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ABSTRACT 

Contact between dogs, and between dogs and people - Carri Westgarth 

Dogs are popular pets in many countries. The interactions that occur between dogs, and 
between dogs and humans, are of interest to behavioural, welfare, psychological and 
social sciences. As dogs are a potential source of zoonotic infections to humans, such 
interactions may also impact on public health. Interactions between dogs, for example 
whilst walking, may also transfer infectious diseases (zoonotic or non-zoonotic) through 
the pet dog population. Despite their popularity as pets, there have been no in-depth 
studies into the contacts that occur between dogs, and between dogs and people; this 
thesis uses a variety of methodologies to examine these contacts. 

A census-based, epidemiological study was used to investigate factors 
associated with dog ownership and contact with dogs, in a semi-rural community of 
1278 households in Cheshire, UK. This study supported the suggestion that dogs are 
more common in families who have older children (6-19 years), as has been generally 
observed in other countries. Dog owners were also more likely to have contact with 
dogs other than their own, compared with those not owning a dog. A questionnaire 
survey of 260 dog owning households in this community found that the contacts that 
these dogs have, with people and other dogs, were highly variable and affected by: size, 
gender and age of dog; individual dog behaviours; human behaviours and human 
preferences in management of the dog. A number of situations were identified that may 
be of particular importance in relation to zoonoses, including: sleeping areas, playing 
behaviours, greeting behaviours, food sources, walking, disposal of faeces, veterinary 
preventive treatment and general hygiene. Faecal samples were provided for 183 of the 
dogs and forty-six (25%) were identified, by either culture or direct PCR isolation 
methods, as carriers of the zoonotic pathogen Campylobacter upsaliensis. Multivariable 
logistic regression identified risk factors for C. upsaliensis carriage as: living with a 
positive dog, living in a household with pet fish, size of dog, age of dog, being fed 
commercially-bought dog treats, and being fed human food tit-bits (particularly the act 
of feeding leftovers in the bowl, although letting the dog feed directly from a plate had a 
protective effect). These results have implications for prevention of C. upsaliensis 
carriage in pet dogs and the subsequent possible transmission to people. 

Social network analytical approaches were used to investigate potential 
networks arising amongst 214 of the dog owning households, through their utilisation of 
public space during walking. A high level of potential contact was demonstrated and 
this has implications for infectious disease transmission. Most households walked their 
dogs in only a few areas, but a small number visited many areas. In addition, 
behavioural observational studies of focal dogs were used to investigate the interactions 
with other dogs, people and the environment that may occur on dog walks. Dogs were 
observed to interact with other dogs much more commonly than with people. A 
multi variable model of percentage duration spent sniffing suggested that day of 
observation, UK Kennel Club Breed Type and observing urination were important. 
Whether a dog is kept on a lead or not whilst on a walk could affect the frequency in 
which it interacts with other dogs and people that it meets. An experimental study often 
dogs was conducted and hierarchical multilevel modelling suggested that lead status of 
both dogs in an interaction is important in influencing whether or not the interaction 
will occur; therefore if used as an intervention for reducing disease spread, both dogs 
should be on a lead. The work in this thesis provides new insight into the dog-human 
relationship and presents information of use to those interested in reducing infectious 
disease transmission between dogs, and between dogs and people. 
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CHAPTER 1: General Introduction 

1.1 Introduction 

Humans and dogs have lived in close proximity for thousands of years. They were the 

first species of animal to be domesticated, towards the end of the last ice age (Clutton

Brock 1995). It is surprising how little we know about the domestic dog, considering its 

huge practical and emotional impact on human lives, whereas the wolf and other wild 

canid relatives have been studied in far greater detail (Serpell 1995). Through 

domestication, the dog has moved out of its ancestral niche, to the natural environment 

of humans, and thus formed close contacts in these heterospecific social groups 

(Miklosi and others 2004). 

It has recently become increasingly apparent that dogs are an important source of 

zoonotic infections (Greene and Levy 2006). Little detail is known of the nature and 

frequency of contacts between pet dogs and their owners, or other humans they meet in 

their daily lives. Equally, little is known of the contacts between dogs that could 

transmit infection through a population, for example during interactions between dogs 

whilst walking. Primarily, it is a combination of both human and dog behaviours that 

determine where the dog goes and what it does, and the subsequent possible 

mechanisms of disease transmission between dogs and humans and between dogs. 

Studying these interactions is not only of zoonotic importance, but of behavioural, 

psychological and social science interest. This thesis aims to investigate features of pet 

dog ownership and characterise the contacts that exist, using the methods of 

epidemiology, ethology and network analysis. 

1.2 Statistics about dog ownership 

In 2004 it was estimated that 1 in 2 households (52.3%) in the UK owned a pet (Anon 

2004b): 21.1 % of households owned dogs, 24.6% cats, 7.2% birds, 10.4% small 

animals, 20.5% fish, 1.0% reptiles and amphibians, and 0.9% horses and ponies. 

Estimates for the USA in 2004 were 62% pet owning compared to only 56% in 1988 

(Anon 2004a), indicating an increasing popularity of pets. The UK owns 6.8 million 

dogs (Anon 2004b) and USA 65 million (Anon 2004a). Across Europe, the percentage 

of households owning either a dog, cat or bird varies: Belgium 71 %, France 63%, 

Netherland 60%, Italy 61%, West Germany 37%, Ireland 70%, with an average of 52% 

for all 17 European countries surveyed (Anon 1991). It must be noted that these data 
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CHAPTER 1: General Introduction 

were generally obtained via market-research surveys and so may not be completely 

accurate representations. 

In the USA, a number of studies have concluded that pets are more common in families 

that have children (Beck and Meyers 1996; Franti and Kraus 1974; Franti and others 

1980; Leslie and others 1994; Messent 1984; Teclaw and others 1992; Tower and 

Nokota 2006; Troutman 1988; Wise and Kushman 1984; Wise and Yang 1992) and this 

association has been generally supported in other countries (McHarg and others 1995). 

As an exception, a study of dog ownership in Germany found that the majority of the 

dog owners (over 60%) did not live with children less than 18 years of age (Brand 

2002). However this study was conducted in a big city (Berlin) and recruited via dog 

training schools and vets, and therefore was likely biased towards professional-type 

people, who had sufficient time and money to own a dog in a large city and take it to 

training classes, and may be less likely to have children. 

1.3 Positive aspects of dog ownership and contact with dogs 

1.3.1 Physical health benefits 

The effects of pet ownership on human health is an area that has been studied on a 

number of occasions but has been somewhat inconclusive. Pets probably do confer 

health and psychological benefits but discovering the mechanism(s) for this benefit has 

proved more difficult (Headey 2003). Most famously, a positive statistical association 

was found between pet ownership and one year survival in a sample of 92 coronary 

outpatients (Friedmann and others 1980); this study was criticised at the time but has 

since been replicated (Friedmann and Thomas 1995). 

Serpell (1991) conducted a longitudinal study on three groups; one that had just 

acquired a dog, one a cat, and a control non-owning group. The animals were mainly 

acquired from two local pet shelters and so the cases were not random, but the three 

groups showed no differences between their perception of health at the beginning of the 

study. Over a 10-month period a highly significant reduction in minor health problems 

was reported in pet-owning groups, sustaining the full 10 months for dog owners. Pet

owning groups also improved on a general health questionnaire. No significant changes 

in health perception were seen for the non-owning group. The observation that 
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CHAPTER 1: General Introduction 

differences continued up to 10 months in the dog owning group was taken to suggest 

that that the changes were not just due to the novelty of a new pet. However, this study 

design was not blinded or placebo-controlled and it is possible that prior expectations of 

the effects of pet ownership may have biased the results. 

In a survey of dog ownership in suburban Australia, most dogs were walked more than 

once a week but 31 % were walked once a week or less (Kobelt and others 2003). 

Walking is beneficial to the health of humans, but whether dog owners are actually 

more active than non-dog owners is uncertain. A survey of 25-64 yr olds in New South 

Wales concluded that dog owners are generally no more active than non-owners unless 

they are in a subset of dog owners that practice regular sustained dog walking (Bauman 

and others 2001). Total average time spent walking for dog owners was only 18 minutes 

per week more than for non-owners. All dog walker categories (does not walk dog, 

walks up to Ihr per week, walks 1-2.5 hrs per week) were slightly less likely to reach 

the 150 minute per week "health enhancing" threshold, than those without dogs, except 

for those who walked their dog for 2.5 hours or more. In short, owning a dog was only 

likely to increase health if it was actually walked enough. If all of the dog owners had 

walked their dog for at least 150 minutes per week the prevalence of people with 

sufficient physical activity would have increased from 47% to 71 %. Serpell (1991) also 

compared the physical activity of new dog owners, new cat owners and those who did 

not own pets. At the beginning of the study the dog owners were found to take 

considerably more physical exercise than the other two groups and this continued 

throughout the study, suggesting that there is something inherent about people who 

choose to own dogs also taking more physical exercise. 

1.3.2 Psychological health benefits 

There are also psychological as well as physical benefits to owning a dog, and the close 

attachments formed between dogs and people have been documented by questionnaire

based investigations (e.g. Barker and Barker 1988; Serpell 1996). However, there is a 

lack of reports of behavioural observations of dogs and people interacting (Miklosi and 

others 2004). Walking creates many opportunities for dog-dog and dog-human contact. 

One study, alluded to in a different paper but never actually published in its own right, 

suggested that on lead dogs are more likely to initiate contact with people than off lead 
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CHAPTER 1: General Introduction 

dogs (who would rather interact with other dogs or the environment), and that more 

people initiate contact with on lead dogs than off lead ones (in Bekoff and Meaney 

1997). 

Walking with a dog has also been shown to facilitate social interactions between people. 

The benefits of increased social contact could be valuable to groups such as the elderly 

or disabled. A study by Messent (1983) found a significantly higher number of 

responses from strangers (such as looking at dog, talking to owner or touching dog) 

when walking with a dog than when walking without the dog, however this study was 

only conducted on eight subjects. Study areas included street, subway and park; the park 

was the strongest area for responses but only if the dog was present. 

Facilitation of social contact could be because the dog is an ' ice breaker' for 

conversation, or that people with dogs appear more likeable, or a combination of both. 

A similar study (McNicholas and Collis 2000) attempted to control for the dog itself 

soliciting attention through its behaviour, by using a trained guide dog, but without 

identification as such so no undue attention was attracted. The study also took place 

across a number of different environments, although nowhere that would be unusual to 

see a pet dog. A considerable number of potential interactions were observed over a 

number of sessions but the study was only performed on one dog. A substantial increase 

in number of interactions with strangers was observed but the presence of a dog did not 

influence the length of the interaction which occurred. The effect of ' scruffy' or ' smart' 

dress (person and dog) with or without the dog was also investigated. The dog was still 

the most significant factor in the number of interactions observed. The facilitation of 

social contact is also widely known in Assistance Dogs charities (personal experience 

and Hart and others 1996). 

Dogs and children 

There are suggested benefits to children' s development from pet ownership. For 

example a comparison of children with pets and those without described benefits of: 

'mutuality'; involvement with another, needing social support, and needing to care 

about other people or living things (Bryant 1990b). It also has been suggested that 

through owning a dog, children can learn about friendship, toilet training, sexual 
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CHAPTER 1: General Introduction 

behaviour and pregnancy (Levinson 1969, 1972). The bond between child and dog can 

be strong, and it has been reported that a group of children that interacted with their dog 

frequently perceived that the dog could understand mood, feelings and speech and liked 

to talk to their dogs (MacDonald 1981). 

Dogs and the elderly 

The elderly can also benefit from the perceived acceptance, forgiveness, adoration and 

unconditional love of a companion animal, at a time when they may be feeling lonely 

and isolated by decreased mobility or loss of a loved one (Bustad 1983). Introduction of 

a budgerigar into the life of an elderly person showed improvement in attitudes towards 

people and perception of own psychological health (Mugford and McComisky 1975). A 

dog had a stronger social lubrication effect than a budgerigar. The impact of pet 

ownership on the elderly is important to consider, because as people live longer, the 

proportion of elderly in the population will increase. 

Dogs and the immunocompromised 

A proportion of the population is immunocompromised, through agents such as HIV or 

treatment with immunosuppressive agents during disease treatment (Robinson and Pugh 

2002). Immunocompromised persons may also benefit significantly from 

companionship in this difficult time in their lives. In a study of HIV patients, those who 

owned pets reported less depression than non-owner patients (Siegel and others 1999). 

1.4 Negative aspects of dog ownership and contact with dogs - disease 

risk 

1.4.1 Introduction to zoonoses 

Virtually everyone in the community is in contact with either animals, or their products 

or their excreta (Egerton 1982). Health hazards commonly associated with pets include 

bites and scratches leading to infection, or allergies to fur or dander. The importance of 

other diseases which can affect both humans and animals (zoonoses), is also a concern 

with regard to the pet dog population. Exposure to canine zoonoses may be through 

direct or indirect contact (Robinson and Pugh 2002). In their definition, direct contact 

includes; a bite, lick or scratch; urine spray; inhalation of droplets from sneezing or 

coughing; handling of dog or faeces or reproductive discharges. Indirect contact may 
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CHAPTER 1: General Introduction 

occur through the zoonotic agent surviving on an object such as bedding, contaminated 

food or water, or bites from an arthropod vector (Robinson and Pugh 2002). However, 

for the purpose of this thesis, I will refer to direct contact as meaning actual physical 

contact between individuals, or very close proximity, e.g. the dog sniffing another 

person or dog; indirect contact would be, for example, through contact with excretions 

such as faeces or contact with bedding. Zoonotic diseases may be due to parasitic, 

bacterial, fungal and viral agents (as reviewed in Geffray and Paris 2001). There are 

approximately 30-40 organisms of companion animals that are known to cause zoonotic 

infections (Greene and Levy 2006). 

There are many zoonotic diseases that could be discussed; the examples described here 

are to illustrate the context within which zoonotic diseases in dogs are an issue. Detail 

of individual diseases is not of concern in this thesis, only the general methods with 

which they could transmit through a population or across species. 

1.4.2 Parasitic infections 

A review of the importance of parasitic infections in the pet population (Robertson and 

others 2000) discu~ses the prevalence of parasites, the risk of infection and how to 

manage and reduce these risks. Over the past twenty years the prevalence of intestinal 

helminths in dogs has apparently declined and it has been suggested that this is due to 

increased awareness and subsequent usage of effective drugs, although it could be due 

to sampling and diagnostic differences. A study of gastrointestinal parasites in dogs in 

Australia (Bugg and others 1999), found that 82.4% of owners had wormed their dogs 

in the 12-month period preceding the survey, with the dogs being wormed on average 

3.4 times per year. However, these owners were all clients of veterinarians, and 

probably more likely to treat their dogs for worms than the dog owning population as a 

whole. 

Toxocara canis (a roundworm) is a well known parasitic nematode of canids. Eggs 

excreted in faeces mature in the soil and subsequently are ingested by humans, typically 

small children who sometimes perform pica (Tan 1997). Infection can lead to visceral 

larva migrans affecting brain, liver and eyes. Dog faeces in two Philadelphia parks were 

examined for disease agents (Rubin and others 1976) and findings included 40% and 

19% of soil samples and 30% and 73% of faecal samples containing nematode ova in 
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the two parks. In other areas, soil infection levels have sometimes found to be low, 

suggesting the possibility of another mode of infection such as ingestion of eggs 

embryonating in the coat of a dog (Wolfe and Wright 2003). 

Both the dog flea and the cat flea use the dog as a host and will also bite man, but do not 

use man as a host. Fleas may be involved in transmission of the dog tapeworm 

(Dipylidium eaninum) to man when the larval fleas ingest tapeworm eggs that develop 

in the body cavity, and that may very rarely transfer to humans if fleas are ingested. 

Ticks and mites may also be brought into the house by dogs and attack man (Sampson 

1984). 

1.4.3 Bacterial infections 

Campylobaeter 

Campylobacter infections are among the most common causes of human bacterial 

diarrhoeas worldwide (Anon 2000) and account for considerable human morbidity 

(49803 cases in UK in 2005, DEFRA 2006). Most infections occur through ingestion of 

contaminated water, milk, or food (Tan 1997). Mostly C. jejuni, C. coli and less often 

C. upsaliensis are causes of hun1an campylobacteriosis (Anon 2000), but C. upsaliensis 

is the main species risk associated with dogs and has been isolated from pets including 

apparently healthy puppies and kittens (Hald and Madsen 1997). Ownership of pet 

puppies has been reported to be an independently associated risk factor in 

campylobacter illness in young children in Australia (Tenkate and Stafford 2001). 

Exposure to diarrhoeic animals has been associated with a three-fold increase in the risk 

of C. jejuni/Coli enteritis in humans (Saeed and others 1993). In order to assess the 

disease transmission risk from pets to humans accurately it is important that the nature 

and frequency of contacts between pet dogs and their owners and other people are 

evaluated (Wieland and others 2005). 

Epidemiological studies of risk factors for Campylobacter infection in dogs have 

generally identified age as an associated factor, with younger dogs being at higher risk 

(Sandberg and others 2002; Wieland and others 2005). However, there were differences 

between C. upsaliensis and C. jejuni infection risk factors in the latter study; C. jejuni 

infection was not associated with age of the dog but was associated with regular contact 

with birds and/or poultry. Both healthy and diarrhoeic dogs may carry the bacteria 
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CHAPTER 1: General Introduction 

(Sandberg and others 2002; Wieland and others 2005). In these studies no positive 

association was found between infection and diarrhoea; in fact for C. upsaliensis a 

negative association was suggested. The extent to which Campylobacter causes actual 

disease in dogs is unclear (Baker and others 1999; Burnens and others 1992; Fleming 

1983; Lopez and others 2002; Nair and others 1985; Rossi and others 2008; Sandberg 

and others 2002). 

Salmonella 

Salmonellosis is a significant zoonotic disease causing gastroenteritis ill humans, 

although less commonly reported than campylobacteriosis in the UK (49803 cases in 

2005, compared with 12652 cases of Salmonella, DEFRA 2006). The majority of 

Salmonella cases are derived from uncooked human food in food poisoning cases. Still, 

some have been linked with pets in the home (Morse and Duncan 1975). Although in 

the past it has been reported that between 15% and 25% of dogs have salmonellae in 

their faeces (Marron and Senn 1974), it is currently estimated that approximately 0.1-

3.5% of healthy dogs are thought to carry Salmonella spp (Fukata and others 2002; 

Hackett and Lappin 2003; Weber and others 1995). It has been suggested that pet food 

may be heavily contaminated with Salmonella spp. and therefore may lead to 

contamination of human food when dogs are fed in the kitchen (Christopher and others 

1974; Pace and others 1977). However, these reports are relatively old and this data 

may not apply to modem commercial pet foods, although the recent increasing 

popularity of feeding raw meat diets may now be a concern (Lejeune and Hancock 

2001). 

MRSA 

Concern for zoonotic potential has recently developed in other bacterial diseases. 

Methicillin-Resistant Staphylococcus aureus (MRS A) has been isolated from the pet 

dog of hospital workers who were found to be linked with MRSA cases (Cefai and 

others 1994), and also from the nares of an apparently healthy dog belonging to a 

patient with diabetes who, along with his wife, repeatedly had soft-tissue MRSA 

infections (Manian 2003). Only when the dog had been recognised as the re-infection 

source, and this was eradicated, was further recurrence of infection prevented. After 

discussion it was discovered that the dog, a healthy female ] 8-month-old dalmatian, 

routinely slept in their bed and licked their faces. It was suggested that the dog initially 
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became colonised through contact with the patient who had recently been hospitalised, 

and then became a source of re-infection. It is currently unknown how many healthy pet 

dogs in the UK are carriers of MRSA but one small study of dogs in a veterinary 

referral hospital (which may contain dogs markedly different from the general 

population) found a prevalence of 9%, even though none were being treated for an 

MRSA infection (Loeffler and others 2005). Other studies have found evidence of 

MRSA colonisation in dogs with clinical infections who were being treated in 

veterinary hospitals, and concurrent isolation from nasal swabs taken from staff, for 

example (Baptiste and others 2005). 

1.4.4 Dog faeces 

Canine faecal material is a major potential source of zoonotic pathogens, and humans 

may be at risk of acquiring these pathogens; owners may be exposed due to faeces on 

their property, or when picking up and disposing of faeces, and the general public may 

also be exposed if faeces is left on the pavement and parks. Dog faeces also attract flies 

and rats which could then transfer organisms to humans (Sampson 1984). In their study 

of urban dogs in Perth, Australia, Bugg and others (1999) reported that 56% of owners 

collected and removed faeces from their yards at least four to five times per week. 

Frequent disposal of faeces and regular worming treatment could reduce the risk of 

zoonotic disease spread. 

It is estimated that 1000 tons of faeces are produced per day by Britain's dogs (Lacey 

1994). Despite the widespread existence of local by-laws requiring dog owners to 'clean 

up', fouling is still observed. One study aimed to find out why some dog owners clean 

up and other do not (Webley and Siviter 2000). Dog walkers in parks and streets were 

observed unknowingly and a few minutes later approached and given a questionnaire to 

complete about their attitudes towards dog fouling and whether they picked up or not. 

When the questionnaires were posted back the researchers could tell if the interviewee 

had been 'responsible' (picked up) or 'irresponsible' (left it) on the occasion observed, 

due to the colour of the paper given. Overall 59% were responsible when observed, 

(though this rose to 70% when in a park compared to on pavement). Some responsible 

owners could be re-classified as irresponsible through admitting they had let their dog 

foul in the past. Fourteen of 36 irresponsible owners claimed that their dog had never 

fouled, suggesting that self-reporting in this topic cannot be relied upon. There was no 
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difference between responsible and irresponsible in terms of age, gender or price of dog. 

The main difference between the two groups was a general attitude among irresponsible 

owners that dog mess is perceived as 'biodegradeable' and 'washes away in the rain' . 

The authors suggest that many people are unaware of how many dog owners actually 

remove faeces and the dangers involved with dog faeces, and therefore proposed 

education as means of tackling the problem rather than fines and laws that were 

obviously being ignored. 

1.4.5 Dog-human interactions and disease transmission 

Activities that involve contact of zoonotic disease potential between the pet dog and 

owner include playing, feeding, grooming, greeting, disposal of faeces and sleeping. 

The dog may sleep in the bedroom or even share the bed, although in one study, more 

cat than dog owners admitted to sleeping with their pets (Albert and Bulcroft 1987). In 

the same study, dog owners were found to spend more time interacting with their pets 

(grooming, walking) than cat owners. Another study found that dogs were more likely 

to try to interact with strange persons than cats (Miller and Lago 1990) which suggests 

that dogs have more of a potential for greeting visitors, which could involve jumping up 

and licking. In a survey of dog ownership in Australia, jumping up on people was 

reported as a problem behaviour in 56% of the dogs (Kobelt and others 2003). Of 

course this may have occurred even more often but was not considered a problem by the 

owners, or they did not want to report it. 

Smith (1983) observed the interactions between dogs and humans in ten family homes. 

She examined two types of interactions; hand-contacts (such as stroke, rub, scratch or 

resting the hand on the dog) and play. Play types identified included fetch, keep-away, 

tug, chase and wrestle, and play often involved a toy. Interestingly it was observed that 

in childless families the people (adults) and dog interacted more readily, more 

frequently and more complexly than in those families with children. This was a very 

limited and small study but suggests that although families with children are more likely 

to have a dog (see section 1.2), dogs in these families may receive less direct attention 

than those in households without children. Households without children may be less 

likely to have a dog, but they are still an important population to consider in terms of 

zoonotic disease risk, as when they do have a dog they interact with it a lot more than 

average. This suggestion is supported by findings from another study (Albert and 
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Bulcroft 1987), where although pet ownership was highest among households 

containing large families, attachment to pets was highest among people living alone and 

couples without children at home. Smith' s study also noted the differences breed and, 

more notably, size make; small dogs (4-18 pounds) were more likely to actively contact 

a person (stand with paws on persons leg or jump on lap), compared to large dogs which 

were seldom observed to do this. 

In a questionnaire survey of dog-owner play behaviour, owners reported playing with 

their dogs indoors with a median frequency of once per day (Rooney and others 200 1). 

The survey was followed by observational studies of subjects in their houses, whilst 

they played with their dogs. Behaviours observed included physical contact between 

dog and person such as: pat dog, tickle, nuzzle dog, kiss dog, pick up dog, shove dog, 

grab paws and pull tail. The purpose of the study was to investigate how play with a dog 

is initiated, and physical contact was less successful than other signals, although owners 

commonly tried to initiate play using these physical signals. 

In a study of the effects of a range of animals on kindergarten children, only dogs 

produced displays of intimacy through hugging and kissing (Nielsen and Delude 1989). 

A study of three-to-four year old children' s interactions with dogs revealed that 67% of 

these interactions involved body contact with the dog, such as putting a hand on the 

dog, patting it or hitting it (Millot and Filiatre 1986). Alisdair Macdonald (1981) carried 

out a small questionnaire survey of children and their parents and their attitudes toward 

their pet dogs. Of the 32 children, there were thirteen cases where the dog slept in the 

child's room. Twenty six children were reported to play with the dog more than did any 

other family member, and seven frequently played using physical contact with the dog 

e.g. wrestling. The dog was exercised mainly by the child in twenty three cases. 

In an additional larger study of facilitation of social contact by Messent (1983) the dog 

being walked was touched by a person other than the owner on 15% of walks; this 

might be considered a mode for disease transmission to other people met. Another 

interesting finding was that significantly more fetch games were observed with large 

dogs. This could have importance through transfer of saliva around the environment and 

to the hands of the owner. 
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1.5 Risk perception in dog ownership and contact with dogs 

1.5.1 Dog bites 

UK estimates suggest that 740 people per 100 000 population are bitten by dogs 

annually (Knott 2007). Most reviews suggest that larger dogs such as German 

shepherds, Pit Bull terriers and Rottweilers are the most likely to bite, but that all dogs 

should be considered potentially dangerous (Shewell and Nancarrow 1991). An accurate 

estimate of incidence is impossible, as dog bites are frequently unreported (Knott 2007). 

It is feasible that a bite from a Yorkshire Terrier or Border Collie would be less likely to 

be reported because they are not of breeds considered 'high profile' in terms of 

aggression, and are smaller so may cause less damage. Despite the risk of being bitten 

by a dog, many people still own them, including families with children. Therefore the 

risk must be considered to be small compared to the benefits of owning a dog. It has 

been quoted that "dogs bite, but a child is more likely to die choking on a marble or a 

balloon, and an adult is more likely to die in a bedroom slipper related accident than be 

killed by a dog; an individual's chances of being killed by a dog are roughly one in 18 

million, one-fifth the probability of being killed by a bolt of lightning" (Bradley 2005). 

However, dog bites may cause physical and psychological damage even if they do not 

kill. 

1.5.2 Zoonoses 

Although there seems to be a considerable literature describing the risks of acquiring 

animal infections, the extent of the risk from owning a pet dog is currently unknown. It 

will be very difficult to quantify, especially as most cases of mild gastroenteritis, for 

example, are not reported anyway. It is generally thought that only a small proportion of 

infections in people can actually be attributed to pet contact (Greene and Levy 2006). 

Nonetheless, investigating the possible behaviours and management factors that may act 

as a means of infection transmission between dogs and humans is still important, as they 

do occur, as demonstrated in the studies discussed earlier. 

It is generally accepted that dogs are more commonly present in families with children; 

however, it is also known that young children are at higher risk for zoonotic disease 

(Greene and Levy 2006). For all zoonoses, children suffer a higher risk because of their 

close physical contact with animals (Hart 1995a); examples of this were described 
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above. When questioned on the potential problems of dog ownership, ten parents (of 32 

children) stated concern over the danger of the child catching disease from the dog, far 

less than were concerned over the effects of eventual loss of the dog on the child 

(MacDonald 1981). The emotional and psychological benefits to having a dog seem to 

be considered a higher priority than risk of zoonoses or bites. In a survey of children 

grade 3-7 in California, seven factors in the child-pet relationship were identified by the 

children as areas of cost or distress (Bryant 1990a). These were: 1) distress of pet death 

and rejection, 2) distress associated with care, needs and nurturing of the pet, 3) unfair 

grief, 4) dissatisfaction or non-involvement with the pet's needs, 5) worry about pet 

safety, 6) getting into trouble and 7) distress of not being allowed to care for the pet's 

needs. Potential risk of disease was not included, either because it did not prove 

significant to publish or the questionnaire designers did not think it important to discuss 

this topic with the children in the first place. 

In addition to children, other groups in human society are also at greater risk for 

zoonotic infection, for example the elderly, pregnant women and the 

immunocompromised (Robinson and Pugh 2002). As medical care has improved, 

zoonoses have become a more important threat, as the proportion of 

immunocompromised individuals have increased through organ transplants, cancer 

treatments or treatment of long-term disease such as diabetes (Wong and others 1999). 

If an immunodeficient immune system means a higher risk of infection with zoonoses 

then care should be taken around pets. The most common infections acquired by 

immunocompromised persons from pets are those caused by Salmonella and 

Campylobaeter spp (Glaser and others 1994). 

It has been suggested that although 30-40% of immunocompromised people may own 

pets (Wise and Yang 1992) few individuals are offered information about zoonosis 

prevention; if they are, physicians may ask that they give up the pets altogether, despite 

the benefits from owning a pet (Angulo and others 1994). The veterinarian is proposed 

as an alternative source of information and monitoring of the animals. 

Recommendations suggested for the pets include: closely supervised at all times; not 

having access to garbage or toilet bowls; not being allowed to hunt, scavenge or eat 

other animals' faeces; and being given bottled drinking water if the tap water is not fit 

for human consumption. Also, the persons should wash their hands after handling pets, 
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especially before eating, and avoid pet faeces . When obtaining a new pet, zoonotic 

disease risk should also be considered. Angulo and others (1994) noted that the hygiene 

and sanitary conditions in pet stores, breeders and rescue kennels can vary, and young 

animals, especially with diarrhoea, should be avoided, as they are more likely to be 

shedding Salmonella, Campylobacter, Cryptosporidium or Gardia spp. Although these 

guidelines have been written with regard to immunocompromised people, they could 

also apply equally to the general dog owning population. 

1.5.3 Perception of risk 

Despite the risks associated with dog ownership they remain popular pets. It has been 

shown that people seem able to tolerate higher risk from activities that seem highly 

beneficial (Slovic 2004), so it may be that the perception of costs from dog ownership 

in society is outweighed by the benefits. Amongst other characteristics, level of 

knowledge also seems to influence the relationship between perceived risk, perceived 

benefit and risk acceptance (Slovic 2004). It is possible that the general dog owner has 

limited knowledge on the potential disease risks associated with dog ownership in the 

UK. Heller and others (2007) reported from a small questionnaire survey in towns in 

Scotland, that the proportion of respondents that recognised different zoonotic diseases 

listed was variable. Correct identification of a pathogen as being zoonotic ranged from 

30.2% (MRS A) to 63.9% (Tapeworm). 

The problem of dog bites is more extensively covered by the media than zoonoses, and 

relinquishment to shelters may considerably increase when the media have been 

reporting dog bites and dangerous dogs, possibly as a consequence (BBC 2007). Rabies 

is not endemic in the UK (DEFRA 2006), and so dogs may be perceived as less of a 

problem than in other countries where rabies is endemic. However dog ownership is 

still high in countries where rabies is present such as the USA (Anon 2004a), and so 

perceived benefits must be counteracting the perceived risk. 'Affect' can also affect 

perceived risk: if an activity is ' liked', people tend to judge its benefits as high and its 

risks as low; if an activity is ' disliked ' the judgements are opposite - low benefit and 

high risk (Alhakami and Slovic 1994). Therefore it is feasible to suggest that people 

who like spending time with or owning dogs, consider that the risks of dogs in society 

are smaller than those who do not like dogs. 
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1.6 Dog-dog interactions 

Pet dogs have a social network with other dogs that they meet, most probably on walks. 

The size of this network could depend on both the individual behaviour of the dogs 

(such as whether they greet other dogs or ignore them) and the management of the dogs 

by their owners (such as where they walk them, how often, and whether the dog is kept 

on a lead). A group of dogs that regularly walk together in the same area and interact a 

lot with each other may constitute a large number of closely linked individuals, but if 

these dogs only ever interact with dogs in the group, there could also be a protective 

effect on the group from infections in the larger network. Studies in humans have shown 

that, for sexually transmitted infections, a person' s risk for infection is determined by 

local rather than global network structures, and that as components (groups within the 

network) increase in size, establishment of infection becomes more likely (Ghani and 

others 1997). 

Owners who like to drive their dogs to another area to walk may increase the distance 

over which the network spans. Similarly attendance at training classes, grooming 

parlours and veterinary surgeries are opportunities for dogs from a wide area to meet, 

and in the case of veterinary surgeries the dogs are also more likely to have an 

infectious disease. Some people take their dogs hundreds of miles on holiday with them 

or to compete in shows. 

Whilst walking, a dog may perform behaviours by which it comes into physical contact 

with other dogs and people. These direct interactions could provide modes of pathogen 

transmission between dogs, for both zoonotic and non-zoonotic infections. Pathogens 

may also be transmitted indirectly for example during sniffing of excretions. The 

disease transmission potential is likely to be variable between dogs depending on their 

individual behaviour preferences, and due to other factors for example: type of walking 

area, owner behaviour, use of the lead, and weather. 

In a study limited to two sites (forest and urban common) in Hampshire, UK, it was 

observed that on lead dogs were never the initiator of interactions with another dog and 

the subsequent interaction was terminated by either the dog (76%), the person holding 

the lead (13%), or it was ambiguous who terminated it (11 %) (Bradshaw and Lea 1992). 
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Interactions when one dog was on lead were also seen to be shorter in length than if 

both were off-lead, when chase games could develop. When two dogs met the most 

common interactions seen were inspection of the head and anogenital areas, with males 

investigating the anogenital area much more frequently than females. Therefore sex of 

the dogs (and possibly neuter status) affects the type of interactions. Investigation of the 

anogenital area was more frequent at the forest site, where dogs were less likely to have 

encountered each other previously than at the common, suggesting that the choice of 

walking area can affect the nature of dog-dog interactions. 

As described, previous studies have investigated the walking activity and behaviour of 

individual dogs, but they have not considered the networks of contacts that arise 

through this, or the frequency of dog-dog interactions. Social network analysis has been 

used in order to investigate a number of other species, including humans, for areas of 

potential contact between individuals in relation to infectious disease transmission (for 

example, Christley and French 2003 ; Comer and others 2003; Klovdahl and others 

1994; Robinson and Christley 2007; Robinson and others 2007). This approach has 

been found useful for investigating the epidemiology of sexually transmitted infections 

in a population of prostitutes, injecting drug users and their associates in Colorado 

Springs (Klovdahl and others 1994). Network analysis has also been used to identify 

predictive variables of Mycobacterium bovis transmission via den sharing in captive 

brushtail possums (Comer and others 2003) and in particular to evaluate livestock 

movement data in respect to diseases such as foot and mouth (Kao and others 2006; 

Robinson and Christley 2007; Robinson and others 2007). So far, little is known about 

the structure of social networks in pet dogs, but it could have important implications for 

disease transmission, depending on the frequency and types of interactions. 
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1.7 Objectives of the Thesis 

The studies presented in this thesis aim to investigate the characteristics of pet dogs in a 

small community in the UK, concentrating on dog ownership, the social behaviour of 

dogs and their owners, and the resultant social networks. Throughout the thesis, 

consideration is given to the potential for transmission of pathogens between dogs and 

between dogs and humans, in addition to the investigation of the behaviours themselves. 

To do this, a number of studies and methodologies have been undertaken in order to 

attempt to quantify the interactions that occur and evaluate their possible role in disease 

transmission. Such information may then be used to target intervention strategies and 

preventive measures. 

Chapter Two investigates who owns dogs using a cross-sectional door-step interview 

survey of a community of 1278 households. It also describes the general contact with 

dogs that individuals from these households reported. 

Chapter Three presents a descriptive cross-sectional questionnaire study of 327 dogs 

belonging to 260 households in the same community. This includes: dog demographic 

information, sleeping areas, playing behaviours, greeting behaviours, food sources, 

walking, disposal of faeces, veterinary preventive treatment and general hygiene. 

Chapter Four uses Social Network Analysis to construct networks of dog owning 

households and walking areas and describe associated network characteristics and 

implications for disease transmission. 

Chapter Five reports a risk factor analysis for Campylobacter upsaliensis carriage, an 

exemplar of a potential zoonotic pathogen, diagnosed by culture and peR (Polymerase 

Chain Reaction) from faeces collected from 183 dogs from the community study in 

Chapter Three. 

Chapter Six is a focal-animal observation study of dogs being walked in three areas, 

both on and off lead as observed. It describes the frequencies and durations of contacts 

with other dogs, other people, and other behaviours such as sniffing, defaecating and 

urinating. 
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Chapter Seven uses an experimental approach to further examine the effect of lead use 

on interaction with people and interactions with dogs, through a study of ten dogs 

observed walking both on and off lead. 

Chapter Eight reviews the information gained from these studies and discusses practical 

applications of the concepts. 
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CHAPTER TWO 

FACTORS ASSOCIATED WITH DOG OWNERSHIP AND 
CONTACT WITH DOGS IN A UK COMMUNITY 

This Chapter has been published as a paper: 
Westgarth, C., Pinchbeck, G. L. , Bradshaw, J. W. S. , Dawson, S., Gaskell, R. M. & 
Christley, R. M. (2007) Factors associated with dog ownership and contact with dogs in 
a UK community. BMC Veterinary Research 3, 5. 
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ABSTRACT 

Dogs are popular pets in many countries. Identifying differences between those who 

own dogs or have contact with dogs, and those who do not, is useful to those interested 

in the human-animal bond, human health and provision of veterinary services. This 

census-based, epidemiological study aimed to investigate factors associated with dog 

ownership and contact with dogs, in a semi-rural community of 1278 households in 

Cheshire, UK. 

Twenty-four percent of households were identified as dog owning and 52% owned a pet 

of some type. Multivariable logistic regression suggested that households were more 

likely to own a dog if they had more occupants (5 or more); if they had an adult female 

household member; or if they owned a horse. The age structure of the households was 

also associated with dog ownership, with households containing older children/young 

adults (6-19yr olds or 20-29yr olds) more likely to own dogs. We also found that dog 

owning households were more likely to be multi-dog households than single-dog if they 

also owned a cat or a bird, or if the household contained a person of 20-29 years old. 

Dog owners reported increased general contact with dogs, other than their own, 

compared to those that did not own dogs and this contact appeared to be mainly through 

walking. 

Some household types are more likely to own a dog than others. This study supports the 

suggestion that dogs are more common in families who have older children (6-19 

years), as has been generally observed in other countries. Dog owners are also more 

likely to have contact with dogs other than their own, compared with those not owning a 

dog. 

2.1 INTRODUCTION 

Humans and dogs have lived in close proximity for thousands of years. The effect of pet 

ownership on human health has been studied on a number of occasions but has been 

somewhat inconclusive due to the difficulties in studying such a complex relationship 

and assigning direction of causation (Headey 2003). Pets provide companionship and 

also probably confer physiological health and psychological benefits (Friedmann 1995; 

Headey 2003 ; Katcher 1981; Katcher and Friedmann 1982; McNicholas and others 
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2005). For example, pet owners have fewer visits to doctors (Heady and others 2002) 

and longer survival following heart attack (Friedmann and others 1980), compared to 

non-pet owners. Katcher and Friedmann (1982) suggested seven common functions of 

pet ownership: companionship; something to care for; something to touch and fondle; 

something to keep one busy; a focus of attention; exercise and safety. Pets have also 

been indicated to have important roles in enhancing child development (Brodie 1981; 

Endenburg and Baarda 1995; Katcher and Friedmann 1982), the well-being of older 

people (Brodie 1981; Hart 1995b; Katcher and Friedmann 1982) and may also be used 

in a therapeutic setting (Burch and others 1995; Endenburg and Baarda 1995; Hart 

1995b). 

Dogs and cats are the most popular pets in the UK, although dog ownership has 

declined slightly over recent years (PFMA 2004). In 2004 there were approximately 5.2 

million dog owning households in the UK (21% of households), owning 6.8 million 

dogs (PFMA 2004). The demographics of pet ownership are of health, psychological 

and social science interest, applicable to the research area of the nature of the pet-human 

bond and can also be used to inform provision of veterinary services. 

It has become apparent that pets may be an important source of zoonotic infections. 

Approximately 30 to 40 organisms that cause zoonotic infections are known in 

companion animals, including dogs (Greene and Levy 2006). Some groups in human 

society are at greater risk of zoonotic infection due to their immune system or 

behaviour; for example, young children, the elderly, pregnant women and the 

immunocompromised (Greene and Levy 2006; Robinson and Pugh 2002). Virtually 

everyone in the community is in contact with either companion animals or their 

products, including excreta (Egerton 1982). 

Previous epidemiological studies in the USA and Australia have suggested that pets are 

more common in families who have children (Beck and Meyers 1996; Franti and Kraus 

1974; Franti and others 1980; Leslie and others 1994; McHarg and others 1995; 

Messent 1984; Teclaw and others 1992; Tower and Nokota 2006; Troutman 1988; Wise 

and Kushrnan 1984; Wise and Yang 1992). In contrast, a study of dog ownership in 

Germany found that the majority of the dog owners did not live with children younger 

than 18 years of age (Brand 2002); however this study was conducted in a big city 
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(Berlin) and recruited via dog training schools and vets, and therefore was likely biased 

towards professional-type people, who had sufficient time and money to own a dog in a 

large city and take it to training classes, and may be less likely to have children. 

This project aimed to investigate factors associated with dog ownership in a semi-rural 

community using a doorstep interview questionnaire. The previous studies mentioned 

used telephone interview or mail questionnaire methods to sample a small proportion of 

a large study population. In contrast, this study attempted to doorstep interview all 

households in a defined geographic area to produce a detailed census of a single 

community. Whereas some other studies have combined dogs and cats as 'pets' for 

analysis, this study focused specifically on dogs; reasons for dog versus cat ownership 

are likely to differ as they have different ownership requirements. 

2.2 METHODS 

2.2.1 Survey methods 

A community of 1278 houses in Cheshire, UK, was identified as the study area. This 

area is on the edge of a town and was selected because it is reasonably well defined by 

natural boundaries, has a mixture of medium and low-density housing, has public 

amenities including parks, and is near to sports fields, a wildlife reserve and agricultural 

land. In the 2001 census data it contained a lower percentage of unemployed people 

than the national average and slightly more managerial and professional type 

occupations (Office for National Statistics 2001 b). The sample was selected as it was a 

contained area in order to gather appropriate and sufficient network data for Chapter 4. 

Data were gathered using a questionnaire containing multiple choice and open-ended 

questions, administered during face-to-face doorstep interviews. The questionnaire had 

been thoroughly pre-tested, revised and piloted on approximately 100 households in a 

nearby area. It was designed using a high-accuracy, high-throughput automated content 

capture system, TELEform v9.1 (Verity Software, 2005), aiding design in a professional 

format and facilitating rapid and accurate data entry. Please refer to General Appendix 

for questionnaire. 

Each household was identified by address and visited up to five times over a five week 

period (July-August 2005). The time of visiting each house varied between 2pm-8pm 
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weekdays and 10am-5pm Saturdays in an attempt to increase the possibility of 

interview, as identified in a pilot study. All households were sent an informational 

leaflet a week prior to commencement of the interviews, although zoonoses were not 

mentioned to avoid potential bias. Willing persons over 16yrs of age were interviewed 

on the door-step by trained interviewers following consistent procedures to minimise 

interviewer bias. They were asked about their pets, possible reasons for not owning a 

dog, contact with dogs and household demographics. This included for each individual 

household member: gender, age category and job description or other reasons for not 

being in employment. Job descriptions were later categorised into general types based 

on Standard Occupational Classification 2000 (SOC 2000), if enough information was 

available. Interviewees could terminate the interview at any time or not disclose certain 

information if they wished and they were assured that the information would remain 

confidential. The interview took approximately two minutes. 

