating/urinating within both the cattle shed and the feed 

stores and this could have serious implications for the transmission of Salmonella strains. Thus the 

role of the fox in Salmonella transmission requires further investigation. 
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2.5.  Leptospirosis  

The brown rat is considered to be the main reservoir for Leptospirosis, as the animal can be 

subclinically infected and excrete the bacteria in its urine (Blood D.C. & Radostits, O.M., 1989; Irvin, 

A.D., 1966; Thorne, T.E. 2001). A study in 1995, found the prevalence of the disease to be low in rats, 

with only 14% testing positive (Webster, J.P., Ellis, W.A. & MacDonald D.W., 1995). However, with 

the results of the afore-mentioned study by Daniels, M.J. & Hutchings, M.R., 2001, it is apparent that 

a significant amount of rodent faeces is consumed every year by cattle in their feed and thus, 

contamination of feed by rat droppings and urine provides a significant risk of transmission to cattle 

(Daniels, M.J. & Hutchings, M.R., 2001). Furthermore, the L. icterohaemorrhagiae strain, which is 

commonly carried by rats was found to provoke an antibody response in cattle from each herd 

tested in a study by Twigg, G.I., 1973. This would imply that cattle are exposed to the rat-borne 

strain and that there is great potential for disease transmission of Leptospirosis by rats to cattle 

(Twigg, G.I., 1973). For farms which suffer with Leptospirosis infections, it would be advisable to 

make sure feed stores were small mammal proof especially during the late autumn and winter 

periods as this is when rat visits were found to peak. 

 

 It is possible that foxes could also play a role in the epidemiology of Leptospirosis, in 1964, a 

study found five Leptospirosis serotypes within the foxes tested (Blackmore, 1964) and then in 1969, 

a study found 47.6% of foxes tested to be infected with Leptospirosis (Twigg, G.I., Cuerden, C.M., 

Hughes, D.M., et al, 1969). However there is little literature on the subject and their potential as a 

reservoir has not been empirically explored (Simpson, V.R., 2002). Thus, rats and their 

contamination of cattle feed via infected urine and faeces may be of significant risk to cattle during 

the late autumn and winter period when their visits to farm buildings increase and the likelihood of 

Leptospiriosis transmission is amplified. Further study into the role of foxes in the transmission of 

the disease to cattle is required. 
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2.6.  Cryptosporidiosis 

This disease has been known to be carried by brown rats and can be transmitted from wildlife by 

cattle via contamination of feed or water with oocysts present in their faeces (Simpson, V.R., 2002; 

Olsen, M.E., O’Handley, R.M., Ralston, B.J., et al, 2004). A study found 63% of the rats tested for 

Cryptosporidiosis on the study farms in the UK were positive for oocysts within their faeces 

(Webster, J.P. & MacDonald D.W., 1995). Moreover, a study in 2003, found the level of rodent faces 

predicted to be consumed by the cattle directly explained the level of Cryptosporidiosis found to be 

present in the cattle population across the study sites (Daniels, M.J. & Hutchings, M.R., 2001). This 

would infer that rat faeces within farm feed stores does provide a direct risk of Cryptosporidiosis 

infection for cattle. Thus, the findings of this study provide an incentive for further study of the 

interactions between hosts and the transmission of Cryptosporidiosis as well as once again 

highlighting the importance of good farm husbandry and the exclusion of rats from all feed. Yet 

again, very little study has been done on the role of foxes as reservoirs for this disease in spite of a 

study in 1999 finding the presence of cryptosporidiosis oocysts in 2 out of 23 fox samples (Sturdee, 

A.P., Chalmers, R.M. & Bull, S.A., 1999). Further research is needed to ascertain the risk to cattle 

posed by the potential of foxes as hosts for Cryptosporidiosis.  

 

2.7.  E. coli  

Very little literature is available on the subject of wildlife transmission of E. coli to cattle in the UK, it 

is inferred that the cattle act as the reservoir and local wildlife species act as the spill over hosts 

(Parry, S.M., Salmon, R.L., Willshaw, G.A. et al, 1998). This is equally important in terms of disease 

control because even as a spillover host, wildlife are free-living and thus could allow for transmission 

from one infected farm to another or alternatively provide a mechanism for persistence of infection 

within a farm (Nielsen, E.M., Skov, M.N., Madsen, J.J., et al, 2004).  
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A study of rodents in proximity to cattle farms showed that 20% of rats tested were found to 

be positive for an E. coli 0157 strain which was identical to that in the local cattle population, which 

strongly suggests that rats may have a role helping infections persist in farms, via the potential for 

transmission to and from cattle (Nielsen, E.M., et al, 2004). The findings from this study indicate that 

rats use both the cattle sheds, where direct contact with infected cattle and their faeces is possible 

and also feed stores, where infected rats could defecate within the feed and transmit the disease to 

susceptible cattle. Further study into any seasonal aspect of disease prevalence would be very useful 

as rat visits to farm buildings are at their highest during the late autumn and winter period and could 

provide some useful insight for the disease’s ecology and its control.  