2.2.2 Data analysis 

Data were managed in a Microsoft Access Database and analysed using Microsoft 

Excel (Microsoft Corporation, 2003), Minitab (Mini tab release 14.2, Minitab Inc, 2005) 

and SPSS (SPSS 13.0 for Windows, SPSS Inc, 2004). Dog-owning (DO) and dog-free 

(DF) household responses to each question were initially compared using chi-squared 

analysis, Fisher's exact test and univariable logistic regression. Similar methods were 

used to compare single with multiple dog households. When considering data collected 

at the level of the individual household member, the analysis was done at the household 

level considering presence or absence of each category. 

Development of a multivariable model of dog ownership was complex due to 

correlation between many of the demographic variables measured at the level of the 

household member (age and occupation), rather than the household level (at which the 

outcome was measured). Because of this, hierarchical cluster analysis was used to 

classify households into categories by age distribution and separately into occupation 

categories (excluding full-time students, unemployed, looking after home/family, or 

permanently sick/disabled), using the Ward method for distance measurement and based 

on presence or absence of appropriate categories. This was an iterative process until 

satisfactory division of clusters was reached that approximated some real-life meaning. 

The age (n=6) and occupation (n=9) distribution cluster groupings were used to build a 
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multi variable model of dog ownership. Due to correlation between household age 

category 1 (Over 60s) and household occupation category 4 (retired), households in 

either of these categories were initially excluded from development of the multivariable 

model using backward elimination. The final model was then applied to the full set of 

data. Variables and interaction terms remained in the model if they were significant in 

the model (P<0.05) or if removal resulted in substantial change to the effect of other 

variables (10% or greater). The fit of the model was assessed using the Hosmer

Lemeshow statistic. 

2.3 RESULTS 

2.3.1 Response rates 

A total of 1142 households (89% of all council registered households in the study area) 

were contacted within five visits to the property. A further 136 households (11 %) could 

not be contacted during five attempts, although 2% of the total properties were 

suspected to be unoccupied and another 2% were removed from the survey for reasons 

including occupants being too elderly, identified by neighbours. Over half (53%) of the 

households were interviewed during the first round of visits (Fig.2.l). Of those 

households contacted and asked to participate, 1051 (92%) were fully interviewed, 24 

(2%) part-interviewed (answered some but not all questions) and 67 (6%) were not 

willing to participate in the study (see Fig.2.2 for summary of all households in study 

area). This gave an overall usable response rate of 84%. 

113.9% 

• Knock 1 

• Knock 2 

124. 10% o Knock 3 

669.53% o Knock 4 

o Knock 5 

o Remainina 

Figure 2.1 Percentage of households contacted in each visit (knock) (N=1255). 
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19,1% 23,2% 

24,2% 94 , 7% 

• Emptv? 

• Removed 

o Not in 

o Not willina 

o Fullv interviewed 

o Part interviewed 

1051,83% 

Figure 2.2 Outcome of all 1278 households surveyed. 

2.3.2 Pet ownership 

A summary of the responses to each individual question IS given in the General 

Appendix at the end of this thesis. Of the households contacted, 24% (266) were 

identified as dog owning (DO); only 4 of these DO households were not willing to be 

interviewed. There was no significant difference between the response (willing or not 

willing to participate) of DO and DF households (P>O.l). Two hundred and one (77%) 

DO households owned one dog, 53 (20%) two dogs and 8 (3%) three dogs (mean 1.3 

dogs). Just over half (53%) of all interviewed households owned a pet of some type. A 

variety of other pets were identified, cats (22% of households) being the most popular 

after dogs. 

2.3.3 Reasons for and against owning a dog 

The most common reason given for not owning a dog by DF was due to 'working or 

being out aJl day' (26% households) followed by ' not enough time for a dog' (15%). 

'Do not like dogs ' was reported less commonly (10%), Sixty-two percent of 

interviewees who did not own a dog had owned one in the past (including as a child). In 

such cases, the last dog had been owned a median of 10 years previously (interquartile 

range 5-24 years) with a maximum of 80 years previously. Households owning a dog 

reported ' companionship' (68%) and 'always had a dog' (42%) as their most common 

reasons for owning a dog. 

2.3.4 General contact with dogs 

When asked how often they came into physical contact with dogs (other than their own) 

DO reported increased contact compared to DF (P<O.OOl); 'everyday' (DO vs DF; 49% 
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vs 14%) was clearly the most common answer from dog owners, whereas 'several times 

a week' (23% vs 21%), 'once a week' (12% vs 20%), or 'very rarely' (8% vs 23%) 

were more common responses for those not owning a dog themselves (Fig.2.3). 

Interviewees were asked to suggest circumstances in which they come into contact with 

dogs other than their own; the most common answers were 'friends' (32%), 'walking' 

(31 %) and 'family' (29%). DO respondents reported increased contact whilst walking 

(OR=7.4, 9S%CI S.4-1O.0) compared to DF respondents. Other associations with dog 

ownership were decreased contact with dogs through neighbours and increased contact 

through employment (OR=0.6, 9S%CI 0.4-1.0 and OR=1.8, 9S%CI 1.1-2.9 

respectively). 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 

127 

60 

30 

00 

115 

167 o Everyday 

o Several times a week 

160 o Once a week 

o Once a month 

• Very rarely 

• Never 

OF 

Figure 2.3 Reported contact with dogs (other than own dog) for Dog-owning (DO) and Dog-free 
(OF) households. 
The numbers indicate the number of respondents in each category. DO households were significantly 
more likely to have more frequent contact with dogs, compared to DF households (P<O.OO I). 

2.3.5 Univariable analysis 

Univariable analysis of DO versus DF (Table 2.1) identified presence of birds, fish and 

horse as significantly positively associated with DO status (P<O.OS). There was no 

evidence of an association between cat ownership and owning a dog. 
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Table 2.1 Significant findings (P<0.05) on univariable analysis of factors associated with dog 
ownership in a community in Cheshire, UK. 
For tables including non-significant variables please see Appendix to Chapter Two, Tables 1-8. 
DO=dog-owning, DF=dog-free, Coef=coefficient, SE=standard error, OR=odds ratio, 95%CI=95% 
confidence intervals, P-value = Pearson 's Chi-Square, or * Fisher's exact test P-value. 

Variable DO {n} DF {n} Coef SE OR 95% C[ P-value 
Birds 0.02 

No 246 788 0 1 
Yes 16 24 0.8 0.3 2.1 1.1-4.1 

Fish 0.02 
No 220 725 0 1 
Yes 42 87 0.5 0.2 1.6 1.1-2.4 

Horse <0.01* 
No 253 807 0 
Yes 9 5 1.7 0.6 5.7 1.9-17.3 

N° People <0.001 
I 39 177 0 I 
2 85 303 0.2 0.2 1.3 0.8-1 .9 
3 50 119 0.7 0.2 1.9 1.2-3 .1 
4 56 160 0.5 0.2 1.6 1.0-2.5 
5+ 31 41 1.2 0.3 3.4 \.9-6.1 

Presence of 6-19yr old 0.001 
No 164 591 0 1 
Yes 96 209 0.5 0.2 1.7 1.2-2.2 

Presence of 20 to 29yr old 0.03 
No 202 670 0 1 
Yes 58 130 0.4 0.2 1.5 1.1-2.1 

Presence of 30 to 59yr old <0.001 
No 61 286 0 1 
Yes 199 514 0.6 0.2 1.8 1.3-2.5 

Presence of 60yrs or above 0.02 
No 184 501 0 I 
Yes 76 299 -0.4 0.2 0.7 0.5-0.9 

Presence of As ociate profe sional and technical 0.04 
No 211 691 0 
Yes 49 109 0.4 0.2 1.5 1.0-2.1 

Presence of Skilled trade 0.001 
No 200 688 0 I 
Yes 60 112 0.6 0.2 1.8 1.3-2.6 

Presence of Personal ervice <0.001 
No 228 755 0 1 
Yes 32 45 0.9 0.2 2.4 1.5-3.8 

Pre ence of Unemployed 0.004* 
No 252 795 0 I 
Yes 8 5 1.6 0.6 5.1 1.6-15.6 

Presence of Retired 0.002 
No 193 511 0 I 
Yes 67 289 -0.5 0.2 0.6 0.5-0.8 

Presence of Full-time tudent 0.01 
No 163 570 0 1 
Yes 97 230 0.4 0.2 1.5 1.1-2.0 

Presence of adult female 0.004 
No 12 84 0 1 
Yes 245 700 0.9 0.3 2.5 1.3-4.6 

Adult gender hou ehold 0.01 
All male 12 84 0 1 
All female 40 144 0.7 0.4 1.9 1.0-3.9 
Mixed male/female 205 554 1.0 0.3 2.6 1.4-4.8 
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There was no evidence for a significant effect of either house type (flat, terrace, semi

detached and detached) or street type (cul-de-sac, through road) on household 

ownership of dogs (P=0.6 and P=0.9 respectively) in this area. The percentage of DO 

households in each street varied widely from 0 to 60%. There were insufficient numbers 

of households with no garden or only a yard to compare with those with a garden. There 

was no evidence for a significant difference between DO and DF with respect to the 

amount that the garden was used for recreational purposes (such as eating, gardening, 

children playing) (P=0.98). 'Often' was the most common response (74%), likely due to 

the study being conducted during summer months. 

Two person households were most common in this population (37%). DO households 

were associated with greater numbers of people living in them (Table 2.1). The median 

number of persons per household was 2 for DF and 3 for DO, both with interquartile 

ranges 2-4. Mixed adult gender households were more likely to own a dog than single 

gender households (Table 2.1). However this variable was associated with the number 

of people in the household (p<0.001), with larger households more likely to have mixed 

genders and 1-2 person households more likely to be adult male or adult female only. 

Not surprisingly, increasing numbers of adult males and/or females were also associated 

with presence of a dog. Consequently, these variables was not used in multivariable 

analysis and presence/absence of an adult female and presence/absence of an adult male 

was preferred as an indicator of gender structure of the household. When considering 

presence of adults in the household, presence of an adult female was significantly 

associated with dog ownership (Table 2.1). 

DO and DF households were compared for presence and absence of particular age 

categories (Table 2.1). Presence of the age groups 6-15yrs, 16-19yrs, 20-29yrs and 30-

59yrs increased the odds of owning a dog. If categories were combined, households 

with a 6-19yr old, or under19yr old were also more likely to own a dog, and households 

where a person of 60yrs or older was present were less likely to own a dog. Again, the 

variable type presence/absence of an age group was chosen for use for modelling as 

numbers of people in an age group is related to numbers of household members. Certain 

occupations also influenced dog ownership (Table 2.1). The presence of Associate 

professionals, Skilled trades and Personal service occupations were each positively 

associated with dog ownership. Presence of Unemployed, Permanently sick/disabled 
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persons or Full-time students (including children of school age) in the household also 

increased the odds of dog ownership. Households with a retired person were less likely 

to own a dog. 

Univariable analysis was also conducted on the dog owning households to compare 

single-dog households with multiple-dog households (Table lOin Appendix to Chapter 

Two). Significant findings that increased the odds of being a multi-dog household 

compared to single included presence of a cat or bird (OR=2.3 , 95%CI 1.1-4.5 and 

OR=4.8, 95%CI 1.7-13.5 respectively), or presence of at least one 20-29yr old person 

(OR=2.07, 95%CI 1.1-3.9). 

2.3.6 Hierarchical cluster analysis of age and occupation 

The external validity of groups identified by cluster analysis can be assessed by 

comparing the results of the cluster analysis with an external criterion (Sharma 1996). 

The age groups and occupation groups identified using hierarchical cluster analysis 

(summarised in Table 2.2) were both significantly associated with dog ownership in 

univariable analysis (P::;O.OOl , Table 2.3). These household age and occupation cluster 

groups were used in the multi variable modelling of dog ownership instead of individual 

variables for each age and occupation. 
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2.2 Description of groups from hierarchical cluster analysis of age and occupations. 
Household age categories Description of households 
WP=O.OOt ... ___ .. __ .. _____ . ________ _ 
t (Over 60s) Persons over 60yrs present in all households, size mainly 1-2 

:::---:-:c:--: ________ ~persons :---.... - .. - .... --..... -.--... - .... __ ... _. __ .. __ .... ____ . __ .. ___ ._ 
2 (Families) Very few households with under 5yrs present, some with 6-19yrs, 

_. ___ .. _-,-________ -'-m:..:ca=r:!~!~_~~Q:~?~L~~>_: w.l!!t.l..Q-5?y'rs?_ siz~..:?...Perso~ .... _. __ 
3 (Families) 6-19 yrs present in all , 30-59yrs in all , size 2-5 persons. 

---:---:-:--:-----:-:-. .._-_ .. __ .... _--_. __ ..... _ ... __ .... _ ..... _._---_._ .... _ .... _... --,----,---
-'--=.:.:.:;;=::..,::.:==:..:.::.::...:::::::.:~ ___ -=3:...:0:.....-::..59'-"-.2 resent in~.househoJ~~~ze 1-4 ersons (most I 1-2). 

Under 5yrs present in all households, many 6-l9yrs, few 20-29yrs, 
. ........,.=-:-:---::---:-:c:--: ______ ..,..m:-an_ ,t]0-59yrs, very few 60+yrs, size ma!~ 3-5 ersons. 
6 (Older families) Very few households with 6-l9yrs present, few 20-29yrs, many 30-

59yrs, all households 60+yrs present, size mainly 2-4 persons. 
Description of households 

. .:;.:;.:.-'>Llc...::--=:..:...::...:.....:.L. ___ . _____ .. ______ ._ ... _. ___ .. _____ ._ ..... _ .... ___ ._. _____ . ___ --:--:-_ 

Sales occupation present in all households, other occupations mainly 
professionals, associate professionals, admin, process/plant, retired 

.. _ .. _____ .,--________ .P.~.!:son~._ ..... ____ ... _ ... __ ._ .. _ ... _._ ........ __ .... _. _____ .. _... __ _ 
2 Skilled trade Skilled trade occupation present in all households, other occupations 

mainl managers, rofe~sionals, sale~..eerso_n_s_. ___ _ 
3 Administrative and secretarial Admin occupation present in all households, other occupations 

4 Retired 
mainly mar:!...~gers , associate rofessionals, skilled, retired ersons. 
Retired occupation present in all households, no other occupations 

____ ____ __ ___ p!:e~ ____ ._ .. ___ .. 

5 Personal service Personal service occupation present in all households, other 
occupations mainly managers, associate professionals, admin, skilled 

_._ .. __ ... _ ... ________ . __ !':.~~~? . sal~_sLP...!:~£~~!.P.~!.'.!_'.l_I1_d...r.~.!i.~d..p.~~s.?.!'~:. .... ____ .. ______ . __ ..... ___ _ 
6 Associate professionals Associate professional occupation present in all households, other 

occu ations _mai.."..!. man~g~!:'5.L'p'~fes.sionals, skilled trade p~rsons._ 
7 Process/plant and elementary. Process plant and elementary occupation present, other occupations 

-- -----------
8 Professional 

mainl associate professionals, admin, skilled trade persons. 
Professional occupation present in all households, also other 
occu ations mainly admin and retired ~rsons. 

9 Mana-g-e-rs- an- d--:-se-n-=i-o-r -o7.ffj=-lc-=i-:al:-"s--=M-=-a--na"-g-e-r- oc-c-u·pation present in all households, other occupations 
mainly professional persons. 

Key to occupations: Manager and senior officials (managers), Professional occupations (professionals), 
Associate professional and technical occupations (associate professionals), Administrative and secretarial 
occupations (admin), Skilled trades occupations (skilled), Personal service occupations (personal service), 
Sales and customer service occupations (sales), Process, plant and machine operatives (process/plant), 
Elementary occupations (elementary). 
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Table 2.3 Univariable analysis of age and occupation cluster analysis groups. 

Variable DO {n} DF{n} Coef SE OR 95%CJ P-value 
Age group 0.001 
5 (Young families) 17 79 0 1 
I (Over 60s) 51 238 -0.0 0.3 1.0 0.5-1.8 
2 (Families) 51 115 0.7 0.3 2.1 1.1-3.8 
3 (Families) 68 146 0.8 0.3 2.2 1.2-3.9 
4 (Singles/couples adults) 49 160 0.4 0.3 1.4 0.8-2.6 
6 (Older families) 24 60 0.6 0.4 1.9 0.9-3 .8 
Occupation group <0.001 
5 All personal service 32 44 0 I 
I All sales 15 48 -0.8 0.4 0.4 0.2-0.9 
2 All skilled trade 28 72 -0.6 0.3 0.5 0.3-1.0 
3 All admin 31 84 -0.7 0.3 0.5 0.3-0.9 
4 All retired 48 240 -1.3 0.3 0.3 0.2-0.5 
6 All associate professionals 35 70 -0.4 0.3 0.7 0.4-1.3 
7 Process/plant and 33 108 -0.9 0.3 0.4 0.2-0.8 
elementary. 
8 All professional 20 74 -1.0 0.3 0.4 0.2-0.7 
9 All managers 18 58 -0.9 0.4 0.4 0.2-0.9 

2.3.7 MuItivariable analysis 

Due to correlation between age group 1 (over 60s) and occupation group 4 (retired) 

(88% of households in age group 1 were also in occupation group 4), households in 

either of these categories were initially excluded from development of the multi variable 

model (Table lOin Appendix to Chapter Two). This reduced the correlation between 

age groups and occupation groups from (Pearson correlation) 0.15 to 0.02. This model 

was then examined using the full data set as the final model (Table 2.4). The effects of 

the two models were very similar and therefore only the final model has been presented 

here (the initial model is presented in Appendix to Chapter Two). None of the 

correlations between variables used in the final model were high (all <0.4). In the fmal 

model, ownership of a horse, age groups, number of persons in the household, and 

presence of adult females were associated with the presence of one or more dogs in the 

household. The model appeared to fit the data well (Hosmer-Lemeshow statistic = 0.9). 

There were no significant two-way interactions between variables in the final model. 

Thirty-one (3%) households were not included in the final model due to missing data. 
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Table 2.4 Multivariable logi tic reg res ion model of factors associated with dog ownership in a 
community in Che hire (n=1044). Hosmer-Lemeshow statistic P-value =0.9. 

Variable Coef SE OR 95% CI P-value 
Horse 0.01 

No 
Yes 

Number of per ons 
I 
2 
3 
4 
5+ 

Age group (from clu ter analy i ) 
5 Young families 
lOver 60 's 
2 Families 
3 Families 
4 Singles/couples adults 
6 Older families 

Presence of adult female 
No 
Yes 

2.4 DISCUSSION 

0 
1.6 0.6 

0 
-0.1 0.3 
0.3 0.4 
0.1 0.4 
10.9 0.4 

0 
0.4 0.4 
0.8 0.3 
0.8 0.3 
0.8 0.4 
0.9 0.4 

0 
0.8 0.4 

2.4.1 Com pari on with other pet ownership estimates 

I 
5.1 1.7-15.5 

0.06 
I 

0.9 0.5-1 .5 
1.3 0.6-2.8 
1.1 0.5-2.4 
2.4 1.0-5.7 

0.04 

1.5 0.7-3.5 
2.3 1.2-4.3 
2.2 1.2-4.0 
2.3 1.0-5.2 
2.5 1.1-5.5 

0.03 
1 

2.2 1.1-4.6 

This study on dog ownership and contact with dogs focused on a small geographic area 

and the results cannot necessarily be generalised to other parts of the UK or other 

countries. However, the percentage of the population owning a pet was almost identical 

to the 53% reported pre iously for the UK in 2004 (PFMA 2004), and the results gained 

from this study may be at least indicative of similar communities in the UK. Dog 

ownership was slightly higher (24% compared to 21 %), and cat ownership lower (21 % 

compared to 25%) in the current study compared to UK estimates, which may have 

been due to the semi-rural location being suitable for dog ownership. In a previous 

American postal questionnaire tudy mailed to 40,000 US households (Troutman 1988), 

the mean number of dogs owned by dog owning households was 1.5 compared to 1.3 

found here, possibly reflecting the general increased level of dog ownership in America 

compared to the UK (38% hou eholds versus 21-24%) and the decreasing trends for dog 

ownership in recent years in the UK (PFMA 2004). It is unknown how the households 

in the study by Troutman were selected and whether it was a random sample, as it was 

only described a a ' repre entative sample'. Comparing to Australia, a study of a 

randomly selected group of dog owners in Perth interviewed by telephone questionnaire 

estimated 1.2 dog per hou ehold, similar to our findings, but again a higher percentage 
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of all households approached were identified as owning a pet (56%) or a dog (31 %) 

(Robertson and others 1991). 

This study attempted to survey all households in a defined geographic area, and the 

results will be biased due to the type of area (part of a small rural town) used. However, 

the sampling methods used in other studies, such as recruiting from veterinary, insured, 

internet-using, telephone-owning or pro-/anti-dog populations, may have introduced 

bias not apparent in our census-based study method. It could be hypothesised that dog 

owners might be more willing to participate in the survey because it is of more interest 

to them. However here was no significant difference between the response (willing or 

not willing to participate) of DO and DF households. Previous information introducing 

the study (leaflets), combined with the local knowledge of and community links with 

the local veterinary teaching hospital, may have contributed to the very good response 

rate for the interviews, but also may have influenced answers such as expressing the 

true reasons for not wanting to own a dog. Bias may have been introduced into the study 

by the choice to interview the person who answered the door, as reasons for not owning 

a dog, or contact rates, may differ between household members. However, this method 

likely contributed to the high interview rate, as stipulating to speak to the ' head of the 

household ' or similar methods would have reduced the success rate if they were not 

available for interview at that time. 

2.4.2 Summary of the risk factors identified 

Univariable analysis identified a number of variables potentially associated with dog 

ownership including: ownership of other animals (fish, birds, horse); the presence of 

older children (school age); an increased number of persons in the household; Associate 

professional, Skilled trades and Personal service occupations, Unemployed, 

Permanently sick/disabled, Full-time students; and adult females. In contrast, over 60s 

or retired persons had lower odds of owning a dog on univariable analysis, possibly 

explained by reduced mobility, or not replacing a deceased pet because of a new pet's 

perceived longevity, however this finding was not significant after accounting for other 

variables during multivariable analysis. On multi variable analysis, ownership of a horse, 

age distribution and number of persons in the household and presence of adult females 

were found to be the most important factors. Ownership of fish and birds did not remain 

in the final model. Possibly the commitment in regards to time, care and expenses given 
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by horse owners to their horse(s) complement the required lifestyle when owning a dog. 

This finding has not been reported previously but may be due to the semi-rural nature of 

the study area. 

2.4.3 Families and children 

This study supports the common suggestion that pets, in this case dogs, are more 

common in families who have children (Beck and Meyers 1996; Franti and Kraus 1974; 

Franti and others 1980; Leslie and others 1994; McHarg and others 1995; Messent 

1984; Teclaw and others 1992; Tower and Nokota 2006; Troutman 1988; Wise and 

Kushman 1984; Wi e and Yang 1992). However, this effect may be modified by the age 

of the children which was not always investigated sufficiently in other studies. In our 

multivariable model, families with young children (in this case 5 years and under) were 

significantly less likely to own dogs, and similar findings have been reported by others 

(Leslie and others 1994; Wise and Kushman 1984). In contrast, Tec1aw and others 

(1992) concluded (but on the basis of univariable analysis only) that there was no 

significant effect of young children in the household on pet ownership. Amongst young 

children, dog ownership is a risk factor for zoonotic disease, for example 

campylobacteriosis (Tenkate and Stafford 2001), however reduced dog ownership by 

families with young children may lessen this effect. 

Several theories have been proposed to account for potential interactions between pet 

ownership and the presence of children in a household (Feldmann 1997; Katcher 1981 ; 

Leslie and others 1994). Our finding that dogs are often owned by households with 

older children could be explained if children in the older age groups had encouraged 

their parents to acquire a dog, and/or the parents felt that that ownership would benefit 

the children (Leslie and others 1994). Alternatively, some parents may have acquired 

dogs as surrogate dependents as their children grew up and became less receptive to 

physical contact and being fussed over (Katcher 1981). 

2.4.4 Housing type 

In our study there was no significant effect of housing type, whereas previous work has 

suggested that pet owners are more likely to live in single-family dwellings and larger 

houses (Franti and Kraus 1974; Franti and others 1980). Such differences between 

studies may reflect real differences in the study popUlation, or may be due to the fact 
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that we were considering only dog ownership compared to general pet ownership, 

and/or insufficient power to detect a difference in a small and relatively homogeneous 

study area. 

2.4.5 Occupation and income 

Variations in pet owner hip with annual household income level (Franti and Kraus 

1974; Franti and others 1980; Leslie and others 1994; Teclaw and others 1992; 

Troutman 1988; Wise and Kushman 1984; Wise and Yang 1992) are possibly 

comparable to the variations in occupations found on univariable analysis in this study. 

Dog ownership wa a sociated with higher household incomes in some American 

studies (Franti and Krau 1974; Franti and others 1980; Teclaw and others 1992; 

Troutman 1988; Wise and Yang 1992). However, the occupations indicated by our 

findings as being a ociated with dog ownership (Associate professional and technical, 

Skilled trade and Per onal ervice) are not ones that would necessarily be expected to 

receive high incomes (for e ample Managers and senior officials), but this effect may 

be specific to the location of our study. The role of occupation or income in dog 

ownership is likely to be intertwined with other factors and may be not as important as 

seems; this i supported by the fact that it was not significant in our final muItivariable 

model. Similarly in another American study, stratification by household characteristics 

and life groups (similar to our age cluster groupings) appeared to account for the effects 

of education and hou ehold income on dog ownership (Wise and Kushman 1984). A 

study in Ontario also concluded that socioeconomic status was not unconditionally 

associated with pet owner hip after multivariable analysis (Leslie and others 1994). 

2.4.6 Gender differences 

The fmding that pre ence of an adult female in the household was associated with dog 

ownership may be due to differing attitudes to pets between the sexes. Tower and 

Nakota (2006) inve tigated the relationships between depression and pet ownership 

(dogs and cats) in the U A using an internet survey. They found that for men: being 

married, living with children, being Midwestern and non-urban increased odds of living 

with a pet, and for women: being white, having a high income, living with children and 

living in a rural etting increa ed odds of pet ownership. They concluded that unmarried 

women living with a pet had the lowe t depressive symptoms and unmarried men living 

with a pet the highest, leading them to suggest that single men may be burdened by pet 
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ownership, whereas single women may benefit from pet companionship, but when 

married the pet may bring additional stress to the woman already possibly nurturing a 

family. Our study supports the suggestion that there are underlying differences between 

the sexes with regard to pet ownership, but internet questionnaire studies like the one 

described above may be biased in their sampling method due to limits as to who in the 

population is likely to participate. 

2.4.7 Reasons for dog ownership 

The most common reasons for dog ownership in this study (mainly "companionship") 

support previous research (Brodie 1981 ; Feldmann 1997; Katcher and Friedmann 1982; 

Leslie and others 1994). The elderly are a group that may be most isolated and would 

benefit from this companionship, as well as having something to care for and exercise 

(Katcher and Friedmann 1982), and yet they are less likely to own dogs compared to 

those people living in large families, with the most companionship already. 

In our study, the reasons given for non-ownership were similar to previous findings 

(Leslie and others 1994) in that 'not enough time' scored highly and 'health reasons' or 

'don 't like dogs' scored lower, but the most common reason given in our study was 

'working or being out all day' rather than ' problem when I go away' or ' housing 

limitations' as reported previously (Leslie and others 1994; Selby and others 1980). 

This could be due to the nature of our study area, or the use of boarding kennels 

possibly being a more commonplace occurrence in recent years. It must be noted that 

the categories given in this study were slightly different than those in previous studies 

and this is likely to also affect the types of responses found. The data suggests that some 

of those without dogs had made a conscious decision not to own a dog (e.g. they are out 

all day) even though they may like to. Sixty-two percent had owned dogs in the past or 

lived with them at some point in their lifetime, reflecting the fact that the dog owning 

population is dynamic rather than fixed. Therefore, as a person 's circumstances may 

change, so may their risk of zoonotic disease through dog ownership. 

2.4.8 Single versus multiple dog households 

No overall significant effect on dog ownership of cat ownership was identified. 

However, further analysis suggested that this relationship is more complex than first 

appears, as multi-dog households were significantly more likely to own a cat or bird 
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than single dog households. It may be that some households generally have more pets, 

including multiple dogs, cats and birds. Interestingly multi-dog households were also 

more likely to contain 20-29yr olds, possibly because young adults have the time and 

energy to own multiple dogs. 

2.4.9 General contact with dogs 

Clearly in this study, dog owners not only have extensive contact with their own dog, 

but also have increased contact with other dogs compared to those without dogs. There 

is a possibility that DO respondents had a greater awareness of dogs in general and this 

led to recall bias. DO respondents may recall interactions with dogs more readily than 

DF respondents because of a personal like of them, but this is not supported by the fact 

that relatively few DF respondents reported that they did not actually like dogs. The 

increased contact seems to be mainly through walking. It could not be determined if dog 

owners actually walk more or are more likely to offer walking as a reason for contacting 

dogs. People who own dogs may also be more likely to walk in areas frequented by 

other dogs, as these areas provide for socialisation of both dogs and owners, and may 

provide off lead play areas which are free from hazards. Only limited numbers of such 

areas may exist, leading to congregation of dogs and owners. People without dogs may 

actively avoid such areas. 

Some dog owners stated employment as a reason for contacting dogs although only a 

small number actually worked in dog-related professions. The decreased likelihood for 

dog owners to report contact with a neighbour' s dog may be due to recall bias. A dog 

owner questioned about contact may immediately identify 'walking' as a reason, 

whereas for non-dog owners, a neighbour' s dog may be more likely to be recalled 

(especially if not liked). Dog owners may also feel that they contact their neighbour' s 

dogs most frequently whilst walking their own dog. 

2.4.10 Conclusion 

Some households are more likely to own a dog than others and this is associated with a 

number of factors , including number of people, ages of those people, an adult female in 

the household and ownership of a horse. Other pets, such as cats or birds, appear to be 

associated with multiple dog households. Dog owners also have increased contact with 

dogs in general (other than their own) compared with those not owning a dog, and this 
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contact seems to be mainly through walking. The results of this study may be of use in 

behavioural research, for provision of veterinary and other services and to inform 

strategies for quantifying health benefits and risks associated with dog ownership. 

Detailed studies on the type of dog-human and dog-dog interactions that occur in the pet 

dog population are now needed. 
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APPENDIX TO CHAPTER TWO 
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Table.1. Univariable analysis of contact with other dogs. 

Variable 00 {n} OF {n} Coef SE OR 95% C[ P-value 
How often <0.001 

Never II 85 0 I 
Very rarely 20 185 -0.18 0.40 0.84 0.38-1.82 
Once a month 10 92 -0.17 0.46 0.84 0.34-2.08 
Once a week 30 160 0.37 0.38 1.45 0.69-3 .03 
Several times a 60 167 1.02 0.35 2.78 1.39-5.56 
week 
Eve~da~ 127 115 2.14 0.35 8.53 4.34-16.79 

Walking <0.001 
No 93 650 0 1 
Yes 168 159 2.00 0.16 7.38 5.43-10.04 

Friends 0.25 
No 169 555 0 
Yes 92 254 0.17 0.15 1.19 0.89-1.60 

Employment 0.02 
No 234 759 0 I 
Yes 27 50 0.56 0.25 1.75 1.07-2.86 

Neighbours 0.03 
No 232 673 0 I 
Yes 29 176 -0.48 0.22 0.62 0.40-0.95 

Family 0.34 
No 178 577 0 1 
Yes 83 232 0.15 0.15 1.16 0.86-1.57 

Pub 0.44* 
No 258 792 0 I 
Yes 3 17 -0.61 0.63 0.54 0.16-1.86 

Other 0.19 
No 245 739 0 I 
Yes 16 70 -0.37 0.27 0.69 0.39-1.2 ) 

* = Fisher's exact test P-Value instead of Pearson Chi-Square. 

Table 2. Univariable analysi of other types of pet owned. 

Variable OO{n} OF {n} Coef SE OR 95% Cl P-value 
Cat 0.38 

No 210 630 0 1 
Yes 52 182 -0.15 0.18 0.86 0.61-1.21 

Birds 0.02 
No 246 788 0 I 
Yes 16 24 0.76 0.33 2.14 1.12-4.08 

Fish 0.02 
No 220 725 0 1 
Yes 42 87 0.46 0.20 1.59 1.07-2.37 

Horse <0.01* 
No 253 807 0 I 
Yes 9 5 1.74 0.56 5.74 1.91-17.29 

Reptiles / amphibian 0.22 
No 256 802 0 1 
Yes 6 10 0.63 0.52 1.88 0.68-5 .22 

Small mammals 0.40 
No 237 748 0 1 
Yes 25 64 0.21 0.25 1.23 0.76-2.00 

Other pet (inc live tock) 0.37* 
No 259 808 0 1 
Yes 3 4 0.85 0.78 2.34 0.52-10.52 

* = Fisher's exact test P-Value instead of Pearson Chi- quare. 

47 



APPENDIX to Chapter 2: Who owns dogs? 

Table 3. Univariable analy i of house type and street type. 

Variable DO {n) OF {n) Coef SE OR 95% CI P-value 
House type 0.59 

Detached 167 560 0 I 
Semi-detached 80 222 0. 19 0.16 1.21 0.89-1 .65 
Terraced 17 59 -0.03 0.29 0.97 0.55-1.70 
Flat/apartment 6 -0.58 1.08 0.56 0.07-4.68 

Street type 0.86 
Cul-de-sac 129 407 0 
Through road 136 440 -0.03 0 .14 0.98 0.74-1.29 

Table 4. Univariable analy i of garden and use for recreational purposes. 

Variable DO {n) OF {n) Coef SE OR 95% Cl P-value 
Garden? 

None 0 4 
Garden 252 775 
Yard 3 7 
Both 6 20 

Recreational 0.98 
Never 6 18 0 I 
Rarely 17 52 -0.02 0.55 0.98 0.34-2.87 
Sometimes 46 132 0.04 0.50 1.05 0.39-2.79 
Often 191 596 -0.04 0.48 0.96 0.38-2.46 

Table 5. Univariable analy i of number of persons in household. 

Variable DO {n) OF{n) Coef SE OR 95% CI P-value 
N umber of Persons <0.001 

I 39 177 0 I 
2 85 303 0.24 0.22 1.27 0.83-1.94 
3 50 119 0.65 0.24 1.91 1.18-3.08 
4 56 160 0.46 0.23 1.59 1.00-2.52 
5+ 3 1 41 1.23 0.30 3.43 1.92-6.14 

Table 6. Univariable analysi of gender in household. 

Variable DO {n) OF {n) Coef SE OR 95%CI P-value 
Males <0.01 

0 37 128 0 I 
I 122 459 -0.08 0.21 0.92 0.61-1.39 
2 70 152 0.47 0.24 1.59 1.00-2.53 
3+ 31 61 0.56 0.29 1.76 1.00-3. 10 

Females 0.001 
0 10 89 0 1 
I 152 485 1.02 0.65 2.79 1.42-5.50 
2 69 158 1.36 0.36 3.89 1.91-7.92 
3+ 29 68 1.33 0.40 3.80 1.73-8.32 

Pre ence of adult male 0.31 
No 40 144 0 1 
Yes 2 17 640 0.20 0.20 1.22 0.83-1.79 

Pre ence of adult female <0.01 
No 12 84 0 I 
Yes 245 700 0.90 0.32 2.45 1.32-4.56 

Adult gender hou ehold 0.01 
All male 12 84 0 1 
All female 40 144 0.66 0.36 1.94 0.97-3 .91 
Mixed 205 554 0.95 0.32 2.59 1.39-4.84 
male/female 
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Table 7a. Univariable analysis of ages of people in households. 

Variable DO (n) OF (n) Coef SE OR 95%CI P-
value 

Number of persons 5yrs or 0.27 
under 

0 242 721 0 1 
12 60 -0.51 0.32 0.60 0.32-1.13 

2+ 6 19 -0.06 0.47 0.94 0.37-2.38 

Presence of person 5yr or 0.15 
under 

No 242 721 0 1 
Yes 18 79 -0.38 0.27 0.68 0.40-1.16 

Number of person 0.11 

0 190 631 0 1 
37 99 0.22 0.21 1.24 0.82-1.87 

2+ 33 70 0.45 0.23 1.57 1.00-2.44 
Presence of 6-15 yr old 0.05 

No 190 631 0 
Yes 70 169 0.32 0.16 1.38 1.00-1.90 

Number of person 0.001 

0 209 709 0 1 

39 78 0.53 0.21 1.70 1.12-2.57 
2+ 12 13 1.14 0.41 3.13 1.41-6.97 

Presence of 16-19 yr old 0.001 
No 209 709 0 
Yes 5 I 91 0.64 0.19 1.90 1.31-2.77 

0.03 
202 670 0 
41 78 0.56 0.21 1.74 1.16-2.63 

2+ 17 52 0.08 0.29 1.08 0.61-1.92 

Presence of 20-29 yr old 0.03 
No 202 670 0 I 

Yes 58 130 0.39 0.18 1.48 1.05-2.09 

Number of person <0.00] 
0 61 286 0 

55 172 0.40 0.21 1.50 0.99-2.26 
2+ 144 342 0.68 0.17 1.97 1.41-2.77 

Presence of 30-59 yr old <0.001 
No 61 286 0 
Yes 199 514 0.60 0. 16 1.82 1.32-2.50 

0.28 
198 570 0 I 

I 35 122 -0.19 0.20 0.83 0.55-1.24 
2 27 108 -0.32 0.23 0.72 0.46-1.13 

Presence of 60-74 yr old 0.12 
No 198 570 0 
Yes 62 230 -0.25 0.17 0.78 0.56-1.07 

or above 0.20 
243 718 0 1 
13 60 0.45 0.3 1 0.64 0.35-1.19 

2+ 4 22 0.62 0.55 0.54 0.18-1.57 

Pre ence of per on 75 yr or above 0.07 

No 243 718 0 

Yes 17 82 -0.49 0.28 0.61 0.36-1.05 
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Table 7b. Univariable analysis of combining age categories of people in households (effectively to 
presence of children, children not including young, or elderly). 

Variable DO(n) DF(n) Coef SE OR 95% CI P-
value 

Number of persons 19yrs or 0.03 
under 

0 157 544 0 I 
1 34 98 0.18 0.22 1.20 0.78-1.85 
2 47 123 0.28 0.19 1.32 0.91-1.94 
3+ 22 35 0.78 0.29 2.18 1.24-3 .82 

Presence of person 19yrs or under 0.02 
No 157 544 0 
Yes 103 256 0.33 0.15 1.39 1.04-1.86 

N umber of persons 6 to t 9yrs <0.01 
0 164 591 0 I 
I 38 91 0.41 0.2 1 1.50 0.99-2.28 
2 40 93 0.44 0.2 1 1.55 1.03-2.33 
3+ 18 25 0.95 0.32 2.59 1.38-4.87 

Presence of 6-19 yr old 0.001 
No 164 591 0 I 
Yes 96 209 0.50 0.15 1.66 1.23-2.23 

Number of persons 60yrs or 0.05 
above 

0 184 501 0 I 
42 156 -0.31 0.19 0.73 0.50-1.07 

2+ 34 143 -0.43 0.21 0.65 0.43-0.98 

Presence of person 60yrs or above 0.02 
No 184 501 0 1 

Yes 76 299 -0.36 0.15 0.69 0.51-0.94 
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Table 8. Univariable analy is of occupational classification of people in households (continued next 
page). 

Variable DO (n) DF(n) Coef SE OR 95%CI P-
value 

Presence of Managers or enior officials 0.30 
No 222 703 0 
Yes 38 97 0.22 0.21 1.24 0.83-1.86 

Number of Managers or enior official in house 0.31 
0 222 703 0 
I 36 86 0.28 0.22 1.33 0.87-2.01 
2 2 II -0.55 0.77 0.58 0.13-2.62 

Presence of Profe 0.95 
No 218 672 0 
Yes 42 128 0.01 0.19 1.01 0.69-1.48 

Number of Profe sionals in hou e 0.43 

0 218 672 0 
39 109 0.10 0.20 1.10 0.74-1.64 

2+ 3 19 -0.72 0.62 0.49 0.14-1.66 

Presence of Associate profe ional and technical 0.04 
No 211 691 0 

Yes 49 109 0.39 0.19 1.47 1.02-2.13 

Number of Associate profe ional and technical in house 0.06 

0 211 691 0 

I 45 93 0.46 0.20 1.58 1.08-2.34 

2 4 16 -0.20 0.56 0.82 0.27-2.48 

Presence of Administrative and secretarial 0.86 
No 218 667 0 

Yes 42 133 -0.03 0.19 0.97 0.66-1.41 

Number of Admini trative and ecretarial in house 0.86 

0 218 667 0 1 

39 120 -0.01 0.20 0.99 0.67-1.47 
2+ 3 13 -0.34 0.65 0.71 0.20-2.50 

Presence of Skilled trade 0.001 
No 200 688 0 
Yes 60 112 0.61 0.18 1.84 1.30-2.62 

Number of Skilled trade in hou e 0.001 

0 200 688 0 1 

50 102 0.52 0.19 1.69 1.16-2.45 

2+ 10 10 1.24 0.45 3.44 1.41-8.38 

Presence of Personal ervice <0.001 
No 228 755 0 
Yes 32 45 0.86 0.24 2.35 1.46-3 .79 

Number of Personal service in 0.001 
house 

0 228 755 0 1 
1 29 39 0.90 0.26 2.46 1.49-4.07 
2 3 6 0.50 0.71 1.66 0.41-6 .67 

... = Fisher' s exact test P-Value instead of Pearson Chi-Square. 
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Table 8 (continued). Univariable analysis of occupational classification of people in households. 

Variable DO (n) DF(n) Coef SE OR 95% CI P-value 
Presence of Sales and customer service 0.5 1 

No 232 725 0 I 
Yes 28 75 0. 15 0.23 1.17 0.74-1.85 

Number of Sales and customer 0.63 
service in house 

0 232 725 0 
25 70 0.11 0.24 1.12 0.69-1 .80 

2 3 5 0.63 0.73 1.88 0.44-7 .99 

Presence of Process, plant and machines 0.38 
No 239 748 0 
Yes 2 1 52 0.23 0.27 1.26 0.75-2.14 

Presence of Elementary 0.55 
No 251 778 0 
Yes 9 22 0.24 0.40 1.27 0.58-2.79 

Presence of Unemployed <0.01* 
No 252 795 0 
Yes 8 5 1.62 0.57 5.05 1.64-

15.57 
Presence of Retired <0.01 

No 193 511 0 1 

Yes 67 289 -0.49 0.16 0.61 0.45-0.84 
Number of Retired in house 0.01 

0 193 511 0 1 

38 163 -0.48 0.20 0.62 0.42-0.91 
2+ 29 126 -0.50 0.22 0.61 0.39-0.94 

Presence of Looking after home/family 0.28 
No 238 748 0 I 

Yes 22 52 0.28 0.26 1.33 0.79-2.24 

Presence of Full-time student 0.01 
No 163 570 0 1 

Yes 97 230 0.39 0.15 1.47 1.10-1.98 
Number of Full-time students in house 0.03 

0 163 570 0 1 
41 97 0.39 0.21 1.48 0.99-2.21 

2+ 56 133 0.39 0.18 1.47 1.03-2.11 

Presence of Permanently ick / disabled 0.05* 
No 253 793 0 

Yes 7 7 1.14 0.54 3.13 1.09-9.02 

* = Fisher's exact test P-Value instead of Pearson Chi-Square. 
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Table 9. Univariable analysis of pet ownership for single dog and multiple dog households. 

Variable Single {n} Multi~le {n} Coef SE OR 95% CI P-value 
Cat 0.01 

No 168 42 0 I 
Yes 33 19 0.83 0.34 2.30 1.19-4.45 

Birds <0.01* 
No 194 52 0 I 
Yes 7 9 1.57 0.53 4.80 1.71-13.49 

Fish 0.20 
No 172 48 0 1 
Yes 29 13 0.47 0.37 1.61 0.78-3 .33 

Horse 1.00* 
No 194 59 0 I 
Yes 7 2 -0.06 0.82 0.94 0.19-4.65 

Reptiles and amphibians 0.14* 
No 198 58 0 1 
Yes ... 3 1.23 0.83 3.41 0.67-17.37 ;) 

Small mammals 0.68 
No 181 56 0 1 
Yes 20 5 -0.21 0.52 0.81 0.29-2.25 

Other pets including livestock 0.14* 
No 200 59 0 1 
Yes 1 2 1.91 1.23 6.78 0.60-76.09 

Number of persons 0.33 
1 34 5 0 1 
2 63 22 0.86 0.54 2.37 0.83-6.83 
3 36 14 0.97 0.57 2.64 0.86-8.13 
4 41 15 0.91 0.57 2.49 0.82-7.55 
5+ 26 5 0.26 0.68 1.31 0.34-5.00 

Presence of persons 5 yrs or under 0.26* 
No 183 59 0 1 
Yes 16 2 -0.95 0.76 0.39 0.09-1.74 

Presence of persons 6 to 19yrs 
No 121 43 0 I 
Yes 78 18 -0.43 0.62 0.65 0.35-1.21 

Presence of persons 20 to 29 yrs 0.03 
No 161 41 0 1 
Yes 38 20 0.73 0.33 2.07 1.09-3.92 

Presence of persons 30 to 59 yrs 0.14 
No 51 10 0 1 
Yes 148 51 0.56 0.38 1.76 0.83-3 .72 

Presence of over 60s 0.56 
No 139 45 0 1 
Yes 60 16 -0.19 0.33 0.82 0.43-1.57 

Age group 0.09$ 
1 (Over 60s) 44 7 0 1 
2 (Families) 34 17 1.15 0.50 3.14 1.17-8.44 
3 (Families) 55 13 0.40 0.51 1.49 0.55-4.04 
4 (Singles/couples adults) 35 14 0.92 0.52 2.51 0.92-6.90 
5 (Young families) 15 2 -0.18 0.86 0.84 0.16-4.48 
6 (Older families) 16 8 1.15 0.59 3.14 0.98-10.7 
* = Fisher's exact test P-Value instead of Pearson Chi-Square. 
S = I or more cells with expected counts less than 5. 
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Table 9 (continued). Univariable analysis of pet ownership for single dog and multiple dog 
households. 

Variable Single Multiple Coef SE OR 95%CI P-value 
{n} {n) 

Presence of Managers and senior officials 0.39 
No 172 50 0 I 
Yes 27 II 0.34 0.39 1.40 0.65-3 .02 

Presence of Professionals 0.73 
No 166 52 0 I 
Yes 33 9 -0.14 0.41 0.87 0.39-1 .94 

Presence of Associate profes ional and technical 0.35 
No 164 47 0 I 
Yes 35 14 0.33 0.36 1.40 0.69-2.81 

Presence of Admin and secretarial 0.95 
No 167 51 0 I 
Yes 32 10 0.02 0.40 1.02 0.47-2.22 

Presence of Skilled trade 0.98 
No 153 47 0 1 
Yes 46 14 -0.01 0.35 0.99 0.50-1.96 

Presence of Personal ervice 0.51 
No 176 52 0 1 
Yes 23 9 0.28 0.42 1.32 0.58-3.04 

Presence of Sales and customer service 0.09 
No 174 58 0 1 
Yes 25 3 -1.02 0.63 0.36 0.10-1.24 

Presence of Process, plant and machines 1.00* 
No 183 56 0 1 
Yes 16 5 0.02 0.53 1.02 0.36-2.91 

Presence of Elementary 1.00* 
No 192 59 0 1 
Yes 7 2 -0.07 0.82 0.93 0.19-4.60 

Presence of Unemployed 0.40* 
No 194 58 0 1 
Yes 5 3 0.70 0.75 2.01 0.47-8.65 

Presence of Retired 0.57 
No 146 47 0 1 
Yes 53 14 -0.20 0.34 0.82 0.42-1.61 

Presence of looking after home/family 0.66 
No 183 55 0 1 
Yes 16 6 0.22 0.50 1.25 0.47-3.34 

Presence of Full-time student 0.82 
No 124 39 0 I 
Yes 75 22 -0.07 0.30 0.93 0.51-1.69 

Presence of Permanently sick or disabled 0.36* 
No 195 58 0 I 
Yes 4 3 0.92 0.77 2.52 0.55-

11 .59 
Occupation group 0.88$ 
1 All sales 12 3 0 1 
2 All skilled trade 20 8 0.47 0.77 1.60 0.35-7.23 
3 All admin 24 7 0.15 0.78 1.J7 0.26-5.33 
4 All retired 40 8 -0.22 0.75 0.80 0.18-3.50 
5 All personal service 23 9 0.45 0.76 1.57 0.36-6.89 
6 All associate 25 10 0.47 0.75 1.60 0.37-6.91 
professionals 
7 Process/plant and 24 9 0.41 0.75 1.50 0.34-6.58 
elementary. 
8 All professional 17 3 -0.35 0.90 0.71 0.12-4.11 
9 All managers 14 4 0.13 0.86 1.14 0.21-6. 16 
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Table 10. Multivariable model excluding households with over 60s (age group 1) or retired 
(occupation group 4) persons (0=722). Hosmer-Lemeshow statistic P-value =0.9. 
Original variables Horse, Birds, Fish, Number of persons, Age group, Occupation group, Presence of 
adult male, Presence of adult female. 
Variable Coef SE OR 95% cr P-value 
Horse 0.02 

No 0 1 
Yes 1.67 0.70 5.31 1.34-20.99 

Number of persons 0.06 
1 0 1 
2 0.15 0.41 1.16 0.52-2.59 
3 0.48 0.51 1.62 0.60-4.39 
4 0.28 0.52 1.32 0.48-3 .63 
5+ 1.09 0.55 2.98 1.02-8.77 

Age group (from cluster analysis) 0.08 
5 Young families 0 1 
2 Families 0.83 0.33 2.31 1.21-4.41 
3 Familie 0.80 0.31 2.23 1.21-4.09 
4 Singles/couples adults 0.90 0.44 2.46 1.04-5.83 
6 Older families 1.02 0.41 2.76 1.22-6.22 

Presence of adult female 0.05 
No 0 1 
Yes 1.01 0.52 2.75 1.00-7.61 
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CHAPTER THREE 

DOG-HUMAN AND DOG-DOG INTERACTIONS IN A UK 
PET DOG COMMUNITY 

This Chapter has been published as a paper: 
Westgarth, C., Pinchbeck, G. L., Bradshaw, J. W. S., Dawson, S., Gaskell, R. M. & 
Christley, R. M. (2008) Dog-human and dog-dog interactions of260 dog-owning 
households in a community in Cheshire. Veterinary Record, 162, 436-442. 
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ABSTRACT 

The interactions that occur between dogs, and between dogs and humans, are of interest 

to behavioural, welfare, psychological and social sciences. As dogs are a potential 

source of zoonotic infections to humans, especially for immunocompromised people, 

the young and the elderly, such interactions may impact on public health. Pathogens 

may transfer through direct contact (handling the dog or excretions such as faeces) or 

indirectly (through contaminated bedding or other objects). Dogs may also transmit 

(zoonotic or non-zoonotic) infections to each other through their interactions or 

environment. Despite their popularity as pets, there have been no in-depth studies into 

the contacts that occur between dogs, and between dogs and people. 

This study investigated the nature and frequency of these contacts using a questionnaire 

survey of 260 dog owning households in a community in Cheshire, UK. We found that 

these contacts were highly variable and affected by: size, gender and age of dog; 

individual dog behaviours; human behaviours and human preferences in management of 

the dog. A number of situations were identified that may be of particular importance in 

relation to zoonoses, including: sleeping areas, playing behaviours, greeting behaviours, 

food sources, walking, disposal of faeces, veterinary preventive treatment and general 

hygiene. 

3.1 INTRODUCTION 

There are approximately 6.5 million dogs owned in the UK (PFMA 2004), which 

equates to 1 dog for every 9 people and every 4 households (Office for National 

Statistics 2001a). Dog ownership is associated with many benefits for people, including 

companionship and physiological and psychological health (Friedmann 1995; Headey 

2003; Katcher 1981 ; Katcher and Friedmann 1982; McNicholas and others 2005). 

Despite this, concerns about negative aspects of dog ownership, recently highlighted by 

Jackson (2005) include dog bites, public nuisance, welfare, and risks to public health 

from zoonoses. 

At least 30 to 40 diseases of companion animals are transmissible to humans (Greene 

and Levy 2006), including parasitic, bacterial , fungal and viral diseases (Geffray and 

Paris 2001). Examples in dogs in the UK include Campylobaete,. spp., Salmonella spp., 
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Toxocara canis (Greene and Levy 2006; Tan 1997) and Methicillin-Resistant 

Staphylococcus aureus (MRS A) (Cefai and others 1994; Greene and Levy 2006). 

Ownership of pet puppies has been reported to be an independently associated risk 

factor in campylobacter illness in young children in Australia (Tenkate and Stafford 

2001) and exposure to diarrhoeic animals has been associated with a three-fold increase 

in the risk of Cjejuni/Coli enteritis in humans (Saeed and others 1993). 

Little detail is known about the nature and frequency of contacts between pet dogs and 

their owners or other people. However, in order to accurately assess the disease 

transmission risk from pets to humans it is important that such factors are evaluated 

(Wieland and others 2005). A smaller questionnaire study has been conducted in 

Scotland since our study was performed, and presented at a conference (Heller and 

others 2007); those results will compliment findings from our study in order to evaluate 

this area. The nature of the pathogen and its mode of transmission will be crucial when 

considering potential risk. Dog owning activities involving close contact with humans 

include: sleeping, playing, eating, greeting, disposal of faeces and general physical 

contact through affection such as cuddling and stroking. 

Similarily, little is known about the contact between dogs that could transmit infection 

through a population, for example during interactions between dogs whilst walking or 

through indirect contact during investigation of other dog's excreta. Bradshaw and Lea 

(1992) characterised the behaviour sequences that occur during dog-dog interactions in 

popular walking areas, but did not quantify the frequency of interactions, an important 

factor affecting the risk of pathogen transmission. Opportunities for pathogen 

transmission between dogs will be affected by human preferences such as the frequency 

of walks and how often the dog is let off lead, as well as individual dog behaviours. 

Primarily, it is a combination of both human and dog behaviours that determine where 

the dog goes and what it does. Studying interactions is not only of zoonotic importance, 

but of behavioural, welfare, psychological and social science interest. The aim of this 

study was to investigate and quantify the direct and indirect contacts between dogs, and 

between dogs and people, that occur in a community of pet dogs. A particular focus of 

this study was to evaluate contact behaviours that may be associated with transmission 

of pathogens of zoonotic importance. 
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3.2 METHODS 

3.2.1 Survey method 

In a door-step survey of 1278 households in a community in Cheshire, UK (Chapter 2), 

the owners of 327 dogs were identified and recruited into the study. Basic demographic 

information was collected for each dog at the time of recruitment. The 260 dog owning 

households were asked to complete questionnaires, containing multiple choice and 

open-ended questions, which had been pre-tested, revised and then piloted on 12 dog 

owning households in a nearby area. It was designed using an automated content 

capture system, TELEform v9.1 (Verity Software, 2005) (and can be viewed in the 

General Appendix). Questions were selected specifically to investigate the behaviours 

with potential for zoonotic pathogen transmission and covered a variety of topics: where 

the dog sleeps and is allowed access, the games it plays, its health, diet, walk frequency 

and behaviour when greeting people and other dogs. The questionnaires were returned 

between July and October 2005. Households that had not returned their questionnaires 

after 2 weeks were sent a reminder postcard, and if they had still not returned their 

questionnaire after another 4-6 weeks they were sent another copy of the questionnaire. 

Incentives to participate included money-off vouchers for dog food and a local boarding 

kennels, which were provided following return of the questionnaire. 

3.2.2 Data analysis 

The data were managed in a Microsoft Access database (Microsoft Corporation, 2003) 

and analysed using Minitab (Minitab release 14.2, Minitab Inc, 2005), SPSS (SPSS 13.0 

for Windows, SPSS Inc, 2004) and Excel (Microsoft Corporation, 2003). Chi-squared 

tests were used to investigate associations between answers to questions and categorical 

factors such as gender and size of dog. Many of the variables were measured as never, 

rarely, sometimes, often. This ordinal outcome was assessed using ordinal logistic 

regression analysis for the continuous variable age, with the lowest category as never. 

The association between the ordinal variables ' likely to greet dogs' and ' likely to greet 

people' was tested using the Gamma statistic (Siegal and Castell an Jr 1988). Questions 

about the respondents ' views on the positioning and emptying of dog-waste bins in the 

area were used to introduce the subject of picking-up faeces. For those households 

where one main person performed dog duties, this person would have been asked to 
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complete the questionnaire, and the response to the questions on picking up faeces were 

compared for male and female owners using Chi-squared tests. 

3.3 RESULTS 

A summary of the responses to each individual question IS gIven in the General 

Appendix. 

3.3.1 Demographic information 

Of the dogs initially recruited into the study, most dogs were of a named breed (78%) as 

opposed to crossbreeds or mixed breeds. Gundogs were the most popular UK Kennel 

Club category (25%) followed by mixed/cross breeds (23%). Labradors were the most 

popular of the individual breeds (15%) followed by Jack Russell Terriers (13%). Other 

popular breeds included Cocker Spaniel (8%), Border Collie (7%), West Highland 

Terrier (7%), German Shepherd (6%), Cavalier/King Charles Spaniel (4%), Golden 

Retriever (4%) and Springer Spaniel (4%). Approximately equal numbers of dogs were 

small, medium or large, with very few toy or giant sized. The mean approximate or 

known age (n=317) was 6.5 years (SD 3.9), with a maximum of 19 years (Fig.3.l). 

There were slightly more females (173) than males (154), and a lower percentage of 

males had been neutered (53%) compared to females (73%); the odds of females being 

neutered was 2.3 (95%CI 1.4-3.7) times greater than for males. The majority of dogs 

were acquired by the current owner from the person who bred the dog (59%). Seventy

one percent of owners had owned the dog in question since it was a puppy (12 weeks 

old or under), the maximum age of dog when acquired was 15 years. 

Of the 327 dogs recruited into the study, completed questionnaires were returned for 

85% (279). Twelve percent of households with one or two dogs did not respond, 

compared with 43% of three-dog households. 
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Histogram (with Normal Curve) of Approx age years 

-3 o 15 18 
Approx age years 

Figure 3.1 Age di tribution of dogs (n=317). 

3.3.2 Diet and healthcare 

Over half (56%) of dogs had one main person performing main dog duties such as 

feeding and exercising. Seventy-nine percent of dogs were fed in the kitchen. The most 

popular dog food was dry complete commercial dog food, though one dog was fed raw 

meat as part of its main diet. Eighty-three percent of dogs were never fed raw meat. 

Commercial dog treats were fed to 85% of dogs 'sometimes' or 'often'. Human food tit

bits were fed to dog 'ometimes' or 'often' from the hand (62%), in the dog's bowl 

(69%), straight from the plate (11%) or off the floor (37%). Six percent of dogs 

'sometime' or often' found and ate raw carcasses, 25% rolled in them or faeces, and 

6% 'sometimes' found and ate dog faeces. Eighty-four percent of dogs had visited a 

veterinary surgeon in the past year; 4% had visited because of vomiting and/or 

diarrhoea. ixty-two percent of the dogs had been vaccinated in the past year. Flea 

treatment had been given recently (in the past three months) to 53%, and worming 

treatment to 58%. 

3.3.3 Dog-human and dog-dog interactions inside the home 

The most common leeping place of the dog was in the kitchen (42%'always' or 

'often'); nineteen percent lept on the bedroom floor always' or 'often' and 14% on a 

human bed. During the day, the living area was the most popular place for dogs to rest, 

with 60% being there 'alway' or 'often'. Only 4% of dogs slept outside ' always' or 
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'often' but 29% spent time there during the day 'always' or 'often'. The majority of 

dogs were given access everywhere when the owner was in the house (56%) but then 

when the dog was alone in the house it was common to be restricted to the kitchen 

(24%) rather than allowed everywhere (20%). Fifty-two percent of dogs were reported 

to lie on furniture and 45% on a person's lap, 'sometimes' or 'often'. Smaller dogs were 

significantly more likely to lie on furniture or on a person's lap (Table 3.1) and younger 

dogs were also more likely to lie on a person's lap (Table 3.2). 

When interacting with household members, sniffing or nudging with nose, jumping up 

and licking hands were commonly reported to occur 'sometimes or 'often' (Fig.3.2). 

Neutered females tended to show sniffing/nudging behaviour more often, though group 

sizes were small (Table 3.3). SmaJier dogs were reported to jump up more often than 

larger dogs (Table 3.1). Ordinal logistic regression identified jumping up, licking faces 

and lickings hands of household members as significantly more common in younger 

dogs (Table 3.2). The most common type of game played with the dog was to fetch a 

ball or other object (77% 'sometimes' or 'often'). Larger dogs were reported to play 

fetch more often than smaller dogs (Table 3.1), although this was only significant if 

those respondents not reporting playing fetch but reporting for other games were 

categorised as 'never' for fetch. There were significant differences in the frequency of 

fetch games by gender/neuter status (Table 3.3) with entire females reportedly playing 

more fetch games. Tug-of-war was more likely to be played by smaller dogs than larger 

(Table 3.1). Ordinal logistic regression showed that younger dogs played all the games 

more frequently (Table 3.2). 
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Table 3.1 Significant (P<O.05) a ociations between contact behaviours and size of dog reported by 
owner questionnaire for 279 dogs in Cheshire. 
For tables including non-significant variables please see Appendix to Chapter 3, Table I. 
Covariate Size Never Rarely Sometimes Often P-value 

Lie on furniture 

Lie on persons lap 

Jumps up at household 
members 

Jumps up at visitors 

Fetch games 
(missing assumed as "never") 

Tug-of-war games 

Walk frequency 

Toy/small 
Medium 
Large/giant 
Toy/small 
Medium 
Large/giant 
Toy/small 

Medium 
Lar el iant 
Toy/small 
Medium 
Large/giant 
Toy/small 
Medium 
LarJte/s.iant 
Toy/small 
Medium 
Large/giant 

Toy/small 
Medium 
Large/giant 

n (%) n (%) n (%) n (%) 
17(18) 10(11) 29(31) 37(40) <0.001 
37(39) 9 (10) 22(23) 26(28) 
45 58 8 (10 16 21) 8 (10) 
9 (10) 13 (14) 26 (29) 43 (47)- <0.001 
33 (36) 21 (23) 24 (26) 13 (14) 
~2Jl~ i!Jl. ____ .. ~_ (15) 2 .. 12) ___ _ 
3 (3) 9 (10) 32 (34) 49 (53) <0.00 1 

17 (18) II (12) 29 (32) 35 (38) 
22 (2!LJ...2J24) 23 {29) 14 (18) 
7 (8) 11 (12) 33 (37) 39 (43) <0.001 
19 (21) 14 (15) 30 (33) 28 (31) 
33 41 J3 16) 21 {262 13 (16) 
24 (24) 10 (10) 21 (21) 44 (44) 0.01 * 
10 (II) 5 (5) 24 (25) 56 (59) 
8-.ilQ2 _()_ Q) __ . __ .. _1._~.Q2L_._ ~ .. ~ .(!~ 
9 (10) 7 (8) 35 (40) 36 (41) 0.02 
16 (18) 18 (20) 24 (27) 31 (35) 
21 {25) 10 {12) 28 (34) 24 (29) 
<once t-sev 1-2/day 3+ /day 
Iweek Iweek 
5 (5) 27 (27) 55 (56) 12 (12) 0.04 
I (I) 14 (15) 63 (66) 17 (18) 
0(0) 14 (17) 54 (64) 16 (19) 

* P=0.08 if missing data removed rather than as umed to be "never". 
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Table 3.2 Significant (P<0.05) a ociations between contact behaviours and age of dog (identified 
using ordinallogi tic regre sion) reported by owner questionnaire for 279 dogs in Cheshire. 
For tables including non-significant variables please see Appendix to Chapter 3, Table 2. 
Covariate Never Rarely Sometimes Often Odds ratio P-value 

(95% CI)( 

J:i.e on persons lap 
Jumps up at household 
members 
Jumps tp at visitor 
Lick faces of household 
members 

Mean approx age in years (SO) in each 
category 

7.6 (4.12 7.3 (3.6) __ 6...,.-.1 ....>.3_.8-<-_5_.4_ (.>-3_.6.<-) _ LJ..JL I-L2) 
8.2(3.3) 8.2(3.4) 6.3(4.1) 5.4(3.8) L2 (LI-L2) 

8.7 {}.52 8.6 (3.6) ~ }.7) 4.4(3.3) 1.3 (1.2-1.3) 
8.0 (3.8) 6.4 (4.0) 6.4 (3.6) 4.5 (3.6) 1.2 (1.1-1.2) 

<0.001 
<0.001 

<0.001 
<0.001 

Lick faces of visitors 
Lick hands of household 
members 

7.6 (3.8 5.2 (3. 8) ~7 (3-;-. 9~) __ 2~. 0~(;-;.2-:-. ° ):---::1-::.2_ (:-:-1-:-. 1-::-1 -::.3:-) _-:<0:-:.0:-,-0_1 _ 
7.2(3.4) 7.1 (4.2) 6.7(4.0) 5.5(4.1) 1.1 (LO-LI) 0.01 

Fetch ames 
~ug-of-war ames 

Rough-and-tumble 

8.8 3.6) 
7.6 3.8) 
7.5 (4.0) 

8. I (3.7) 
8.7 Q.9 
6.0 (4.5) 

0-
15min 

6.0 (3.5) 
6.6 (3.8) 

16-
30m in 

6.5 (3.8) ... .2.:§. (3.6) l.l (1.1-1.2) 
6.9 (3.4) 7.9 (4.0) 0.9 (0.9-LO) 

31-60mins Over 
60mins .. _--_._--

<0.001 
<0.001 
<0.001 

<0.001 
0.001 
0.03 

Walk length 8.6(4.1) 7.0(4.2) 6.2(3.7) 6.5(3.1) 1.1 (1.0-1.1) 0.04 
(The odds ratios pre ented are from Ordinal logistic regression with the lowest category as never; an 
OR<I indicates that as age increa es the probability of being in the higher categories increases; an OR>l 
indicates that a age increa es the probability of being in the lower categories increases. 

Hidinq 

'" Growlinq 
~ 
E 8arkinQ CI) 

E 
:2 Lickinq hands 
0 .c 
CI) Lickinq face '" :::l 
0 
:r Jumpinq up 

Sniffinqhludqinq w~h nose -
Hidinq 

GrowlinQ 

8arkinQ 

'" (; 
Lickinq hands "" ~ 

Lickinq face 

Jumpinq up 

Sniffinqhludqinq w~h nose -
0% 20% 40% 60% 80% 100% 

_ Possiblv never I miss ina _ Never 0 Rarelv Sometimes 0 Often 

Figure 3.2 Frequenc of beha iour exhibited when interacting with household members or 
greeting visitor reported b owner que tionnaire for 279 dogs in Cheshire. 
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Table 3.3 ignificant (P<O.OS) a ociation between contact behaviours and sex of dog, reported by 
owner que tionnaire for 279 dog in Che hire. 
For tables including non-significant ariables please see Appendix to Chapter 3, Tables 3-5. 
Covariate Gender Never Rarely Sometimes Often P-

n (%) n (%) n (%) n (%) value 
Sniffs/nudges with Entire male 2 (4%) I (2%) 19 (33%) 35 (61 %) 
nose 
Household members eutered male 2 (3%) 5 (7%) 24 (34%) 39 (56%) 

Entire female 0(0%) 4 (12%) 14 (42%) 15 (45%) 
eutered female 3 (3%) 4(4%) 22 (22%) 73 (72%) 

Fetch games Entire male 7 (13%) 9(16%) 19 (34%) 21 (38%) 0.04 
eutered male 7 (10%) 5 (7%) 22 (31%) 37 (52%) 

Entire female 2 (6%) 0(0%) 5 (16%) 25 (78%) 
Neutered female II (11%) 6(6%) 30 (30%) 53 (53%) 

Jumps up at visitor Entire 14 (16%) 9 (10%) 33 (38%) 31 (36%) 0.06 
eutered 45 (27%) 29 (17%) ~29%) 45 (27% 

Sniffs other dogs Male 7 (5%) 12 (9%) 32 (25%) 77 (60%) 0.03 
Female 7 (5%) 6 (5%) 54(41%) 64 (49%) 

The most common frequenc reported for adult visitors to the house was several times a 

week (42%), wherea for children it was once a week (20%) or once every several 

months (21 %), but orne hou hold had adult or child visitors everyday (23 % and 12% 

respectively). The mo t common behaviours reported when greeting visitors were 

sniffing or nudging with no e, jumping up and barking (Fig.3.2). Smaller dogs were 

reported to jump up at i itor more often than larger (Table 3.1), and there was some 

evidence for entire dog jumping up more than neutered (Table 3.3). The age of the dog 

was also significantly a ociated with whether they were reported to jump up at visitors 

or lick visitor' face (Table 3.2) with younger dogs more likely to exhibit these 

behaviours. Ten percent f dog were reported to growl 'sometimes' or 'often' at 

visitors compared to 6% at hou ehold members. 

3.3.4 Dog-human and dog-dog interaction out ide the home 

Dogs may contact other dog and people when they are taken out of the household, on a 

walk or to other place . The mo t common situation reported was being taken to 

friends' or relatives' hou e (23% 'once a week or more' and 6% 'everyday'). Most 

dogs never visited training c\ e (93%), boarding kennels (67%) or grooming parlours 

(67%). Thirty-se en percent of owner had taken their dog on holiday with them in the 

UK in the past year, but nly one owner had taken their dog elsewhere in Europe. Most 

dogs were estimated b the owner to meet and interact with 3 to 5 persons a day, 

outside the hou ehold (FigJ.3), but there wa a ignificant trend (P=O.OOI) for meeting 

more people at weekend than weekdays. This trend was also seen when estimating 
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number of dog met and interacted with per day, with 1 to 2 being most common for 

week days and 3 to 5 at weekends (P=O.Ol, Fig.3.3). The majority of dogs 'often' or 

'sometimes' phy ically interacted with people or other dogs encountered outside the 

home (both 76%), with evidence of 'gregarious dogs' that tended to interact with both 

dogs and people (Gamma tatistic value 0.39, P<O.OOl). Common behaviour types 

reported as ' ometimes' or ' often' when interacting with another dog included playful 

(59%), sniffing (81 %), ignore (42%) and aggression (24%). There were significant 

differences between the frequency of reports of sniffing behaviour for male and female 

dogs (Table 3.3), although there was no significance in a Chi-square test for trend. 

Younger dogs were more likely to play with other dogs and less likely to ignore other 

dogs (Table 3.2). 
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Figure 3.3. E timation of number of people and number of dogs met and interacted with by the 
dog per day reported by owner que tionnaire for 279 dogs in Cheshire. 

Eighty-three percent of the dog were confined to a secure area and never roamed 

unattended away from the pr mi es; only 1% were reported to be allowed to roam 

freely, although thi may b an underestimation due to the sensitive nature of the 

question. Mo t dog were walked twice (32%) or once (30%) a day. Only 3% were 

never walked or walked 1 than once a week, but these included some young puppies 
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and old dogs. Large or medium dogs were walked more often than smaller (Table 3.1, 

Chi squared for trend P=O.OOl). 

Six percent of the dog were never on a lead when walked. In contrast, 14% of dogs 

were never allowed off the lead. Of the dogs allowed off lead on walks, the majority 

(67%) were always within sight. Most dog owners walked their dog for between 16 

minutes and 1 hour each time. Younger dogs were more likely to be walked for longer 

periods than older dogs (Table 3.2). Approximately half of the dogs were walked at 

regular times each day, with 6-9am being most common, but 9am-12pm, 3-6pm and 6-

9pm were also frequentl used. Countryside (75%) and beach/marsh (64%) were 

common walking areas for this community, located next to the Dee Estuary. Sixty-nine 

percent of owners reported to walk regularly in the same places. Twenty-seven percent 

of owners never took the dogs out of the local area (in the car or using public transport) 

to be walked· but 6% did thi everyday ranging up to 21 % less than once a month. 

Thirty-eight percent of dog owners reported never walking their dogs with a group of 

friends and their dog but 3% did this everyday; however, 92% of owners noticed 

seeing the same people and their dog(s) 'everyday', 'often' or 'sometimes' whilst 

walking their dog. 

Five percent of the dogs were reported to 'sometimes' or 'often' urinate in the house, 

and 4% to defaecate. Mo t owner removed faeces from the garden/yard everyday 

(62%) although orne ne er removed it (1 %) or removed it less than once a week (3%). 

Plastic bags were the mo t common method used to dispose of faeces from the 

garden/yard (70%) r when el ewhere (e.g. on a walk) (91 %), but a shovel was also 

commonly u ed in the garden/yard (42%). Over eighty percent of respondents said that 

they always picked up any faece pa ed by their dog whilst out walking in the street, 

park area or on a public path, but just over 50% did so when in the countryside 

(Fig.3.4). A significantly maller proportion of males reported picking up faeces than 

females (Table 3.4). In a eparate part of the questionnaire, respondents were asked if 

they wash their hands after picking up faeces, and 96% said they did so 'always' or 

'usually'. Fewer rep rted alway or usually washing their hands before eating (85%) or 

after touching a dog (58%). 
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Street 187 

Park area 175 

Public path 183 

Open countryside 106 

0% 20% 40% 60% 80% 100% 

• Possib lv never I missinQ • Never 0 Rarelv 0 Sometimes 0 Usuallv 0 Alwavs 

Figure 3.4 Reported frequenc of dog owners picking up dog faeces deposited on walks reported by 
210 dog owners in Che hire. 

Table 3.4 Frequency of picking up after dog by gender of owner, reported by 116 dog owners in 
Cheshire. 

Frequency of picking up faeces 
Area Gender NeverlRarely/Missing Sometimes/Usually/Always P-value 

owner n (%) n (%) 
Street Male 7(19%) 30(81%) 0.11* 

Female ~{8%) . ___ ._ ........ _ ... __ . __ .... 7.} _(2~r.~ .. _._ .. _ ... __ ._ .. _._ 
Park Male 8 (22%) 29 (78%) 0.03* 

Female 6 (8%) _-..J.lJ9_2_%-<-) ______ _ 
Public path Male 7(18%) 30(81%) 0.01* 

Female 
•••• w ..... _. __ •• __ 3 4 % __ .. _ ......... _._ ... _ .. ___ . __ J.§j2ir.~.L .. _._ ... _ ... _. ___ ._. __ .. 

Open countryside Male 15(41%) 22(59%) 0.005 
Female 13 (J 6%) 66 (84%) 

* = Fisher's Exact P-value 

3.3.5 Validity of the que tionnaire 

The questions concerning contact with dogs other than their own had also been repeated 

in the initial door-step interview ( ee Chapter 2), which presented the opportunity to 

compare the interview re pon es with the self-administered questionnaire responses for 

those persons who had indicated that the person completing the questionnaire, and the 

person interviewed at the door were the same (n=176). Comparison of the results are 

presented in Fig. 3.5 and 3.6. 
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Figure 3.5 Com pari on of ection A (interview) and Section D (self administered questionnaire) 
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3.4 DISCU ION 

In thi tudy we have de cribed an in depth example of many of the common 

interactions between p t dog and people that are of interest in a number of contexts 

including dog bite, public nui ance, animal welfare and social benefits to people. In 
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particular we evaluated tho e behaviours that may contribute to transmission of 

zoonotic pathogens. Inside the house, a dog may be in close contact with household 

members and any visitors, and it may interact with both people and other dogs whilst 

outside. We find that the reported dog-dog and dog-human contacts are highly variable 

and affected by: the gender, size and age of dog; individual dog behaviours; human 

behaviours and human preferences in management of the dog. There are a number of 

situations that may be of particular concern, including: sleeping areas, greeting, playing, 

food sources, disposal of faeces, general hygiene, walking and veterinary preventive 

treatment. 

3.4.1 Use ofthe kitchen 

There appeared to be a human preference for placing dogs in kitchens in order to sleep, 

be fed, and be confined when the owner was out of the house. This may have been 

partly for hygiene reasons and ease of cleaning, in particular cleaning up urine or 

faeces, and partly becau e it re tricts access to the rest of the house and valuable 

household items when the dog is left alone. However, the kitchen is a food preparation 

area and this preference for placing dogs in the kitchen could be considered a risk for 

the transmission of zoonotic disease. Recent estimates from vet-visiting populations 

suggest that 23% of pet dogs in Norway and 41 % in Switzerland carry Campylobacter 

spp (Sandberg and others 2002; Wieland and others 2005), and that 0.1-3.5% of healthy 

dogs carry Salmonella spp (Fukata and others 2002; Hackett and Lappin 2003; Weber 

and others 1995). 

It has been suggested that pet food may be contaminated with Salmonella spp. and 

therefore may lead to contamination of human food when dogs are fed in the kitchen 

(Christopher and others 1974; Pace and others 1977). However, these reports are 

relatively old and this data may not apply to modern commercial pet foods. 

3.4.2 Diet 

Most dogs were fed a commercial pet food , and were not deliberately fed raw meat, 

although a small number of dogs may have contacted raw meat by eating or rolling in 

carcases. Raw meat can be a ource of many zoonotic pathogens such as Campylobacter 

spp. and Salmonella spp. (Lejeune and Hancock 2001). A few of the dogs were reported 

to sometimes eat dog faece which could also be a source of infection. Eating faeces has 
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previously been reported in only 0.2% of dogs (Beaver 1994) but it is uncertain whether 

this figure represents ingestion of own faeces only or included that of other dogs and 

animals. We found a considerably higher prevalence than this in the current study but 

were unable to identify a reason for this difference. 

Many dogs were fed commercial dog treats but it was also common to feed human food 

tit-bits, with 11% eating them straight off the plate 'sometimes' or 'often'. Our figure is 

lower than that reported by Heller and others (2007) where 19% were reported to eat 

from household plates; it may be that their figure included any positive response 

(including rarely) or this may reflect true differences between the populations studied. 

3.4.3 Sleeping and re ting areas 

Heller and others (2007) reported considerably more dogs sleeping on the bed (41.5%) 

but similar numbers lying on the sofa in their survey, however their study population 

was volunteer respondents in town centres/park areas and so different biases are likely 

to be present when comparing with our study. In addition the scale of possible answers 

to the question may not be directly comparable. Behaviours such as sleeping on the bed 

and lying on sofa/lap highlight the often close physical and psychological nature of the 

dog-human relationship. It ha been suggested by some that allowing such behaviours is 

likely to enhance the hierarchical status of the dog and may be associated with 'alpha' 

dog behavioural problems or dominance-type aggression for example (Fisher 2001; Guy 

and others 2001), although others consider this unimportant (Landsberg and others 

2003). Substantial numbers of people in the present study reported such behaviours, but 

few dogs were said to growl at household members therefore not supporting this theory, 

although these behaviours could be underreported. Jagoe and Serpell (1996) suggested 

that sleeping in the owner's bedroom was associated with competitive aggression 

(between dogs or over attention to others), and separation-related urination and 

defaecation. 

The close contact and sharing of beds or furniture could allow the transmission of 

zoonotic diseases or parasites such as fleas, especially with small and young dogs, 

which were more likely to lie on laps or furniture. In an ethological study in a small 

number of family homes, it was observed that small dogs were more likely to jump on a 

person's lap than large dogs ( mith 1983). MRSA has been reported to be transmitted to 
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a person from an apparently healthy dog that routinely slept in the owners' bed and 

licked their faces (Manian 2003). It is currently unknown how many healthy pet dogs in 

the UK are carriers of MRSA but one small study of dogs in a veterinary referral 

hospital found a prevalence of 9%, even though none were being treated for an MRSA 

infection (Loeffler and others 2005). 

3.4.4 Interaction with household members and visitors 

Common behaviours with hou ehold members and visitors such as sniffing and licking 

hands and faces could potentially transfer pathogens and were also indicated as 

common by Heller and others (2007). Such behaviours, which were more common in 

young dogs in our study, are often attention-seeking/care soliciting gestures (Scott and 

Fuller 1965) and indicate the strength of the social bond of dogs with people. Small 

dogs were also reported to jump up more often than large dogs and this finding has been 

suggested previously (Smith 1983). 

Many games were reported to be played with the dogs, and they may transfer saliva and 

potential pathogens to the hands, particularly with the popular game of 'fetch'. 

Previously it has been observed that medium dogs are more likely to play games with 

their owners whilst walking than large or small dogs (Rooney and others 2000) although 

these authors found no effects of dog size in a different survey of owners on the games 

they played with their dogs. OUf study asked about each type of game separately and 

found differences in the type of game played depending on the size of animal. 

Furthermore, our results did not relate just to games played during walks. Fetch games 

have previously been reported to be seen more with large dogs whilst walking (Messent 

1983), similar to our findings. 

Another commonly reported activity that may transfer saliva was the giving of treats 

(commercial or human food tit-bits) from the hand. A small number of dogs were 

reported to eat directly from the plate. The majority of people reported that they 

'always' or 'usually' washed their hands after touching a dog but this is likely to be an 

overestimation owing to the owners' expectations of being judged by their answer. 
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3.4.5 Disposal of faece 

Dog faeces are considered a nuisance as well as a potential health hazard. In addition to 

bacterial zoonoses, parasitic infections may also be present. For example, most puppies 

become infected with Toxocara canis in the first few weeks of life (Glickman 1990) 

hence the need for regular de-worming treatment. Leaving faeces in the garden or yard 

may lead to prolonged exposure for the household members. Open countryside was 

common dog walking territory but was also the area that persons were least likely to 

pick up their dog' s faeces . Almost all respondents stated that they 'always' or ' usually' 

washed their hands after picking up faeces (as corroborated by Heller and others, 2007) 

but this may be impossible in practice because most of the dogs commonly passed 

faeces whilst out walking. The majority of respondents reported cleaning up after their 

dog, although previous studies have observed 54-59% of people cleaning up (Webley 

and Siviter 2000; Wells 2006) whilst self-reporting much higher rates. Our study 

suggests that male owners may be less likely to pick up after their dog, or alternatively 

will more readily admit to leaving it, however an observational study has also reported 

fewer males than females picking up after their dog (Wells 2006). 

3.4.6 Dog walking 

Walking with a dog has been shown to facilitate social interactions, suggesting potential 

for psychological, as well as physical, benefits to owners (Messent 1983). There was 

considerable variation in walking preferences but a substantial number of dogs were 

walked on regular routes at regular times of days, and could have repeated opportunities 

for contact with certain other dogs and people. This idea is supported by the fact that 

most dog owners reported that they noticed the same dogs and owners on their walks. In 

our study, most dogs were walked twice or once a day, for mostly either 16-30mins or 

31mins-1hr, whereas Heller and others (2007) reported a median of 3 walks per day in 

their survey (range 1-10), but again with a similar ' average' walk of 30 mins. More 

opportunities for contact on weekends than weekdays were reported in our study. The 

majority of dogs remained in sight on walks when off lead, suggesting that dogs remain 

fairly close. It has been reported in a previous study that off lead dogs generally 

travelled less than 2-5m off trail for fewer than 1-2 minutes (8ekoff and Meaney 1997) 

though this is likely to vary depending on the environment. Many of the dog owners 

reported taking their dog in the car or using public transport to walk outside of the 

immediate local area on a regular basis, providing opportunity for dogs from different 
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areas to mix and increase the risk of disease transmission further afield. Some dogs 

were regularly taken to friends ' or relatives' houses where they may interact with other 

dogs and people. 

Diseases may transmit through and persist in the dog population due to interactions 

between dogs whilst walking. This study suggests that younger dogs might be 

considered more at risk than older dogs by performing close contact behaviours such as 

playfulness, and are less likely to ignore other dogs. There was some evidence that 

entire males may be more likely to sniff other dogs. Bradshaw and Lea (1992) also 

observed that when two dogs met the most common interactions seen were inspection of 

the head and anogenital areas, with males investigating the anogenital area more 

frequently than females, and they suggested that sex of the dogs (and possibly whether 

or not it is neutered) affects the type of interactions. 

3.4.7 Health and veterinary care 

In the past year, the majority of dogs had been taken to a Veterinary Surgeon, who 

could be an important information source about zoonotic diseases. However, not all of 

the dogs were regularly taken and so other sources of information need to be 

considered. Most commonly the owner had acquired a dog from the person who bred it, 

and thus breeders could also be a source of information for new owners. Just over half 

of the dogs were reported to have been recently treated for gastrointestinal worms and a 

similar proportion for fleas. Effective flea and worm treatment is important in respect to 

welfare of the dog, and considering the close contacts with humans reported. 

3.4.8 Response rates and biases 

This study attempted to survey all households in a defined geographic area, and it 

therefore provides a somewhat different, and possibly less biased, view of dog 

ownership compared to other studies in which dogs were recruited through veterinary 

practices or by calls for volunteers who would likely be enthusiasts. Not all of the dogs 

had visited a veterinary surgeon in the past year and a third of dogs had not been 

vaccinated in the past year; as a result a considerable number of dogs would have been 

missed if recruitment was from veterinary practices in this area. Bias due to not 

contacting a household was minimised by visiting at a variety of times of day and days 

of week, ensuring good contact rates for the initial recruitment of dogs. Previous 
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information introducing the study (leaflets) and incentives to participate combined with 

the local knowledge of and community links with the local veterinary teaching hospital 

may have contributed to the very good response rate for both the initial interviews and 

return of postal questionnaires. 

There may have been some bias due to the different interests of people who completed 

and returned the questionnaire compared to non-respondents, in particular due to the use 

of incentives. A smaller proportion of three-dog households completed and returned 

their questionnaires than two-dog and one-dog households; the extra work involved to 

complete the questionnaires for three dogs may have been a deterrent. More of the 

owners did not answer the question about toileting in the house than the question about 

toileting in the garden or on walks, possibly owing to the sensitivity of the subject, and 

the rates of toileting in the house may therefore be underestimates. 

As this study was only in one small, semi-rural community, the results and conclusions 

that can be drawn are limited to this area and it may not be possible to generalise to the 

wider UK population. However, the percentage of the population owning a dog was 

similar (24%) to the 21% reported previously for the UK in 2004 (PFMA 2004), 

supporting the suggestion that results gained from this study may be indicative of 

similar populations elsewhere. 

3.4.9 Validation of questions 

The majority of the questionnaire was not validated and it is possible that owners would 

respond differently if questioned again. When faced with the scale 'everyday-never', 

when questioned about contact with dogs other than their own, the respondents tended 

to be less inclined to indicate the extreme ends on the postal questionnaire than when 

asked in interview. Regarding circumstances, there were significant differences seen for 

'walking', 'friends', 'neighbours' and 'family' (P<O.OOI for all). When able to see the 

suggestions on the questionnaire the respondents were more likely to indicate them, 

probably using them as a prompt. 'Family' was not included as a prompt on the self

administered questionnaire Gust calculated from 'other - please specify') and was less 

likely to be suggested without this prompt. In both cases 'pub' was deduced from the 

'other - please specify' category. It is also possible that after completing the 

questionnaire and arriving at this question the respondents had already been thinking 
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about the subject of dogs for a period of time and therefore had more suggestions of 

circumstances to offer. 

It was not possible to validate these questions for respondents that did not own dogs. It 

is unknown whether this finding invalidates the conclusions drawn from Chapter 2 

about rates of contact with dogs, because it is unknown whether the non dog owning 

respondents would have also reported differently via a postal questionnaire. It may be 

that the dog owners are less different from the non dog owners than previously thought, 

or there may have still have been significant differences between dog-owning and dog

free respondents. Whether the interviewer listens for an answer and ticks an appropriate 

category, in contrast to the respondent being able to see the possible choices, may cause 

considerable error, bias and loss of information (Oppenheim 1992) and should be 

considered in future questionnaire design. 