 

Both captive and wild rabbits have been found to carry the disease following investigations 

which were sparked after an outbreak had occurred in children which had visited a farm with wild 

rabbits had occurred (Garcia, A. & Fox, J.G., 2003; Scaife, H.R, Cowan, D., Finney, J., et al, 2006). The 

study found that there was a seasonal aspect to the prevalence o f the disease in rabbits, 8 out of 97 

samples testing positive for E. coli 0157 during the summer and none during the winter months 

(Scaife, H.R, et al, 2006). The trends of visits of rabbits to farm buildings were found to increase over 

summer, which implies the risk of transmission of E. coli 0157 between rabbits and cattle may be 

increased during this period. Elimination of contact between cattle and rabbits is impossible when 

cattle are at pasture thus, minimising their contact when in housing and increased surveillance of 

the cattle population during the summer and autumn months is advisable. Other recommended 

practises for minimising the risk of zoonotic transmission of E. coli 0157 would be good husbandry 

practise and hygiene on farm and good meat handling practice in the slaughter houses (Crook, B. & 

Scaife, H., 2005). 
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3.  Other factors to consider 

Farm husbandry and biosecurity can be very effective at prevention of the spread of disease within a 

herd and also for preventing contact and disease transmission between wildlife species and livestock 

(Gummow, B., 2010).  A modelling study by Horan, R.D., et al, 2008, found that when trying to 

control a multi-host pathogen which affects wildlife and livestock, in the case of bTB from white 

tailed deer to cattle, farm biosecurity significantly reduced disease transmission. Moreover, the 

study found the reduction in inter-species contact, and thus transmission of the disease, to be so 

effective at reducing the disease prevalence in the cattle population, it was determined that other 

methods such as deer population control would not be required. Thus highlighting the importance of 

not only good farm husbandry and prevention of inter-species contact as a method of disease 

control but also the value of evaluating different methods of disease control before their 

implementation.  

 

The results from this study are for one year only. To provide a more robust insight into the 

trends of wildlife visits to farm buildings it would be advisable to collect data over several years, so 

that the effect of year can be accounted for. The large amount in variation between farms is also an 

indication that measures for wildlife prevention should be implemented on a farm by farm basis and 

a wildlife survey per farm would be advisable before implementing any costly measures. These 

surveys should also take into account the seasonal variation in visit rates between species which was 

apparent in this study. To make an entire farm biosecure and completely wildlife proof can be very 

difficult and costly, thus tailoring of farm husbandry to target problem species or areas may be 

preferable for farmers. For example, if small mammal species were the only problem, cheaper and 

simple solutions such as metal, lockable feed bins would be applicable and cost effective.  
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Another potential problem could be that the undetected transmission of certain diseases to 

cattle could influence serological results when testing for other serious diseases. The presence of 

MAP could influence and hinder bTB testing and vice versa (Blood D.C. & Radostits, O.M., 1989). 

When using serological tests such as the agar gel immunodiffusion (AGID) test, it is not possible to 

determine whether an animal tests positive due to MAP or bTB infection. Furthermore, the presence 

of E. coli 0:157 and Salmonella serotypes, which can be carried by rats can influence the efficacy of 

brucellosis testing in cattle by inducing serological cross-reaction which can result in the unnecessary 

slaughter of false positive cattle (Blood D.C. & Radostits, O.M., 1989; Godfroid, J., 2002 within 

Bengis, R.G.).  
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Conclusion 

Foxes, rabbits and rats were found to visit farm buildings throughout the year and visited both feed 

storage areas and cattle housing. The potential for direct transmission of diseases to cattle via direct 

contact between species could be inferred from the presence of wildlife within the cattle sheds. The 

full role which certain wildlife species play in transmission of key cattle diseases is still unclear and 

the results of this study illustrate the need for more research.  Six out of the seven cattle diseases 

discussed had the faecal-oral route as a method of transmission. Foxes, which carry five of these 

diseases (bTB, MAP, Salmonella, Leptospirosis and Cryptosporidiosis), were directly observed 

defecating/urinating in feed stores and cattle housing. It is also highly probable that both rabbits and 

rats also did the same but were not recorded doing so. Therefore, it appears that contamination of 

feed is potentially a high risk for disease transmission via the faecal-oral route to cattle. Thus it is 

highly advised that securing and wildlife-proofing feed stores is of upmost importance for prevention 

of ingestion of potentially infectious material via contaminated feed. Furthermore, it would be good 

husbandry practise and a wise precaution for all farms to make sure that feed stores were at least 

small mammal proof, as the four cattle diseases deemed to be carried by rats (Salmonella, 

Leptospirosis, Cryptosporidiosis and E. coli) are spread by faecal-oral route transmission and cattle do 

not have great behavioural avoidance to consuming rodent faeces. The risk posed to cattle by 

ingestion of rabbit faeces if MAP is present within the local rabbit population is very high and in 

which case it is paramount that rabbits are excluded from all farm buildings, as ingestion of one 

infected pellet is deemed sufficient to infect a cow. 

 

This study also highlights the potential importance of farm husbandry for minimising contact 

between livestock and wildlife and thus decreasing the chances of inter-species disease 

transmission. Whilst it is highly recommended, it is understandable that full exclusion of wildlife 

from farm buildings throughout the entire year is not always possible for various reasons such as 

limited finance. However, improvements to biosecurity could still be made on a smaller scale if we 
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take into account the seasonal variation of wildlife visits to farm buildings. To prevent the greatest 

risk of transmission of rat-borne diseases, rodent-proofing efforts would be advised from October to 

December as these months have the peak of rat visits to farms. For rabbit-borne diseases, efforts 

would be best focused from June to November as these months show the greatest frequency of 

rabbits to farm buildings. The presence of foxes was found to be relatively constant thus it would be 

good practise to exclude foxes from farm buildings throughout the year. However, if this is not 

achievable, a significant peak of visits in November and December infers that excluding foxes from 

farm buildings during this time could be of some use to preventing disease transmission to cattle. 