3.4.10 Conclusion 

Our results provide considerable previously unrecorded information about dog 

ownership that may be typical of many communities in the UK and may be relevant to a 

number of disciplines. In terms of human health, although dogs are not thought to be a 

major cause of zoonotic infections compared to food sources, they may still be an 

important risk to consider, especially for immunocompromised persons, the very young 

and the elderly. 

We have measured a number of factors that may facilitate zoonotic disease transmission 

in the pet dog owning community including: playing, greeting, food sources, sleeping 

areas, walking, disposal of faeces, veterinary preventive treatment and general hygiene. 

These studies may be used to inform strategies for targeted intervention for the control 

of both zoonotic and other infectious diseases in dogs and provide information that may 

help in quantifying risks associated with dog ownership. Currently the actual level of 

risk of zoonotic disease is unknown but not likely to be large. Assessment of the actual 

risks involved, and the nature of any interventions required, will also depend on the 

nature of the pathogen and its transmission characteristics. 
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APPENDIX TO CHAPTER THREE 

ASSOCIA TIONS OF SIZE, AGE AND GENDER OF DOG WITH 
OTHER VARIABLES 
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Table I. As ociation between contact behaviours and size of dog reported by owner questionnaire 
for 279 dogs in Cheshire. 
Covariate 

Sleeping on bed 

Lie on furniture 

Lie on a person 's lap 

Sniffs/nudges with nose visitors 

Jumps up at visitors 

- ---
Sniffs/nudges with nose 
household members 

Never 
Rarely 
Sometimes 
Often 
Alwa}',-s __ _ 

ever 
Rarely 
Sometimes 
Often 
Never 
Rarely 
Sometimes 
Often 
Never 
Rarely 
Sometimes 
Often 
Never 
Rarely 

ometimes 
Often 

Toy/Small 
(n) 

Medium Large/Giant 
(n) (n) 
49 44 
7 6 
8 3 
5 3 
6 5 

P-value 

39 
6 
9 
7 
12 
17 
10 
29 
37 
9 
13 
26 
43 

-----------------

5 
9 

28 
48 

37 45 
9 8 

22 16 
26 8 
33 59 
21 9 
24 12 
13 2 
5 6 
6 4 

32 23 
48 50 

7 19 33 
II 14 13 
33 30 21 
39 28 13 

<0.001 

<0.001 

0.78 

<0.001 

--- - _ .. _-_ .. _..... --_. -.. --.. ------
41 52 45 0.36 
14 17 15 
18 13 15 
9 5 2 - -- - -----=-------:=-------

Never 
Rarely 
Sometimes 
Often 
Never 
Rarely 
Sometimes 
Often 

30 34 30 
16 17 14 
27 25 29 
12 12 6 

Never -- -- 3 --- 2 2 

Rarely 8 6 2 
Sometimes 30 26 25 
Often 52 57 54 

0.82 

- Jumps up at household 
members 

--------

-"Licks face of household 
members 

Licks hands of household 
members 

- Fetch (missing data recoded as 
never) 

Tug-of-war 

Never 3 17 22 
Rarely 9 II 19 
Sometimes 32 29 23 
Often 49 35 14 ----
Never 
Rarely 
Sometimes 
Often 

25 36 27 

Never 
Rarely 
Sometimes 
Often 
Never 
Rarely 
Sometimes 
Often 
Never 
Rarely 

ometimes 
Ollen 

14 
23 
27 
18 
II 
34 
27 
24 
10 
21 
44 ---
9 
7 

35 
36 

---

20 16 
22 19 
10 15 
24 2 
15 15 
32 27 
21 16 
10 8 
5 6 

24 31 
~56~ ____ 3_9 __ _ 

16 21 
18 10 
24 28 
31 24 

= I or m~re cells with expected counts less than 5. 
* P=0.08 ifmissing data removed rather than assumed to be "never". 

<0.001 

0.08 

0.67 

0.01· 

0.02 
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Table 1 (continued). Associations between contact behaviours and size of dog reported by owner 
questionnaire for 279 dogs in Cheshire. 
Covariate Toy/Small Medium Large/Giant P-value 

(n) (n) (n) 
Rough and tumble games Never 16 23 22 0.33 

Rarely 11 15 14 
Sometimes 33 36 32 
Often 26 16 13 ... __ ._ ..... _._ .. __ .... _ .. _-_._-----,- ....... _--_._- ..... _ ... __ ... _-_ .. _ .. _ .... __ ....... _ .. _- ... _ ...... _--_ ... _ ... _ .... _ ... _-_ .. _ .... _-_ ... _ ... __ .... __ ... _ .... _ .. __ ... --.. . 

Never 16 31 20 0.24 Chase games 
Rarely 12 13 11 
Sometimes 29 24 28 
Often 28 19 18 '-::-:---:--:----:--..---------':--'-'----- --_ .. _ .... _. __ .. __ .. _---_._------_ .... _-_._ .. _--

Playful with other dogs Never 34 22 18 0.05* 
(missing data recoded as never) Rarely 11 21 9 

Sometimes 29 35 35 
Often 25 17 22 ,.-.......... ~ ...... -... --.... - .... - .... -.----... ---.---.-----.. -. __ ... _._ .... _ .. _...... .................................................. . .............................................................................. -

Sniffs other dogs 

Ignores other dogs 

Never 
Rarely 
Sometimes 

7 4 3 
7 8 3 

27 32 26 
48 49 44 

Never 22 22 10 
Rarely 19 27 25 
Sometimes 28 26 34 
Often 12 II 6 

............................. -
0.75 

0.14 

._---------_ ... _--_._---_._---_ .. - -_ .. __ ._-_._._--
Aggression with other dogs Never 

Rarely 
Sometimes 
Often 

-· \V-aik·fteq~-ency---.. --·--·-.. --< once"j--··---.. ·-· ... -

Walk length 

week 
l-sev / week 
1-2 /day 
3+/dayor 
other 
0-15mins 
16-30mins 
3lmins-
I hour 

37 43 38 0.37 
17 25 18 
20 15 15 
10 4 4 
5 

............. _._ ........ _ ......... _._._ ... _ .. _ ...... __ . .. ... _ ..... _ ..... _ ..... _ .. _.-...... - .... _ ......... _ ........ $' ... _ ....... 
o 0.04 

27 
55 
12 

8 
35 
43 

14 
63 
17 

6 
36 
40 

14 
54 
16 

2 0.54$ 
29 
35 

Overl hour 9 11 14 
$ = I or more cells with expected counts less than 5. 
* P=0.13 if missing data removed rather than assumed to be "never". 
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Table 2. Associations between contact behaviours and age of dog (identified using ordinal logistic 
regression) reported by owner questionnaire for 279 dogs in Cheshire. 
Covariate Mean approx age Odds ratio 

(95% CI)' in years (SD) 
Sleeping on bed Never 6.8 (4.0) 1.0 (1.0- 1.1) 

Rarely 6.3 (3.7) 
Sometimes 7.1(4.1) 
Often 6.7 (3.0) 

Lie on furniture 
Alwa s 5:!Q.:.!L __ .... -:-:-~ 
Never 6.7(3 .9) 1.0(1.0-1.1) 
Rarely 7.3 (3.7) 
Sometimes 6.7 (4.4) 

P-value 

0.27 

0.65 

Often ". __ ._. __ .i:~~.=-?L ____ .. _. ____ "_. ___ _ 
Lie on a person 's lap Never 7.6 (4.1) 1.1 (1.]-1.2) <0.001 

Sniffs/nudges with nose 
visitors 

Rarely 7.3 (3.6) 
Sometimes 6.1 (3.8) 
Often 5.4 3.6 -- ----
Never 6.4 (3.3) 
Rarely 4.8 (4.2) 
Sometimes 7.0 (4.1) 

1.0 (0.9-1.0) 

-:-:-____ -'O:...:ft..:::e:..;..n _ __ ._ ... _ ... __ ". __ .. " .. ~:~J~ .. JL _" ____ . __ ._. __ ._. 
Jumps up at visitors Never 8.7 (3.5) 1.3 (1.2-1.3) 

Rarely 8.6 (3.6) 
Sometimes 6.2 (3.7) 
Often 4.4 (3.3) 

Licks face of visitors Never 7.6 (3.8) 1.2 (1.1-1.3) 
Rarely 5.2 (3.5) 
Sometimes 6.7 (3.9) 

0.40 

<0.001 

<0.001 

-" Licks hands of visitors - ~::;r · ._. -·-·-···---·-+~·H~~-·-·"-"···· --··-- "I~i"("l"~-o=Tl y··_-"---···o":oK--·"·--

Sniffs/nudges with nose 
household members 

Rarely 7.2 (3.8) 
Sometimes 6.5 (4.2) 
Often 5.] 4.5) 
Never 6.3 (3.7) 
Rarely 6.0 (3.9) 
Sometimes 6.8 (3.7) 

1.0 (0.9-1.1) 0.58 

Jumps ~p at house..,...h-ol,....,d---~-::;r ------- ~t~jt"·-·"-···"·"··""-):2(i~1-=12)-"-··-·"<0.O-Ot-·-
members Rarely 8.2 (3.4) 

Sometimes 6.3 (4.1) 

_~~~~~~ __ O~ften ~~ 
Licks face of household Never 8.0 (3 .8) 1.2 (1. 1-1.2) <0.001 

members Rarely 6.4 (4.0) 
Sometimes 6.4 (3.6) 

-Licks hands of household 
Often _ __ . ___ i.:~_Q.:~.t_ .. __ . __ . __ . __ _ 
Never 7.2(3.4) 1.](1.0-1.1) 0.0] 

members Rarely 7.1 (4.2) 
Sometimes 6.7 (4.0) 

_______ -=O..:..:ft..:..;en-'--_ 5.5 (~I) 
Fetch Never 8.8 (3 .6) 1.2 (1.1-1.3) <0.001 

Rarely 8.4 (3 .9) 
Sometimes 7.3 (3.8) 

-,--___ _ _ Ofte~ 5.6 (3..:12 _____________ _ 
'The odds ratios presented are /Tom Ordinal logistic regression with the lowest category as never; an 
OR< I indicates that as age increases the probability of being in the higher categories increases; an OR> I 
indicates that as age increases the probability of being in the lower categories increases. 
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Table 2 (continued). Association between contact behaviours and age of dog (identified using 
ordinal logistic regression) reported by owner questionnaire for 279 dogs in Cheshire. 
Covariate 

Tug-of-war 

Rough and tumble games 

Chase games 

Playful with other dogs 

Sniffs other dogs 

Ignores other dogs 

Mean approx age 
in years (SD) 

Never 7.6 (3 .8) 
Rarely 7.8 (3.4) 
Sometimes 7.0 (4.1) 

Odds ratio 
(95% CJ)l 
1.1 (1.1-1.2) 

P-value 

<0.001 

Often 5. 1 (3.5) 
~~--------------------------

Never 7.5 (4.0) 1.1 (1.1-1.2) <0.001 
Rarely 8.1 (3.8) 
Sometimes 6.3 (3.5) 
Often 5 ~ 1-,(~4.:..:..0)L-___________ _ 
Never 8.1 (3.7) 1.2 (1.1-1.2) <0.001 
Rarely 7.5 (4.3) 
Sometimes 5.7(3.5) 
Often ____ ._ .. _.J._~ 3 3...:..~L. 
Never 8.7 (3.9) 1.1 (1.1-1.2) 0.001 
Rarely 6.0 (3.4) 
Sometimes 6.5 (3.8) 
Often 5.6 (3.6) 
Never 7.8 (2.2) 1.0 (\.0-1.1) 0.82 
Rarely 6.2 (3 .8) 
Sometimes 6.7 (3 .9) 
Often _ _ 6.7 (4.0 
Never 6.0 (4.5) 0.9 (0.9-1.0) 0.03 
Rarely 5.6 (3.8) 
Sometimes 6.9 (3.4) 

___ .. ____ . _ Often __ . __ . ___ ?.:2_(4.QL . _____ . __ . ___ .. ___ . __ ._ .. _______ . __ . __ 
Aggression with other dogs Never 6.3 (4.0) 0.9 (0.9-1.0) 0.06 

Rarely 6.2 (3.4) 
Sometimes 7.9 (3.8) 
Often 6.9 (3 .9) 

- Walk frequency < once / week 8.6 (4.1) 1.1 (1.0-1.1) 0.14 
I-sev / week 7.0 (4.2) 
1-2 /day 6.2(3.7) 
3+/day or other 6.5 3.1 

Walk length 0-15mins 8.6 (4.1) 1.1 (1.0-1.\) 0.04 
16-30mins 7.0 (4.2) 
31 mins-I hour 6.2 (3.7) 
Over I hour 6.5(3.1) 

(The odds ratios presented are from Ordinal logistic regression with the lowest category as never; an 
OR< I indicates that as age increases the probability of being in the higher categories increases; an OR> I 
indicates that as age increases the probability of being in the lower categories increases. 
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Table 3. Associations between contact behaviours and sex of dog, reported by owner questionnaire 
for 279 dogs in Cheshire. 
Covariate 
Sleeping on bed 

Lie on furniture 

Lie on a person 's lap 

Sniffs/nudges with nose visitors 

Jumps up at visitors 

Uc-ks face of visitors 

- Sni"ffs7nudges with nose household 
members 

Male (n) Female (n) P-value 
Never 64 68 0.21 
Rarely 10 9 
Sometimes 9 12 
Often 7 8 
Always 17 6 
Never 51 49 0.80 
Rarely 15 12 
Sometimes 31 36 
Often 33 38 ... _ ... _ ..... _ .. __ .. __ ... _ .... __ .. _-_._--_. __ .. _. __ . _. __ .. _ .. __ ._ .. _ .. _ .. __ .. _ .. _.-
Never 54 48 0.27 
Rarely 15 28 
Sometimes 30 32 
Often 28 30 
Never 8 8 0.95 
Rarely 8 II 
Sometimes 41 43 
Often 72 74 .. __ ._-_ .. _._-_ .. _._._-_._---_ .. -. __ .. _---_. __ ...... _.-.. _-
Never 27 32 0.63 
Rarely 21 17 
Sometimes 44 40 
Often 36 44 .. __ . __ ._--
Never 72 67 0.16 
Rarely 25 21 
Sometimes 20 26 
Often 4 12 ._._----------_._--_ .. _-_._-----_.-_.---
Never 47 48 0.36 
Rarely 25 22 
Sometimes 40 41 
Often 10 20 ----_._-----_._. 

0.53$ Never 4 3 
Rarely 7 9 
Sometimes 45 36 

76 88 Often _______ .::...:..:c.:c:.:.. __ . __ . __ . _____ .. ___ ... 

Jumps up at household members Never 20 22 0.80 
Rarely 21 19 
Sometimes 45 39 
Often 46 52 

LickSface of household members Never·-----------5-1----------3"8-----o.ii-·-

Rarely 24 26 
Sometimes 33 31 
Often 21 31 

Licks hands of household members Never 37 ·-:2;:"5=-------0-=-.-=-2-=-6--
Rarely 21 21 
Sometimes 45 48 
Often 27 37 

Fetch 
- - Never - ----·----·--··--TLi-------·--·-·--·---jj------··-·----O'0---

Rarely 14 7 
Sometimes 42 35 

__________________ -=-Often___ ~~1 -------~7~8--_. __ ~~-
Tug-of-war Never 20 26 0.51 

Rarely 15 20 
Sometimes 48 40 
Often 47 44 

- $ = I or more cells with expected c~~ts ~sstha;:;s.---···--·····-··-····-----····----···-···-·---···· .. -------.-.---..... --.. -----.-
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Table 3 (continued). Associations between contact behaviours and sex of dog, reported by owner 
questionnaire for 279 dogs in Cheshire. 
Covariate Male (n) Female (n) P-value 
Rough and tumble games 

.. _ .. _-_.- ---------
Chase games 

Never 
Rarely 
Sometimes 
Often 

31 
21 
46 
29 

30 
20 
55 
26 

Never 35 32 
Rarely 16 20 
Sometimes 45 37 
Often 30 35 

0.82 

0.63 

.. __ ... _ .... M_._M __ .. M_._ ... _· ._. __ . ____ ._M. __ . ____ . _____ _ 
Playful with other dogs Never 23 22 0.67 

Rarely 20 21 
Sometimes 45 55 
Often 35 29 

Sniffs other dogs Never 7 7 0.03 
Rarely 12 6 
Sometimes 32 54 
Often 77 64 -_. 

Ignores other dogs Never 35 19 0.08 
Rarely 31 40 
Sometimes 41 48 
Often 13 16 ---

Aggression with other dogs Never 56 65 0.29 
Rarely 34 27 
Sometimes 23 27 
Often 12 6 

Walk frequency < once / week 3 3 
)-sev / week 29 26 
1-2 /day 79 94 
3+/day or othe_r _____ 25 20 

Walk length 0-15mins 8 8 0.82 
16-30mins 51 50 
31 mins-l hour 57 61 
Over) hour 14 20 

$ = 1 or more cells with expected counts less than 5. 
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Table 4. Associations between contact behaviours and neutered status of dog, reported by owner 
questionnaire for 279 dogs in Cheshire. 
Covariate Entire (n) Neutered (n) P-value 
Sleeping on bed Newr M U 0.49 

Rarely 7 12 
Sometimes 4 17 
Often 5 10 
Alwa s 10 12 ---:-=------ --

Lie on furniture Never 39 58 0.46 
Rarely 7 20 
Sometimes 22 43 
Often 22 48 ----- -- ----_ .. _------------------------ ---

Lie on a person 's lap Never 30 69 0.35 
Rarely 15 27 
Sometimes 19 42 
Often 25 32 

-------~-------~~-Never 6 10 0.98 Sniffs/nudges with nose visitors 
Rarely 6 13 
Sometimes 25 52 
Often 49 95 ---- ------------------ ----

Jumps up at visitors Never 14 45 0.06 
Rarely 9 29 
Sometimes 33 49 
Often 31 45 
~-------~~-----~-------

Never 50 86 0.81 Licks face of visitors 
Rarely 14 31 
Sometimes 14 3 I 
Often 6 9 

L 'icks hands of visitors 
---.. --------40----------5"3----------_·--"0:10"----

Never 
Rarely 
Sometimes 
Often 

Sniffs/nudges with nose household 
members 

Never 
Rarely 
Sometimes 
Often 

Jumps up at household members--N- ever 
Rarely 
Sometimes 
Often 

Licksface of household members 

Licks hands of household members 

Never 
Rarely 
Sometimes 
Often 
Never 
Rarely 
Sometimes 
Often 

16 31 
21 57 
7 22 
2 5 0.40 
5 9 

33 46 
50 112 
I (---------31 -----OA~ 
II 28 
32 49 
32 64 
32 55 0.69 
13 35 
21 41 
19 33 
27 35 0.19 
II 29 
25 64 

Fetch Never 
Rarely 

20 44 
---~-----~~---- --9 18 

ometimes 
Often -------

Tug-of-war Never 
Rarely 
Sometimes 
Often 

----s--;. lOr more cells with expected counts leSsthan 5. 

9 II 
24 52 
46 90 

27 
23 
58 

0.73 

0.90 17 
II 
29 
29 ___ ~61 -___ ---
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Table 4 (continued). Associations between contact behaviours and neutered status of dog, reported 
by owner questionnaire for 279 dogs in Cheshire. 
Covariate Entire (n) Neutered (n) P-value 
Rough and tumble games Never 

Rarely 
Sometimes 
Often 

21 39 0.73 
13 28 
33 66 
22 31 -------------_ .. - .... __ .... _ ... _ .......... _ .... _ ... _ .. _ ....... _ ... _ ...• _ ......• -..•.. - ......... _ .... _._ .... _ .. _ .... _ ...... _ .... _ .... _ ... _ .. __ . __ .. _ .... _._-

Chase games Never 25 40 0.80 
Rarely 10 25 
Sometimes 29 53 
Often 23 40 

------~-~------~. 
Playful with other dogs Never 13 31 0.55 

Rarely 17 23 
Sometimes 30 68 
Often 21 42 ____________ --=...:..:..:c:.:...... ___ ._._._._ .. _______ . __ . ____ _ 

Sniffs other dogs Never 5 9 0.09 
Rarely 8 10 
Sometimes 19 66 
Often 51 86 

Ignores other dogs Never 25 31 0.11 
Rarely 20 50 
Sometimes 33 55 
Often 5 22 _ .. _ .. _ ... _._. __ ._ .. _----------- ._--------_ .. 

Aggression with other dogs Never 42 75 0.23 
Rarely 23 38 
Sometimes 13 37 
Often 3 15 -------- --... ----.......... ---.... -....... -........ -.... -.-..... --.-.-.. --.. -.---.-.----.-.--- .......... - ....... ;s .. -.. ---

Walk frequency < once / week 2 3 0.08 
I-sev / week 18 36 
1-2 /day 50 120 
3+/da or other 22 22 

Walk length 0-15mins 7 0.83 
16-30mins 34 66 
31 mins-I hour 40 76 
Over I hour 10 23 

$ = I or more cells with expected counts less than 5. 
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Table 5. Associations between contact behaviours and sex/neutered status of dog, reported by 
owner guestionnaire for 279 dogs in Cheshire. 
Covariate 

Sleeping on bed 

Lie on furniture 

Lie on a person 's lap 

Sniffs/nudges with nose 
visitors 

Jumps up at visitors 

Entire Neutered Entire Neutered 
male (n) male (n) female female 

{n} {n} 
Never 27 34 17 50 
Rarely 5 5 2 7 
Sometimes 2 7 2 10 
Often 4 3 1 7 
Alwa s 8 8 2 4 ._--"'--_._. __ .. _--_._._._ .. __ ._._ .. __ ._-_._-_ ... _ .. 
Never 25 
Rarely 5 
Sometimes 15 
Often 12 

24 
1 

14 
20 

14 34 
2 10 
7 29 
10 28 

p-
value 

0.70$ 

. 0_ .. ________ . _________ _ 
Never 23 29 7 40 0.34 
Rarely 7 7 8 20 
Sometimes 12 17 7 25 
Often 14 13 II 19 
Neve;.-------··-2"·---·-···-····---(j---·---4 ----·--··--4---'--'-0 :2"5$---

Rarely 2 6 4 7 
Sometimes 16 22 12 30 
Often 37 33 12 62 
Never 10 17 4 28 '--- 0.21"$-

Rarely 8 13 I 16 
Sometimes 20 22 13 27 
Often 17 16 14 29 

Llck:;-fa-c-e 'o- f-v-is-itors---N- e-v-er ----·-·-32---··--····--··37·-·---·--··----18-----··----49 ·----··--O~75$-·-

Rarely 9 15 5 16 
Sometimes 8 II 6 20 
Often 3 I 3 8 

-:---:--:--:----:-
Licks hands of visitors Never 23 22 17 31 

--------
Sniffs/nudges with nose 
household members 

Jumps up at household 
members 

Rarely II 15 5 17 
Sometimes 15 22 6 35 
Often 4 3 16 
Never 2 2 0 3 
Rarely I 5 4 4 
Sometimes 19 24 14 22 
Often 35 39 15 73 
Never 10 10 I 21 
Rarely 7 14 4 14 
Sometimes 18 24 14 25 
Often 20 24 12 40 

O.W-

'--r-
0.34 

Licks face of household 
members 

Never ··2"4-·-·--·-------····2-S---·--······-····---·-g-----·--····-··- ·-3"0-_··-·-·---0-:50---

Rarely 6 16 7 19 
Sometimes 13 19 8 22 
Often 12 9 7 24 -----

Licks hands of household 
members 

Never 20 17 7 18 
Rarely 5 14 6 15 
Sometimes 17 25 8 39 
Often 12 15 8 29 

Fetch Never 
Rarely 
Sometimes 
Often 

._._-_. __ ._-_._---_._._---_. __ ._--$"--
7 7 2 11 0.04 
9 5 0 6 
19 22 5 30 
21 37 25 53 

Tug-of-war Never --T1------7---- 6 20 0.j2T-
Rarely 9 6 2 17 
Sometimes 19 28 10 30 
Often_~ 16 30 13 31 

= 1 or more cells with expected counts less thans.-· 
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APPENDIX to Chapter 3: Questionnaire of dog-human and dog-dog contacts 

Table 5 (continued). Associations between contact behaviours and sex/neutered status of dog, 
reported by owner questionnaire for 279 dogs in Cheshire. 
Covariate Entire Neutered Entire Neutered 

Male (n) female female female 
(n) (n) (n) 

Rough and tumble games Never 12 18 9 21 
Rarely 10 II 3 17 
Sometimes 19 26 14 40 

p-
value 

0.85 

Often 16 11 6 20 -.----.. ------'":-'-'-:...........- ... _---_ ..... _ .... _ .. _ .. _._. __ .. _ ..... __ ... _ ... _ ... _.-_ .. _._._-_._ .. _-_ .. _-_ ... _. __ . __ ... _._ ...... __ ._ ...... _ ..... _ .. _ ..... _ ..... _ .. 
Chase games Never 17 17 8 23 0.63 

Rarely 8 7 2 18 
Sometimes 18 27 11 26 
Often 13 15 10 25 ._-- ._ ..... _-_ .... _ .. _._._ .. _ ... _. __ .- .................. - .... _ .......... - ..... _-_._ ... _ .... _ .. _ ... _- .... _._ ..... _ .... _ .. _ ..... _ .. _ ... _- ....... _ ... _ .... _ ... _ .......... _.$ ... _ .. -

Playful with other dogs Never 10 12 3 19 0.87 
Rarely 11 9 6 14 
Sometimes 18 25 12 43 
Often 14 20 7 22 

••• M .... "'···._··· .. •• .. ···_ ... _. ____ ... __ • ___ ._ •• __ .. _____ ... _ ••• ___ ••• ~._ •••• _ ............................................... _. .. ....... _ •••••••• _ •• __ " 

Sniffs other dogs Never 3 4 2 5 
Rarely 7 5 1 5 
Sometimes 8 24 11 42 
Often 37 36 14 50 ------------------_ .. _ ... _ .. _--_ ... _---_._-----_._----._---,-._-$_._--

Ignores other dogs Never 17 18 6 13 0.18 
Rarely 12 18 8 32 
Sometimes 19 21 14 34 
Often 4 8 1 14 _ .... _ .... -.. _--_._._. __ ... _ ... _._-_ .. _. __ ._---_ ... _ .. _ ... _ ... _ .. _-_ ........ _ ... _ .... __ ......... - ... _ .... _ .. _. __ ........... - ... -.... _ ..... __ .. -..... $ .... __ .. . 

Aggression with other Never 26 27 16 48 0.17 
dogs Rarely 18 16 5 22 

Sometimes 7 16 6 21 
Often 2 10 1 5 ... _._ .. _ .. _-_._ .. __ ... _--_ .. _-_ ... _--_._ ... _._ ......... -... - ... - .. -.... -.-.... . ..... _._ ........ _ ...... _ ........ _ ..... _._-_. __ .. __ . __ .. --.. -.--.. - ... -..... - ..... - ...... -.-.. -.. -... --.. -...... -.... $".-.. _. 

Walk frequency < once / 1 1 2 -
week 
l-sev / week 
1-2 /day 
3+/dayor 
other 

11 
32 
15 

17 
45 
9 

7 
18 
7 

19 
75 
13 

.......... - .... -.--.------.-----.... ---.. ---.. -.-----... --.. ··-2 .... --···-···-·---··-·-··-'1-·-··------···7 ··-····-··.-.. "'-'-"0.76$'---
Walk length 0-15mins 6 

16-30mins 22 28 12 38 
3lmins- 23 32 17 44 
Ihour 
Over I hour 7 7 3 16 

$ = I or more cells with expected counts less than 5. 
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CHAPTER FOUR 

WALKING THE DOG: EXPLORATION OF THE 
CONT ACT NETWORKS BETWEEN DOGS IN A 

COMMUNITY 

This Chapter has been submitted for publication: 
C. Westgarth, R.M. Gaskell, G.L. Pinchbeck, J.W.S. Bradshaw, S. Dawson, R.M. 
Christley. Walking the dog: exploration of the contact networks between dogs in a 
community. Epidemiology and Infection. 
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CHAPTER 4: Dog contact networks 

ABSTRACT 

This study uses social network analysis to investigate potential contact with respect to 

disease transmission among 214 dog owning households in a UK community, through 

their utilisation of public space during walking. We identified a high level of potential 

contact between dog owning households; most households walked their dogs in only a 

few areas but a small number visited many. Highly connected households were more 

likely to have multiple dogs, walk their dogs off lead, and own Working, Pastoral or 

some terrier types. Similarly, most areas were only visited by a few households but a 

few were visited by many. We demonstrated high connectivity and potential for disease 

transmission between dog owning households, with minimum path lengths of two 

' steps' (household-area-household, 74%) or four ' steps' (via two areas, 26%). General 

network structure remained stable when considering time of walking. Targeted removal 

of highly connected nodes did not serve to fragment the network, as may be postulated 

from the general network properties of skewed degree distributions, clustering of nodes 

and short path lengths. However, this study provides some useful indicators of dog and 

household types where particular efforts could be directed in preventive disease 

measures. 

4.1 INTRODUCTION 

Although pet dogs often live singly or in small groups within a household, they also 

have a social network with other dogs that they meet, most likely on walks. So far, little 

is known about the structure of social networks for pet dogs. Past work has focused 

mainly on the ecology of free-roaming dogs (for example Beck 1973; Boitani and others 

1995; Meek 1999; Miller and Lago 1990), owned and stray dog populations in rabies 

areas (for example Kitala and others 2001 ; Matter and others 2000), or studied the 

individual behaviours in dog-dog interactions (Bradshaw and Lea 1992). There has been 

no research into the frequency, extent and nature of contact within a population of 

owned pet dogs in western society. However such contacts are potentially important for 

a number of reasons, including both the spread of disease within the dog population, 

and the possible spread of zoonotic disease from dogs to humans. 

Many factors - essentially host and pathogen characteristics, and environment -

influence disease transmission, but clearly the opportunities for contact, and the nature 
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of the contacts between hosts will play a major role. In pet dogs, this may relate not 

only to the individual behaviour of the dog, but the management of the dog by the 

owners, both within and outside the home. We have previously carried out a 

community-based questionnaire study which examined dog-dog and dog-human 

interactions in terms of management and behaviour, mainly within the household 

(Chapter 3). Data was also obtained on the walking patterns of owners and dogs, outside 

the home. In the present study, we have examined this data using social network 

analysis in order to investigate potential disease transmission within this dog 

population. Whilst we did not measure actual physical contact between dogs, the 

information gained provides us with an opportunity to assess potential contacts through 

dogs being walked in the same areas and in the same time periods. Dogs utilising shared 

time and space could also contact pathogens indirectly through, for example, 

investigation of urine or faeces. 

Although dogs have not yet been studied in this way, social network analysis has been 

used in order to investigate a number of other species for areas of potential contact 

between individuals in relation to infectious disease transmission (Christley and French 

2003 ; Corner and others 2003 ; Klovdahl and others 1994; Robinson and Christley 2007; 

Robinson and others 2007). This approach, which is relatively novel in veterinary 

studies, enables consideration of the patterns in which individuals are linked in small 

groups and as part of a larger network (Friedman and Aral 2001). Each individual or 

unit of study is classed as a 'node' and connected to other nodes through ' ties ' . In the 

case of infectious disease these connections can be a risk-potential linkage between two 

individuals, where infection could be spread if an infectious agent was present 

(Friedman and Aral 2001). Most studies that use network analysis utilise one-mode 

data, involving contact between a single class of nodes (Christley and French 2003; 

Corner and others 2003; Klovdahl and others 1994; Lusseau 2003). Here we use both 

one and two-mode network approaches, the latter linking the two different node sets of 

walking areas and dog owning households, thus minimising information loss (Borgatti 

and Everett 1997). Understanding of such contact networks provides insight into 

transmission dynamics and may aid identification of targets for intervention and control 

(Albert and others 2000; Bansal and others 2007; Shirley and Rushton 2005a, b). 
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4.2 METHODS 

4.2.1 Network data collection 

A census door-step interview of 1278 households in a community in Cheshire, UK 

(Chapter 2) identified 266 dog owning households of which 260 were subsequently 

recruited into a questionnaire study of owner and dog behaviour and general 

management (Chapter 3). At the time of data collection, study participants were also 

provided with a map of the local area on which to mark on any regular routes used for 

dog walks. For data analysis in the present study, the map was divided into 768 square 

grids (each represents an area 125m by 125m) and each grid area that was entered by a 

household during their dog walks was recorded. The subsequent two-mode network 

generated consisted of households linked to grid areas. This was then further converted 

to a one-mode network of households that contact each other via common walking 

areas. 

It could be argued that dogs that are walked through street areas may be more likely to 

be on lead and possibly less likely to physically interact even if they are walked through 

the same place at the same time, unless owners stop to talk to each other or allow their 

dogs to interact. For this reason, the map was also analysed for areas of 

park/field/public footpath, termed 'green areas ', where the dogs may have been more 

likely to be off lead and free to interact if they come across each other. These varied in 

size from small parks to long tracks or sections of a disused railway line which is now a 

country park, where common routes taken by the walkers could be identified. Eighteen 

such areas were identified; the smallest was contained in one grid area, the largest in 23 

grids. A second two-mode network using households linked to green areas was 

constructed. 

4.2.2 Network analysis 

Network characteristics calculated include: degree of a node, defined as the number of 

ties incident upon that node (e.g. number of households walking in an area) ; the density 

of a network, comparing the numbers of ties present to the theoretical maximum 

number of ties; geodesic distance, as a measure of the minimum path length, i.e. 

shortest number of steps to travel between two nodes (e.g. two households), and the 

average clustering coefficient, which is the average probability that two neighbours of a 
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gIven node are also neighbours of each other. For further explanation of network 

terminology, see (16, 22-24). The analysis of 2-mode data presents challenges to the 

standard methods of analysing network data, in particular with respect to geodesic 

distance and normalising the degree, as not all nodes have the possibility of connecting 

to each other, but approaches have been described to deal with this (Borgatti and Everett 

1997). 

For each household, the number of different grid areas visited (two-mode household 

degree) was analy ed for associations with other data using Kruskal Wallis tests in 

Minitab (Minitab.Inc 2005) as the data did not follow a normal distribution. These 

included dog types (UK Kennel Club breed type, size, age, sex, neuter status), 

household types (number of dogs, number of people, age of people, occupations), walk 

frequency, walk length, whether they regularly walk in the same place or have varied 

walks, travel outside of the local area for walks, walking with friends or allowing the 

dog off lead (as presented in Chapter 3). The same analyses were also performed for the 

number of households contactable through common grid areas (one-mode household 

degree). 

In order to investigate the temporal effect of time of walk on network structure, the 

'green areas' network was also analysed following subdivision according to the reported 

time of walking (categorised as 6-9am, 9am-12pm, 12-3pm, 3-6pm, 6-9pm and 9pm

midnight). Some households were categorised as 'varied' if they did not walk at a 

regular time, and these were evaluated within their own network. 

Excel (Microsoft 2003) and Minitab (Minitab.Inc 2005) were used to graphically 

represent data. Clustering of the dog walking areas used was examined using filled 

contour maps in R (Crawley 2007; R Development Core Team 2006) (Fig.4.8a). The 

social network analysis software UCINET and Netdraw (Borgatti 2002) were used to 

visualise the networks. Network statistics such as density, and node characteristics such 

as geodesic distance and normalised degrees were calculated initially in UCINET and 

then adjusted using methods developed specifically for two-mode networks as 

appropriate (Borgatti and Everett 1997). 
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4.3 RESULT 

4.3.1 Re poo e rate 

Of the 1278 hou ehold initially urveyed, 260 (owning 327 dogs) were recruited into 

the questionnaire stud . In total, marked maps were provided from 214 of the 224 

households (96%) that returned the questionnaire (i.e. 82% of all dog owning 

households recruited). 

4.3.2 Network u iog grid area 

For each hou ehold, the grid area u ed for dog walking were recorded and used to 

create a two-mode network, in which the first mode were the grid areas and the second 

mode the dog owning hou ehold (Fig.4.1). In total, 524 of the potential 768 grid areas 

were utili ed for dog walking and there wa a high level of connectivity between the 

nodes. 

• 

• , 

• ,. 

• 
Figure 4.1 Two mode n twork of 214 dog owning hou ehold (red circles) and areas reported to 
walk through on a regular ba i (black quare, n=524). Multi-dimensional scaling plot. 
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Household degree (two-mode) 

Households reported utilising between 1 and 258 grid areas with a median of 25. In 

network terms, this is defined as the household degree. These data were highly skewed, 

with most households reporting visiting only a few areas but a few households reporting 

large numbers (Fig.4.2). 

9 

8 .. 
7 .. 

:0. 6 •• 
(,,) 

~ 5 ~. 
:s 

W4 ...... 
u. 3 .... • 

2 ~ . ..... • 
1 ~ ... _ .... • • • 
0 

o 50 100 150 200 250 300 
Number of qrid areas visited per household 

Figure 4.2 Distribution of number of grid areas visited per household (two-mode household 
degree). 

Several factors were associated with the number of grid areas visited during dog 

walking. There was a significant association between the number of dogs in the house 

and the number of areas visited: one, two and three dog households had median 

numbers of areas visited of 23, 31 and 50 respectively (P=O.Ol, Fig.4.3) though the 

outliers with the very high numbers of areas visited were still mostly one dog 

households. 
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Figure 4.3 Number of areas vi ited for households containing different numbers of dogs (n=214). 
*=outlier (unusually large or small observation). Upper whisker extends to highest data value within the 
upper limit (75%), top of the box indicates the third quartile, line indicates the median, bottom of box 
indicates first quartile (25%), and lower whisker extends to lowest value. 

A number of other factors were also significantly associated with the number of grid 

areas through which households reported walking. Dogs that visited higher numbers of 

areas spent more time off the lead (P=O.OOl), had longer average walk lengths 

(P<O.OOl), and had varied walks rather than walking in the same place (P<O.OOl). The 

dog owners that walked in many areas also reported higher frequencies of taking the 

dog outside of the local area (i.e. outside the area illustrated in the map provided) to be 

walked (P=O.Ol). For UK Kennel Club breed types there were differences approaching 

significance (P=O.06), with Working, Pastoral , and Unrecognised categories 

(Unrecognised including Jack Russell and Patterdale terriers) having higher median 

number of areas visited than Gundogs, Hounds, Crossbreeds, Toy, Utilities and Terriers 

(particularly low) (Fig.4.4). There was no evidence for a significant association between 

number of areas visited and general type (known breed, cross or unknown), size, sex, 

neutered status or age of dog. There was also no evidence for a significant effect of: 

number of people in the household, ages, or occupations of the people in the household, 

frequency of walks or commonly walking with a group of friends. 
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Figure 4.4 Number of areas visited for each dog type (UK Kennel Club Categories) (n=267). 

Geodesic distance (path length) 

In the entire grid areas network households could contact another household through 

two 'steps' (74%) or four ' steps' (26%). A two-step is defined as one-step to area, one

step to household i.e. two households walking in a common area. Therefore households 

were contactable with all other households in the grid areas network either directly or 

through one of the households that they walk in the same area with. 

Household degree (one-mode) 

When the network was converted to one-mode, it was apparent that there was a 

relationship between the number of grid areas visited and the number of other 

households that a household may contact through these areas (FigA.5). The two-mode 

degree increased approximately logarithmically with one-mode degree. 
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Figure 4.5 Plot of the number of other households a household contacts through use of common 
grid areas (one-mode household degree) against number of areas visited (two-mode household 
degree). 

Similar significant associations of number of households contacted were found as to 

number of areas visited (number of dogs, walk length, off lead allowances, and having 

varied walks, although not travel to walk outside of the area), but the relationship with 

UK Kennel Club breed type was now highly significant (P=O.O I); there was also a slight 

change in rankings (highest to lowest: Working, Unrecognised, Pastoral , Crossbreed, 

Toy, Utility, Hound, Gundog, Terrier). 

The relationship between the strength of the tie and the size of the network was 

investigated by sequential deletion of ties, starting with ties with the lowest tie strength 

(value 1 );as the value of the ties increased, the number of connected nodes decreased 

through the formation of isolated nodes, but a single large connected component 

remained rather than sub-division into smaller networks (Fig.4.6). Similarly, sequential, 

targeted deletion of nodes, starting with the highest degree, demonstrated that the 

redundancy of links in the network was such that it took until removal of the 164th node 

(i.e.77% of households) before any subdivision of the network was observed; and this 

only served to isolate one node from the large component. 
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Figure 4.6 Plot of the large component size (number of connected nodes) at different tie strengths 
between the node, and count of node pairs connected at each tie strength, for the one-mode 
network of contact between hou eholds through use of common grid areas. 

Clustering coefficient 

The one-mode network of household-household contacts had an average clustering 

coefficient of 0.88, demon trating a high level of clustering between the nodes. This 

value remained high when various cut-off levels (from 10 to 60) in the strength of the 

ties between nodes were examined (for example only those households connected by 

walking in 50 or more common areas). 

Grid area degree (two-mode) 

For each grid area the number of households that reported to walk through them was 

recorded and again wa highly skewed (Fig.4.7). Indeed, there was evidence that this 

approximated a power-law distribution. Most areas were visited by a few households 

but a few areas were vi ited by more than half of the households; the area degree ranged 

from 1 to 124 (excluding areas not visited at all). 
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Figure 4.7 Distribution of number of households visiting each grid area (two-mode area degree). 
(log-log scale) 

There was spatial clu tering of grid areas used by many households (FigA.8a). A nature 

reserve, a country park path and a road (leading to the nature reserve) were amongst the 

most popular walking area . 

a b 

10 120 • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • 
08 

100 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • : :; : • • • • • • • • • • • • • • • • • 
80 • • • ~ :;: • • • • • • • • • • • • 

06 • • • • • • • • • • • • • • • • • • • • • • • • • • • 60 • • • • • • • • 
04 .. • • • • • • .. • • • • • • • • 40 • • • • • • • • • • • • • • • • • • 
02 • • • • • • • • 

20 • • • • • · . • • • • • • • • • • 
00 

0 • • • 
00 02 04 06 08 10 

Figure 4.8 Areas plotted by coordinates. 
a). Smoothed spatial plot. cale=numbers of households walking through that area (degree). White=high, 
green=low. 
b) Links shown between areas with tie of strength over 25 (over 25 common households walking 
through them both). 
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Grid area degree (one-mode) 

Within the study site, two grid areas could be considered as being linked if at least one 

dog utilised both areas; for example, pathogens acquired in one area could be carried to 

the other area by this dog. Hence, a one-mode network of grid areas was constructed. 

The high level of interconnectedness between grid areas in the study site makes 

illustration of the connections between the areas difficult. However, even when links 

with a strength of more than 25 (i.e. more than 25 households use both areas) only are 

included, the interconnectedness of a large region can be seen (Figure 4.8b). 

Comparison with the smoothed spatial plot of area usage indicates that the frequently 

used areas are also often linked through the common usage by many households. 

4.3.3 Network using 'green areas' 

One hundred and ninety-three households used at least one green area. Analysis of the 

network using green areas (Fig.4.10a) suggested there was a tendency towards the 

formation of two clusters of walking areas and three clusters of households. One 

household cluster utilised both green area clusters, whilst the remaining household 

clusters each tended to only use one or other of the green area clusters. Even using this 

restricted contact definition, there is still a large single connected component; only 21 

households were excluded from this network by not walking in any of the green areas. 

One small park was not used by any of the respondents even though dogs are commonly 

seen to be walked here. 

Normalising the degree for two-mode networks 

The 17 green areas were ranked by their degree (Fig.4.9): GA10, GAll and GA12 were 

the most used areas, all being located as parts of a nature reserve. The 2-mode 

normalised degree (2MND) of a node reflects its importance in the network as a whole. 