 

The results of this study highlight the potential risk for inter-species disease transmission 

posed by wildlife to cattle by their use of farm buildings. Many British wildlife species are often over-

looked in terms of their role in the ecology of livestock relevant diseases. It is of utmost importance 

to fully understand the epidemiology and ecology of a disease in order to effectively control it. 

Failure to recognise and include a wildlife reservoir in disease control methods can lead to the 

implementation of an unsuccessful regime. Thus further investigation into the roles of foxes, rabbits 

and rats as reservoir or spillover hosts for cattle diseases and quantitative assessments of the risks of 

disease transmission inferred from interactions with cattle in farm buildings is highly recommended. 

 

Acknowledgements 

Thank you to my supervisors Judge, J., Trewby, I. & Bearhop, S. for their support. Statistical support 

was very gratefully received from Walker, N., Inger, R., Harrison, X., Wigmore, C., Christie, C. & 

Barnaville, J.. Many thanks to Tomlinson, A., for her kind help obtaining veterinary papers. 

  



[72] 
 

References 

Arinaminpathy, N., Mclean, A.R. & Godfray, H.C.I., 2009. Future UK land use policy and the risk of 

infectious disease in humans, livestock and wild animals. Land use policy. Vol. 265 pp 124-133 

Baker, P.J., Robertson, C.P.J., Funk, S.M. & Harris S. 1998. Potential fitness benefits of group living in 

the red fox, Vulpes vulpes. Animal behaviour. Vol. 56 (6) pp 1411-1424 

Beard, P.M., Henderson, D., Daniels, M., Pirie, A., Buxton, D., Greig, A., Hutchings, M.R., McKendrick, 

I., Stevenson, K. & Sharp, J.M., 1999. Evidence of paratuberculosis in fox (Vulpes vulpes) and stoat 

(Mustela erminea). Veterinary Record. Vol. 145 pp 612-613 

Beard, P.M.,  Daniels, M.J., Henderson, D., Pirie, A., Rudge, K., Buxton, D., Rhind, S., Greig, A., 

Hutchings, M.R., McKendrick, I., Stevenson, K. & Sharp, J.M.,  2001. Paratuberculosis infection of 

non-ruminant wildlife in Scotland. Journal of clinical microbiology. Vol. 39 pp 1517-1521. 

Bengis, R.G., Kock, R.A. & Fischer, J., 2002. Infectious animal disease: the wildlife/livestock interface. 

Rev. Sci. Tech. Off. Int. Epiz. Vol. 21 (1) pp 53-65 

Bennett, R.M., Christiansen, K. & Clifton-Hadley R.S., 1999. Estimating the costs associated with 

endemic diseases of dairy cattle. Journal of dairy research. Vol. 66 pp 455-459 

Bienen, L. & Tabor G., 2006. Applying an ecosystem approach to brucellosis control: can an old 

conflict between wildlife and agriculture be successfully managed? Front. Ecol. Environ. Vol. 4 (6) pp 

319-327 

Blackmore, D.K., 1964. A survey of disease in British wild foxes (Vulpes vulpes). Veterinary record. 

Vol. 76 pp 527 

Blood D.C., Radostits, O.M. A textbook of the diseases of cattle, sheep, pigs, goats and horses. 

Veterinary Medicine 7th Edition. Baillière Tindall 1989. 



[73] 
 

Bosworth, T.J., 1940. Further Observations on the Wild Rat as a Carrier of Brucella abortus. Journal 

of comparative pathology. Vol. 53 pp 42-49 

Butler, F.T. & Whelan, J. 1994. Population structure and reproduction in brown rats (Rattus 

norvegicus) from pig farms, Co. Kildare, Ireland. Journal of zoology. Vol. 233 (2) pp 277-291  

Cleaveland, S., Laurenson, M.K. & Taylor L.H., 2001.Diseases of humans and their domestic 

mammals: pathogen characteristics, host range and the risk of emergence. Phil. Trans. R. Soc. Lond. 

B. Vol. 356 pp 991-999 

Crook, B. & Scaife, H., 2005. Wild Rabbits as potential carriers of E. coli. VTEC Final Report. HSL.  

Daniels, M.J. & Hutchings, M.R., 2001. The responses of cattle and sheep to fee contaminated with 

rodent faeces. The veterinary journal. Vol. 162 pp 211-218 

Daniels, M.J., Hutchings, M.R., Beard, P.M., Henderson, D., Greig, A., Stevenson, K. & Sharp, J.M., 

2003. Do non-ruminant wildlife pose a risk of paratuberculosis to domestic livestock and vice versa 

in Scotland? Journal of wildlife diseases. Vol. 39 (1) pp 10-15 

Daniels, M.J., Hutchings, M.R. & Greig, A., 2003. The risk of disease transmission to livestock posed 

by contamination of farm stored feed by wildlife excreta. Epidemiology and infection. Vol. 130 pp 

561-568 

Davis, M.A., Hancock, D.D., Rice, D.H., Call, D.R., DiGiacomo, R., Samadpour, M. & Besser, T.E., 2003. 

Feedstuffs as a vehicle of cattle exposure to Escherichia coli O157:H7 and Salmonella enterica. 