Each area can connect with a maximum of214 other nodes (households), as they cannot 

connect to other areas, whereas households can only connect to a maximum of 17 areas. 

In order to directly compare the degree of households and areas it is necessary to 

perform 'normalisation' to a maximum score of 100. The maximum 2MND was 94, for 

a household that had the possibility of walking in almost all of the areas mentioned. In 

all, five of the households were higher ranked than the most popular area and so 
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relatively linked to more other po sible nodes than any of the areas; the lower rankings 

in the 2MND ere mixed between households and areas (data not shown). 
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Figure 4.9 Degree of green area. 

Geodesic di Lance (path length) 

The geode ic di tance between the nodes are shown in Table 4.1. In the entire green 

areas network, hou ehold could commonly contact another household through two 

'steps' (56%) or four ' tep (25%), compared to 74% and 26% respectively in the grid 

areas network. Therefore hou eholds are contactable with all other households in the 

grid areas network either directly or through one of the households that they walk in the 

same area with; wherea in the green areas network 19% of all household pairs were 

isolated from each other. 

Density 

The density of the green areas network was 0.34 (34% of the possible ties are present). 
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Table 4.1 Geodesic distance {minimum ~ath length} and densit~ for green areas networks. 
Time Distance Household pairs Area pairs Density 

number % number % 
All times 2 25516 56 266 98 0.344 

4 11540 25 6 2 
Isolated 8526 19 0 0 

6-9am 2 2574 6 266 98 0.114 
4 1332 3 6 2 
Isolated 41676 91 0 0 

9am-12pm 2 1304 3 144 53 0.076 
4 418 I 66 24 
Isolated 43860 96 62 23 

12-3pm 2 906 2 182 67 0.071 
4 284 I 56 21 
6 0 0 2 1 
Isolated 44392 97 32 12 

3-6pm 2 2138 5 246 90 0.103 
4 1054 2 26 10 
Isolated 42390 93 0 0 

6-9pm 2 1308 3 134 49 0.077 
4 664 I 48 18 
6 8 0 0 0 
Isolated 43602 96 90 33 

9pm-12am 2 312 I 240 88 0.039 
4 150 0 0 0 
Isolated 45120 99 32 ]2 

Varied times 2 2260 5 238 88 0.102 
4 820 2 34 13 
Isolated 42502 93 0 0 

Combined 2 9152 20 4930 35 0.083 
times 4 12432 27 4120 29 
network 6 128 0 152 I 

Isolated 23870 52 4840 34 
The total number of household pairs and area pairs is 214x213=45582 and 17x 16=272, respectively, for 
all green areas networks except the combined times network. The combined times network is based on 
214x213=45582 households pairs and 119x 118=14042 time-area pairs (i.e. 17 areas x 7 time periods). 

4.3.4 Networks by time 

Knowledge of the general time period that each household walked in allowed the 

network to be further sub-divided into smaller networks of dogs that are walked in the 

same place at approximately the same time of day (Fig.4.10). Fifty-six households did 

not walk at a particular time of the day but at varied times and were, for analysis 

purposes, separated into their own network even though they may be present at various 

times in the areas that they choose to walk in. Overall, subdivision of the networks by 

time suggested that the basic structure was stable across various times of the day. 
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a) Two mode network for Green Area at all times (number of households = 193). Multi-dimensional 
scaling plot. Circle - hou ehold and green quares=groups of walking areas (set of paths or a park) 
termed green area . b) varied time (n 64), c) 6-9am (n=68), d) 9am-12pm (n=48), e) 12-3pm (n=35), f) 
3-6pm (n==61), g) 6-9pm (n 50), h) 9pm-12am (n=23). Fixed node coordinates from a). 
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Geodesic distance (path length) 

For most time periods, households that walked at that time (and were therefore included 

in the network, not isolated) were able to contact another household through 2 or 4 steps 

(Table 4.1). The network for 6-9pm is slightly different in that some households are 

separated by six steps. For each time period network there were far more isolates than 

for the whole network discussed previously, because more nodes are not included in the 

networks, as they indicated that they did not walk at that time. When the network was 

subset by time, the number of isolated household pairs increased to 91-99%; 9pm-12am 

had the most number of isolated pairs, and 6-9am the least, reflecting the popularity of 

that time for walking. 

Density 

The density of the green areas network was 0.34 (34% of the possible ties are present), 

compared to densities of 0.04-0.11 (4-11%) when time of walking was considered; 6-

9am and 3-6pm were most dense as they were the most popular walking times. 

Two-mode normalised degree 

When analysed by time of walking, many of the households had a 2MND of 0 because 

they were isolates (i.e. not linked to any other nodes at that time) and were therefore not 

integrated into the network. Again some households had higher 2MNDs than the 

walking areas, but the highest ranking households changed as their presence in the 

network changed over time periods (Fig.4.11). The highest overall 2MND node (94) 

was present in three of the six time periods, further increasing the influence of this 

household. 
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Figure 4.11 Two-mode normali ed degrees for each green area at different walking times. 

Combining eparate lime networks into one 

The individual times networks were then combined into one large network using one set 

of household node (n=214) and a set of area nodes for each time period (n=7x17= 119). 

The sub-networks produced at different time periods are connected by the dogs that are 

walked more than once a day' these households are positioned in the middle of this 

larger network (Fig.4.12)_ The density of this network is considerably less than if time 

of walking is ignored (Table 4.1; 0.08 compared to 0.34) because of the distancing 

effect of walking at different time -
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Figure 4.12 etwork repre enting the combination of all time periods. Each green area (squares) is 
represented 7 times (each time period and varied times, n= 119), each square node of the same colour 
represents the ame green area at different times of the day; each household (red circles) only appears 
once (n= 193). 

4.4 DISCUS 10 

4.4.1 General connectivity of the network 

Many dog owner would agree that it is not uncommon for their pet dog to contact other 

dogs on their dail walk . However, using network analysis of dog walking patterns in a 

small community, thi tud ha demon trated that a surprisingly high level of overall 

potential contact e i t between the dogs through their utilisation of public space. All 

household pair in the grid area network, or 81 % in the green areas network, could 

contact each other, either directly or via walking with one other household. It must be 

noted that, in realit , th dog may not be daily traversing all of the walks reported for 

that hou ehold, but if the e walk are regular and consistent (as requested) then there is 

a good chance of rep at d opportunities for contact between dogs, in particular given 

the strength of the tie b tween hou ehold demonstrated. Even if only a proportion of 

these potential e ent re ulted in actual contact, there would likely remain considerable 

connectivity gi en th 1 el of opportunity demonstrated here. 
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4.4.2 Extension of the network 

In addition, the networks described would, in reality, be more extensive, incorporating 

dogs that live outside of our recruitment area, and those from households not available 

during the census interviews or not wishing to participate in the study. They may also 

include the roaming behaviours of stray dogs and free-roaming pet dogs, although only 

1 % of the dogs in our study were reported to be allowed to roam freely (Chapter 3). No 

data were available on the roaming ranges and routes of these dogs, though a previous 

study in America of free-ranging owned urban dogs estimated home ranges of 0.lkm2 

and an average maximum excursion of 165.lm (Rubin and Beck 1982) suggesting that 

dogs do not roam very far from home. 

4.4.3 Indirect vs direct contact 

Although this study could not determine whether dogs actually came into physical 

contact, the exposure to dog excretions in the environment may pose a risk of disease 

transmission. For example, the enteric pathogen canine coronavirus can survive warm 

temperatures for several days but seems to prefer colder temperatures and therefore may 

survive longer during winter months (Tennant and others 1994). Campylobacters also 

manage to persist in the environment despite lacking many of the usual bacterial 

survival mechanisms (Murphy and others 2006). Feline parvovirus shed in faeces can 

survive in the environment for several months (Ikeda and others 2002) and it is likely 

that canine parvovirus is the same. 

Although indirect contact may be sufficient in some cases for disease transmission, it is 

probable that direct physical contact is of higher risk, for example in the transmission of 

upper respiratory tract diseases by contact with infectious discharges or by aerosol 

(Greene 2006). Whether dogs actually physically contact each other if they are present 

in an area at the same time will also depend on their individual behaviour; avoidance 

behaviours may act to reduce the number of contacts, and play, investigative or 

aggressive behaviours may increase them. It is not currently known how likely dogs are 

to contact each other given the opportunity, but due to the increased emphasis over 

recent years on the importance of socialisation (Hunthausen and Seksel 2002), it is 

likely that many dogs do choose to interact and owners may encourage this. Some of the 

dogs may be kept on a lead all of the time, however this does not necessarily prevent 

them from physically interacting. 
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4.4.4 Network characteristics in relation to disease transmission and intervention 

strategies 

Our networks demonstrated short path lengths, clustering of nodes, and some skewed 

degree distributions and it has been shown that rapid disease spread can occur through 

networks with these properties (Shirley and Rushton 2005a; Watts and Strogatz 1998). 

Many real networks have been found to have short path lengths and clustering of nodes, 

leading to the term ' small world ' networks (Watts and Strogatz 1998). Such networks 

are claimed to be robust and tolerant to random removal of nodes, as most nodes are not 

highly connected. In contrast, targeted removal of the most highly connected nodes is 

reported to dramatically change the path structure between the remaining nodes, 

decreasing their ability to communicate across the network (Albert and others 2000). 

How such theoretical studies translate to empirical studies and practical applications is 

not clear, however, there are important implications for disease prevention. In theory, 

highly connected dogs could be identified and ' removed' from the infectious disease 

network, for example through targeted vaccination or stopped from being walked during 

a critical disease (epidemic) period. However, the high overall connectivity of our 

network meant that experimental targeted removal of nodes in this manner did not have 

the effect described above. 

It has been suggested that many one-mode networks follow a power-law, termed ' scale

free ' , degree distribution (Barabasi and Albert 1999). Whilst some authors have 

suggested this may be due to universal organisational principles of nature (Barabasi and 

Albert 1999), this has recently been disputed (Keller 2005; May 2006). Our distribution 

of the number of households visiting each area, does suggest that when extrapolated to 

larger regions, there may be areas that are visited by an extremely large number of dog 

owning households. However, although unobserved in our sample, a cut-off is likely to 

occur in this distribution, due to practical constraints on the number of households that 

can use a particular area. 

Common features of areas with high degrees included park or recreation space, or the 

access to such spaces. Such areas represent areas of high risk potential for the 

transmission of disease and could be targeted for restricting access should disease 

outbreaks occur. However, it is difficult to predict the effect of "closure" of specific 

highly used areas; walking may become more widely disseminated throughout the 
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community (perhap reducing contact between dogs) or may simply tend to relocate to a 

few other location , or e en on the treet. Detailed knowledge of space utilisation by 

dog owner rna al 0 facilitate placement of dog waste disposal bins and other public 

health mea ure . 

Analysis of the numb r of area vi ited by each household also suggested a skewed 

distribution of dog walking di tance and variability of routes. Most households walked 

dogs in only a fe\\ area , but a mall number visited many areas. However this did not 

appear to follow a power-law di tribution, possibly because lifestyle constraints acting 

on a dog owner are al likely to influence the number of areas he/she can practically 

walk in. In addition, a the number of areas visited rose, there was a limit on the number 

of extra hou ehold contacted. However this may be due to the 'invisibility' of other 

dogs that walked in tho e area but lived outside of our questionnaire recruitment area. 

The dogs in th higher degree hou eholds may be important for assisting the 

transmission of di ea e thr ugh the network, as they have the potential to contact more 

other dogs. The hou eh Id that walked in many areas were also identified from the 

questionnaire a tho e who walked their dogs for longer and on more varied routes, thus 

supporting the finding u ing the map-and-grid system. These households were more 

likely to let their dog ff lead, had increa ed numbers of dogs, and were more likely to 

own Working, Pa toral or me terrier types. This small group of highly connected dogs 

are also those walked more frequently in a wider area outside of the map. They are thus 

involved in a much larger network of dog than that described here, and may act as 

important di eminator for tran mitting diseases through the wider population. This 

study provide orne u eful indicator of dog and household types where particular 

efforts could be directed in pre entive disease measures, for example vaccination. 

However, even if reliable data were available for each community, would owners be 

able to correctly identif their own dogs as 'highly connected' in order to choose to 

vaccinate? 

When con idering green pace area only, the households divided approximately into 

three groups and the area int two. Thi divi ion of the dog population may act to slow 

transmission of path gen, and may enable targeted intervention to be applied. 
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However, there wa till c n iderable interconnectedness, both within and between the 

household clu ter , which rna limit the effectiveness of any intervention. 

4.4.5 The impact of walk time 

The effect of time of walking wa inve tigated, in order to focus on the possibility of 

direct contact tran mi i n, and eparate networks were constructed for those 

households that re p nded that they walked at different times of day to those that 

walked at varied time. mi ion of households which reported varying times of dog 

walking from thi anal i would re ult in underestimation of the connectedness of the 

networks; con er el , inclu ion in each time network incorrectly assumes that these 

households are pre nt all da and would lead to an overestimation of the contact 

possible betwe n dog . The general tructure of the networks appeared stable through 

time, but they did ha e enid rably reduced connectedness and increased number of 

isolates. Howe er, eparating the network into time periods did not fragment the 

network into non-interc nn ting clu ters and so direct contact transmission pathways 

were still pre ent acr the gen ral network. In reality, dogs are not walked in one 

discrete time p ri d or an ther, and analy ing based on this assumption is somewhat 

artificial. 

4.4.6 Conclu ion 

A high level of potential contact has been demonstrated between a population of pet 

dogs through their u e f public pace, and this has implications for infectious disease 

transmission and p ible intervention strategies. The community was in a semi-rural 

area and conclu ion rna} b limited to thi area, and it is unknown how much the 

results can b generali d to ther area . However, more urban areas are likely to have 

less available green pa e for dog-walking and this may lead to further concentration of 

dog walking in the e few p pular area. Another limitation of the study is that the 

contact definition u d wa nece arily relatively imprecise due to the data collection 

method, and in realit the actual e tent of contact may be reduced due to human and 

dog behaviour. urther tudie, inv tigating possible contact behaviours and their 

frequencies are needed to b tter elucidate the potential for transmission of important 

pathogens thr ugh d gowning c mmunitie . However, collection of appropriate data 

for such studie i difficult and relie on observational data collection (although the 
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presence of ob erver rna alter behaviour). In the longer term, pathogen-specific 

contact networks should also be e plored. 
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CHAPTER FIVE 

RISK FACTOR FOR CAMPYLOBACTER UPSALIENSIS 
CARRIAGE I A COMMUNITY OF PET DOGS IN THE 

UK 

Faecal collection was carried ut by L. icol on and laboratory work by C. Porter. 
All epidemiological anal i wa then conducted by C. Westgarth, the author of this 
thesis. 

This Chapter i in pr paration II r publication: 
C. Westgarth, .1. P rter, . ic 1 n, R. 1. Birtles, N.1. Williams, C.A. Hart, G.L. 
Pinchbeck, R.M. a kell , R.M. hri tley, and . Dawson. 
Prevalence of ampy/oba I r pp. and ri k [actors [or C. upsaliensis carriage in pet 
dogs from a community in th K. 
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ABSTRACT 

Campylobacter i th mo t mmon bacterial cause of gastrointestinal infectious disease 

in humans in ngland and Wale, and p t dogs have been indicated as a risk factor for 

human infection. Mo t human ca e of di ease are associated with C. jejuni/C. coli, 

although other p cie uch a . up alien i have been reported. Campylobaeter spp. 

carriage rates in health pet d g are unknown. 

This study sampled 1 3 health pet dog in a community in Cheshire and used culture 

methods to detect an ampy/obacler pp. and additionally direct PCR to detect C. 

upsalien i . By an method, II rt -eight of 183 dogs were positive for Campylobaeter 

spp. making an overall pre alence of (26.2%, 95% CI 20.0-33.2). Thirty-nine of the 183 

(21.3%, 95% I 15. -_8.0) dog were positive for Campylobaeter spp. using culture 

methods. Of the e 183 d g 37 (_0.2%, 95% CI 14.7-26.8) were identified as having C. 

upsaliensi ; one (0.5%, 95% I 0.0-3.0) had . jejuni and one (0.5%, 95% CI 0.0-3.0) 

had C. lari. ort -thre (23.5%,95% I 17.6-30.3) of the 183 dogs were positive for C. 

upsaliensis by the dir ct P R method. Nine of the forty-three were only positive by 

direct PCR (not det ct d b culture). In contrast, three that had previously cultured 

positive were not d tect d b the direct P R method. 

Multivariable logi ti regre i n identified risk factors for C. upsaliensis carriage 

(culture or direct P R) a : Ii ing ith a po itive dog; living in a household with pet 

fish; being a mall dog c mpared to medium; being under 3 years; being fed 

commercially-b ught d g treat; and being fed human food tit-bits (particularly the act 

of feeding lefto er in th b wI, although letting the dog feed directly from a plate had a 

protective effect). The r ult have implications for prevention of C. upsaliensis 

carriage in pet dog and the ub quent possible transmission to people. 

5.1 INTROD TIO 

5.1.1 Campylobact r in human 

Campylobacter i the m mmon bacterial cause of gastrointestinal infectious disease 

in humans in ngland and Wal (Fro t 2001). ampylobaeter jejuni is the most 

frequently isolat d pe ie fI Il wed by . coli, but other species including C. 

upsa/ien is rna al b i lated fr rn patients with diarrhoea (Lastovica and Le Roux 
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2001, 2003' Lopez and oth r 1998). Mo t cases of campylobacteriosis in humans are 

non-epidemic, but there app ar to be a higher prevalence in children (Gillespie and 

others 2003). easonality due t campylobacter infection has also been observed, with a 

peak incidence in Ma and eptember, which varies between specific subtypes of C. 

;ejuni with some having a di tinct peak while others are more constant throughout the 

year (Frost 2001). lth ugh rare, infection with Campylobacter spp. has also been 

associated with n ur pathie, uch a Miller-Fisher syndrome or Guillain-Barre 

syndromes (Tam and ther 2003). 

A number of risk factor ~ r human infection have been identified, which include the 

consumption of underco ked p ultry, raw milk or untreated surface water (Adak and 

others 1995; Altekru and th r 1999; Altekruse and Tollefson 2003; Frost 2001). In 

addition, contact with Ii e t k or having a household pet, especially puppies with 

diarrhoea, are aloe ta Ii hed risk factors (Adak and others 1995; Brieseman 1990; 

Gillespie and other 2003; alficld and Pugh 1987; Tenkate and Stafford 2001). It has 

been suggested that th pre alence of the disease can be reduced by the thorough 

control of proce ing meat pr duct , improving food management and by improved 

hygiene when handling p t ltekruse and Tollefson 2003). 

5.1.2 Campylobacter in pet 

Campyiobacter pecie ar frequently found in household pets such as dogs and cats, 

including healthy puppie and kitten (Hald and Madsen 1997). The most commonly 

isolated species from d g are . lip alien is (Baker and others 1999; Engvall and 

others 2003; Hald and th r 2004; and berg and others 2002) and C. jejuni (Hald and 

Madsen 1997; Lopez and oth r 2002; Torre and Tello 1993; Tsai and others 2007; 

Workman and other 2 05), \: herea in cats C. helveticus is also found (Rossi and 

others 2008; Wieland and other 2005; Workman and others 2005). Whether or not 

Campyiobacler pp i a ociated with clinical disease in dogs is not clear. Although the 

organism has been iat d with diarrhoea, especially in younger puppies (Burnens 

and others 1992; Fleming 1983; Nair and others 1985), more recent epidemiological 

studies have fi und n ignifi ant difference b tween campylobacter carriage in dogs 

with diarrhoea and h alth animal (Baker and others 1999; Lopez and others 2002; 

Rossi and other 2008; andberg and other 2002). 
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A number of tudie n the pr alence of ampyiobacter spp. in dogs have been carried 

out, the majority u ing ample obtained from veterinary practices or kennels (Acke and 

others 2006; Hald and Mad en 1997; andberg and others 2002; Torre and Tello 1993; 

Tsai and other 2007; Wieland and others 2005). Studies on dogs from private 

households are Ie omm n, although both cross sectional and longitudinal studies 

have been reported from weden and Denmark (Engvall and others 2003; Hald and 

others 2004), and a cen u ba ed tudy from South America (Lopez and others 2002). 

In general pre alenc app ar to be higher in kennelled dogs (Acke and others 2006; 

Baker and other 1999; orr and Tello 1993). A previous risk factor study in 

Switzerland ugge ted that oung cats and dogs had significantly higher odds of 

carrying . up alien i /I . helvetieu than older animals (OR 1.8-3.3) (Wieland and 

others 2005). There wa tr ng e idence that there are differences in the epidemiology 

of C. up alien i and . jejuni inf1 ction in dogs and they should be treated separately. A 

similar study in orway al 0 agreed that young dogs (Slyr) had increased infection 

rates, and al 0 ugg ted carriage wa higher in the spring (Sandberg and others 2002). 

5.1.3 Aims of tbi tudy 

The aim of the pr ent tudy wa to determine the prevalence for carrIage of 

Campyiobacter pp. in health pet dogs in a census-based, cross sectional sample of 

households from a pecific community in the UK, and to investigate risk factors for C. 

upsaliensis carriage. 

5.2 METHOD 

5.2.1 Sample collection and ampylobacter isolation 

Two hundred and forty-fi ur fre h dog faecal samples were requested from the owners 

that had participated in hapt r 3, oon after return of their questionnaire. The excluded 

dogs (35) had either mo ed, di d r the owners were otherwise non-contactable. Sixty

two percent of dog wer the nl dog in the household, 33% one of two dogs, and 5% 

one of three dog . All d g in th household were sampled apart from one dog that had 

died and one that had be n r homed since initial recruitment, both from two-dog 

households. Owner wer al a ked t complete a further short questionnaire for each 

dog, investigating v miting, diarrh ea and antibiotic use over the past week, month and 

year. Sample were coli ted n w pia tic bags in the morning and transported to the 
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nearby laborator for immediate pro essing, over the period August-November 2005. 

To maximise the rat of r eery of ampylobacter species three different culture 

methods were u ed, and an additional direct PCR method using DNA extracted directly 

from the faecal ample wa al 0 used to detect C. upsaliensis. All isolation methods are 

described in more d tail in the ppendi to this chapter. 

5.2.2 Data analy . 

Data was stored in an cce database (Microsoft Corporation, 2003) and analysed 

using Excel (Micr ft rp ration, 2003), and Minitab (Minitab release 14.2, Minitab 

Inc, 2005). Uni ariable anal i u ing Chi-Squared, Fisher's Exact and Binary Logistic 

Regression analyse \ ere u ed to identify possible risk factors for isolation of 

Campylobacter up alien i nly (by either isolation method). Variables tested included 

dog demographic, a p ct of dog behaviour, human behaviour, household 

characteristics, diet, miting, diarrhoea and antibiotic use. S-plus (MathSoft Inc, 2000) 

was used to construct nerali ed Additive Models (GAM) of continuous variables 

such as Age and conta t network analy is variables (from Chapter 4). Contact network 

analysis and Quadratic A igrunent Procedure (QAP) was performed using Ucinet 

(Borgatti 2002). The ariable b tweenness was also calculated for each node of the 

contact network and i defined a the number of geodesic paths that pass through a 

node, weighted inver el b the t tal number of equivalent paths between the two nodes 

(Borgatti and erett 19 7). 

A multi variable Iogi tic regre ion model was built using stepwise elimination 

(backwards and forward) fl r variables identified as P<0.3 on univariable analysis. 

Variables remained in th m d I if they were significant in the model (P<0.05) or if 

removal resulted in ub tantial change to the effect of other variables (10% or greater). 

The effect of clu tering f d g within households was assessed in both univariable and 

multivariable model b u e of multilevel modelling (with household and dog as 

separate level ) in MLwi ( MM 2006). 
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5.3 RESULT 

5.3.1 Prevalence of Campy/obaeter pp. 

One-hundred and ight -three ample were returned. By any detection method the 

overall prevalence of Gmpylobacter spp was 48/183 (26.2%, 95% CI 20.0-33.2). 

Forty-six of 183 (25.1 % 95% I 19.0-32.1) were identified as C. upsaliensis. Thirty

nine of the 183 (21.3%,95% I 15 .6-28.0) dogs were positive for Campylobacter spp. 

using culture meth d. f the 183 dog, 37 (20.2%, 95% CI 14.7-26.8) were identified 

as having . up alien i; ne (0.5%, 95% CI 0.0-3.0) had C. jejuni and one (0.5%, 95% 

CI 0.0-3.0) had . lari. mpari on of the three different culture methods showed that 

the filtration meth d id ntified a higher number that were positive (35/39, 89.7%, 95% 

CI 75.8-97.1), follo\ ·ed b direct plating (23/39, 59%, 95% CI 42.1-74.4) and 

enrichment (13/39, 33.3%, 95% I 19.1-50.2). All three methods were needed to 

maximise reco er ,in ample po itive by one method were not necessarily positive 

by another. ort -three 23.5%,95% CI 17.6-30.3) of the 183 dogs were positive for C. 

upsaliensi by the dir t P R method (an additional six to those that had cultured). 

Three samples that had cultured po iti e for . upsaliensis were not detected through 

the direct P R meth d. 

Completed copie f th ec nd que tionnaire (vomiting, diarrhoea and antibiotic use) 

were returned with 122 (67%) of the ample, of which 38 (31%) had Campylobacter 

spp. 

5.3.2 Univariable anal i 

Univariable anal i wa performed for . up aliensis only (46 positives by either 

method, culture or dire t P R). ull univariable results are presented in the Appendix 

for this chapter (Table 1-8). The ariable: lives alone, with other dogs who are 

negative, or with at lea t n th r dog who is positive, was found to be significantly 

associated with up alien i tatus (Table 5.1). A relationship approaching 

significance was al n ~ r numb r of dogs in the household (P=0.07), probably 

related to the effect f Ii ing with another positive dog. Presence of fish as other pets in 

the household was ignifi anti ciated with an animal being C. upsaliensis positive 

and living with any , ther' pet, in luding livestock, was borderline significant (Table 

5.l). 
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Table 5.1. ni ariabl 

Variable E OR P-value 
{n} 

<0.00)$ 
_9 0 I 

4 -1.08 0.52 0.34 0.12-0.94 

7 10 1.43 0.54 4.19 1.46-12.01 

Fi h 0.01 
0 117 31 0 I 

Ye 15 1.04 0.40 2.83 1.30-6.16 
Other p t and Ii e to k 0.05* 

No I 4 0 I 
Ye I 2.25 1.17 9.49 0.96-93.61 

ize 0.03 
3 _0 0 I 
0 12 -1.10 0.42 0.33 0.14-0.76 

4 14 -0.62 0.42 0.54 0.24-1.22 
Appro <0.0] 

-0.30 0.35 
variabl -0. 14 0.05 0.87 0.78-0.96 

<0.001 
II 13 0 1 

12 _8 -1.65 0.46 0.19 0.08-0.47 
0.05 

0 I 
-0.41 0.43 0.66 0.28-1 .55 
-1.29 0.57 0.28 0.09-0.85 

When in e tigating d g d m gr phi inti rmation and acquisition of the dog, the size of 

recorded ag w 

the shap f th 

here wa al 

different 

than th 

i t d with . up alien i status, with medium sized dogs 

mpared t t / mall (Table 5.1). Age was also significant 

ing an in re d tendenc for being positive (Fig.5.l, Table 5.1). 

MpJ 

m d lled a lin ar (a P=O.18, Fig.5.2). However the 

tim t d. and mm nl mea ur d to the nearest year. For the 

ag a under 3 years, or 3 years or older, due to 

harp decrea e up to this age (Table 5.1). 

f diffi r nc in campylobacter tatus for dogs from 

uir d fr m th per on who bred it having higher odds 

ntr and fr m th r urce (Table 5.1). 
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Figure 5.2 AM plot of of dog again t log-odd of i olation of C. upsaliens;s (P=O.18). 

No significant a n wer fI und b tween health of the dog or veterinary care or 

illnes e and ignificant association was found between 

campylobacter nd e ting fa e, ating from carcasses, or rolling in carcasses or 

faece . Incre f pia ing rough and tumble games with the dog appeared 

with an in rea ed ri k of the dog being positive for C. 

upsalien i Tab! .2. In e tig ti n f whether the dog was allowed to roam 

unattended awa fr m th r mt ugge ted increa ed odds of C. upsaliensis carriage 

119 



R 5: Risk factors for C. upsaliensis carriage 

if generally c nfined but had e cap d in pa t, reduced odds if not confined at all, 

compared to if the dog w ah: ay ecurely confined (Table 5.2). When investigating 

the feeding regime of the dog, being fed in the kitchen compared to fed elsewhere 

significantl increa ed the dd f being . up aliensis positive (Table 5.2). Being fed 

r in the dog's bowl was also associated with C. 

upsalien i tatu ( able 5.2). creta from a campylobacter positive dog and their 

disposal could ben ider d a ri k to other dogs and people, but univariable analysis 

suggested no ignifi ant ri k fa tor. Walking preferences were also investigated and a 

significant a ociation wa fI und fI r walk frequency, with reduced risk the more 

frequently the dog i walked ( hi- quared te t for trend P<O.OI, Table 5.2). 

Table 5.2. Uni ariable anal i of dog- pecific behaviours/management and C. upsaliensis status-
significant (P<0.05) findin g only. 
For tables including non ignificant finding plea e ee Appendix to Chapter 5, Tables 3-7 

Variable E OR 95% CI P-value 
{n} {n} 

Rough and tumble game 0.03 
Never/rarel 57 II 0 I 

ometime loften 73 33 0.85 0.39 2.34 1.09-5.04 
Roaming 0.02$ 

None, confined 110 34 0 I 
Generally confined but 13 II 1.0 I 0.45 2.74 0.12-6.67 
ha e caped in past 
Not confined, allowed to 12 - 1.3 1 1.06 0.27 0.03-2.15 
roam or choo e not to 
roam 

Fed in kitchen 0.03 
No 32 4 0 1 
Yes 91 38 1.21 0.56 3.34 1.11-10.10 

Tit-bits fed a lefto er in dog bowl 0.01 
Never/rarel 28 2 0 I 
Sometime /often 87 38 1.81 0.76 6.11 1.39-26.98 

Walk frequency 0.01 
Several time a wee).. or 24 18 0 
Ie s 
Once a day 39 12 -0.89 0.45 0.41 0.17-1.00 
Twice a day or other 74 16 - 1.24 0.42 0.29 0.13-0.65 

Chi Square <0.01 
for trend 

$ = I or more cell with expected count Ie than 5. 

During analy i of the c nta t networks formed between dog owning households and 

walking area, variable de ribing the characteristics of the networks were created 

(Chapter 4). Two t pe f walking area were investigated; one created using a grid 

system over a map t r c rd an grid entered by the household; and another only 

considering park/Ii otpath rea termed 'green areas' (n=17) where the dog is more 

120 



HAPTER 5: Risk factors for C. upsaiiensis carriage 

likely to be off lead. The e ariable were used in univariable analysis to test for 

association with . lip alien i carriage of each dog in the households and significant 

findings are pre ented in Table 5.3 . Degree de cribes the number of other nodes in the 

network that the hou eh ld link to; in a two mode network this was number of areas 

visited, in a one-mode network thi wa the number of other households that could be 

contacted directl thr ugh c mmon walking areas. 

GAM plot were c n tructed Ii r ach variable, to confirm that the relationship was not 

significantly different to linear ( ee Appendix to this Chapter, Figures 1-6). For the 

variable of hou eh ld betw enne (in the two-mode green areas network) the 

relation hip was ignificantl non-linear and 0 the data were centralised (betweenness 

- average), and thi and the quadratic form included in the model (Fig 5.3, Table 5.3). 

An alternative meth d wa t r c de betweenness as a maximum of 100, as this was 

linear, but thi ariabl wa n t ignificantly associated. In addition, the variable 

household degree for the n -mode green areas network was non-linear (Fig.5.4) and 

subsequently modelled b truncation at maximum 75 instead, or by inclusion of the 

quadratic form (following centrali ation) ( ee Appendix to this Chapter, Table 8). 

Table 5.3. Uni ariabl analy i of contact network variables and C. upsaliellsis status - significant 
(P<0.05) finding onl . 
For non-significant finding, plea e 

Variable per dog 
Household betweenne (n=174) 
for two-mode green ar a network 

Centrali ed betwe nne / 10 
10 

to Chapter 5, Table 8. 

o 
0.56 
-0.05 

E OR 

0.18 
0.02 

I 
1.76 
0.95 

95%CI 

1.24-2.50 
0.92-0.99 

P-value 

<0.01 
0.01 

121 



CHAPTER 5: Risk factors for C. upsaliensis carriage 

0 
0 

C/) 
co 
~ 
co 
c: 0 CI) I(') 

~ 
a> 

£ 
C/) 
C/) 0 
Q) 
c: 
CI) 
CI) 

! 0 
CI) "( .0 
"0 
"0 
.t= 0 CI) 
C/) 0 
::::l ...... 
0 

, 
.t= -0 0 
CI) I(') 

.S ~ 
C. 
(/) 

0 
0 

~ 

0 JOO SOO 300 <f00 

' . ' . 
' . ' . 

200 

Figure 5.3 GAM plot of hou ehold betweenness per dog for two-mode green areas network 
(P=O.02). 
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Figure 5.4 GAM plot of household degree per dog for one-mode green areas network (p=O.04). 

122 



CHAPTER 5: Risk factors for C. upsaiiensis carriage 

The two-mode network of green areas and households was visualised and the 

campylobacter statu of the hou ehold used as an attribute (Fig.5.5). The association 

between hou eholds that had been faecal sampled was measured in a dichotomised 

matrix of did or did not walk in at least one common green area. A second matrix was 

constructed using the . up alien i status of the hou ehold (categorised: one or more 

dogs in hou ehold i faecal ample positive for C. up aliensis; all dogs in household or 

all those for which faecal ample given are negative for C. upsaliensis; or no faecal 

sample provided). The new matrix was binary so that households matched or did not 

match for C. up alien i tatu. The two binary matrices were compared using QAP 

correlation analy i and were lightly negatively correlated (-0.08) at a significance of 

P=0.02. 

• •• 

• 

• • • 
.' 

••• • • 
• 

• • 
Figure 5.5 Two-mode network of dog owning hou ehold (circles) connected by 'green areas' (green 
square ). 
Red=one or more dog in hou ehold i faecal ample positive for C. upsa/iensis, blue= all dogs in 
household or all tho e for which faecal ample given are negative for C. upsaliensis, black=no faecal 
sample provided. 

The number of po iti e and n gati e hou eholds walking in each green area were 

compared and ther wa an increa ed ri k of being positive if walked in green area 14, 
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that approached ignificance (P=O.07, see Appendix to Chapter 5, Table 9). This 

variable wa also analy ed at the dog level; use of GAll was associated with decreased 

risk and GA14 increased ri k (both P=O.02, Table 5.4). 

Table 5.4 Univariable anal i of dog C. upsaliellsis tatus (n=189) and whether walked in each 
green area - ignificant (P<0.05) finding only. 
For table including non-significant variables see Appendix to Chapter 5, Table 10 

Variable + Coef SE OR 95% CI P-value 

GAll 

GA14 

No 
Yes 

No 
Yes 

5.3.3 Multivariable analy i 

(n) (n) 

71 33 0 
58 II -0.90 

115 33 0 
14 II 1.0 I 

0.02 
I 

0.39 0.41 0.19-0.88 
0.02 

1 
0.45 2.74 1.14-6.60 

The final multivariable model i presented in Table 5.5. The final model still contained 

some variables with P>O.05, but removal of these considerably affected other variables, 

so they were retained. 

This model suggests that living with another positive dog with C. upsaliensis is an 

important risk factor for carriage in the subject dog. Small sized dogs were at higher 

risk, as were those under the age of 3 years and those that lived in a household with pet 

fish. Being fed commercial dog treats, or human food tit-bits as leftovers in the bowl 

considerably increa ed the risk of carriage. In contrast, those dogs that were allowed to 

eat directly off the plate had reduced odds. The model appeared to fit the data well 

(Hosmer-Lemeshow P=O.98). Two-way interaction terms were tested for but were not 

found to be significant in the final model. 

Development of thi model wa complicated and an alternative suggestion included a 

measure of betweenne s of the network (centralised and squared), walking in area 

GAll, walk length, roiling in carcas es/faeces, and excluded the variable living with a 

positive dog. Howe er, this alternative model had very wide confidence intervals for the 

tit-bits variables odd ratios. The final chosen model was also tested as a multi-level 

hierarchical model allowing for dogs to be contained in households, but there was no 
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differences seen mainly due to the variable 'lives with a positive dog' accounting for 

this variation. 

Table 5.5 Multi ariable model of variable a socia ted with C. upsaliensis carriage in dogs (n=125, 
58 missing value ). Ho mer-Lemeshow P=0.98. 

Variable Coef SE OR 95% CI P-value 
Lives with a + dog? 0.02 

Alone (single dog) 0 1 
Other dogs but no positive -1.31 0.83 0.27 0.05-1.39 
Other dogs at least one 1.69 0.86 5.43 1.00-29.41 
positive 

Fish 0.05 
No 0 1 
Yes 1.36 0.68 3.91 1.03-14.81 

Size 0.01 
Toy/small 0 I 
Medium -2.59 0.85 0.08 0.0-0.39 
Large/giant -0.23 0.63 0.80 0.23-2.76 

Approx age years <0.01 
Less than 3 yrs 0 1 
3 yrs or older -2.55 0.88 0.08 0.01-0.44 

Tit-bits fed as leftover in dog bowl 0.01 
Never/rarely 0 1 
Sometimes/often 2.52 0.98 12.44 1.84-84.25 

Tit-bits fed from plate 0.05 
Never/rarely 0 I 
Someti mes/often -1.49 0.76 0.23 0.05-\.01 

Fed commercial dog treat 0.08 
Never/rarely 0 I 
Sometimes/often 1.48 0.84 4.41 0.85-22.98 

5.3.4 Comparing culture positives with PCR positives only 

The 37 samples which were culture positive and direct PCR positive for C. upsaliensis 

were compared with the nine that were direct PCR positive but did not culture. This was 

performed for a number of demographic variables and a selection of other variables that 

seemed to be considerably affected after addition of the direct PCR results to the data 

(Table 5.6). Pre ence of a 6-19 year old was significantly associated with an increased 

odds of being P R po itive but not culture (P=O.03). Being fed human food tit-bits was 

significantly associated with a much decreased likelihood of being positive by PCR but 

not cultured (P=O.02). 
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Table 5.6. Com pari on of culture po itive with PCR only positives - significant (P<0.05) findings 
only. 
For table including non-significant variables, see Appendix to Chapter 5, Table 11. 

Variable Cult PCR Coef SE OR 95% CI P-
(n) only (n) value 

Presence of 6-19yr old 0.03* 
No ~ 2 0 1 
Yes 13 7 1.87 0.87 6.46 1.17-35.74 

Fed human food tit-bit 0.02* 
No I 3 0 I 
Yes 36 6 -2.89 1.24 0.06 0.00-0.63 

*= Fisher's Exact P-value instead of Chi-squared. 

5.4 DISCUSSION 

5.4.1 Prevalence 

In this study, the pre alence of ampylobaeter spp. in healthy dogs from a community 

in a small semi-urban town in the UK was 26.2%. This is comparable to other cross 

sectional studies which hawed prevalences of 23 and 29% of Campylobaeter spp. in 

healthy dogs or puppies attending veterinary practices in Sweden (Sandberg and others 

2002) or Denmark (Hald and Madsen 1997). Other studies have reported higher levels 

of campylobacter isolation from dog. A Swiss veterinary practice study found a 41.2% 

prevalence in healthy pet dog (Wieland and others 2005), and an earlier UK study 

found 33.9% in 56 pet dog from various sources (Moreno and others 1993). In a recent 

study of Irish shelter dogs a high rate of Campylobaeter carriage (87.5%) was reported 

from healthy dogs (Acke and other 2006). The differences between studies, and in 

particular the higher prevalences found in some studies, may have been due to the 

different sample populations; ie kennelled dogs or vet-visiting dogs, compared to owned 

pet dogs in the communi ty. 

5.4.2 Campylobacter pecies 

The predominant specie found in dogs in this study was C. upsaliensis. Other reports 

have also found . up alien is to be the predominant species isolated from dogs 

accounting for 64 to 82% of the trains isolated (Engvall and others 2003; RaId and 

others 2004; and berg and others 2002). In contrast other workers have found a 

predominance of C. jejzmi from canine samples (Baker and others 1999; Fernandez and 

Martin 1991; Hald and Mad en 1997; Lopez and others 2002; Torre and Tello 1993; 

Tsai and others 2007; Workman and others 2005). Most of these studies show a 

significantly higher prevalence in stray dogs than in household dogs, which may suggest 
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that stray dogs ha e more expo ure to environmental sources of campylobacter than do 

household pets. Both the ample populations and the isolation/detection methods in 

different studies u ed rna have an impact on the Campylobacter spp. isolated (Engberg 

2006; Lastovica and Le Roux 2003). 

5.4.3 Living with another C. upsaliensis positive dog 

A number of variable appeared to be associated with carriage of C. upsaliensis in this 

community of dogs. On multi ariable analysis, the most important variables were: 

living with a dog with campylobacter; living in a household with pet fish; size of dog; 

age of dog; being fed human food tit-bits in the bowl or off a plate; and being fed 

commercial dog treat . Living with another dog that did not carry C. upsaliensis was 

suggested to be protecti e, whereas living with a dog that was positive significantly 

increased the likelihood of carriage, compared to living as a single dog. This suggests 

that dogs in hou ehold together may infect each other, however some of this 

association may a1 0 be due to Ii ing in a common environment and being managed in a 

similar manner by the owner. Howe er, for a dog that lived alone there was a higher 

risk than if in a multiple dog hou ehold where no other dog was positive. If a reduced 

risk was due to lack of expo ure, it would be expected that single dogs would be as 

similarly unexpo ed a two non-carrier dogs that lived in the same household, therefore 

it is more reasonable to ugge t that some dogs are passing the infection to other dogs in 

the household. This finding ha not been observed before, however the authors know of 

no studies of a similar de ign where all dogs in a household were sampled. 

5.4.4 Living with fi h 

The significant a ociation with pet fish is an unusual finding and has not been observed 

before. We believe it is unlikely that the association is due to direct contact with the fish 

or the fish's water, a many of the fi h were in tanks rather than ponds (personal note 

when conducting the Dog in the ommuruty Survey); this variable may be a 'proxy 

measure' for another important variable not considered in our study. However, possible 

associations with water ha e been noted previously (Wieland and others 2005) by the 

variables living cIo e to a lake and drinking out of puddles/swimming, although these 

factors were not con idered important after multivariable analyses. In future studies it 

would be intere ting to con ider whether the pet fish were in a pond or a tank, to 

quantify the amount f contact the dogs have with the water and the fish food, and to 
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even take samples of the water and food in order to test for presence of Campylobacter 

spp. 

5.4.5 Size of dog 

A finding not reported pre iou ly is that toy/small dogs were at increased risk compared 

to medium dogs, who wer the lowe t risk group. It is plausible that small dogs were 

more likely to live in multi-dog households than larger dogs or that they were more 

likely to be fed tit-bit in their bowl, but there was no evidence for an association 

between these variable P=0.27 for both, data not shown), and all these variables 

remained in the final multi ariable model. imilarly, the smaller dogs were not walked 

less often either (P=0.45, data not shown). An alternative explanation is that certain 

small breeds of dog are for orne rea on more likely to be colonised by the pathogen, 

due to gut morphology, or behaviour/management by owners. It has been previously 

reported that different ized dog behave differently in the home (Chapter 3). Hence, the 

increased risk for smaller breed may be due to behavioural differences, which may 

increase expo ure. 

5.4.6 Age of dog 

Younger dogs were at increa ed ri k, as has been shown previously in other studies 

(Sandberg and other 2002; Wieland and others 2005) and may be due to an 

'immunization' affect with age, or levels dropping below culture detection, although in 

our study the u e of a direct P R method may have increased the sensitivity of 

detection. It may be en ible to consider the age of the dog when selecting pets for 

homes containing people at high risk of infection. 