Veterinary microbiology. Vol. 95 pp 199-210 

DEFRA, 2009. An experiment to assess the cost-effectiveness of farm husbandry manipulations to 

reduce risks associated with farmyard contact between badgers and cattle. SE3119 final report. 



[74] 
 

DEFRA , 2010a. Summary profile for bovine brucellosis. 

http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/atoz/index.htm Page last updated 3 

August, 2010 

DEFRA , 2010b. Summary profile for Johne’s disease. 

http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/atoz/index.htm Page last updated 3 

August, 2010 

DEFRA , 2010c. Summary profile verocytotoxin producing E. coli (VTEC 0157). 

http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/atoz/index.htm Page last updated 3 

August, 2010 

DEFRA, 2011a. Animal diseases and animal health: responsibility and cost sharing. 

http://www.defra.gov.uk/food-farm/animals/diseases/sharing/ Page last updated 26 April, 2011. 

DEFRA, 2011b. Bovine TB. http://www.defra.gov.uk/food-farm/animals/diseases/tb/ Last updated 6 

April, 2011  

Delahay, R.J, De Leeuw, A.N.S., Barlow, A.M., Clifton-Hadley, R.S. & Cheeseman, C.L. 2002. The status 

of Mycobacterium bovis infection in the UK. Wild mammals: A review. The veterinary journal. Vol. 

164 (2) pp 90-105 

 Delahay, R.J, Smith, G.C., Barlow, A.M., Walker, N., Harris, A., Clifton-Hadley, R.S. & Cheeseman, 

C.L., 2007. Bovine tuberculosis infection in wild mammals in the South-West region of England: A 

survey of prevalence and a semi-quantitative assessment of the relative risks to cattle. The 

veterinary Journal. Vol. 173 pp 287-301 

Delahay R. J., Smith G. C. & Hutchings M. R, editors. 2009. Management of disease in wild mammals. 

Springer  

http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/atoz/index.htm
http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/atoz/index.htm
http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/atoz/index.htm
http://www.defra.gov.uk/food-farm/animals/diseases/sharing/
http://www.defra.gov.uk/food-farm/animals/diseases/tb/


[75] 
 

Donnelly C. A., Woodroffe R., Cox D. R., Bourne J., Gettinby G., Le Fevre A. M., McInerney  J. P. & 

Morrison W. I. 2003. Impact of localized badger culling on tuberculosis incidence in British cattle. 

Nature. Vol.  426 pp 834-837 

Fairbrother, J.M. & Nadeau É., 2006. Escherichia coli: on-farm contamination of animals. Rev. Sci. 

Tech. Off. Int. Epiz. Vol. 25(2) pp 555-569 

Florou, M., Leontides, L., Kostoulas, P., Billinis, C., Sofia, M., Kyriazakis, I. & Lykotrafitis, F., 2008. 

Isolation of Mycobacterium avium subsp. paratuberculosis from non-ruminant wildlife living in the 

sheds and on the pastures of Greek sheep and goats. Epidemiol. Infect. Vol. 138 pp 644-652 

Garcia, A. & Fox, J.G., 2003. The rabbit as a new reservoir host of enterohemorrhagic Escherichia coli. 

Emerging infectious diseases. Vol. 9 (12) pp 1592-1597 

Godfroid J., 2002. Brucellosis in wildlife. Rev. Sci. Tech. Off. Int. Epiz. Vol. 21 (2) pp 277-286 

Gortázar, C., Ferroglio, E., Höfle, U., Frölich, K. & Vincente J., 2007. Diseases shared between wildlife 

and livestock: a European perspective. Eur. J. Wildl. Res. Vol. 53 pp 241-256  

Gummow, G., 2010. Challenges posed by new and re-emerging infectious diseases in livestock 

production, wildlife and humans. Livestock Science. Vol. 130 pp41-46 

Harris, S. & Yalden, D.W., editors. 2008. Mammals of the British Isles: Handbook. 4th Edition. The 

Mammal society.   

Haydon, D.T., Cleaveland, S., Taylor, L.H. & Laurenson, K.M., 2002. Identifying reservoirs of infection: 

a conceptual and practical challenge. Emerging infectious diseases. Vol. 8 (12) pp 1468-1473 

Hinton, M.H., 2000. Infections and intoxications associated with animal feed and forage which may 

present a hazard to human health. The veterinary journal. Vol. 159 pp 124-138 

Horan, R.D., Wolf, C.A., Fenichel, E.P., Mathews Jr, K.H. 2008. Joint management of wildlife and 

livestock disease. Environ. Resource. Econ. Vol. 41 pp 47-70  



[76] 
 

Hutching, M.R., Stevenson, K., Greig, A., Davidson, R.S., Marion, G. & Judge, J., within Behr, M.A. & 

Collins, D.M Editors. 2010. Paratuberculosis organism, disease, control. CAB International. 