5.4.7 Diet 

Feeding the dog orne type f human food tit-bits or commercial dog treats appeared to 

be associated with an increased ri k of . up aliens is carriage. In particular, feeding the 

dog leftover human food in its bowl greatly increased the risk, possibly because this 

may be spoiled food deemed un uitable for human consumption. Leftovers may collect 

in the dog bowl throughout the day, become contaminated with Campylobacter 

spp., and remain there until the dog is fed. However, raw foods, especially meats, are 

more generally indicated as a ource of Campylobacter spp. rather than cooked foods 

(Anon, 2000), and few dog in thi tudy were reported to be fed raw meat (Chapter 3). 
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In contrast, food fed dir tl from a human plate led to a reduced likelihood of C. 

upsaliensis carriage in dog . The reasons for this are unknown, but could relate to 

either reduced exposure (becau e the food is more likely to be suitable human 

consumption), or it may relate to some form of resistance/immunity. It is also possible 

that the data reported on feeding of tit-bits is unreliable and biased due to the sensitive 

nature of the subject and opinions on the practice of feeding tit-bits to dogs. More 

studies are needed to inve tigate this as a possible risk factor, for example experimental 

studies of whether pathogens can be isolated from human food fed to dogs or from the 

dog bowl, and the time period required for contamination to occur in left-over food. 

It is not known if the increased risk of C. upsaliensis carriage found in dogs fed 

commercially bought treats i a proxy measure for some other unstudied variable, or 

whether it relates to contamination of the treats. Chews such as pigs' ears may be more 

likely to be a source of campylobacter than processed treats such as biscuits. This could 

be investigated by more detailed questions on the types of treats given, or sampling the 

foods directly and testing for presence of Carnpylobacter spp. Again the food may 

become contaminated during preparation or afterwards e.g. a bag of treats open for an 

extended period. 

5.4.8 Alternative model 

Construction of a final explanatory model was not simple, and an alternative model 

included a measure of betweenness for each household, walking in area GAll and walk 

length. This model also contained rolling in carcasses/faeces and excluded the variable 

living with a positive dog. However, this alternative model produced very wide 

confidence intervals (in particular for the tit-bits variables) and the relationship of 

betweenness with . up aliensis status was not straightforward to explain. Therefore it 

was decided that the principal model presented here was more suitable for the data, and 

living with a positive dog was thought to be a sufficiently biologically important 

variable to warrant inclusion in this model. Variables that were significant on initial 

analysis but then did not prove important after multivariable analysis (e.g. games, walk 

frequency), were probably due to confounding effects with age and size of dog, as these 

have been shown to be a sociated with a number of behaviours and management aspects 

previously (Chapter 3). 
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5.4.9 Culture versu PCR 

When comparing the mall number of samples that were both culture and direct PCR 

positive, with those that were PCR positive, but were not culture positive, no significant 

differences were found for basic dog demographic information and vomiting, diarrhoea 

and antibiotic use. Howe er, positive samples that did not culture were six times more 

likely to have come from a dog in a household where a 6-19yr old person was present. 

In contrast, sample that cultured were more likely to be from dogs fed human food tit

bits than those that were only positive by direct PCR. Therefore it is plausible that these 

dogs may be being infected with a viable C. upsaliensis (that will culture) via leftover 

food. Because of these differences, it is possible that the C. upsaliensis detected via 

culture, and detected via direct PCR, may be of different subtypes, or maybe a viable 

and non-viable (non-culturable) form. In particular, the organisms isolated from dogs in 

households with 6-19yr old people may be associated with that human age group for 

some reason. Alternativel ,the e results may of course be due to a Type I Error and it is 

important to remember that there was only a small amount of data to use in this part of 

the analysis. 

5.4.10 Conclusion 

Overall, many dogs in this community appear to be shedding Campylabaeter spp., 

which may be of significance to public health. Many of the canine infections involve C. 

upsaliensis which is reported as a cause of human campylobacteriosis, although less 

frequently than . jejuni. The e dogs were apparently healthy and no association was 

found with vomiting or diarrhoea, and so the ability of the pathogen to cause clinical 

disease is probably low. Factors a sociated with C. upsaliensis infection in dogs were 

identified, such as feeding human food leftovers in the bowl. Intervention to prevent 

such activities may be useful in reducing the likelihood of campylobacter shedding from 

pet dogs especially where members of the household may be at particular risk from 

infection and disease. 
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Culture method 

Faecal homogenate were prepared in 1 in 10 dilution of 0.85% sodium chloride 

solution. The three culture methods for Campylobacter species used were (i) direct 

plating on to ampylobacter elective agar (Lab M, Bury, Lancashire UK) with the 

addition of a electi e upplement cefoperazone and amphotericin (CA) (Lab M, Bury, 

Lancashire UK). (ii) ampylobacter enrichment broth (Lab M) with vancomycin 

(Sigma-Aldrich, Poole, K) (8mg/l) and 10% lysed horse blood (Southern Group Labs 

Ltd., Corby, UK) incubated for 24 hour then inoculated onto Campylobacter selective 

agar as in (i); and (iii) filtration onto a 0.7 11m nitrocellulose membrane onto 

Campylobacter electi e agar as in (i) with the addition of cefoperazone, amphotericin 

and teicoplanin ( AT) (0 oid) upplement. The broths were incubated for 24 hours and 

plates for 96 hour at 37° under microaerophilic conditions in a variable atmosphere 

incubator (Don Whitely cientific Ltd, Shipley, UK). Any suspect colonies were 

subcultured onto Columbia blood agar plates, containing 5% defibrinated horse blood 

(Southern Group Lab ) and incubated for a further 48 hours. Up to five suspect colonies 

from each plate were elected for further culture and processed for DNA extraction for 

characterisation. In brief, u ing a terile loop a small number of colonies were collected 

and suspended in 100111 of pho phate buffered saline (PBS) and heated at 100°C for 10 

minutes to provide cell 1 ates for u e in future PCR reactions. The remaining growth 

on these plates was added to Protec microbank vials (Pro-Lab Diagnostics Ltd, Neston 

UK) and stored at -80° . 

Direct DNA extraction from faecal sample 

Faecal suspensions of 5% (wt/vol) in PB were prepared and clarified by centrifugation 

for 20mins at 4000 g. Bacterial DNA was extracted from 140111 of the stool 

suspensions using a QIAamp RNA kit (QIAGEN Ltd), which extracts both RNA and 

DNA according to the manufacturer' s instructions. The RNA extraction kit was used as 

the RNA was required for other tudies. Total RNA IDNA was eluted in 60111 buffer and 

stored at -20°C for u e in ub equent PCR experiments. Two negative water controls 

were included for e er 20 faecal sample processed. 

Species identification 

A series of P R a ay targeting selected genes were performed for Campylobacter 

species-specific identificati n. Two additional negative PCR controls were included for 
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every 20 samples proce ed.Regions of the 16S rDNA gene (Linton and others 1996) 

and g/y A (Wang and other 2002) were used for C. upsaliensis identification and hip 0 

(Linton and others 1997) for . jejuni. PCR of the partial groEL gene, followed by 

sequencing, was u ed to identify and further confirm C. jejuni and C. fari (Karenlampi 

and others 2004). Where the DNA was extracted directly from faecal samples, two PCR 

assays, using regions of the 16 rDNA and gly A gene as above, were performed to 

confirm the identity of each . up aliens is isolate. 
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APPENDIX to Chapter 5: Risk factors for C. upsaliensis carriage 

Table 1. Univariable anal sis of hou ehold characteristics and C. upsaliensis status. 

Variable + Coef SE OR 95% CI P-value 
{n} {n} 

Number of dogs 0.07$ 
Single dog 85 29 0 
Two dogs 48 12 -0.3 1 0.39 0.73 0.34-1.57 
Three dogs 4 5 1.30 0.70 3.66 0.92-14.57 

Lives with a + dog? 0.01* 
No 127 35 0 1 
Yes 8 9 1.41 0.52 4.08 1.47-11.36 

Lives with a + dog? <0.001$ 
Alone 85 29 0 1 
Other dogs but no 43 5 -1 .08 0.52 0.34 0.l2-0.94 
Campylobacter 
Other dogs at least one 7 10 1.43 0.54 4.19 1.46-12.01 
Campy)obacter po itive 

Another pet (excluding dog or cat) in household 0.10 
No 101 28 0 1 
Yes 36 18 0.59 0.36 1.80 0.89-3.65 

Cat 0.81 
No III 38 0 I 
Yes 26 8 -0.11 0.45 0.90 0.38-2.15 

Birds 1.0* 
No 130 44 0 I 
Yes 7 2 -0.17 0.82 0.84 0.17-4.22 

Fish 0.01 
No 117 31 0 1 
Yes 20 15 1.04 0.40 2.83 1.30-6.16 

Horse 1.0* 
No 130 44 0 1 
Yes 7 2 -0.17 0.82 0.84 0.17-4.22 

Reptiles and amphibian 0.10* 
No 135 43 0 I 
Yes 2 3 1.55 0.93 4.71 0.76-29.12 

Small mammals 0.21 * 
No 128 40 0 1 
Yes 9 6 0.76 0.56 2.13 0.72-6.36 

Other pets and live tock 0.05* 
No 136 43 0 1 
Yes I 3 2.25 1.17 9.49 0.96-93.61 

Presence of 5yrs old or under 0.23* 
No 132 42 0 1 
Yes 5 4 0.92 0.69 2.51 0.65-9.80 

Presence of 6-19yr old 0.11 
No 95 26 0 I 
Yes 42 20 0.55 0.35 1.74 0.88-3.46 

*= Fisher's Exact P-value instead of Chi-squared. 
$ = I or more cells with expected counts less than 5. 
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Table 2. Univariable analy i of dog demographic information and C. IIpsaliellsis status. 

Variable + Coef SE OR 95% CI P-value 
{n} {n} 

Kennel club breed type 0.48$ 
Cross 37 II 0 I 
Gundog/hound 36 9 -0.17 0.51 0.84 0.31-2.27 
Pastoral 21 8 0.25 0.54 1.28 0.45-3 .69 
Terrier 14 3 -0.33 0.72 0.72 0.17-2.97 
Toy/utility 11 6 0.61 0.61 1.83 0.55-6.10 
Unrecognised 9 7 0.96 0.61 2.62 0.79-8.65 
Working 9 2 -0.29 0.85 0.75 0.14-3.98 

Size 0.03 
Toy/small 33 20 0 I 
Medium 60 12 -1.10 0.42 0.33 0.14-0.76 
Large/giant 43 14 -0.62 0.42 0.54 0.24-1.22 

Approx age year <0.01 
Constant -0.30 0.35 
Continuous variable -0.14 0.05 0.87 0.78-0.96 

Approx age year <O.OOJ 
Less than 3 yr 11 13 0 1 
3 yrs or older 123 28 -1.65 0.46 0.19 0.08-0.47 

Gender 0.58 
Male 69 21 0 I 
Female 68 25 0.19 0.34 1.21 0.62-2.36 

Neutered 0.33 
No 39 9 0 I 
Yes 98 34 0.41 0.42 1.50 0.66-3.42 

Owned from a pupp 0.90 
No 46 15 0 I 
Yes 91 31 0.04 0.36 1.04 0.51-2.13 

Where got dog 0.05 
From person who bred it 73 33 0 I 
Rescue centre 30 9 -0.41 0.43 0.66 0.28-1.55 
Other 32 4 -1.29 0.57 0.28 0.09-0.85 

*= Fisher's Exact P-value instead of hi-squared. 
$ = 1 or more cells with expected counts less than 5. 
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Table 3. Univariable analy i of general health, vomiting, diarrhoea and antibiotic use and C. 
upsaliensis statu . 

Variable + Coef SE OR 95% CI P-value 
(n} (n} 

Vomiting in past year 0.11 
None 45 25 0 I 
Sporadic recent or in past 35 9 -0.77 0.45 0.46 0.19-1.12 
Common (6 or more) 4 4 0.59 0.75 1.80 0.41-7.83 

Diarrhoea in pa t year 0.93 
None 46 23 0 I 
Sporadic recent or in past 26 II -0.17 0.44 0.85 0.36-2.01 
Common (6 or more) 12 4 -0.14 0.63 0.67 0.19-2.30 

Antibiotic use in pa t ear 0.27 
No 51 27 0 I 
Yes 33 II -0.46 0.42 0.63 0.28-1.44 

Been to vet in pa t year 0.85 
No 22 7 0 1 
Yes 112 39 0.09 0.47 1.09 0.43-2.76 

Visited vet for vomiting or diarrhoea in pa t year 1 * 
No 126 44 0 I 
Yes 8 2 -0.33 0.81 0.72 0.15-3.50 

Flea treatment in pa t 3 month 0.49 
No 66 20 0 I 
Yes 65 25 0.24 0.35 1.27 0.64-2.51 

Worm treatment in pa t 3 month 0.34 
No 62 18 0 1 
Yes 69 28 0.33 0.35 1.40 0.71-2.77 

*= Fisher's Exact P-value instead of Chi-squared. 
$ = I or more cells with expected counts less than 5. 
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Table 4. Univariable anal of dog- pecific behaviours/management and C. upsaliensis status. 

Variable + Coef SE OR 95% CI P-value 
Sleep in kitchen 0.13 

Never 44 8 0 1 
Rarely/sometimes 14 7 1.01 0.60 2.75 0.85-8.94 
Often/always 56 23 0.81 0.46 2.26 0.92-5.53 

Sleep on bedroom noor 0.52 
Never 50 20 0 I 
Rarely/sometimes 23 6 -0.43 0.53 0.65 0.23-1 .84 
Often/always 32 8 -0.47 0.48 0.63 0.25-1 .59 

Sleep in bedroom on bed 0.72 
Never 59 21 0 I 
Rarely/sometimes 24 6 -0.35 0.52 0.70 0.25-1.96 
Often/always 23 6 -0.31 0.52 0.73 0.26-2.05 

Lie on furniture 0.57 
Never/rarely 63 23 0 I 
Sometimes/often 67 20 -0.20 0.35 0.82 0.41-1.63 

Lie on laps 0.83 
Never/rarely 74 24 0 I 
Sometimes/often 60 18 -0.08 0.36 0.93 0.46-1.86 

Licks face of vi itor 0.33 
Never/rarely 92 29 0 I 
Sometimes/often 28 13 0.39 0.40 1.47 0.68-3.21 

Licks hand of vi itor 0.35 
Never/rarely 71 20 0 1 
Sometimes/often 56 22 0.33 0.36 1.39 0.69-2.81 

Licks face of hou ehold member 0.20 
Never 47 13 0 1 
Rarely 18 12 0.88 0.49 2.41 0.93-6.26 
Sometimes 37 9 -0. 13 0.49 0.88 0.34-2.28 
Often 26 9 0.22 0.50 1.25 0.47-3.32 

Licks hands of hou ehold member 0.21 
Never/rarely 53 13 0 1 
Sometimes/often 79 31 0.47 0.38 1.60 0.77-3.34 

Fetch games 0.52 
Never/rarely 25 6 0 1 
Sometimes/often 109 36 0.32 0.49 1.38 0.52-3.62 

Tug of war game 0.74 
Never/rarely 40 12 0 1 
Sometimes/often 91 31 0.l3 0.39 1.14 0.53-2.44 

Rough and tumble game 0.03 
Never/rarely 57 11 0 1 
Sometimes/often 73 33 0.85 0.39 2.34 1.09-5.04 

Roaming 0.02$ 
None, confined 110 34 0 1 
Generally confined but has 13 11 1.0 I 0.45 2.74 0.12-6.67 
escaped in past 
Not confined, allowed to 12 -1 .3 1 1.06 0.27 0.03-2.15 
roam or chooses not to 
roam 

Playful with other dog 0.78 
Never/rarely 45 14 0 1 
Sometimes/often 81 28 0.11 0.38 1.11 0.53-2.32 

Sniffs other dog 0.38 
Never/rarely 15 7 0 1 
Sometimes/often 116 35 -0.44 0.50 0.65 0.24-1.71 

Rolls in faece /carea e 0.09 
Never/rarely 102 29 0 1 
Sometimes/often 32 17 0.63 0.37 1.87 0.91-3 .83 
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Table 5. Univariable anal of dog diet and C. upsaliellsis status. 

Variable + Coef SE OR 95%CI P-value 
{n} {n} 

Diet tinned meat 0.46 
No 73 22 0 I 
Yes 62 24 0.25 0.34 1.28 0.66-2.51 

Diet cooked meat 0.60 
No 113 40 0 I 
Yes 22 6 -0.26 0.50 0.77 0.29-2.04 

Diet dry complete 0.72 
No 45 14 0 1 
Yes 90 32 0.13 0.37 1.14 0.55-2.35 

Diet bi cuit mi er 0.46 
No 95 35 0 I 
Yes 40 II -0.29 0.39 0.75 0.33-1.61 

Diet raw veg 1.00* 
No 121 41 0 I 
Yes 14 5 0.05 0.55 1.05 0.36-3.11 

Fed in kitchen 0.03 
No 32 4 0 I 
Yes 91 38 1.21 0.56 3.34 1.11-10.10 

Fed commercial dog treat 0.17 
Never/rarely 24 4 0 1 
Sometime loften 108 39 0.77 0.57 2.17 0.71-6.64 

Fed human food tit-bit 0.78* 
No 15 4 0 1 
Yes 119 42 0.28 0.59 1.32 0.42-4.21 

Tit-bit fed from hand 0.52 
Never/rarely 29 12 0 I 

ometime /often 85 27 -0.26 0.40 0.77 0.34-1.71 
Tit-bits fed a leftover in dog bowl 0.01 

Never/rarely 28 2 0 I 
ometimes/often 87 38 1.81 0.76 6.11 1.39-26.98 

Tit-bit fed from plate 0.26 
Never/rarely 83 32 0 I 
Sometimes/often 20 4 -0.65 0.59 0.52 0.16-1.64 

Tit-bits fed from floor 0.93 
Never/rarely 64 21 0 I 
Sometimes/often 50 17 0.04 0.38 1.04 0.49-2.17 

Fed raw meat 0.50 
Never 110 23 0 I 
Rarely/sometime 36 10 0.28 0.42 1.33 0.58-3.05 

Eat raw carca e (e.g. dead bird) 0.72* 
ever rarely 128 43 0 I 
ometimeoften 7 3 0.24 0.71 1.28 0.32-5.15 

Eat dog faece 0.74* 
Never/rarely 126 42 0 I 

ometime /often 9 4 0.29 0.63 1.33 0.39-4.55 
*= Fisher's Exact P-value in tead of hi-squared. 
S = I or more cell with expected count Ie than 5. 
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Table 6. Univariable anal of e 'cretion, disposal methods and hygiene and C. upsaliellsis status. 

Variable + Coef SE OR 95%CI P-value 
{n} {n} 

Dog passes faeces in hou e 0.15 
Never 95 27 0 1 
Rarely/sometimes/often 21 II 0.61 0.43 1.84 0.79-4.29 

Removal of faeces from garden 0.51 
Once a week or less 16 4 0 I 
More than once a week 109 40 0.38 0.59 1.47 0.46-4.65 

Use of shovel for ga rden faece 0.15 
No 68 30 0 1 
Yes 57 15 -0.52 0.36 0.60 0.29-1.22 

Use of a poopscoop for garden faece 0.38 
No 107 36 0 1 
Yes 18 9 0.40 0.45 1.49 0.61-3.60 

Use of plastic bags for garden faece 0.57 
No 36 15 0 I 
Yes 89 30 -0.21 0.37 0.81 0.39-1.68 

No removal of garden faece 
No 123 45 
Yes - none 2 0 

Dog passes faece on a walk 1.0* 
No II 3 0 
Yes 126 42 0.20 0.68 1.22 0.33-4.59 

Use of a poopscoop for walk 0.19* 
faeces 

No 119 41 0 
Yes 12 1 -1.42 1.06 0.24 0.03-1.92 

Use of plastic bags for walk faece 1.0* 
No 10 3 0 1 
Yes 121 39 0.07 0.68 1.07 0.28-4.10 

No removal of walk faece 0.63* 
No 127 40 0 I 
Yes - none 4 2 0.46 0.88 1.59 0.28-8.99 

Use of poo bins in local area 0.94 
Never/rarely 25 8 0 1 
Sometimes/often 112 37 0.03 0.45 1.03 0.43-2.49 

Pick up after dog on public path 0.30* 
Never/rarely/sometimes II I 0 1 
Usually/always 121 40 1.29 1.06 3.64 0.46-29.05 

Pick up after dog in country ide 0.85 
Never/rarely/sometimes 43 14 0 1 
Usually/always 89 27 -0.07 0.39 0.93 0.44-1.96 

Pick up after dog in a park 0.53* 
Never/rarely/sometimes 13 2 0 I 
Usually/always 119 39 -0.76 0.78 2.13 0.46-9.86 

Pick up after dog in the treet 0.25* 
Never/rarely/sometimes 16 2 0 1 
Usually/always 116 39 0.99 0.77 2.69 0.59-12.23 

Wash hands before eating 0.66 
Neverirarely/sometime 20 6 0 I 
Usually 47 13 -0.08 0.56 0.92 0.31-2.77 
Always 70 27 0.25 0.52 1.29 0.47-3.55 

Wash hands after tOUChing dog 
Never/rarely/sometimes 63 22 0 1 
Usually 33 13 0. 12 0.41 1.13 0.50-2.52 0.77 
Alwaz:s 40 II -0.24 0.42 0.79 0.35-1.80 
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Table 6 (continued). nivariable analy i of excretion, disposal methods and hygiene and C. 
upsaliellsis 

Variable + Coer SE OR 95%CI P-value 
(n) (n) 

Wash hand after picking up faece 0.12* 
Never/rarely/sometimes/ 13 0 
usually 
Always 120 45 1.58 1.05 4.87 0.62-38.35 

*= Fisher's Exact P-value instead of Chi-squared. 
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Table 7. Univariable anal of walk preferences and C. upsaliellsis status. 

Variable + Coef SE OR 95%CI P-value 
{n} {n} 

Walk in streets 0.48 
No 67 19 0 1 
Yes 69 25 0.25 0.35 1.28 0.64-2.53 

Walk in parks 0.07 
No 89 22 0 1 
Yes 47 22 0.64 0.35 1.89 0.95-3.77 

Walk on beach/marsh 0.56 
No 40 15 0 I 
Yes 96 29 -0.22 0.37 0.81 0.39-1.66 

Walk in countryside 0.65 
No 29 8 0 I 
Yes 107 36 0.20 0.44 1.22 0.51-2.91 

Walk in farmland 0.28 
No 120 36 0 1 
Yes 16 8 0.51 0.47 1.67 0.66-4.21 

Walk frequency 0.01 
Several times a week or 24 18 0 
less 
Once a day 39 12 -0.89 0.45 0.41 0.17-1.00 
Twice a day or other 74 16 -1.24 0.42 0.29 0.13-0.65 

Chi Square <0.01 
for trend 

Walk length 0.09 
30m ins or less 56 14 0 1 
30m ins - I hour 63 16 0.02 0.41 1.02 0.46-2.27 
Over 1 hour 15 10 0.98 0.51 2.67 0.99-7.19 

Walk regularly in a group with friends 0.65 

Never 50 13 0 1 
Rarely 28 8 0.09 0.51 1.10 0.41-2.97 
Sometimes 41 16 0.41 0.43 1.50 0.65-3.48 
Often/everyday 17 8 0.59 0.53 1.81 0.64-5.11 

Chi Square 0.20 
for trend 

Notice seeing same dogs on walks 0.12 
Never/rarely/sometimes 41 19 0 1 
Often/everyday 94 25 -0.56 0.38 0.57 0.28-1.16 

Walks grouped 0.07 
Few walks, 27 13 0 
do not walk in a group, 
do not see same dogs. 
Walk everyday, 51 8 -1.12 0.51 0.33 0.l2-0.88 
not in a group, 

do see same dogs, 
short walks. 

Walk everyday, 55 19 -0.33 0.43 0.72 0.31-1.67 
sometimes in a group, 
do see same dogs, 
longer walks. 

*= Fisher's Exact P-value instead of Chi-squared. 
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Table 8. Univariable analy i of contact network variables and C. upsa/ietlsis status. 

Variable ~er dog Coef SE OR 95% CI P-value 
Household degree (n= 174) 
for two-mode grid area network 0 I 

Continuous variable <-0.01 0.01 1.00 0.99-1.01 0.79 
Household degree (n= 174) 
for two-mode green area network 0 1 

Continuous variable 0.02 0.08 1.02 0.87-1.19 0.81 
Household degree (n=174) max 6 
for two-mode green area network 0 1 

Continuous variable 0.13 0.11 l.14 0.92-1.42 0.22 
Household betweenne (n= 174) 
for two-mode green area network 0 I 

Centralised betweenness / 10 0.56 0.18 1.76 1.24-2.50 <0.01 
Centralised betweenness / I 0 squared -0.05 0.02 0.95 0.92-0.99 0.01 

Household betweenne (n= 174) 
max 100 for two-mode green area 
network 0 I 

Continuous variable 0.002 0.005 1.00 0.99-\.01 0.63 
Household degree (n=174) 
for one-mode green area network 0 I 

Centralised degree / 10 -0.06 0.05 0.94 0.84-1.05 0.26 
Centralised degree / 10 quared -0.02 0.01 0.98 0.97-1.00 0.05 

Household degree (n=174) ma 75 
for one-mode green area network 0 

Continuous variable 0.02 0.01 1.02 1.00-1.05 0.09 
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Figure 1. GAM plot of hou ehold degree per dog for two-mode grid areas network (P=O.45). 

II) 
<0 

o 

~ -----_._---_._--
<0 0 - - - - - - - _-_-_-__ - - - - - __ _ 
c: 
CIl 
~ 
OJ 

.S 
CIl 0 

~ ~ 
OJ 
CIl 

"0 -o 
CIl 
.S 0 
Q. ~ 
C/) 

o s 
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Figure 5. GAM plot of hou ehold degree per dog for one-mode green areas network (P=O.04). 

til 
<0 
~ 
'" 0 c: 
OJ 
~ 
C) 

.!: 
OJ 0 
~ 
C) 
Q) 
"0 

"0 
"0 
.c 
OJ 
en 
:::J 
o 
.c 
OJ 
"0 o 
E 
OJ 
c: 
o -o 
Q) 

.!: 
0.. 
CIJ 

0 
~ , 

0 
C';l 

0 

C'? 

o 

, , 

I 

, , 

I 

, , 

I 

I 

I 
I 

I 

--.- - - - - - - - - - '- '- '- - - "_.- - - - .- - - - -

, 

so -to eo 

Figure 6. GAM plot of hou ehold degree per dog for one-mode green areas network, truncated at 
75 (P=O.26). 

145 



APPE DIX to Chapter 5: Risk factors for C. upsaliensis carriage 

Table 9. Univariable analy i of hou ehold C. upsaliellsis status (n=139, no known positive dog vs at 
least one po itive dog) for walking in each green area. 

Variable + Coef SE OR 95% CI P-value 
{n} {n) 

GAl 
No-All 100 39 
Yes - None 

GA2 0.46 
No 87 32 0 1 
Yes 13 7 0.38 0.51 1.46 0.54-4.00 

GA3 1.0* 
No 91 36 0 1 
Yes 9 3 -0.17 0.70 0.84 0.22-3 .29 

GA4 0.69 
No 79 32 0 1 
Yes 21 7 -0.19 0.48 0.82 0.32-2.13 

GA5 0.62 
No 71 26 0 1 
Yes 29 13 0.20 040 1.22 0.55-2.71 

GA6 1.00* 
No 95 37 0 I 
Yes 5 2 0.03 0.86 1.03 0.19-5.53 

GA7 0.71* 
No 94 6 0 1 
Yes 36 3 0.27 0.73 1.31 0.31-5.50 

GA8 
No-All 100 39 
Yes - None 

GA9 1.00* 
No 96 38 0 1 
Yes 4 I -0.46 1.13 0.63 0.07-5.83 

GAIO 0.92 
No 35 14 0 1 
Yes 65 25 -0.04 0.39 0.96 0.44-2.08 

GAll 0.37 
No 61 27 0 1 
Yes 39 12 -0.36 0.40 0.70 0.32-1.53 

GA12 0.92 
No 58 23 0 1 
Yes 42 16 -0.04 0.38 0.96 0.45-2.04 

GAt3 0.98 
No 87 34 0 I 
Yes 13 5 -0.02 0.56 0.98 0.33-2.97 

GA14 0.07 
No 87 29 0 I 
Yes 13 10 0.84 0.47 2.31 0.91-5.82 

GAl5 0.74 
No 77 29 0 
Yes 23 10 0.14 0.44 1.15 0.49-2.72 

GA16 0.67* 
No 94 37 0 I 
Yes 6 1 -0.88 1.10 0.41 0.05-3.54 

GAlS 0.44* 
No 92 38 0 I 
Yes 8 - 1.20 1.08 0.30 0.04-2.50 

*= Fisher's Exact P-value in tead of Chi-squared. 
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Table to. Univariable analy i of dog C upsa/ien is tatu (n=189) and whether walked in each 
green area. 

Variable + Coef SE OR 9S%CI P-value 
{n) {n) 

GAt 
No - All 129 44 
Yes - None 

GA2 0.24 
No 112 35 0 I 
Yes 17 9 0.52 0.46 1.69 0.69-4.14 

GA3 1* 
No 117 40 0 I 
Yes 12 4 -0.03 0.61 0.98 0.30-3.20 

GA4 0.70 
No 102 36 0 1 
Yes 27 8 -0.17 0.45 0.84 0.35-2.02 

GAS 0.33 
No 95 29 0 1 
Yes 34 15 0.37 0.38 1.45 0.69-3 .02 

GA6 0.42* 
No 124 41 0 1 
Yes 5 3 0.60 0.75 1.81 0.42-7.93 

GA7 0.72* 
No 122 41 0 I 
Yes 7 3 0.24 0.71 1.28 0.32-5.16 

GA8 
No-All 129 44 
Yes - None 

GA9 1.00* 
No 125 43 0 1 
Yes 4 1 -0.32 1.13 0.73 0.08-6.68 

GAIO 0.93 
No 43 15 0 I 
Yes 86 29 -0.03 0.37 0.97 0.47-1.99 

GAll 0.02 
No 71 33 0 1 
Yes 58 11 -0.90 0.39 0.41 0.19-0.88 

GA12 0.61 
No 76 24 0 1 
Yes 53 20 0.18 0.35 1.19 0.60-2.38 

GAt3 0.94 
No 112 38 0 1 
Yes 17 6 0.04 0.51 1.04 0.38-2.83 

GAt4 0.02 
No 115 33 0 I 
Yes 14 11 1.0 I 0.45 2.74 1.14-6.60 

GAlS 0.35 
No 100 31 0 1 
Yes 29 13 0.37 0.39 1.45 0.67-3.12 

GAl6 0.68* 
No 122 43 0 1 
Yes 7 1 -0.90 1.08 0.41 0.05-3.39 

GAl8 1.00* 
No 120 41 0 1 

9 3 -0.02 0.69 0.98 0.25-3.78 
hi-squared. 
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Table t 1. Compari on of culture po itive with PCR only positives. 

Variable Cult PCR Coef SE OR 95% CI P-
(n} onl~ (n} value 

Number of dogs 0.12* 
Single dog 21 8 0 I 
Multiple dogs 16 -0.18 1.1 I 0.16 0.02-1.45 

Lives with a + dog 0.67* 
No 26 8 0 1 
Yes 9 I -0.02 1.13 0.36 0.04-3.30 

Fish 0.13* 
No 27 4 0 I 
Yes 10 5 1.22 0.77 3.37 0.75-15.15 

Presence of 5yrs old or 1* 
under 

No 34 8 0 1 
Yes 3 I 0.35 1.22 1.42 0.13-15.47 

Presence of6-19yr old 0.03* 
No 24 2 0 1 
Yes 13 7 1.87 0.87 6.46 1.17-35.74 

Kennel club breed type 
Cross 10 1 
Gundoglhound 6 3 
Pastoral 6 2 
Terrier 3 0 
Toy/utility 4 2 
Unrecognised 6 I 
Working 2 0 

Size 0.78$ 
Toy/small 16 4 0 1 
Medium 9 3 0.29 0.87 1.33 0.24-7.34 
Large/giant 12 2 -0.41 0.95 0.67 0.10-4.26 

Approx age years 0.22 
0 1 

Continuous -0.16 0.14 0.85 0.64-1.12 
variable 

Approx age years 1 * 
Less than 3 yrs 11 2 0 I 
3 yrs or older 24 4 0.09 0.94 0.92 0.15-5.78 

Vomiting in past year 0.39* 
No 22 3 0 1 
Yes 10 3 0.79 0.90 2.20 0.38-12.87 

Diarrhoea in past year 0.37* 
No 18 5 0 1 
Yes 14 I -1.36 1.15 0.26 0.03-2.46 

Antibiotic use in past 0.65* 
year 

No 22 5 0 1 
Yes 10 I -0.82 1.l6 0.44 0.05-4.27 

Flea treatment in past 3 0.72* 
months 

No 17 3 0 1 
Yes 20 5 0.35 0.80 1.42 0.29-6.81 

Worm treatment in pa t 3 0.28* 
months 

No 13 5 0 I 
Yes 24 4 -0.84 0.75 0.43 0.1 0-1.90 

Licks face of visitor 0.40* 
Never/rarely 22 7 0 I 
Sometimes/often 12 I -1.34 1.13 0.26 0.03-2.39 
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Table t 1 (continued). Compari on of culture positives with PCR only positives. 

Variable Cult PCR Coef SE OR 95% CI p-
{n} onl~ {n} value 

Licks face of hou ehold 0.11 * 
members 

Never/rarely 18 7 0 I 
Sometimes/often 17 -1.89 1.12 0.15 0.02-1.36 

Rolls in faece /carcas e 0.26* 
Never/rarely 25 4 0 I 
Sometimes/often 12 5 0.96 0.76 2.60 0.59-11.49 

Fed human food tit-bit 0.02* 
No I 3 0 I 
Yes 36 6 -2.89 1.24 0.06 0.00-0.63 

Fed raw meat 0.66* 
Never 28 8 0 I 
Rarely/sometimes 9 I -0.94 1.13 0.39 0.04-3.55 

Eat dog faece 0.17* 
Never/rarely 35 7 0 1 
Sometimes 2 2 0.61 1.08 5.00 0.60-41.71 

Use of shovel for garden 0.14* 
faeces 

No 26 4 0 1 
Yes 10 5 1.18 0.77 3.25 0.72-14.62 

Pick up after dog in 0.07*$ 
countryside 

Never/rarely/some 14 0 
times 
Usually/a lways 20 7 

Walk in parks 0.13* 
No 20 2 0 I 
Yes 15 7 1.54 0.87 4.67 0.85-25.75 

Walk in farmland 0.17* 
No 27 9 
Yes 8 0 

Walk frequency 0.13$ 
Several times a 12 6 0 
week or less 
Once a day 10 2 -0.92 0.92 0.40 0.07-2.44 
Twice a day or 15 I -2.01 1.15 0.13 0.01-1.26 
other 

Walk regularly in a 0.26* 
group with friend 

Never/rarely 15 6 0 1 
Sometimes/oftenle 2 1 3 -\.03 0.78 0.36 0.08-1.66 
veryda~ 

*= Fisher's Exact P-value instead of Chi-squared. 
$ = but 1 or more cells with expected counts less than 5. 
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CHAPTER SIX 

AN OBSERVATIONAL STUDY OF DOGS ON WALKS -
INTERACTIONS WITH OTHER DOGS, PEOPLE AND 

THE ENVIRONMENT. 
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HAPTER 6: Observation of dog behaviour on walks 

ABSTRACT 

Pet dogs have opportunitie to interact with the environment, people and other dogs 

whilst they are being walked. It i po sible that diseases may be transmissible through 

these contacts. Previou ly the nature and sequence of these interactions has been 

studied, but not the frequencie and durations at which they typically occur. This study 

observed focal dog beha iour of pet dogs being walked in popular park/beach walking 

areas. Interaction with the en ironment were recorded including duration spent 

sniffing, and frequenc of urination and defaecation. The frequency and duration of 

interactions with other dog and frequency of interactions with people were also 

investigated. 

Descriptive analy is ugge ted that use of the lead may reduce the number of 

interactions. Interaction with p ople were much rarer than interactions with dogs. A 

multivariable model of percentage duration spent sniffing suggested that day, UK 

Kennel Club Breed T pe and ob erving urination all affected whether sniffing was 

observed, with Gundog the type of dog observed to sniff most. Data was also collected 

on the number of owner and numbers of other dogs being walked with the focal dog. 

This suggested that multiple owner were more often seen at weekends rather than 

weekdays, and multiple dog group on weekdays and more commonly in the mornings. 

6.1 INTRODUCTION 

Many dogs interact clo ely with other dogs whilst out walking, through behaviours such 

as sniffing, play and aggre ion. These interactions are beneficial socially and 

stimulatorily for the dog and may enhance welfare, but they could also be considered 

to present a risk of infectiou disease transmission between dogs. Dogs may also 

investigate excretion and alternative food sources whilst on a walk and these may also 

be a disease risk. In addition dog may contact people other than their usual household 

members, such a other dog walker, and may interact with them. 

Although the way in which particular dogs interact with the environment, people and 

other dogs whil t out walking may be well known to observant dog owners, there has 

been little scientific re earch into thi area. Visual communication appears to play little 

part in many dog-d g interactions, most likely as signalling structures have been 
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modified between breed , 0 making visual signalling difficult (Bradshaw and Nott 

1995). Previous research ha recorded the behaviour sequences that occur during dog

dog interactions in popular walking areas (Bradshaw and Lea 1992). After an initial 

approach phase, the majority of interactions consisted of olfactory inspections, in 

particular of the head and anal regions. Female dogs were more likely to concentrate on 

the head area, and male the anal area, of the other dog. However, this study was limited 

to two sites in Hampshire and did not investigate how frequently the interactions occur, 

which is likely to be important in terms of disease transmission risk to the individual 

and subsequently through a population. Opportunities for interactions may be affected 

by human preferences uch as walk frequency and on/off lead preferences, the walking 

environment, and indi idual dog behaviours and type. 

This study focused on investigating the frequency of contact with other people and other 

dogs, and interaction with the environment such as sniffing or defaecating, whilst 

being walked in a popular outdoor environment. Interactions of the dog with the owner 

or with other dogs that they live with were not investigated as it can be assumed that 

there is extensive contact between these individuals in the home environment. It is also 

likely that dogs behave differently during interactions with familiar people or dogs than 

with strangers. Three popular dog-walking areas in the Wirral region of 

Cheshire/Merseyside were u ed; West Kirby Beach (WK), Royden Park (RP) and a 

sports field in Parkgate, Neston (PG). These locations had been identified in a previous 

questionnaire survey of dog owners in a nearby area (Chapter 3). 

Sniffing the ground was chosen as a behaviour to investigate further as it was common 

and would be expected to be influenced by a number of other factors. Dogs cannot be 

sniffing at the same time as performing the other behaviours studied and therefore 

whether there are any other behaviours available such as interacting with dogs may 

influence the amount of sniffing seen. In addition, sniffing may be likely to occur before 

urination and defaecation. 
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6.2 METHOD 

6.2.1 Data collection area and time 

In each of the three area an ob ervation point, such as a park bench, was selected and 

an observation area defined in which a dog could be observed easily by eye without 

often going out of ight. All three areas were chosen for being a significant but not vast 

open space, large enough to ob erve a dog for a satisfactory period but keeping the dog 

within a distance to b ob erved effectively. Popular times of day for dog walking had 

been identified in a previou questionnaire study in a nearby community (Chapters 3 

and 4). The study area were visited for two-hour study periods approximating 8-1 Oam, 

3-Spm and S.30-7.30pm on week days and 10-12am, 1-3pm and 3.30-S.30pm on 

weekend days. Each of the three study areas was visited alternately for each of these 

observation period acro three week days (Tuesday Thursday, Friday) and three 

weekend days (aturda 1, aturday 2, unday) in September 2006. Days with 

predicted good weather were u ed in order to maximise the number of dogs that could 

be observed, but some showers were experienced. From pilot studies it was estimated 

that 8-10 dogs could be ob erved per hour, and the study aimed to collect data on 

approximately 300 dogs. 

6.2.2 Focal dog ob ervation method 

The focal sampling method of ob ervation was chosen (Martin and Bateson 1993a). All 

observations were conducted by one person (CW). The dog in a dog-owner unit was 

observed as it entered the study area, until the time the dog exited the area or 10 minutes 

had elapsed. Once a dog had left the study area the next observation was started once 

the next dog-owner unit had entered the area. For dog-owner units with more than one 

dog, only one dog wa cho en for observation; the first or second dog was sampled for 

each alternate unit, to a oid potential bias. If the dog being observed had been observed 

previously in the current two-hour session, or could distinctly be remembered as being 

observed on a previou occa ion, this dog was recorded as seen before. 

It was assumed that dog and owner walking together belonged to the same household; 

although this may not be trictly true, it was assumed that if dogs and owners regularly 

meet to walk then they have substantial contact with each other under normal 

circumstances, similar to contact within households. Behaviours of each focal dog were 
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recorded using Noldu Pocket Ob erver XT software (Noldus 2004, 2006) on a Psion 

Workabout Pro handheld (P ion Teklogix 2006) and then uploaded on to a desktop 

computer for analysis. 

6.2.3 Ethogram 

Behaviour patterns (behaviours) recorded are presented in Table 6.1. State behaviours in 

a single class were mutually exclusive. An interaction with a person was defined as a 

physical contact seen (or almost physical contact) such as jumping up, sniffing, or a 

person parting the dog. An interaction with another dog was defined as the dogs being 

in close physical proximity and attention focused on each other, for example sniffing 

each other, or a bout of play including chasing each other (even though the dogs may 

not be in actual physical contact at this point, aerosol transmission might occur). Note 

that interactions between dogs were classed as states (and would therefore have a 

duration) whereas an interaction between a dog and a person were recorded as an event. 

This was so that it would be possible to record, for example, a person patting a dog 

whilst it was sniffing a dog. 

For each observation the independent variables recorded were day, time, location, 

number of dogs in unit, number of owners in unit, type of owners (e.g. male, female or 

child), type of dog, gender of dog, and whether the dog had been observed before. Dog 

types were later cia sed into UK Kennel Club categories, crossbreed, or unknown 

(including some breed type that are difficult to identify accurately). For the purposes of 

this study, Jack Russell and Patterdale Terriers are classed as Terriers, even though they 

are not actually recogni ed by the UK Kennel Club. 
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Behaviour 
Lead class 
On lead 
Off lead 
Interaction class 
Sniffing ground 

Null state 
Interacting with dog 
Interacting with 
person 
Approached ob erver 
Defaecate 
Picked up 
Urinate 
Roll 
Eat 
Unobserved 

CHAPTER 6: Observation of dog behaviour on walks 

recorded. 

Description 

On lead 
Off lead 

niffing the ground whilst standing 
till or moving slowly 

Any other behaviour 
Play, sniffing, aggression etc. 

E Patted, jumps up, given a treat etc. 

Approached observer 
E Defaecated 

Owner picked up faeces 
Urinated 
Roll on ground 

E Eating, chewing or drinking 
u pend and resume ubject is out of sight 

Modifier 

Dog 1,2,3 ... . 
Person 1,2,3 .... Or 
observer 

6.2.4 Data analysis 

Associations between variables were analysed in Minitab (Minitab.Inc 2005) using Chi

squared, Kruskal-Wallis and Mann-Whitney Tests, as appropriate. Spearman's rank 

correlations in were used to assess associations between continuous variables. 

Sniffing durations (second) and percentage durations were log transformed as they 

were non-normal distribution and a high proportion of the values were zero. To avoid 

issues with log transformation of zero values, 1 was added to each duration prior to 

transformation. Factor a ociated with percentage of time spent sniffing the ground 

were identified using regression analysis. Then, a multivariable model of percentage 

time spent sniffing the ground was built using stepwise backward elimination using 

those variables identified as P<O.3 during univariable analysis. 