Irvin, A.D., 1966. Some disease of free-living wild mammals and their possible relationship to human 

and domestic animal health. The veterinary record. Vol. 79 (25) pp 776-785 

Judge, J., Davidson, R.S., Marion, G., White, P.C.L. & Hutchings M.R., 2007. Persistence of 

Mycobacterium avium subspecies paratuberculosis in rabbits: the interplay between horizontal and 

vertical transmission. Journal of applied ecology. Vol. 44 pp 302-311 

Judge J., A. Greig, I. Kyriazakis & M. R. Hutchings, 2005. Ingestion of faeces by grazing herbivores - 

risk of inter-species disease transmission. Agriculture, ecosystems and environment. Vol. 107 pp 

267-274  

Judge, J., Kyriazakis, I., Greig, A., Allcroft, D.J. & Hutchings, M.R., 2005. Clustering of Mycobacterium 

avium subsp. paratuberculosis in rabbits and the environment: how hot is a hotspot? Applied and 

environmental microbiology. Vol. 71 (10) pp 6033-6038 

Judge, J., Kyriazakis, I., Greig, A., Davidson, R.S. & Hutchings, M.R., 2006. Routes of intraspecies 

transmission of Mycobacterium avium subsp. Paratuberculosis in rabbits (Oryctolagus cuniculus): a 

field study. Applied & environmental microbiology. Vol. 72 (1) pp 398-403 

Kopczewski, A. & Chylinski G., 1981. Studies on a carrier state of Salmonella in foxes. Medycyna 

weterynaryjna. Vol. 37 (3) pp 176-178 

Liebana,E., Garcia-Migura, L., Clouting, C., Clifton-Hadley, F.A., Breslin, M. & Davies R.H., 2003. 

Molecular fingerprinting evidence of the contribution of wildlife vectors in the maintenance of 

Salmonella Enteritidis infection in layer farms. Journal of applied microbiology. Vol. 94 (6) pp 1024–

1029 

Meerburg, B.G., & AKijlstra, A., 2007. Role of rodents in transmission of Salmonella and 

Campylobacter. Journal of the science of food and agriculture. Vol. 87 pp 2774-2781  



[77] 
 

Moore, M.S. & Shnurrenberger, P.R., 1987. A review of naturally occurring Brucella abortus 

infections in wild mammals. Journal of american veterinary medical association. Vol. 179 (11) pp 

1105-1112 

Myers, K., & Schneider, E.C., 1964. Observations on reproduction, mortality, and behaviour in a 

small, free-living population of wild rabbits. CSIRO Wildlife research. Vol.  9 (2) pp 138 – 143 

Nielsen, E.M., Skov, M.N., Madsen, J.J., Lodal, J., Jespersen, J.B. & Baggesen D.L., 2004. 

Verocytotoxin-producing Escherichia coli in wild birds and rodents in close proximity to farms. 

Applied and environmental microbiology. Vol. 77 (11) pp 6944-6947 

Olsen, M.E., O’Handley, R.M., Ralston, B.J., McAllister, T.A. & Thompson R.C., 2004. Update on 

Cryptosporidium and Giardia infections in cattle. Trends in parasitology. Vol. 20 (4) pp 185-191 

Parry, S.M., Salmon, R.L., Willshaw, G.A. & Cheasty T., 1998. Risk factors for and prevention of 

sporadic infections with vero cytotoxin (shiga toxin) producing Escherichia coli 0157. The lancet. Vol. 

351 pp 1019-1022 

Power, A.G. & Mitchell, C.E., 2004. Pathogen spillover in disease epidemics. The American naturalist. 

Vol. 164 (5) pp 79-89 

Roper, T.J., Garnett, B.T. & Delahay, R.J., 2003. Visits to farm buildings and cattle troughs by badgers 

(Meles meles): a potential route for transmission of bovine tuberculosis (Mycobacterium bovis) 

between badgers and cattle. Cattle practice. Vol. 2 (1) pp 9-12 

Scaife, H.R, Cowan, D., Finney, J., Kinghorn-Perry, S.F. & Crook,B., 2006. Wild rabbits (Oryctolagus 

cuniculus) as potential carriers of verocytotoxin-producing Escherichia coli. Veterinary record. Vol. 

159 pp 175-178 

Simpson, V.R., 2002. Wild animals as reservoirs of infectious diseases in the UK. The veterinary 

journal. Vol. 163 (2) 



[78] 
 

Simpson, V., 2008. Wildlife as reservoirs of zoonotic diseases in the UK. In practice. Vol. 30, pp 486-

494 

Smith, L.A., White, P.C.L., Marion, G., Hutching, M.R., 2009. Livestock grazing behaviour and inter-

versus intraspecific disease risk via the fecal-oral route. Behavioural ecology. Vol. 20 pp 426-432 

Stevenson, K., Alvarez, J., Bakker, D., Biet, F., de Juan, L., Denham, S., Dimareli, Z., Dohmann, K., 

Gerlach, G.F., Heron, I., Kopecna, M., May, L., Pavlik, I., Sharp, J.M., Thibault, V.C., Willemsen, P., 

Zadoks, R.N. & Greig, A., 2009. Occurrence of Mycobacterium avium subspecies paratuberculosis 

across host species and European countries with evidence for transmission between wildlife and 

domestic ruminants. BMC microbiology. Vol. 212 (9)  

Sturdee, A.P., Chalmers, R.M. & Bull, S.A., 1999. Detection of Cryptosporidium oocysts in wild 

mammals of mainland Britain. Veterinary parisitology. Vol. 80 pp 273-280 

Thirgood, S. 2009. Editor’s perspective. New perspectives on managing wildlife diseases. Journal of 

applied ecology. Vol.  46 pp 454–456 

Thorne, T.E. 2001. in Williams E.S. & Barker I.K. Editors. Brucellosis. Infectious diseases of wild 

mammals. 3rd edition. Iowa State University Press, Ames, Iowa, USA 

Tittensor, A.M. 1981. Rabbit population trends in southern England, pp. 629-632 in Myers, K. & 

McInnes, C.D. editors. Proceedings of the World Lagomorph Conference. University of Guelph, 

Ontario. IUCN, Gland  

Taylor, L.H., Latham, S.M. & Woolhouse, M.E.J., 2001. Risk factors for human disease emergence. 