6.3 RESULTS 

6.3.1 Number of ob ervations 

In total, 302 observations were recorded over SIX days of sampling. Sixteen 

observations (5%) had to be excluded due to technical difficulties with the software. 

This occurred when the dog repeatedly went out of sight of the observer, for example 

sniffing in bushes at the edge of the observation area, or behind a tree. There was no 

problem with data recording if the dog performed some behaviour change between out 

of sight periods. However, if the behaviour stayed the same between out of sight 
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periods, then data was lost and the observation had to be excluded from analysis '. No 

significant difference were detected using Chi-squared and Fisher's Exact tests, 

between the 16 excluded observations and the others, in terms of: location, day, gender 

of dog, and whether it had been seen before. The following results are for the 286 

observations used for analysis only. Of the 286 observations included in the analysis, 23 

(8%) of the observations were identified as repeat on a dog previously observed (seen 

before, usually that day but a very few were also recognisable as observed a previous 

day). 

6.3.2 Independent variables 

The percentage of ob ervations recorded on each of the six days varied from 15 to 20%, 

with a weekday (Tuesday) having the most data collected. Forty-eight percent of the 

observations were on a weekend day compared to weekday. Seventeen percent of the 

observations were collected between 8am and 9.59am (though this time was not 

sampled on weekend days), 17% 10-11.59am (weekend only), 19% 1-2.59pm, 26% 3-

4.59pm and 22% 5-7.30pm (again some of this time was not sampled at weekends). 

Parkgate provided 30.4% of the observations, Royden Park 38.8% and 30.8% were at 

West Kirby Beach. For most observations the weather was recorded as sunny (70.3%) 

but there was also some cloud (23.8%) and rain (5.9%). 

Most dogs (69%) were being walked on their own, 24% of owners had two dogs, 4% 

three dogs, up to a maximum of 8 dogs. The majority of the dogs were observed with 

one owner (59%),30% with two owners, 7% three owners and up to a maximum of 6 

owners. Two dogs entered the study area and were observed without any sign of an 

owner. Single male, and single female owners accounted for 29% and 30% of 

observations respectively, with a further 21 % being walked by a pair consisting of one 

male and one female. A child wa present in 9% of the observations. The most popular 

type of dog seen was the Labrador Retriever (14%) followed closely by crossbreed 

types (13%) and Collie (11 %). Gundogs (32%) were the most popular of the UK Kennel 

Club breed types. For 14 dogs (5%) the type was classed as unknown. For most dogs 

the sex was not clearly identified during the observation period (75%), of the rest 14% 

were identified as male and 12% as female. 

I This arose due to a problem with the software; we have been informed that this function has never 
worked suitably and will be removed from the software in future versions. 
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The duration of the ob ervation varied from 10-600 seconds, with a median of 136 

seconds and mean of 180 econds (Fig.6.1). Six hundred seconds corresponds to the 10 

minutes automatic cut-off time for the observation length. 

20 

10 

o 
Duration of observation (s) 

Figure 6.1. Histogram of duration of ob ervation (n=286). 

Associations between independent variables 

Weather and weekend were ignificantly associated (P<O.OOI), with a tendency towards 

sunny weekdays and cloud or rain at weekends. Weather varied with location (P<O.OOI) 

and was also significantly as ociated with time of observation (P<O.OOI), to be expected 

as it rained at a certain point in time on one day. Multiple owners were more likely to be 

seen when it was cloudy or rainy compared to sunny (P=0.02). This is probably due to 

the effect of different weather at weekends at this time. There was also a significant 

difference in use of the lead during different weathers (P=O.OI), with more dogs seen 

off lead when it is sunny but group sizes were small. 

Sampling day was ignificantly associated with single versus multiple dogs in the 

observation unit (P=0.03) mo t likely because weekday or weekend was also 

significantly associated with ingle vs multiple dogs (P<O.Ol) with more single dogs at 

weekends (Fig.6.2). In contrast, dogs were more likely to be walked with multiple 

owners at weekends, compared to during the week (P<O.O 1, Fig.6.2). 
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100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 
Sinclle Multiple Sinqle Multiple 
doqs doqs owners owners 

• Weekday Weekend 

Figure 6.2 Association between week or weekend day and observing single or multiple dogs in unit 
(Chi-squared P=O.004) and ingle and multiple owner (Chi-squared P=O.004). 

In addition, there were significant differences in the use of the lead during the week 

compared to at weekends (P=0.04), with dogs (i) more likely to be seen off lead only 

(73% and 59% re pectively); (ii) less likely to be observed on lead only (11 % and 

18%); and (iii) less likely to be seen both on and off lead (16% and 23%). It was not 

possible to assess whether all these findings were also applicable to variation in 

individual days, due to orne low numbers when categorising by 6 days compared to 

simply weekday or weekend. As data collection times were slightly different on 

weekdays and weekend day , it was not possible to assess the effect of time on these 

variables. 

There was a significant difference in the number of dogs seen at different locations 

(P<O.OI) with higher number of three or more dog groups seen at Parkgate. However, 

this association was not ignificant when comparing multiple dog groups versus single 

dogs. Use of the lead also varied with location (P=O.OOI) with off lead only being seen 

more frequently at Parkgate than the other locations (79% compared to 69% RP and 

50% WK). The type of dog een at the locations approached significance (P=0.06) with 

West Kirby having the lea t proportion of recognised breeds (80%, versus crossbreeds 

20%) and Parkgate the highe t proportion of recognised breeds (92% versus 8%). 
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There was a significant association between the number of owners and number of dogs 

seen in the unit being ob erved (P=O.O 1) with multiple owners often having multiple 

dogs and single owners having single dogs. Crossbreeds were more likely to be found in 

multiple dog group than as a ingle dog (P=O.OI, 21% compared to 10%). A difference 

approaching significance was seen for single versus multiple dogs seen at different 

times of day (P=0.06) with single dogs more likely to be seen in the late morning to 

early afternoon and evenings compared to multiple dogs early morning and late 

afternoon to evenings (Fig.6.3). In contrast, single owners were more likely to be seen 

in the morning and evening and multiple owners in the middle of the day (P<O.Ol, 

Fig.6.3). There was also a significant difference in the type of dog walked by single vs 

multiple owners (P=O.03) with Pastoral breed types more likely to be walked by single 

owners and toy type by multiple owners (Fig.6.4). 

100% r-~~----~~----~~----~~----~~-' 
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• SinQle owners Multiple owners 

Figure 6.3 As ociation between number of dog/owners in unit and time of day (Chi-squared P=O.06 
and P=O.002 respectively). 
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Figure 6.4 A ociation between number of owners in unit and type of dog (Chi-squared P=O.03). 

6.3.3 Duration of the ob ervation 

The duration of the ob ervation was significantly associated with the day the 

observation was taken (P=0.002, Fig.6.S). Mann-Whitney tests showed significant 

differences between: Friday and aturdayl (P=0.04); Saturdayl and Tuesday (P<O.OOI); 

Sunday and Tuesday (P=O.02); Tuesday and Thursday (P=O.04); and Tuesday and 

Saturday2 (P=O.OOI). Duration of ob ervation was also significantly shorter during the 

week compared to the weekend (Medians 127 and 155 seconds respectively, P=O.OOI). 

There were also significant differences between duration of the observations observed 

in different location (We t Kirby median 155 seconds, Parkgate 134 seconds, Royden 

Park 121 seconds, P=O.Ol) with the pairwise significant difference being between West 

Kirby and Royden Park (P<O.Ol). The number of owners was also significantly 

different by duration (P=O.Ol , median single owner 134 seconds, two-owners 121 

seconds and three-or-more owner 201 seconds), in particular the three-or-more owners 

groups being longer than with Ie than three owners (P<O.Ol). There were also 

significant difference in the duration of observation for the UK Kennel Club breed 

types (P=0.04, Fig.6.6), with Hound and Working2, and Toy types, being observed for 

longer periods. 

2 Hounds and Working categories had been combined due to low numbers. (fanalysed separately 
these has a median duration of247 and 244 seconds respectively, still both high. However, due to the 
now low numbers these di fference aero the groups were now not significant (P=O.l). 
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Figure 6.5 Individual value plot of duration of observation (and medians) for day of the week. 
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Figure 6.6 Individual value plot of duration of observation (and medians) for UK Kennel Club 
groupings. 
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6.3.4 Descriptive tati tic of behavioural data for all analysable observations 

(0=286) 

On lead 

In 66% of observation the dog wa never observed to be on lead, in 34% the dog was 

on lead on one occa ion, up to a maximum of six times. The mean duration for a dog to 

be observed on lead wa 30 seconds (median 0 seconds, range 0-600) or 19% of the 

observation. 

Off lead 

In 14% of observation the dog was never observed to be off lead, in 73% the dog was 

off lead on one occa ion (include those never on lead), up to a maximum of 4 times. 

The mean duration for a dog to be observed off lead was 145 seconds (median 120 

seconds, range 0-600) or 81 % of the observation. 

Sniffing the ground 

Subjects spent on average 21 % (median 16%) of their observation time sniffing the 

ground (defined as when tanding till or walking slowly) ( ee Fig.6.7). Total durations 

ranged from 0-280 econds (mean 3, median 22 seconds) per observation (including 

those which did not niff at all). 

50 

o 10 20 30 50 60 70 
Sniffing % duration 

Figure 6.7 Histogram of niffing percentage duration. 
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A sniffing episode was recorded on average 6.5 times per observation (median 5, range 

0-46) at a mean rate of 2.5 (median 2.0) times per minute. The individual sniffing 

episode length per observation was on average 5 seconds (median 4, range 0-26). There 

was no evidence that sniffing duration differed by location, but there were significant 

differences seen in the mean sniffing episode length (P=0.04, medians PG 4.9s, RP 4.4s 

and WK 3.9s respectively). 

Interacting with dogs other than those within the group being walked together 

In most observations no dog-dog interactions occurred (73%). Interactions with one 

other dog were observed in 21 %, two dogs 4%, up to a maximum of 8 different dogs. 

Subjects interacted with on average 0.4 dogs per observation, at a mean rate of 0.1 dogs 

per minute (max 1.4). Even at the average rate this equates to 7.2 dogs met per hour 

walk. On average 0.7 dog-dog interactions were recorded per observation (range 0-18), 

at a mean rate of 0.2 per minute (range 0-3.9). Subjects spent on average 0.02% of their 

observation time interacting with other dogs. Total duration spent interacting with other 

dogs ranged from 0-185 seconds (mean 5, median 0 seconds) per observation. The mean 

interaction length was on average (per observation) 2 seconds (median 0, range 0-31 

seconds). 

As would be expected, a significant association was seen between the number of 

different dogs interacted with and the number of interactions with other dogs observed 

(P<O.OOl, Pearson's correlation 0.9). There was no evidence that dogs were cutting 

short their interactions with a dog due to the appearance of another dog, because the 

mean interaction duration did not vary with the number of dogs observed to interact 

with. There was also no evidence that percentage duration spent interacting with dogs or 

mean interaction duration differed by location. 

Interacting with people 

Interaction with people was less commonly seen than interactions with dogs. In most 

observations the subject dog did not interact with any people (91 %), 7% one person, up 

to a maximum of 3 people. A physical contact with the observer (sniffing/nudging with 

nose or jumping up) was included as an interaction with a person, although the observer 

ignored the dog (see below). On average, subjects were observed to interact with 0.13 

people, at a mean rate of 0.04 people per minute (max 1.4), equating to an average of 
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2.4 people per hour walk. A maximum of 16 interactions with people were recorded per 

observation (mean 0.3 interactions) at a mean rate of 0.1 per minute (maximum 3.1). 

Approaching observer 

Twelve subjects approached the observer once, and two twice, during their observation 

period. Only two approaches resulted in an actual physical contact. 

Other events 

Most subjects (89%) were not observed to defaecate, 10% once, up to a maximum of 

three times in an observation (mean 0.1). Defaecation occurred at a mean rate of 0.04 

per minute of observation (max 1.2). In 63% of observations all faeces deposited were 

picked up, in 28% no faeces were picked up. In the remainder, the owner was observed 

to pick up faeces following some, but not all, of the defecation events. Urination was 

observed in 37% of observations, up to a maximum of 7 times per observation (mean 

0.6, median 0). SUbjects urinated at a mean rate of 0.2 per minute of observation (max 

2.5). Eating was only recorded in 6 observations, maximum 4 times in one observation. 

Rolling behaviour was observed in 8 observations, up to a maximum of 4 times in one 

observation. 

6.3.5 Exploratory analysis 

Duration of observation 

The duration of the observation was significantly associated with many other variables, 

as the longer a subject was observed the more chance there was of observing it 

performing a behaviour. There was a significant correlation between the log 

transformed sniffing duration and duration of the observation (P<0.001, Spearman's 

rank correlation coefficient 0.45, Fig.6.8). However no correlation was seen when 

comparing with percentage duration of sniffing (P=0.75, Spearman's rank correlation 

coefficient 0.02, Fig.6.9). 
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Figure 6.8 Scatterplot of niffing duration against duration of observation. 

• 
I 
• 

•• 

• 

• 

600 

2.0s-----------------------, 

• •• • 
.~£:. ~: • • • 

1.5 .~ 'J .... • • . . . \' • 
• · 1·1. ; .1· •• • • .-4 

~ 
... \.:. . .. . ~ .. • 

~ 1.0 • • •• • .,... ...... . • • 
~ • •••• • • 
.-4 .... );. .,., '" • ~ .. ." • 

0.5 . .' . •• 
• •• • •• •• • • • t#' • • 0.0 ---- • • • • 

0 100 200 300 400 500 600 
Duration of observation (s) 

Figure 6.9 Scatterplot of percentage of time spent sniffing against duration of observation. 

The duration of the ob ervation was also significantly associated with the use of the 

lead (P<O.OOI). For 20% of the ob ervations the dog was observed both off and on lead 

during the observation. All three pairwise combinations of on only, off only and both, 

had significantly different median durations (P<0.02); the median durations were 98, 

137 and 182 econd for on only, off only and both respectively. 

There was a ignificant diff! rence in duration of observation for those dogs who were 

not seen to interact with another dog compared to those who did (medians 120 seconds 

and 219 seconds re p cti el , P<O.OO 1). When categorised by the number of different 

dogs it interacted with (0,1,2+) this wa also significant (P<O.OOI, medians 120, 231 

and 205 respecti ely). 
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Increasing number of interactions with dogs were seen with longer observations 

(P<O.OOl) with median ob ervation durations of 120, 193, 241, 253, 253 and 390 

seconds for 0,1,2,3,4, and 5+ interactions respectively. The duration spent interacting 

(and %) were again log-transfonned. There were significant correlations between 

duration spent interacting with dogs and total duration of the observation (P<O.OOl, 

coefficient 0.36, and for duration of observation and % duration interacting with dogs 

(P<O.OOl, coefficient 0.33). If the observations that did not include an interaction with 

another dog were excluded (210), there was still a significant correlation between 

duration spent interacting with other dogs and total duration of observation (P=O.OI, 

coefficient 0.30) but thi wa removed by using percentage duration instead (P=0.09, 

coefficient -0.20). 

Observations where dogs were not seen to interact with a person were significantly 

shorter than those where an interaction with a person was observed (Median 129 

seconds and 301 seconds respectively, P<O.OOl). More interactions with people were 

likely to be seen with increasing duration of observation (P<O.OOl), medians 129, 193 

and 304 seconds respectively for 0,1 or 2+ interactions recorded. 

Defaecation wa also more likely to be observed during longer observations (P<O.OOI, 

medians 128 and 246 seconds respectively for no defaecation and defaecation 

observed). Urination was more likely to be observed during longer observations, but not 

significantly (P=0.14). ating wa more likely to be observed during longer 

observations (P=0.002, Medians 132 and 306 seconds respectively for no eating, and 

eating observed). Rolling was also more likely to be observed during longer 

observations (P<O.OO 1, Medians 131 and 239 seconds respectively for no rolling, and 

rolling observed). 

Use of the lead 

The data was subset according to whether the dog was on or off lead when the 

behaviour occurred. However, statistical comparisons were not perfonned for any 

behaviour other than sniffing, as the other behaviours were not observed frequently 

enough, and it is not correct to as ume that all observations were independent, or either 

that they were all paired. For example, from descriptive analysis, subjects spent less 
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time sniffing the ground when on lead compared to off lead (Table 6.2). The median 

percentage duration spent niffing when off lead was 16% compared to 4% whilst on 

lead (Mann-Whitney P<O.OO 1), although this assumes that all observations are 

independent. In truth, a fifth of dog were observed both on and off lead. Alternatively, 

a truly independent comparison between only those dogs observed in one or other lead 

states showed a imilar trend but only approached significance (median sniffmg 

duration 16% off lead v 9% on lead, P=0.09). If comparisons were performed in only 

those dogs where both lead states were observed, they spent an average of 10% more 

time sniffing off lead than on lead (Wilcoxon signed rank test P<O.OOl). When 

comparing those dog ob erved on lead only with those observed in both states, a 

median of9% increase wa een (P=O.OOl). 

In addition, less time was spent interacting with other dogs when on lead compared to 

off lead (Table 6.2). When on lead, dogs interacted with fewer dogs and less people 

compared to when off lead. Al 0 , the mean dog interaction duration was 1.7 seconds 

when off lead compared to 1.0 econd when on lead (Table 6.2). However, owners 

were seen to pick up faece more often after their dogs had defecated when the dog was 

on lead (Table 6.3). 
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- -- - - - -- - - -- f off and on lead fl 'ffi d "h other d 
State I Rate (number/min) % Duration Total duration (seconds) Mean duration (seconds) 

I Ran e Mean Median Ran e Mean Median Ran e Mean Median Ran e Mean Median 
Sniffing ground I 

Off lead I 0-12.14 2.48 1.97 0-76.03 21.69 16.28 0-267.00 30.36 16.86 0-26.70 4.33 3.52 
On lead I 0-11.95 2.25 1.29 0-77.69 12.35 4.34 0-166.58 4.80 0.00 0-13.45 0.77 0.00 

I 
Interactions with dogs I 

Off lead I 0-3.86 0.22 0.00 0-43.23 2.58 0.00 0-133.58 3.93 0.00 0-30.66 1.72 0.00 
On lead L O-3.05 0.11 0.00 0-33.96 1.58 0.00 0-107.5 0.98 0.00 0-5\.59 0.45 0.00 

Table 6.3 Comparison of off and on lead for events defaecate, pick up, urinate, roll, eat and interact with a person or dog. 
Event Rate (number/min) 

Range Mean Median Mean % 
Defaecate 

Off lead 0-1 .24 0.05 0.00 
On lead 0-0.34 0.01 0.00 

Faeces picked up 
Off lead 0-0.47 0.02 0.00 61.90% 
On lead 0-0.34 0.01 0.00 100% 

Urinate 
Off lead 0-2.48 0.26 0.00 
On lead 0-1.26 0.08 0.00 

Interactions with people 
Off lead 0-3 .13 0.08 0.00 
On lead 0-0.76 0.01 0.00 

Number of people interact with 
Off lead 0-1.39 0.04 0.00 
On lead 0-0.25 0.003 0.00 

Number of dogs interact with 
Off lead 0-1.93 0.14 0.00 
On lead 0-1.83 0.07 0.00 
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Interacting with dog or people combined 

There was a significant as ociation between meeting people and meeting dogs (OR 

16.7, 9S%CI 6.1-46.2). Ob er ation were coded as to whether the dog was observed to 

interact with neither people nor dog (72%), dogs only (19%), people only (2%), and 

both people and dog (8%). There were possible differences in these proportions by 

location (P=O.Ol) although group sizes were small (Fig.6.10). No significant 

associations were found with other independent variables. 
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Figure 6.10 Interacting with people and dogs at different locations (WK = West Kirby, RP = 
Royden Park and PC = Parkgate). 

6.3.6 Percentage time pent nifting the ground explored further 

Univariable analy i 

To account for the a ociation of duration of observation with time spent performing 

each behaviour, anal i wa performed u ing percentage duration instead of total 

duration. Log percentage time pent niffing was investigated by univariable regression 

analysis for as ociation with independent variables of interest (Table 6.4 and Appendix 

to Chapter 6 - Table 1) and with other behaviours observed (Table 6.S and Appendix to 

Chapter 6 - Table 2). There wa evidence for a significant association with day of 

sampling and time of ampling, though these variables are likely associated with each 

other (P=O.OS for both, Tabl 6.4). There was also a significant association with type of 

dog, with gundog typ niffing ignificantly more than other types (P=O.OO 1, Table 
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6.4). Whether urination or defaecation behaviours were observed was also associated 

with increased sniffing seen (P<O.OOI and P=O.Ol respectively, Table 6.5). 

Multivariable model 

In the final multivariable model, factors associated with sniffing behaviour included day 

of observation, Kennel Club Group and urination (Table 6.6). Duration was tested in the 

model building process but was not deemed important, and use of percentage duration 

of sniffing seemed ufficient to account for this. 

Table 6.4 Significant finding in univariable regression analysis of log percentage time spent 
sniffing - Independent variable. 
For table including non-significant variables please see Appendix to Chapter 6, Table I. 
Variable Coef SE Coef P-value 
Day 0.05 

Constant (Friday) 0.92 0.08 
Saturday I 0.18 0.11 0.10 
Sunday 0.31 0.11 <0.01 
Tuesday 0.29 0.10 0.01 
Thursday 0. 13 0.11 0.24 
Saturday 2 0.17 0.11 0.12 

Time 0.05 
Constant (8-9.59am) 1.19 0.07 
10-11.59am 0.04 0.11 0.97 
1-2.59pm -0.10 0.10 0.33 
3-4.59pm -0.1 I 0.10 0.26 
5-7.30pm -0.24 0.10 0.12 

UK Kennel Club Group 0.001 
Constant (Gundog) 1.27 0.05 
Crossbreed -0.22 0.10 0.03 
Hound and Working -0.22 0.15 0.14 
Pastoral -0.41 0.09 <0.001 
Terrier -0.17 0.09 0.07 
Toy -0.12 0.14 0.40 
Utility -0.18 0.14 0.21 

Table 6.S Significant finding in univariable regression analysis of log percentage time spent 
sniffing - Other behaviour. 
For table including non-significant variables please see Appendix to Chapter 6, Table 2 
Variable Coef SE Coef 
Defaecation ob erved 

Constant (No) 
Yes 

Urination observed 
Constant (No) 
Yes 

1.07 
0.27 

0.98 
0.34 

0.03 
0.10 

0.04 
0.06 

P-value 
0.01 

0.01 
<0.001 

<0.001 
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Table 6.6 Multivariable regre ion model of log percentage time spent sniffing. 
Variable Coef SE Coef 
Constant 0.95 0.09 
Day (ref=Friday) 

Saturday I 
Sunday 
Tuesday 
Thursday 
Saturday 2 

Kennel Club Group (ref=Gundog) 
Crossbreed 
Hound and Working 
Pastoral 
Terrier 
Toy 
Utility 

Urination 
Urination observed yes 

6.4 DISCUSSION 

0.19 0.11 
0.30 0.10 
0.26 0.10 
0.13 0.10 
0.19 0. 11 

-0.22 0.10 
-0.18 0.14 
-0.35 0.08 
-0.20 0.09 
-0.02 0.13 
-0.15 0.14 

0.33 0.06 

P-value 

0.07 
<0.001 

0.01 
0.23 
0.07 

0.02 
0.21 

<0.001 
0.03 
0.86 
0.29 

<0.001 

This study has demonstrated that there is large variation between dogs in the behaviours 

that they perform whilst on a walk. It also highlights interesting owner behaviour when 

walking their dogs and informs about dog ownership preferences and psychology. 

6.4.1 Possible biases 

There may have been some bias introduced to the data due to the exclusion of 16 

observations. The loss of this data could bias our conclusions against dogs that did not 

change their behaviour often compared to those who had more varied behaviour. 

However, no significant differences were detected in the independent variables between 

the 16 excluded observations and the 286 other observations, using Chi-squared and 

Fisher's Exact tests, in terms of location, day, gender of dog, and whether had been seen 

before. It was not possible to test for other variables such as number of dogs in the unit, 

dog type or owner type due to small group sizes, and this would also have affected the 

power to assess any differences between the excluded observations and the others. 

Observer bias was minimised by a single person collecting the data, but it is likely that 

if the study was repeated with a different observer, some differences in the results may 

be seen. It was not possible to perform an assessment of within-observer reliability 

(Martin and Bateson 1993 b), as videoing the dogs was attempted during the pilot phase 

and deemed an unsuitable method of data collection; behaviours could not be reliably 

distinguished compared to by eye, due to distance, obstacles and lighting issues. Due to 
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the low number of ob ervations classed as ' seen before', these were included in the 

analysis. However, it i po ible that duplication of some subjects may have influenced 

the data, but it is unlikely to have had a major effect. It is possible that the presence of 

the observer had an effect on the ubjects (Martin and Bateson 1993c), but this could 

not be avoided and the observer remained as inconspicuous as possible. It was also not 

possible to blind the ob erver a to whether the dog was on or off lead during data 

collection (Martin and Bate on 1993c), and this can introduce bias. 

Of course it must also b remembered that these data were collected in three walking 

areas only and some differences are likely to occur depending on the environment. In 

addition, these areas may have between themselves differed in the positioning of the 

stage of the walk for the dogs, for example whether dogs were often observed at the 

beginning or end of their walks. This is likely to affect the types of behaviours 

observed. However, dog were observed entering and exiting the areas from various 

sides, and it has been suggested in one study that dog behaviour differs little between 

when they are first let free, in intermediate segments and on completion of their walks 

(Bekoff and Meaney 1997). It is difficult to assess the evidence supporting this 

suggestion due to limited description in the publication. Behaviour of both owners and 

dogs may vary due to weather and eason and only days of predicted good weather were 

used and over a short time period of two weeks in the month of September, and 

therefore results can only be deemed representative of this situation. 

6.4.2 Number of dog in a group 

Approximately two-third of subjects were single dogs, with fewer in two-dog groups 

and even fewer three-dog or more. It is likely that some of the dogs in groups were not 

actually owned together but had different owners who were walking together at that 

moment. This situation could not be consistently distinguished and so the assumption 

was made that they were from the same household. The proportions of one-, two- and 

three-dog groups observed did approximate that reported as owned in the questionnaire 

survey in a nearby community (Chapter 2); this supports the use of the assumption that 

dogs walking together are owned together. However, multiple dogs tended to be 

observed with multiple owners, which could be explained by larger families having 

more dogs, or dogs and their owners that were walking together in groups. There was an 
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elderly owner who has been repeatedly observed walking a large group of dogs (7) 

during study design and data collection and was thought to be the owner of all the dogs. 

Proportionally more multiple-dog groups were observed on weekdays compared to 

weekends, when single dogs were more likely to be observed. It may be that people 

with more than one dog have time to walk the dogs in these areas during weekdays, 

whereas single dog owners have more time to walk their dogs at weekends. Multiple

dog owners may be more likely to have the dogs as a hobby/interest and make particular 

effort to walk their dogs during weekdays as they enjoy the experience. Multiple dog 

groups were also more likely to be seen during the morning compared to other times; it 

may be that the type of owner that chooses to own more than one dog has the time to, or 

chooses to, walk their dogs twice a day (morning and evening) compared to single dog 

owners. Interestingly, multiple dog groups tended to consist of more crossbreeds as 

opposed to pedigree breed types. The type of person who owns more than one dog may 

prefer cross breed types for some reason. 

6.4.3 Number of owners walking the dog 

Most dogs were being walked by a single owner. A maximum of six owners were 

reported to be walking in a dog group; large groups could be due to large family 

situations (four of the group of 6 were children), but generally only 9% of observations 

included children. There is evidence that dogs are more likely to be owned by families 

with children (Chapter Two) and yet children were not commonly seen to be out 

walking the dog. The duty of walking the dog may be performed by an adult without the 

presence of the children due to the extra effort required to manage the children and dog 

at the same time. However, some of the observation periods were during school hours 

and this may have restricted the availability of children to walk dogs in this study. In 

contrast to the effect of dog group size, dogs were more likely to be seen with single 

owners on weekdays compared to at weekends, possibly because the family or friends 

have more opportunity to walk together at weekends. 

The observed difference in number of owners for different dog types may be due to 

owner preferences when choosing a dog. Pastoral breed types (collies, shepherds) are 

active dogs with a strong owner bond and it is reasonable to suggest that these may be 

chosen to be owned by a single owner, or available to be walked by only one person, 
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due to the amount of exercise required. In contrast, a toy dog may be a more likely 

choice for a larger household with less time to spend walking the dog. There was no 

significant association found between week or weekend, and type of dog seen, so it is 

unlikely that these owner differences were just due to the effect of week or weekend. 

6.4.4 Type of dog ob erved 

Labradors and cross breeds were the most popular breed types owned and gundogs the 

most popular Kennel Club group, as also reported in the questionnaire survey (Chapter 

3) and for previous UK estimates (Anon 2004b). This suggests that observed dogs may 

be representative of the area (and, by corollary, that the survey was representative of a 

wider area than sampled). Of those dogs where sex could be identified there were more 

males reported than female. This may be due to males being easier to distinctly identify 

from a distance due to leg cocking and greater visibility of genitalia compared to 

females. The occurrence of such a bias is supported by the finding of more females than 

male dogs in a census ba ed tudy in the local area (Chapter 3). 

6.4.5 Defaecation 

In approximately two-thirds of observations, all faeces deposited by the dog were 

picked up by the owner. In two other studies of dog-fouling, 59% and 54% of owners 

observed were responsible (Webley and Siviter 2000; Wells 2006), slightly less than in 

this study. In our questionnaire survey over 90% of local dog owners reported 

always/usually picking up after their dogs (Chapter Three). This observation suggests 

that people may have been over-reporting this practice in the questionnaire, but it is also 

possible that sometimes an owner did not realise that their dog had defaecated and if so 

would have cleared it up. However, the reality is that less faecal material is picked up 

than owners report. Webley and iviter (2000) reported 14/36 dog owners claiming that 

their dog had ne er fouled, even though unbeknownst to them they had been observed 

letting their dog foul. Thi again uggested that self-reporting should not be relied upon. 

Owners were more likely to pick up faeces when the dog was on lead than off lead and 

it may be easier to notice in this situation (or conversely harder to ignore). Wells (2006) 

also observed this phenomenon. 
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6.4.6 Duration of the observation 

The duration of the ob ervation was associated with many other variables, as the longer 

a dog is observed, the more chance there is of seeing a behaviour performed, and so was 

controlled for in subsequent analyses. Duration of observation was generally longer at 

weekends than weekdays, possibly due to the owner being in less of a hurry to walk the 

dog, or alternatively becau e the areas were busier and there were more distractions to 

occupy the dog/owner. The locations having different median durations may have been 

due to differences in size (although the study areas are roughly similar sized expanses of 

open space, however not measured precisely) or may have been due to other features of 

the environment, such as pathways and vegetation. Royden Park has trees and bushes 

around all sides, Park gate two sides, and West Kirby none, which may have contributed 

to less time spent investigating the area. The areas also differed in the location of 

pathways leading through them and into and out of them, and this would affect the time 

taken to travel across the study space. 

Observation time was significantly increased where there were three or more owners. 

This may be a consequence of standing chatting or children playing. Toy types were 

observed for longer periods; it may be that they took longer to traverse the study area 

due to size. However it is unlikely to be simply due to the effect of size, as Hounds and 

Working types also took longer and they are not small dogs, and Toy types can move 

considerably fast if they want to. Longer observation times for these dogs may be due to 

some behavioural or owner characteristics, but is unlikely to be due to interruptions to 

perform sniffing behaviour as Gundogs would then be expected to have the longest 

durations as they comparably spent the most time sniffing. 

6.4.7 Lead use 

The reason why dogs may have been more commonly seen off lead on weekdays than 

weekends is unclear. Possible explanations include that the type of owners who are able 

to (or choose to) walk on weekdays may for some reason like to let their dog off lead, or 

alternatively, it may be easier to walk multiple dogs off lead than keep them on lead. 

Because numbers of interactions with dogs or people were low, it was not possible to 

investigate factors as ociated with these interactions in the same manner as for sniffing 

behaviours, which were much more commonly seen. However, simply comparing the 
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number of interactions when off lead to when on lead suggests that dogs are less likely 

to interact when on lead. Brad haw and Lea (1992) observed that the on lead dog was 

never the initiator of interactions. Putting a dog on lead may serve to reduce the number 

of interactions it has, and ubsequently opportunities for pathogen transmission. 

However, this study did not assess the lead status of the other dog in an interaction. It 

may not be a simple process of whether the focal dog is on a lead or not, as some dogs 

that are off lead may be more likely to approach dogs that are on lead, and in this case 

both dogs would need to be on lead in order to have an effect on reducing the number of 

interactions. Duration of interactions with other dogs may also be affected by use of the 

lead, and appeared to be horter when the dogs were on lead than when they were off 

lead. In Bradshaw and Lea (1992) the duration of the interaction was not measured 

directly but the median number of behaviours observed during an interaction was 

reduced when the recipient dog was on lead. 

6.4.8 Percentage duration pent sniffing 

On univariable analysis the variables day, time, Kennel Club Group, defaecation and 

urination were all significantly associated with percentage time spent sniffing. Although 

location did not appear to affect the percentage of time spent sniffing, it is suggested to 

have an effect on the mean sniffing episode length. On further multivariable analysis, 

day, Kennel Club Group and urination appeared to be the most important factors 

affecting percentage time spent sniffing the ground. The variables lead use, weather, 

defaecation, and single or multiple owners, were also used in the model building 

process (as P<O.3). Gundog breed types were more likely to perform sniffmg 

behaviours than others, as might be expected by their breeding purpose. 

The association between niffing and urination was not surprising, as dogs can be often 

seen sniffing around the time of urination, particularly preceding, and especially if the 

urination is for marking purposes. From an early age all canids will investigate and sniff 

urine and faeces from other animals, in order to gain information about conspecifics, 

and may urinate or defaecate on it, or roll in it (Fox 1984). Such close contact during 

investigation of faece and urine of other individuals may be an opportunity for 

pathogen transmi ion. It has been suggested that female urine deposits are particularly 

attractive to other dog (Doty and Dunbar 1974), and therefore the type of dog that 

previously visited an area may influence the amount of sniffing seen in subsequent 
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dogs. It has also been reported that dogs urine mark more when in unfamiliar places 

(Pal 2003), and so familiarity of the area to the dog may influence the amount of urine 

deposited, and subsequently the amount of sniffing behaviour performed by the subject 

dog and later dogs visiting the area. 

Although the variable lead use (on/offlhoth) was included in building of the 

multivariable model of sniffing behaviour it was not found to be significant. However, 

this variable is a simpler estimate of a complex situation. Further investigation of on 

lead compared to off lead behaviours did show some differences in regards to time 

spent sniffing. If investigating those dogs who were observed both on and off lead 

(20%) they were seen to spend significantly more time sniffing when off lead than when 

on lead. Therefore, putting a dog on lead may also reduce sniffing behaviours (in 

addition to interactions with dogs or people). However, if dogs that were only observed 

on lead were compared to those only observed off lead, a difference approaching 

significance was seen. An explanation of these findings is that if dogs are not allowed 

off lead, they are forced to perform the sniffing behaviours whilst on lead, but if given 

opportunity would prefer to preserve sniffing behaviour until they are off lead. 

6.4.8 Conclusion 

This study provides new under tanding of the general frequencies of interactions that 

pet dogs can have with the environment, other dogs, and people, whilst walking. The 

most considerable limitation of this study is that it did not record the number of other 

dogs and people that a subject had opportunity to interact with, and this would 

obviously effect the likelihood of observing an interaction. Although recording such 

information was considered, it was deemed difficult to categorise the distance at which 

a dog may be deemed able to interact with another dog/person, and this is also likely to 

vary depending on the dog and environment and would be difficult to standardise across 

all dogs. In addition, the practicalities of recording more data were not feasible and 

would have compromised data quality. Another major limitation is that the study was 

only conducted in three areas, and these were all in the Wirral / Cheshire area, and 

many behaviours of the type observed are likely to be affected by the walking 

environment. 
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The findings that interacting with people and interacting with dogs were significantly 

associated suggests that the two are closely linked, as might be expected; dogs tend to 

have owners and people tend to be walking a dog when in these areas. However, 

interactions with people were rarely observed compared to interactions with dogs. Use 

of the lead may influence the frequency of interactions but this requires further 

investigation. 
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Table 1. Univariable regre ion analysis of log percentage time spent sniffing -Independent 
variables. 
Variable Coef SE Coef P-value 
Week or weekend? 0.23 

Constant (week day) 1.07 0.04 
Weekend day 0.08 0.06 0.23 

Day 0.05 
Constant (Friday) 0.92 0.08 
Saturday I 0.18 0.11 0.10 
Sunday 0.31 0.11 <0.01 
Tuesday 0.29 0.10 0.01 
Thursday 0.13 0.11 0.24 
Saturday 2 0.17 0.11 0.12 

Time 0.05 
Constant (8-9.59am) 1.19 0.07 
1O-11.59am 0.04 0.11 0.97 
1-2.59pm -0.10 0.10 0.33 
3-4.59pm -0.11 0.10 0.26 
5-7.30pm -0.24 0.10 0.12 

Location 0.73 
Constant (Parkgate) 1.12 0.06 
West Kirby -0.06 0.08 0.46 
Royden Park -0.01 0.08 0.87 

Weather 0.06 
Constant (Rain) 1.37 0.13 
Sun -0.30 0.13 0.02 
Cloudy -0.23 0.12 0.11 

Number of dogs in unit 0.57 
Constant (single) 1.11 0.04 
Two -0.06 0.07 0.39 
Three or more 0.06 0.12 0.63 

Single or multiple dogs in unit 0.60 
Constant (single) 1.l5 0.09 
Multiple -0.04 0.07 0.60 

Number of owners in unit 0.40 
Constant (single) 1.06 0.04 
Two 0.08 0.07 0.25 
Three or more 0.10 0.10 0.35 

Single or multiple owners in unit 0.18 
Constant (single) 0.98 0.09 
Multiple 0.09 0.06 0.18 

UK Kennel Club Group 0.001 
Constant (Gundog) 1.27 0.05 
Crossbreed -0.22 0.10 0.03 
Hound and Working -0.22 0.15 0.14 
Pastoral -0.41 0.09 <0.001 
Terrier -0.17 0.09 0.07 
Toy -0.12 0.14 0.40 
Utility -0.18 0.14 0.21 

Breed? 0.55 
Constant (Mixed breed) 1.06 0.09 
Recognised breed 0.06 0.09 0.55 

Lead use 0.27 
Constant (Both on and off lead) 1.09 0.07 
On Lead only -0.11 0.10 0.30 
Off lead only 0.03 0.08 0.66 
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Table 2. Univariable regre ion analy is of log percentage time spent sniffing - Other behaviours. 
Variable Coef SE Coef P-value 
Defaecation observed 0.01 

Constant (No) 1.07 0.03 
Yes 0.27 0.10 0.01 

Urination observed <0.001 
Constant (No) 0.98 0.04 
Yes 0.34 0.06 <0.001 

Interacted with other dog during ob ervation 0.46 
Constant (No) 1.12 0.04 
Yes -0.05 0.07 0.46 

Rate of interacting with different dogs 0.73 
Constant 1.11 0.03 
Rate of interacting with different dogs -0.04 0.12 0.73 

Rate of all interaction with other dog 0.50 
Constant 1.11 0.03 
Rate of all interactions with other dogs -0.04 0.07 0.50 

Percentage duration of interacting with other dogs 0.38 
Constant 1.11 0.03 
Percentage duration of interacting with other -0.45 0.52 0.38 
dogs 

Percentage duration of interacting with other dog 0.55 
(excluding observation with no other dog) 

Constant 1.09 0.07 
Percentage duration of interacting with other -0.35 0.59 0.55 
dogs 

Interacted with a per on during ob ervation 0.92 
Constant (No) 1.10 0.03 
Yes 0.01 0.11 0.92 

Rate of interacting with different people 0.95 
Constant 1.10 0.03 
Rate of interacting with different people -0.01 0.21 0.95 

Rate of all interaction with people 0.93 
Constant 1.10 0.03 
Rate of all interactions with EeoEie 0.01 0. 11 0.93 
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ABSTRACT 

Pet dogs have opportunity to interact with other dogs and people when they are walked. 

During these interactions it is possible that a disease may be transmitted from one dog 

to another, or from a dog to a person (or vice versa). Aggressive encounters may also 

occur. Whether a dog is on lead or not whilst on a walk could affect the frequency in 

which it interacts with other dogs and people that it meets. 

This experimental study observed ten dogs using a video camera, and recorded the 

number of possible and actual interactions with people and dogs that occurred whilst the 

dogs were walked along a pre-defined route. The lead status of the subject dog, the lead 

status of the other dog, and the direction that the dogs were travelling, were all used to 

model the outcome of whether an interaction with a dog occurred. Analysis was 

performed using a hierarchical multilevel model, accounting for dog and session. 

The results suggest that lead tatu of both dogs was important in influencing whether 

or not an interaction occurred and there were no statistical interactions between 

variables. Therefore, putting a dog on lead is influential in reducing the number of dog

dog interactions that occur, and for best effect in reducing disease spread (or damage in 

aggressive encounters), both dogs should be on a lead. 

7.1 INTRODUCTION 

Interactions between pet dog allow for potential disease transmission, for example via 

aerosol or saliva spread. Whether a dog is on lead or not whilst on a walk could affect 

the frequency in which it interacts with other dogs and people that it meets. Thus, this 

possible intervention could be used to reduce disease transmission between dogs, or 

even between dog and people in a situation of disease outbreak. It may also be useful 

in reducing agnostic encounters between dogs. 

Bradshaw and Lea (1992) tudied the behavioural sequences during interactions 

between two dog and reported that no dog on lead was ever the initiator of an 

interaction, and did not ob erve any interactions where both dogs were on lead. It is 

reasonable to hypothe i e that when presented with opportunities for interaction with 

other dogs, the likelihood of an interaction occurring may be lower if the dog is on lead 
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than if off lead, but thi has not been scientifically studied before. It is also possible that 

the on/off lead status of the other dog may also affect the probability and/or nature of 

the interaction. The effect of putting a dog on lead may also vary depending on whether 

the other dogs in the environment are on or off lead. 

This study was designed to test the effect of lead use on the probability of an interaction 

with another dog. Due to the lower numbers of interactions with people compared to 

dogs expected, as observed previously (Chapter 6), statistical analysis on the effect of 

lead use on interactions with people was not possible, and only a general description of 

these interactions is therefore reported. 

7.2 METHODS 

7.2.1 Recruitment and videoing 

Ten dogs (Table 7.1) (subjects) were recruited into the study, as this was deemed an 

achievable number of dog to ob erve in the time available. The dog owners were 

recruited via poster /email at the University Veterinary Teaching Hospital for 

convenience. The study area cho en was a stretch of old railway line (now a country 

park), that takes 10-15min to walk between the chosen start and end points. The dogs 

were all familiar with the area and had walked the route at least once previously. The 

volunteer dogs recruited were all over 1 yr of age, of various breeds, and the owner 

stated that they were comfortable walking the dog both on and off lead around other 

dogs. Data was collected between November 2006 and April 2007 between the hours of 

8.30am and 5pm on both week and weekend days. Each dog was required to walk the 

route (in both direction ) on two occasions, no more than 2 weeks apart, and at the same 

time and day of the week. In the first session the dog walked the length of the route off 

lead first and then on lead on the way back. In the second session the on and off lead 

walking was rever ed, to account for any behaviour differences due to stage during 

walk (e.g. beginning/end) rather than lead use. 