Phil. Trans. R. Soc. Lond. B.  Vol. 356 (1411) pp 983-989 

Tolhurst, B.A., Delahay, R.J., Walker, N.J., Ward, A.I. & Roper, T.J., 2009. Behaviour of badgers (Meles 

meles) in farm buildings: opportunities for the transmission of Mycobacterium bovis to cattle. 

Applied animal behaviour science. Vol  117 pp 103-113 



[79] 
 

Twigg, G.I., 1973. Rat-borne leptospirosis in wildlife and on the farm. Mammal Review. Vol. 3 (2) pp 

37-42 

Twigg, G.I., Cuerden, C.M., Hughes, D.M. & Medhurst, P., 1969. The Leptospirosis reservoir in British 

wild mammals. The veterinary record. Vol. 84 (17) pp 424-426. 

Veterinary Laboratories Agency, 2009. Salmonella in Livestock Production in GB: 2009 report. 

Veterinary Laboratories Agency 

Ward, A.I., Judge, J. & Delahay, R.J., 2010. Farm husbandry and badger behaviour: opportunities to 

manage badger to cattle transmission of Mycobacterium bovis? Preventative veterinary medicine. 

Vol. 93 pp 2-10 

Ward, A.I., Tolhurst, B.A. & Delahay, R.J., 2006. Farm husbandry and the risks of disease transmission 

between wild and domestic mammals: a brief review focusing on bovine tuberculosis in badgers and 

cattle. Animal science. Vol. 82 pp 767-773 

Ward, A.I., Tolhurst, B.A., Walker, N.J., Roper, T.J. & Delahay, R.J., 2008. Survey of badger access to 

farm buildings and facilities in relation to contact with cattle. Veterinary record. Vol.  163 pp 107-111 

Webster, J.P., Ellis, W.A. & MacDonald D.W., 1995. Prevalence of Leptospira spp. in wild brown rats 

(Rattus norvegicus) on UK farms. Epidemiology and infection. Vol. 114 pp 195-201 

Webster, J.P. & MacDonald D.W., 1995. Cryptosporidiosis reservoir in wild brown rats (Rattus 

norvegicus) in the UK. Epidemiology and infection. Vol. 115 pp 207-209 

Williams, E.S., Yuill, T., Artois, M., Fischer, J. & Haigh S.A., 2002. Emerging infectious diseases in 

wildlife. Rev. Sci. Tech. Off. Int. Epiz. Vol. 21 (1) pp 139-157 

Wobeser, G. A. (1994) Investigation and Management of Disease in Wild Animals. Plenum Press, 

New York, USA 

 



[80] 
 

Appendices 

Factor β S.E.( β) Z-value P-value 

January  0.14601 0.12144 1.202 NS 

February 0.29847 0.12002 2.487 <0.05 

March -0.11043 0.11644 -0.948 NS 

April -2.73515 0.28840 -9.484 <0.001 

May 0.23208 0.11708 1.982 <0.05 

June 0.08168 0.11923 0.685 NS 

July 0.11591 0.11764 0.985 NS 

August 0.31321 0.11787 2.657 <0.01 

September 0.18331 0.11908 1.539 NS 

October 0.25758 0.11732 2.195 <0.05 

November 0.43470 0.11813 3.680 <0.001 

December 0.50858 0.11758 4.325 <0.001 

Sampling effort 1.57931 0.17880 8.833 <0.001 

Appendix 1. Summary table of minimal adequate model of GLMM analysis of fox visits to farm 

buildings. April was the intercept and NS stands for not significant. 
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Factor β S.E.( β) Z-value P-value 

January  -0.011152 0.230319 -0.048 NS 

February 0.06682 0.228056 0.293 NS 

March 0.156309 0.218092 0.717 NS 

April -7.00068 0.578138 -12.109 <0.001 

May -0.044214 0.225264 -0.196 NS 

June 0.728345 0.216763 3.36 <0.001 

July 1.723937 0.208495 8.268 <0.001 

August 1.939705 0.219684 8.83 <0.001 

September 2.641616 0.211305 12.501 <0.001 

October 2.049477 0.204658 10.014 <0.001 

November 1.597081 0.210021 7.604 <0.001 

December 0.368233 0.226773 1.624 NS 

Sampling effort 1.997046 0.255767 7.808 <0.001 

Precipitation -0.024854 0.006542 -3.799 <0.001 

Appendix 2. Summary table of minimal adequate model of GLMM analysis of rabbit visits to farm 

buildings.  April was the intercept and NS stands for not significant. 
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Factor β S.E.( β) Z-value P-value 

January  0.80262 0.1502 5.344 <0.001 

February 0.56458 0.15422 3.661 <0.001 

March 0.1639 0.15002 1.093 NS 

April -4.55663 0.3491 -13.052 <0.001 

May -0.25847 0.16033 -1.612 NS 

June -0.83425 0.17888 -4.664 <0.001 

July -0.86444 0.18062 -4.786 <0.001 

August -0.75977 0.18872 -4.026 <0.001 

September -0.05597 0.16099 -0.348 NS 

October 1.0678 0.14161 7.541 <0.001 

November 1.50148 0.14104 10.646 <0.001 

December 1.21864 0.14443 8.438 <0.001 

Sampling effort 1.81625 0.21698 8.37 <0.001 

Appendix 3. Summary table of minimal adequate model of GLMM analysis of rat visits to farm 

buildings. April was the intercept and NS stands for not significant. 
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 Month 

Month January February March April May June July August September October November December 

January - - - - - - - - - - - - 

February -0.15246 - - - - - - - - - - - 

March 0.25644  0.40890    - - - - - - - - - - 

April 0.14601 --0.29847    -0.11043    - - - - - - - - - 

May -0.08607    0.06639    -0.34251    0.23208    - - - - - - - - 

June 0.06434 0.21680    -0.19210 0.08168    0.15041 - - - - - - - 

July -0.03010 0.18257    -0.22633 0.11591    0.11617    -0.03423    - - - - - - 

August -0.16720 -0.01474 -0.42363    0.31321   -0.08113 -0.23153 -0.19730 - - - - - 

September -0.03730    0.11516 -0.29374    0.18331    0.04877    0.10164    -0.06740   0.12990    - - - - 

October 0.11157    0.04089    -0.36801    0.25758 -0.2550    -0.17590 -0.14167    0.5563 -0.07427 - - - 

November -0.28869 -0.13623 -0.54513    -0.43470 -0.20262 0.35303    0.31880 0.12149 -0.25139 -0.17712    - - 

December -0.36257    -0.21010    -0.61900    -0.50858  -0.27650    -0.42690 -0.39267    0.19537    -0.32527    -0.25100 -0.07387    - 

Appendix 4. Results of the multiple comparisons of means using Tukey contrasts from the GLMM 

analysis of the relationship between months and fox visits. The values in bold are significant 

coefficients (<0.05).  

  



[84] 
 

 Month 

Month January February March April May June July August September October November December 

January - - - - - - - - - - - - 

February -0.07797    - - - - - - - - - - - 

March -0.16746   0.08949    - - - - - - - - - - 

April -0.01115 0.06682 0.15631    - - - - - - - - - 

May 0.03306    0.11103    0.20052    0.04421    - - - - - - - - 

June 0.739450    -0.66152    -0.57204    -0.72834    -0.77256    - - - - - - - 

July -1.73509    -1.65712    -1.56763    -1.72394    -1.76815    -0.99559    - - - - - - 

August 1.95086    -1.87288    -1.78340    -1.93971    -1.98392 -1.21136    -0.21577   - - - - - 

September -2.65277    -2.57480   -2.48531   -2.64162    -2.68583    -1.91327    -0.91768    -0.70191    - - - - 

October -2.06063    -1.98266    -1.89317    -2.04948    -2.09369    -1.32113    -0.32554    -0.10977    0.59214    - - - 

November -1.60823    -1.53026    -1.44077    -1.59708    -1.64130    -0.86874    0.12686    0.34262    1.04453   0.45240    - - 

December 0.37939    -0.30141    -0.21192    -0.36823    -0.41245    0.36011    1.35570    1.57147    2.27338    1.68124 1.22885    - 

Appendix 5. Results of the multiple comparisons of means using Tukey contrasts from the GLMM 

analysis of the relationship between months and rabbit visits. The values in bold are significant 

coefficients (<0.05). 
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 Month 

Month January February March April May June July August September October November December 

January - - - - - - - - - - - - 

February 0.21804    - - - - - - - - - - - 

March 0.63872 0.40068    - - - - - - - - - - 

April 0.80262 0.56458 0.16390    - - - - - - - - - 

May 1.06109 0.82305    0.42237    0.25847    - - - - - - - - 

June 1.63688    1.39884    0.99816    0.83425    0.57578    - - - - - - - 

July 1.66706    1.42902    1.02834    0.86444    0.60597    0.03019    - - - - - - 

August 1.56239    1.32435    0.92367    0.75977    0.50130    -0.07449    -0.10467    - - - - - 

September 0.85859    0.62055    0.21987    0.05597   -0.20250    -0.77829    -0.80847    -0.70380    - - - - 

October -0.26518    -0.50322    -0.90390    -1.06780    -1.32627    -1.90206    -1.93224    -1.82757    -1.12377    - - - 

November -0.69886    -0.93690    -1.33758    -1.50148    -1.75995    -2.33574    -2.36592    -2.26125    -1.55745    -0.43368    - - 

December -0.41601    -0.65406    -1.05474    -1.21864    -1.47711    -2.05289    -2.08308    -1.97841    -1.27461    -0.15083    0.28284    - 

Appendix 6. Results of the multiple comparisons of means using Tukey contrasts from the GLMM 

analysis of the relationship between months and rat visits. The values in bold are significant 

coefficients (<0.05). 
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Factor β S.E.( β) Z-value P-value 

January & Cattle shed 0.130796 0.097046 1.348 NS 

February & Cattle shed 0.001788 0.099527 0.018 NS 

March & Cattle shed -0.01113 0.097918 -0.114 NS 

April & Cattle shed 0.566513 0.247505 2.289 <0.05 

May & Cattle shed 0.080424 0.095058 0.846 NS 

June & Cattle shed -0.08049 0.098896 -0.814 NS 

July & Cattle shed 0.007534 0.096468 0.078 NS 

August & Cattle shed 0.118561 0.096645 1.227 NS 

September & Cattle shed -0.13638 0.100629 -1.355 NS 

October & Cattle shed 0.100167 0.095176 1.052 NS 

November & Cattle shed 0.105138 0.094958 1.107 NS 

December & Cattle shed 0.26076 0.093832 2.779 <0.01 

Feed store -1.02587 0.133705 -7.673 <0.001 

January & Feed store -0.4782 0.205728 -2.324 <0.05 

February & Feed store 0.409686 0.17927 2.285 <0.05 

March & Feed store 0.041792 0.188999 0.221 NS 

April & Feed store -0.45936 0.38121 -5.384 <0.05 

May & Feed store -0.03279 0.183645 -0.179 NS 

June & Feed store 0.092849 0.18619 0.499 NS 

July & Feed store -0.04522 0.187912 -0.241 NS 

August & Feed store 0.328266 0.176781 1.857 NS 

September & Feed store 0.348678 0.184185 1.893 NS 

October & Feed store 0.126744 0.181235 0.699 NS 

November & Feed store 0.209563 0.178547 1.174 NS 

December & Feed store 0.017212 0.180424 0.095 NS 

Sampling effort 0.995351 0.230175 4.324 <0.001 

Appendix 7. Summary table of minimal adequate model of GLMM analysis of fox visits to farm 

buildings exploring any building type and month interactions. April and cattle shed were the 

intercept and NS stands for not significant. 
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Factor β S.E.( β) Z-value P-value 

January & Cattle shed 0.007335 0.188454 0.039 NS 

February & Cattle shed -0.08424 0.190973 -0.441 NS 

March & Cattle shed 0.217589 0.176592 1.232 NS 

April & Cattle shed -2.75757 0.487571 -5.656 <0.001 

May & Cattle shed 0.052488 0.181053 0.29 NS 

June & Cattle shed 0.283531 0.172612 1.643 NS 

July & Cattle shed 0.719967 0.160114 4.497 <0.001 

August & Cattle shed 0.767637 0.161811 4.744 <0.001 

September & Cattle shed 1.137014 0.151606 7.5 <0.001 

October & Cattle shed 1.014515 0.153871 6.593 <0.001 

November & Cattle shed 0.859596 0.158594 5.42 <0.001 

December & Cattle shed 0.35801 0.17414 2.056 <0.05 

Feed store -0.86498 0.243454 -3.553 <0.001 

January & Feed store 0.135474 0.337954 0.401 NS 

February & Feed store 0.113559 0.343783 0.33 NS 

March & Feed store 0.082269 0.319759 0.257 NS 

April & Feed store 0.195828 0.663542 0.587 <0.001 

May & Feed store -1.09479 0.416488 -2.629 <0.01 

June & Feed store 0.030757 0.309932 0.099 NS 

July & Feed store 0.444004 0.280617 1.582 NS 

August & Feed store 0.119747 0.29262 0.409 NS 

September & Feed store -0.11585 0.279973 -0.414 NS 

October & Feed store 0.097728 0.279392 0.35 NS 

November & Feed store -0.05508 0.292714 -0.188 NS 

December & Feed store 0.128045 0.313513 0.408 NS 

Sampling effort 1.352631 0.283546 4.77 <0.001 

Appendix 8. Summary table of minimal adequate model of GLMM analysis of rabbit visits to farm 

buildings exploring any building type and month interactions. April and cattle shed were the 

intercept and NS stands for not significant  
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Factor β S.E.( β) Z-value P-value 

January & Cattle shed 0.19669 0.16252 1.21 NS 

February & Cattle shed -0.19107 0.17903 -1.067 NS 

March & Cattle shed 0.13533 0.16482 0.821 NS 

April & Cattle shed -0.51626 0.2969 -1.739 NS 

May & Cattle shed -0.57057 0.20039 -2.847 <0.01 

June & Cattle shed -1.09864 0.24084 -4.562 <0.001 

July & Cattle shed -1.09864 0.24084 -4.562 <0.001 

August & Cattle shed -0.93829 0.22706 -4.132 <0.001 

September & Cattle shed -0.70777 0.20959 -3.377 <0.001 

October & Cattle shed 0.43871 0.15444 2.841 <0.001 

November & Cattle shed 0.5699 0.15067 3.782 <0.001 

December & Cattle shed 0.381 0.15623 2.439 <0.05 

Feed store -0.3023 0.18471 -1.637 NS 

January & Feed store 0.39328 0.23855 1.649 NS 

February & Feed store 0.77011 0.25033 3.076 <0.01 

March & Feed store 0.05999 0.25084 0.239 NS 

April & Feed store -0.81856 0.48161 -3.376 NS 

May & Feed store 0.78189 0.27505 2.843 <0.01 

June & Feed store 0.8804 0.31941 2.756 <0.01 

July & Feed store 0.77775 0.32351 2.404 <0.05 

August & Feed store 0.22535 0.33346 0.676 NS 

September & Feed store 0.98048 0.28015 3.5 <0.001 

October & Feed store 0.48929 0.22633 2.162 <0.05 

November & Feed store 0.56719 0.22048 2.572 <0.05 

December & Feed store 0.62166 0.22633 2.747 <0.01 

Appendix 9. Summary table of minimal adequate model of GLMM analysis of rat visits to farm 

buildings exploring any building type and month interactions. April and cattle shed were the 

intercept and NS stands for not significant. 
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LANTRA certificate for the cage trapping and 
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