Owners were in tructed to beha e normally with the dog, other than keeping them 

on/off lead as requested, and did not know the purpose of the study other than to 

'observe dog behaviour whil t walking'. At the beginning of each session the dog was 

provided with two minute off lead in a nearby park, and was then walked on lead to the 
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start of the study area (appro another 2 minutes), in order to acclimatise to the observer 

following them. All ob ervations were carried out by a single observer and recorded 

using a concealed video camera (Canon M500i) with a sports camera attachment 

(Bulletlhelmet colour camera, Model Land and Air) (Cameras4sports 2007) which was 

hidden in the observer' hand and pointed towards the focal dog. 

Table 7.1 Subject dogs recruited for the trial. 
Dog Breed Age ex/neutered Type of Household Other comment 

owner dogs 
A Labrador 6 MN F 1 
B Jack Russell Terrier X 13 FN M 1 
C Chihuahua X Jack I MN M I 

Russell Terrier 
D Rough Collie 3 FN M J 
E Labrador X Collie 6 F F 1 
F Yorkshire Terrier 8 F F 3 Lives with I 
G Staffordshire Bull 5 MN F 2 Lives with H 

Terrier X Whippet? 
H Yorkshire Terrier X 4 FN F 2 Lives with G 

Daschund 
[ Yorkshire Terrier 8 F F 3 Lives with F 
J Collie 6 FN F 1 

7.2.2 Data collection 

On each walk, the dog had opportunities to interact both with walkers travelling in the 

same general direction as the dog, and also in the opposite direction. It was recorded 

how many walkers the dog could, and did, interact with, and the proportion of possible 

interactions that occurred wa calculated. The same process was conducted for cyclists, 

horse riders and other dogs met (and whether the other dog was on or off lead). An 

interaction was considered possible if the person/dog was seen at any point on the video 

recording for that walk. The wide angled lens captured the entire width of the path and a 

considerable distance ahead could be seen, subject to turnings of the path. Due to the 

enclosed nature of the pathway, potential interactors are forced to pass fairly close and 

would be seen on the film. An interaction with a person was defined as physical (e.g. 

jumping up, nudging with nose or petting) and with a dog being close enough to 

sniff/play (see Chapter 6, section 6.2.3). 

7.2.3 Data analysis 

Data were stored in an Excel spreadsheet (Microsoft 2003) and descriptive analysis was 

conducted in Minitab (Minitab.lnc 2005). Multivariable three-level models were 
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developed initially usmg a residual iterative generalised least-squares (RIGLS) 

algorithm and second order penalised quasi-likelihood (PQL) in MLwiN (CMM 2006), 

with the variable dog, se ion and "potential interaction" as levels 3, 2 and 1, 

respectively, to account for variability between dogs and between days for each dog 

(session 1 or 2) (Fig.7.1). The outcome of the model was binary; whether or not an 

actual interaction occurred when there was potential for an interaction with another dog. 

The variables considered for inclusion in the model were: whether the subject dog was 

on or off lead, whether the other dog was on or off lead, and whether the two dogs were 

being walked in the same direction or opposite (i.e. from which direction the owners 

were travelling). Two- and three-way interactions between these variables were also 

tested for. Variables which were not significant in the multilevel model were removed 

sequentially by backward elimination of non-significant variables (Wald t P<0.05). 

The final model wa fitted by Markov-chain Monte Carlo (MCMC) simulation using a 

Metropolis-Hastings ampler with diffuse priors (Rasbach and others 2000). The 

number of iterations u ed was determined by examination of the Raftery-Lewis and 

Brooks-Draper Nhat statistics (Rasbach and others 2000). This indicated that a chain of 

50,000 iterations was sufficient. The fit of each model was assessed by examining the 

posterior distributions of the fixed variables included in the model (data not shown). 

Following the selected bum-in period and chain length, all fits were smooth and regular 

and approximated a normal distribution. The model building process was also repeated 

(data not shown) with an additional level of owner (as there were two pairs of dogs 

walked by the same owner) (Fig 7.1). 

<>,0 OWNER 

" 

D D DOG 

i 1\ SESSION 

0000 
0000 OBSERVATION (POTENTIAL INTERACTION) 

Figure 7.1 Hierarchical tructure of multilevel model. 
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7.3 RESULTS 

7.3.1 Duration 

The mean walk duration was 731 seconds (median 719 seconds). On lead walks lasted 

597-868 seconds (mean 698, median 597 seconds) and off lead walks generally took 

longer, ranging 628-978 seconds (mean 765, median 628 seconds). Durations for each 

dog are displayed in Table 7.2; all dogs except one took longer to walk the route off 

lead than on lead. Whether walk times were longer during session one or session two 

was variable. 

Table 7.2 Walk durations for each dog. 
Dog Mean walk duration Mean walk 

(range) (s) duration 

A 
B 
C 
D 
E 
F 
G 
H 
1 
J 

696 (654-771) 
875 (810-978) 
719 (597-964) 
650 (618-680) 
627 (614-642) 
786 (726-876) 
667 (626-759) 
678 (629-729) 
782 (757-840) 
836 (777-877) 

7.3.2 Walkers 

off lead (s) 
724 
917 
808 
671 
635 
845 
707 
721 
799 
827 

Mean walk 
duration 

on lead (s) 
669 
834 
630 
628 
618 
727 
628 
635 
765 
844 

Mean walk Mean walk 
duration session duration session 

1 (s) 2 (s) 
665 727 
918 832 
625 813 
649 650 
632 621 
801 771 
640 694 
677 679 
807 757 
849 823 

Results for interaction with walkers are presented in the Appendix for this Chapter, 

Table 1. 

Dogs had opportunity to interact with 0-24 walkers on a walk (mean 9.0). As might be 

expected, it was more common to see walkers passing in the opposite direction 

compared to travelling in the arne direction (see Fig.7.2). On average a dog interacted 

with 0.5 walkers (range 0-4) per walk, or 5% of the possible interactions (Fig.7.3). Dogs 

interacted with an average of 5% of walkers whilst off lead compared to 4% whilst on 

lead (Fig 7.4). 
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Figure 7.2 Mean number (and tandard error) of walkers that the subject dogs could have 
interacted with on their walk. 

Figure 7.3 An interaction between a person and a dog. 
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Figure 7.4 Boxplot of proportion of walkers that the subject dogs interacted with on their walk 
(medians labelled). 

7.3.3 Cyclists 

On 26 walks the dog had the opportunity to interact with at least one cyclist (range 0-9 

seen). On average, dog had the opportunity to interact with 1.9 cyclists per walk. No 

interaction with a cycli t was e er observed. 

7.3.4 Horses 

No dogs were observed to interact with a horse or rider. Only 2 dogs were walked when 

there was a horse. 

7.3.5 Dogs 

Full results for interaction with other dogs (on or off lead) are presented in the 

Appendix for hapter 7, Table 2. ubject dogs had opportunities to interact with 0-13 

dogs on a walk (mean 5, 1.3 that were on a lead and 3.75 that were off lead, Fig.7.5). 

On average a subject interacted with 1.9 dogs (range 0-10) per walk (Fig.7.6), which 

was an average of 38% of all dogs and this ranged from 0-100% between the dogs. 

When off lead, subject dogs interacted with a mean of 44% compared to 32% of dogs 
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when the subject dog wa on lead. Whether the dog being met was on or off lead also 

seemed to affect the interaction ; if the other dog was off lead there was an interaction 

on average 47% of the time, compared to 23% if it was on lead. Thirty-seven percent of 

on lead dogs were interacted with by off lead subject dogs, compared to only 10% if the 

subject was on lead. Fifty percent of off lead dogs were interacted with when the subject 

dog was offlead, compared to 45% when on lead (Fig.7.7). On average, dogs interacted 

with 48% of dogs met that were walking in the same direction as them, compared to 

27% of those that were travelling in the opposite direction. Not surprisingly, it was 

much more common to encounter dogs walking in the opposite direction than the same 

(Fig.7.S). 
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Figure 7.5 Mean number (and tandard error) of other dogs that the subject dogs could have 
interacted with on their walk. 

Figure 7.6 Interaction between dogs, a) ubject on lead and b) subject off lead. 
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Figure 7.7 Boxplot of proportion of dogs that the subject dogs interacted with on their walk 
(medians labelled). 

7.3.6 Multilevel multivariable model of interactions with dogs 

The multilevel model of interactions with dogs is presented in Table 7.3. The significant 

factors were whether the subject dog was on or off lead, and whether the other dog was 

on or off lead. There was less likelihood of an interaction occurring if the subject dog 

was on lead compared to if off lead (OR=O.5), or conversely, a dog was twice as likely 

to interact with another dog when off lead compared to if on lead (OR=2.2). lfthe other 

dog was on lead an interaction was again less likely than if off lead (OR=O.3), or in 

other words, an interaction was almost four times more likely to happen with an off lead 

dog than an on lead dog (OR=4.0). Statistical interaction terms were tested in the model 

and none were significant. The model building process was also tested with an 

additional hierarchy level of owner (as there were two pairs of dogs walked by the same 

owner) but this made only a minute difference to the results. 
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Table 7.3 Multilevel multivariable model of interactions with other dogs (MCMC, dog and session 
levels). 
Variable Coef SE OR 95% CI P-value 
Subject dog lead 0.02 

Off 0 1 
On -0.8 0.3 0.5 0.2-0.9 

Other dog lead <0.01 
Off 0 1 
On -1.4 0.5 0.3 0.1-0.6 

Random effect Dog coefficient 0.2, SE 0.6. 
Random effect Session coefficient 1.0, SE 0.5. 

7.4 DISCUSSION 

7.4.1 Frequency of interactions 

In this study, interactions with people were much less commonly observed than 

interactions with other dogs as was also observed in the previous study (Chapter 6). 

This is despite observing more potential interaction with people (walkers and cyclists) 

or walkers alone, on this particular route than for dogs. 

7.4.2 Effect of lead use 

The findings of this study suggest that it is of consequence whether either of the dogs in 

an interaction is on lead or off lead. In order to prevent interactions occurring, putting 

either dog on lead will reduce the number of interactions, but for greatest effect both 

dogs should be on lead. Therefore in face of a disease outbreak, it would be important 

that everyone followed a lead-rule, if interactions were to be significantly reduced. 

There was no evidence for any interaction effects between the variables, therefore the 

effect of the lead use for one dog did not vary depending on the lead state of the other 

dog. 

7.4.3 Possible biase 

In this study, the lead state of the other dog was suggested to have more influence than 

the lead state of the subject dog (OR 4.0 compared to 2.2, as the inverse of those 

presented in Table 7.3). It may be that our subject dogs were under better control than 

the general public dogs met, although our owners were instructed to act as normal and 

allow the dog to do as it wishes, within reason. However, all of our owners were happy 

for their dogs to be off lead around other dogs, in order for them to participate in our 

study in the first instance, and this may have biased our selection of owners toward 

those with well controlled dogs. Again as in Chapter 6, it is possible that the presence of 
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the observer had an effect on the subjects, and in this study this may have been even 

more of an issue, as the observer was actually walking with the dog and owner. 

Habituation of the dog to being followed by the observer before each session hopefully 

minimised this. It was also not possible to blind the observer, or the owner (who knew 

they were being filmed), as to whether the dog was on or off lead, and this may have 

affected their beha iour. However, the owner was not made aware that the study was to 

assess differences in interactions with people and dogs between on and off lead. 

This study used only a very small number of subjects and one walking route. The 

chosen subjects and the environment are likely to have had a large effect on the type of 

behaviour seen, in particular the use of a relatively narrow walking path rather than a 

field / park. In a larger open space, where the dogs are not forced to pass so close 

together, it could be hypothesised that there may be an even bigger reduction in contact 

due to use of the lead. Many of the subjects were small terrier types and these may 

behave differently to other types of dogs, and so care should be taken when generalising 

the findings to other dogs in general. 

7.4.4 Comparison to previous studies 

In the observations by Bradshaw and Lea (1992) no interactions were observed between 

two on lead dogs, whereas these interactions were seen in our study. Our study site was 

an old railway line which is likely to have been narrow compared to the common and 

forest used in the previous study, and so dogs may have been forced closer together, 

allowing interactions between two on lead dogs. In addition, we included extendible 

flexi-Ieads in our on lead analysis (two owners), as the owner has considerable control 

over the animal and they can be locked short. Extendible leads may have allowed the 

other dog more freedom to interact with our subject dog than if on a short lead. It is 

unnoted whether extendible leads were included in the Bradshaw and Lea study, but 

they were much Ie s commonly used at the time of this data collection (late 1980s). 

In the study by Bradshaw and Lea (1992) it was noted that the probability of growling 

increased when one dog was on the lead. No obvious aggression was seen in our study, 

but we had initially selected dogs that were able to be walked around other dogs. Bekoff 

and Meaney (1997) stated that their observers all noted that off lead dogs were 
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friendlier than dogs on lead, although no detailed data were collected on this aspect of 

behaviour. 

In a small postscript note in the paper by Bekoff and Meaney (1997) findings from an 

otherwise unpublished study are reported; on lead dogs were seen to initiate contact 

with humans 5.5 times more than off lead dogs, and people initiated contact with on 

lead dogs 3.8 times more than with off lead dogs. This is in contrast to our findings 

(although our differences were only small), but there is no published detail on the 

methodology and analysis of their study in order to assess its validity or compare to our 

study. However, off lead dogs in their study generally ignored humans and interacted 

with their surroundings and other off lead dogs instead, similar to our findings. 

7.4.5 Variability between dogs and between sessions 

Although the amount of variation at the dog level was estimated in the multivariable 

model, it is inappropriate to interpret this as variation between dogs, as it also includes 

variation due to the differing times of day/days of week/months at which dogs were 

observed. However, it does suggest that there was more variation between the sessions 

than there was between the dogs; this is likely due to different opportunities for 

interactions between the sessions. 

7.4.6 Conclusions 

The results suggest that lead status of both dogs in a potential interaction is important in 

influencing whether or not the interaction will occur. Therefore, putting a dog on lead 

might be a recommended method to reduce the number of dog-dog interactions, and for 

best effect to reduce disease spread, both dogs should be on a lead. Further studies with 

more subjects are required to assess the behavioural nature of on lead and off lead 

interactions, and whether there are breed/age/size, or environmental, differences that 

may affect the way dogs behave. 
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Table 1. Interactions with walker - mean number of possible interactions opportunities, 
interactions that did ha~~en, and ~ro~ortion of ~ossible interactions that did occur. 
Dog Lead Direction Could have Did interact with Proportion 

interacted with (mean) 
{mean} 

All Any Any 8.93 0.45 0.05 
arne 1.53 0.15 0.07 

Opposite 7.50 0.30 0.04 
Off Any 8.75 0.50 0.05 

Same 1.20 0.20 0.11 
Opposite 7.55 0.30 0.03 

On Any 9.10 0.40 0.04 
Same 1.65 0.10 0.04 

Opposite 7.45 0.30 0.04 
A Any Any 13.00 1.25 0.08 

Same 3.50 0.50 0.13 
Opposite 9.50 0.75 0.07 

Off Any 13.50 1.00 0.08 
Same 3.50 0.50 0.13 

Opposite 10.00 0.50 0.04 
On Any 12.50 1.50 0.09 

Same 3.50 0.50 0. 14 
Opposite 9.00 1.00 0.10 

B Any Any 7.50 0.25 0.02 
Same 1.50 0.00 0.00 

Opposite 6.00 0.25 0.02 
Off Any 10.00 0.50 0.04 

Same 1.00 0.00 0.00 
Opposite 9.00 0.50 0.04 

On Any 5.00 0.00 0.00 
Same 2.00 0.00 0.00 

Opposite 3.00 0.00 0.00 
C Any Any 8.00 1.25 0.13 

Same 2.25 0.50 0.22 
Opposite 5.75 0.75 0.12 

Off Any 9.50 2.00 0.17 
Same 1.50 1.00 0.67 

Opposite 8.00 1.00 0.11 
On Any 6.50 0.50 0.10 

Same 3.00 0.00 0.00 
Opposite 3.50 0.50 0.13 

D Any Any 7.50 0.25 0.03 
Same 1.75 0.00 0.00 

Opposite 5.75 0.25 0.03 
Off Any 8.00 0.50 0.06 

Same 2.00 0.00 0.00 
Opposite 6.00 0.50 0.06 

On Any 7.00 0.00 0.00 
Same 1.50 0.00 0.00 

Opposite 5.50 0.00 0.00 
E Any Any 12.25 0.75 0.06 

Same 2.00 0.25 0.11 
Opposite 10.25 0.50 0.04 

Off Any 10.50 0.00 0.10 
Same 1.50 0.50 0.33 

Opposite 9.00 0.50 0.04 
On Any 14.00 0.50 0.03 

Same 2.50 0.00 0.00 
°EEosite 11.50 0.50 0.03 
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Table t (continued). Interaction with walkers - mean number of possible interactions 
oeeortunities, interaction that did haeeen, and eroeortion of eossible interactions that did occur. 
Dog Lead Direction Could have Did interact with Proportion 

interacted with (mean) 
{mean} 

F Any Any 7.75 0.50 0.07 
Same 1.00 0.25 0.17 

Opposite 6.75 0.25 0.05 
Off Any 7.50 0.00 0.00 

Same 0.50 0.00 0.00 
Opposite 7.00 0.00 0.00 

On Any 8.00 1.00 0.14 
Same 1.50 0.50 0.25 

Opposite 6.50 0.50 0.10 
G Any Any 3.75 0.00 0.00 

Same 0.50 0.00 0.00 
Opposite 3.25 0.00 0.00 

Off Any 1.50 0.00 0.00 
arne 0.00 0.00 * 

Opposite 1.50 0.00 0.00 
On Any 6.00 0.00 0.00 

Same \.00 0.00 0.00 
Opposite 5.00 0.00 0.00 

H Any Any 16.25 0.00 0.00 
Same 0.75 0.00 0.00 

Opposite 15.5 0.00 0.00 
Off Any 14.00 0.00 0.00 

ame 1.00 0.00 0.00 
Opposite 13.00 0.00 0.00 

On Any 18.50 0.00 0.00 
Same 0.50 0.00 0.00 

Opposite 18.00 0.00 0.00 
Any Any 8.50 0.00 0.00 

Same 0.75 0.00 0.00 
Opposite 7.75 0.00 0.00 

Off Any 9.00 0.00 0.00 
Same 0.50 0.00 0.00 

Opposite 8.50 0.00 0.00 
On Any 8.00 0.00 0.00 

Same 1.00 0.00 0.00 
Opposite 7.00 0.00 0.00 

J Any Any 4.75 0.25 0.04 
Same 0.25 0.00 0.00 

Opposite 4.50 0.25 0.04 
Off Any 4.00 0.00 0.00 

Same 0.50 0.00 0.00 
Opposite 3.50 0.00 0.00 

On Any 5.50 0.50 0.08 
Same 0.00 0.00 * 

°EEosite 5.50 0.50 0.08 
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Table 2. Interaction with other dogs - mean number of possible interactions opportunities, 
interactions that did ha~~en, and ~ro~ortion of ~ossible interactions that did occur. 
Dog Lead Direction Could have interacted Did interact with Proportion 

with (mean) (mean) (other dog on 
(other dog on lead, (other dog on lead, lead, other dog off 
other dog off lead} other dog off lead} lead} 

All Any Any 5.00 (1.25, 3.75) 1.95 (0.25, 1.68) 0.38 (0.23, 0.47) 
arne 0.85 (0.20,0.65) 0.48 (0.05, 0.43) 0.48 (0.21,0.60) 

Opposite 4.15 (1.05, 3.10) 1.45 (0.20, 1.25) 0.37 (0.26, 0.43) 
Off Any 5.15 (1.15,4.00) 2.45 (0.30, 2.15) 0.44 (0.39, 0.50) 

arne 1.00 (0.20, 0.80) 0.60 (0.05, 0.55) 0.48 (0.17, 0.63) 
Oppo ite 4.15 (0.95, 3.20) 1.85 (0.25, 1.60) 0.40 (0.43, 0.43) 

On Any 4.85 (1.35,3.50) 1.40 (0.20, 1.20) 0.32 (0.10, 0.45) 
arne 0.70 (0.20, 0.50) 0.35 (0.05,0.30) 0.48 (0.25, 0.57) 

Opposite 4.15(1.15,3.00) 1.05 (0.15, 0.90) 0.34 (0.11, (0.43) 
A Any Any 4.25(0.75,3.50) 2.00 (0.25, 1.75) 0.43 (0.50, 0.45) 

arne 0.75 (0.00, 0.75) 0.50 (0.00, 0.50) 0.67 (*, 0.67) 
Opposite 3.50 (0.75, 2.75) 1.50 (0.25, 1.25) 0.44 (0.50, 0.44) 

Off Any 4.00 (0.50, 3.50) 2.50 (0.50, 2.00) 0.57 (1.00, 0.40) 
arne 1.00 (0.00, 1.00) 0.50 (0.00, 0.50) 0.50 (*, 0.50) 

Opposite 3.00 (0.50, 2.50) 2.00 (0.50, 1.50) 0.63 (1.00, 0.38) 
On Any 4.50 (1.00, 3.50) 1.50 (0.00, 1.50) 0.30 (0.00, 0.50) 

arne 0.50 (0.00, 0.50) 0.50 (0.00, 0.50) 1.00 (*, 1.0) 
Opposite 4.00 (1.00, 3.00) 1.00 (0.00, 1.00) 0.25 (0.00, 0.50) 

B Any Any 4.50 (2.00, 2.50) 2.50 (0.75, 1.75) 0.46 (0.39, 0.60) 
arne 1.50 (0.50, 1.00) 1.25 (0.25, 1.00) 0.88 (0.50, 1.00) 

Opposite 3.00 (1.50, 1.50) 1.25 (0.50, 0.75) 0.27 (0.33, 0.25) 
Off Any 6.00 (2.50, 3.50) 3.00 (0.50, 2.50) 0.51 (0.25,0.71) 

arne 2.00 (1.00, 1.00) 1.50 (0.50, 1.00) 0.75 (0.50, 1.00) 
Opposite 4.00 (1.50, 2.50) 1.50 (0.00, 1.50) 0.2 1 (0.00,0.38) 

On Any 3.00 (1.50, 1.50) 2.00 (1.00, 1.00) 0.40 (0.67,0.50) 
arne 1.00 (0.00, 1.00) 1.00 (0.00, 1.00) 1.00 (*, 1.00) 

Opposite 2.00 (1.50, 0.50) 1.00 (1.00, 0.00) 0.33 (0.76, 0.00) 

C Any Any 5.75 (0.75, 5.00) 4.50 (0.25, 4.25) 0.73 (0.33, 0.81) 
arne 2.00 (0.50, 1.50) 1.25 (0.00, 1.25) 0.44 (0.00, 0.75) 

Oppo ite 3.75 (0.25, 3.50) 3.25 (0.25, 3.00) 0.88 (1.00, 0.88) 
Off Any 7.50 (0.50, 7.00) 7.00 (0.50, 6.50) 0.95 (1.00, 0.95) 

arne 2.00 (0.00,2.00) 2.00 (0.00, 2.00) 1.00 (*, 1.00) 
Opposite 5.50 (0.50, 5.00) 5.00 (0.50, 4.50) 0.93 (1.00, 0.93) 

On Any 4.00 (1.00, 3.00) 2.00 (0.00, 2.00) 0.50 (0.00, 0.67) 
ame 2.00 (1.00, 1.00) 0.50 (0.00, 0.50) 0.17 (0.00, 0.50) 

Opposite 2.00 (0.00, 2.00) 1.50 (0.00, 1.50) 0.83 (*, 0.83) 

0 Any Any 7.25 (0.50, 6.75) 2.75 (0.25, 2.50) 0.37 (0.50, 0.38) 
ame 1.75 (0.25, 1.50) 0.75 (0.00, 0.75) 0.33 (0.00, 0.50) 

Opposite 5.50 (0.25,5.25) 2.00 (0.25, 1.75) 0.38 (1.00, 0.36) 
Off Any 7.50 (0.50, 7.00) 3.50 (0.50, 3.00) 0.47 (1.00,0.44) 

Same 2.00 (0.00, 2.00) 1.00 (0.00, 1.00) 0.50 (*, 0.50) 
Opposite 5.50 (0.50,5.00) 2.50 (0.50, 2.00) 0.47 (1.00, 0.44) 

On Any 7.00 (0.50, 6.50) 2.00 (0.00, 2.00) 0.28 (0.00, 0.32) 
arne 1.50 (0.50, 1.00) 0.50 (0.00, 0.50) 0.25 (0.00, 0.50) 

Opposite 5.50 (0.00, 5.50) 1.50 (0.00, 1.50) 0.29 (* , 0.29) 

E Any Any 4.75 (0.75,4.00) 1.50 (0.00, 1.50) 0.44 (0.00, 0.52) 
ame 0.50 (0.00, 0.50) 0.25 (0.00, 0.25) 0.50 (*, 0.50) 

Opposite 4.25 (0.75, 3.50) 1.25 (0.00, 1.25) 0.36 (0.00, 0.44) 
Off Any 5.00 (1.50, 3.50) 2.00 (0.00, 2.00) 0.38 (0.00, 0.54) 

arne 1.00 (0.00, 1.00) 0.50 (0.00, 0.50) 0.50 (*, 0.50) 
Opposite 4.00 (1.50, 2.50) 1.50 (0.00, 1.50) 0.21 (0.00,0.38) 

On Any 4.50 (0.00, 4.50) 1.00 (0.00, 1.00) 0.50 (*, 0.50) 
arne 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) * (*, *) 

°EEosite 4.50 (0.00, 4.50} 1.00 {O.OO, 1.00} 0.50 {*, 0.50} 
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Table 2 (continued). Interaction with other dogs - mean number of possible interactions 
o(!(!ortunitie ,interaction that did ha(!(!en, and I!ro(!ortion of (!ossible interactions that did occur. 
Dog Lead Direction Could have interacted Did interact with Proportion 

with (mean) (mean) (other dog on 
(other dog on lead, (other dog on lead, lead, other dog off 
other dog off lead} other dog off lead} lead} 

F Any Any 6.50 (3.00, 3.50) 1.00 (0.50, 0.50) 0.2 1 (0.13, 0.42) 
ame 0.50 (0.25, 0.25) 0.25 (0.25, 0.00) 0.50 (1.00, 0.00) 

Opposite 6.00 (2.75, 3.25) 0.75 (0.25,0.50) 0.19 (0.06, 0.42) 
Off Any 5.50 (3.50, 2.00) 1.00 (0.50, 0.50) 0.13 (0.13, 0.25) 

ame 0.00 (0.00, 1.00) 0.00 (0.00, 0.00) * (*, *) 
Opposite 5.50 (3 .50, 2.00) 1.00 (0.50, 0.50) 0.13 (0.13, 0.25) 

On Any 7.50 (2.50,5.00) 1.00 (0.50, 0.50) 0.29 (0.13, 0.50) 
ame 1.00 (0.50, 0.50) 0.50 (0.50, 0.00) 0.50 (1.00, 0.00) 

Oppo ite 6.50 (2.00, 4.50) 0.50 (0.00, 0.50) 0.25 (0.00, 0.50) 
G Any Any 2.25 (0.75, 1.50) 0.75 (0.00, 0.75) 0.24 (0.00, 0.50) 

ame 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) * (*, *) 
Opposite 2.25 (0.75, 1.50) 0.75 (0.00, 0.75) 0.24 (0.00, 0.50) 

Off Any 1.50 (0.00, 1.50) 0.50 (0.00, 0.50) 0.33 (*, 0.33) 
ame 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) * (*, *) 

Opposite 1.50 (0.00, 1.50) 0.50 (0.00, 0.50) 0.33 (*,0.33) 
On Any 3.00 (1.50, 1.50) 1.00 (0.00, 1.00) 0.20 (0.00, 0.67) 

ame 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) * (*, *) 
Opposite 3.00 (1.50, 1.50) 1.00 (0.00, 1.00) 0.20 (0.00, 0.67) 

H Any Any 5.25 (2.00, 3.25) 0.50 (0.00, 0.50) 0.09 (0.00, 0.13) 
ame 0.75 (0.25, 0.50) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 

Opposite 4.50 (1.75, 2.75) 0.50 (0.00, 0.50) 0.10 (0.00, 0.15) 
Off Any 5.50 (1.50,4.00) 0.50 (0.00, 0.50) 0.08 (0.00, 0.10) 

ame 0.50 (0.50, 0.50) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 
Opposite 4.50 (1.00, 3.50) (0.50 0.00, 0.50) 0.10 (0.00, 0.13) 

On Any 5.00 (2.50, 2.50) 0.50 (0.00, 0.50) 0.10 (0.00, 0.17) 
Same \.00 (0.00, 0.50) 0.00 (0.00, 0.00) 0.00 (*, 0.00) 

Opposite 4.50 (2.50, 2.00) 0.50 (0.00, 0.50) 0. \ 0 (0.00,0.17) 
Any Any 5.50 (\.25,4.25) 2.25 (0.25, 2.00) 0.38 (0.25, 0.50) 

Same 0.50 (0.25, 0.25) 0.25 (0.00,0.25) 0.50 (0.00, l.00) 
Opposite 5.00 (\.00, 4.00) 2.00 (0.25, 1.75) 0.40 (0.50, 0.48) 

Off Any 5.50 (\.00,4.50) 2.50 (0.50, 2.00) 0.42 (0.50, 0.50) 
Same 1.00 (0.50, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, *) 

Opposite 5.00 (0.50, 4.50) 2.50 (0.50,2.00) 0.50 (1.00, 0.50) 
On Any 5.50 (1.50, 4.00) 2.20 (0.00,2.00) 0.34 (0.00, 0.50) 

ame 0.00 (0.00, 0.50) 0.50 (0.00, 0.50) 1.00 (*, 1.00) 
Opposite 5.00 (1.50,3.50) 1.50 (0.00, 1.50) 0.29 (0.00,0.46) 

J Any Any 4.00 (0.75,3.25) 1.50 (0.25, 1.25) 0.41 , (0.25, 0.37) 
Same 0.25 (0.00, 0.25) 0.25 (0.00, 0.25) 1.00 (*, 1.00) 

Opposite 3.75 (0.75, 3.00) 1.25 (0.25, 1.00) 0.38 (0.25, 0.33) 
Off Any 3.50 (0.00, 3.50) 2.00 (0.00, 2.00) 0.57 (*, 0.57) 

Same 0.50 (0.00, 0.50) 0.50 (0.00, 0.50) 1.00 (*, 1.00) 
Opposite 3.00 (0.00, 3.00) \.50 (0.00, 1.50) 0.50 (*,0.50) 

On Any 4.50 (1.50, 3.00) 1.00 (0.50, 0.50) 0.32 (0.25, 0.17) 
Same 0.00 (0.00, 0.00) 0.00 (0.00, 0.50) * (*, *) 

°22osite 4.50 (1.50, 3.002 1.00 {0.50, 0.50) 0.32 (0.25, 0.46) 
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CHAPTER 8: General Discussion 

This thesis presents new data and conclusions about the contact that occurs between 

dogs, and between dogs and people, in an example pet dog population. The information 

gained from this thesis will often be specific to the geographic area studied, but aspects 

may be to some extent generalised to the wider dog population and may help inform 

new policy, in particular for preventing infectious disease spread in dogs and reducing 

risk of zoonoses transmission from dogs to people. It also provides useful insights into 

pet dog behaviour and owner psychology, for those working in dog-related professions, 

and those interested in companion animal behaviour problems. Available data to these 

professions is often sparse and heavily biased towards 'problem' dogs that have been 

referred for treatment, or alternatively is data collected by pet-food companies for 

marketing purposes, and so there is a lack of baseline data about general pet dogs and 

how they behave and interact with people. 

Chapter 2 confirmed that dogs are particularly common in family households with older 

children in a UK population too, and it was detailed in Chapter 3 that the dogs studied 

lived in close contact with their human social group. A number of situations were 

described, and particular types of dogs may be considered more at risk of performing 

certain behaviours, or being managed in a particular manner, that facilitates close 

contact and therefore the possibility of zoonotic disease transmission. Actual risk will of 

course depend on how the pathogen in question is transmitted, and the prevalence and 

shedding patterns of viable pathogenic organisms from the animal. The findings from 

Chapter 3 often did not appear unusual, and were straightforward to explain, for 

example, that small dogs are more likely to jump up at people and lie on laps, but there 

is now real data to compliment anecdotal evidence and previous findings from small 

observational studies. The information should be used to target education efforts, such 

as to highlight the need for regular health checks with a veterinary surgeon and 

appropriate preventive disease measures such as vaccination and worming, and to 

encourage male owners to pick up after their dog and dispose of the faeces 

appropriately. 

We also identified that certain households and their dogs may be influential players in 

the social networks of dogs and people via walking (Chapter 4), which has implications 

for the psychological and physical health benefits suggested to be associated with dog 

ownership. Certain types of dog owners, such as those with multiple dogs, or Working, 

201 



CHAPTER 8: General Discussion 

Pastoral or some terrier breeds, are suggested to be more likely to have longer and more 

varied dog walks and therefore may be in less need of other types of social support or 

physical exercise to improve their health, meaning that efforts could be more efficiently 

targeted to other people in greater need. 

The observational studies of dogs being walked provide interesting insight into owner 

and dog behaviour outside the home, to complement the social network studies (Chapter 

4) that only quantified the potential for interaction. The addition of an observational 

approach also compliments the owner-questionnaire approach previously used. Dogs 

were far more likely to contact other dogs than people, despite the fact that most dogs 

are being walked by an owner and thus there are at least the same amount of people 

available to interact with as dogs. Therefore, providing that owners clear up after their 

dogs have defaecated, contact between dogs and people met on walks and the 

subsequent risk of zoonotic disease transmission is very small. 

In almost three-quarters of observations (Chapter 6), the subject dogs were not observed 

to interact with any other dogs. Therefore, the network of theoretical contact between 

dogs through sharing of public space (Chapter 4) is likely to be further dispersed due to 

lack of actual physical interactions, even if other dogs are available nearby. However, 

most dogs performed niffing behaviour directed at the environment, spending an 

average one-fifth of their time on the walk on this behaviour. In particular Gundogs 

were associated with ob ervation of sniffing behaviours compared to other UK Kennel 

Club Categories. For some pathogens, investigation of excretions and secretions by 

dogs may cause a significant disease risk in this manner, as discussed in Chapter 4, but 

quantification of actual risk will depend on the pathogen transmission characteristics, 

the amount of shedding occurring at the time in the individual, and the specific 

behaviour of the other dog investigating the excreta. 

The observational study of focal dogs in walking areas (Chapter 6) was limited by the 

fact that it only observed actual interactions and did not quantify potential for 

interactions. Therefore it could not be said whether a dog who was not observed to 

interact with any other dogs, chose not to interact with another dog that was present, or 

just had no opportunities for interaction. In contrast, the experimental observational 

study (Chapter 7) recorded both the number of dogs available to interact with and the 
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number of interactions that actually occurred. Another limit to the study performed in 

Chapter 6 was that only some dogs were observed both on lead and off lead, most were 

only seen off lead. Being able to compare on lead with off lead behaviour is useful to 

assess how lead use might be used as an intervention strategy to reduce the numbers of 

interactions or nature of these interactions. In contrast, the experimental study reported 

in Chapter 7 observed each dog both on and off lead, under controlled conditions, and 

suggested that putting dogs on a lead may substantially reduce the number of 

interactions that occur between dogs, and most likely people too. 

The main studies in this thesis were designed to investigate how contact between dogs 

and between dogs and people might impact on disease spread, in particular zoonoses, 

but with no specific infectious disease in mind. However, opportunity arose to sample 

the faeces from dogs in the survey, and these samples were then screened for 

Campylobacter spp. carriage. The analysis performed using the wealth of management 

and behaviour data for these dogs provided a new and detailed perspective on how these 

lifestyle factors may impact on carriage of a zoonotic disease in pet dogs, and identified 

potentially modifiable risk factors of use (Chapter 5), that we have quantified in an 

example pet dog community (Chapter 3). For example, it is suggested that feeding the 

dog human food leftovers in his bowl, or commercial dog treats, or even sharing a 

household with pet fish, may increase the risk of C. upsaliensis carriage, and these 

avenues require further investigation. 

The fact that 25% of the dogs were shown to be carriers of C. upsaliensis provides 

evidence to substantiate the importance of investigating pet dog-human interactions in 

relation to zoonotic disease risk and makes the information gained during this thesis, in 

particular the close dog-owner contact described in Chapter 3, even more pertinent. 

However, the dogs were apparently healthy and no associations were found between 

carriage and vomiting or diarrhoea, which suggests that the presence of Campylobacter 

spp. was not causing clinical problems in the dogs. Therefore it may also be reasonable 

to suggest that these dogs are of limited risk to their owners and other household 

members in terms of causing clinical disease. In terms of human health, Campylobacter 

;ejuni is the most frequently isolated species from humans, followed by C. coli 

(Lastovica and Le Roux 2001, 2003; Lopez and others 1998) whereas as C. jejuni and 

C. coli were rarely detected in the dogs (although only examined by culture methods in 
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contrast to C. up alien i al 0 by direct PCR from faeces) and so this also indicates that 

the dogs were probably not a significant health risk to humans. It would be of great 

benefit for similarly detailed, prevalence and risk factor studies, to be undertaken for 

other possible zoonotic pathogens in pet dogs. Although we conclude that transmission 

of Campylobacter pp. i unlikely to be a considerable health risk from owning dogs, 

this may not be the case with other pathogens, and they should be investigated 

individually and appropriately. and evaluated in terms of clinical risk to both humans 

and to the animal itself. 

The information pre ented here i also relevant to the study of non-zoonotic infectious 

disease transmission within the pet-dog population. We have demonstrated that the dogs 

in this area were part of a large, highly connected social network (Chapter 4) and in 

some cases had con iderable potential contact with other dogs via direct and indirect 

interactions (Chapter 4, 6 and 7). This information should be used to substantiate the 

need for vaccination and other preventive disease measures, as many pet dogs will have 

a higher potential for contact with other dogs than may be immediately apparent to the 

owner. In the face of disease outbreak, it is feasible that on lead laws could be 

recommended as an effective method of reducing the number of contacts. 

This thesis focused on a relatively small population of dogs, in the Wirral and Cheshire, 

UK. Therefore, much care should be taken when general ising our findings to the wider 

population of UK pet dogs (and even other similar countries). The areas used in the 

observational studie were popular and busy dog walking areas found near socio

economically high tandard towns and villages in a semi-rural area, and are therefore 

likely to be frequented by particular types of dogs and owners, which may have biased 

the data towards more ' friendly dogs that interact more readily. In addition, the Wirral 

and Cheshire regions in general are not comparable to, for example, the inner area of a 

large city, in terms of socio-economic status of residents or types and breeds of dogs 

owned, and these factor will both affect the way that owners manage their dogs and the 

way a dog behaves. It must also be noted that whenever considering 'dog types', 

although based on UK Kennel Club Categories. these are themselves rather arbitrary 

groupings, and individual breed types are also likely to vary considerably in the way 

that they behave and are managed by owners, in addition to variation at the level of the 

individual dog and owner. 
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The 'small rural town' nature of the questionnaire survey area is likely to have its own 

particulars and characteristics, and so will the Wirral and Cheshire areas in comparison 

to other regions, (for exan1ple maybe the association of horse and dog ownership), but 

similar communities are found commonly in other areas of the UK. The strength of this 

study approach in compari on to previous research is that the "Dogs in the Community 

Survey" recruited almo t all dogs living in the contained geographic area, so that the 

contact network between e entially all the dogs living there could be constructed 

(Chapter 4). It th ref ore did not only include dogs that visit the vet, or owners that were 

particularly dog-Io er and volunteered themselves. For example, the sixteen percent of 

dogs that were reported to have not visited the vet in the past year may have been 

missed by a more traditional recruitment method. The focussed nature of the survey 

allowed the participants to be studied in much greater detail than has been previously 

undertaken, in terms of the dog' lifestyle, management, behaviours and contacts. It will 

therefore be a useful resource for anyone interested in an example of how pet dogs are 

owned and managed; for example only 62% of dogs were reported to have had 

vaccinations in the past year, which may mean that there is less than the recommended 

coverage for vaccine efficacy for a particular disease. 

The challenge of quantifying the risk of zoonoses transmission to people from 

companion animals such as dogs requires further investigation. It is likely that the risk is 

small compared to that from other sources such as undercooked food. However, the 

work of this thesis has described the close relationship that people can have with their 

pet dogs and the varied opportunities for close contact that occur on a regular basis, of 

which disease transmission might occur if an infection was present. Actual risk will 

vary depending on the exact pathogen, host susceptibility and transmission dynamics. 

However, the need for good hygiene practices common sense and excellent preventive 

healthcare measures is implicated, especially for those owners whose dogs have contact 

with the young, elderly or otherwise immunocompromised. 

Although the 'a erage' pet dog incorporates the majority of dogs in society, some 

working dogs will have an even greater contact with people. The facilitation of social 

contact produced by the pre ence of a dog was discussed in Chapter 1, and this is 

particularly relevant to recipients of Assistance Dogs and Service Dogs. In this 

situation, the effect could be further increased by identification as an assistance dog and 
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the novelty of meeting a dog in a usually non-dog situation such as in shops or 

restaurants. Per onal e perience of Hearing Dogs at work suggests common touching 

and petting from tranger in otherwi e dog-free places such as supermarkets and cafes, 

in addition to particularl clo e physical contact with their recipient. Hearing dogs in 

training and ociali ation in the UK have been screened for campylobacter and 

endoparasite carriage ( ue t and other 2007). Prevalences of 15-31 % Campylobacter 

spp., 0-3% occidia, 2-13% Giardia, 1-5% hookworm and 2-4% Toxocara were 

reported. It must al 0 be noted that Hearing Dog recipients are often elderly and/or 

disabled and may have weakened immune systems, rendering them vunerable to 

infection. 

Another example of dog introduced into environments where pet dogs may not 

normally be seen i in the ca e of therapy dogs, known as PAT dogs in the UK. The 

practice of taking i iting animal into nursing homes is perhaps the best known 

example, although thi type of therapy is also used with people with other special needs 

(Hart 1995a). A urve of U and Canadian societies with AAT (Animal Assisted 

Therapy) programs reported 94% using dogs (Waltner-Toews 1993). Of these programs 

two-thirds visited elderly nursing homes, a quarter schools and a quarter hospitals. The 

societies were que tioned about their knowledge and policies on zoonotic disease 

prevention; less than half of the community based programs involved a healthcare 

professional but 95% f ho pital programs did. Some of the groups also had 

misconception about zoon tic di ea es and their control, even choosing to use puppies 

and kittens which are in fact Ie s afe in relation to most parasitic and bacterial diseases. 

Despite disease ri k concern , animals have a profound role for therapy and assistance 

to persons with di abilitie . 

More research i needed to better elucidate the role of dog-dog and dog-human contacts 

in disease spread. In particular it should evaluate pathogen-specific contacts, in order to 

further clarify the actual risk. It would also be beneficial to perform observational 

studies of dog in the home, to complement the questionnaire-based investigations 

presented here, and al 0 to further investigate the effect of lead use, in particular if there 

in difference in the beha ioural nature of on lead and off lead interactions. The study 

on risk factor for . lip alien i carriage indicated that fish ponds, tanks and 

commercial dog treat need to be investigated further as a possible source of infection. 
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CHAPTER 8: General Discussion 

Our work wa limited t a minute ub et of the UK pet dog population and so more 

studies are required, in ther area , different countries, and across larger sample 

populations, in parti ular t a e a p ct uch as breed differences which cannot be 

done without larger numb r of ubjects. It is encouraging to note that the work of 

Heller (2007) eem t be pr ducing imilar findings in Scotland (Heller and others 

2007), and I upp rt their additi nal approach of investigating the current knowledge 

and education level f dog owner about zoonotic potential and disease risk. The work 

within this the i i nl a mall contribution towards the amount still to be discovered 

about the dog-human relati n hip. Particularly notable is the remarkable amount of 

variation in b th wn r and dog beha iour observed here in just this small sample 

population. Thi illu trat the ub tantial and extraordinary role that dogs play in 

human societ , and the pial place that they occupy in many people's lives, including 

mine. 
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To gather the information required for Chapters Two to Five, data were collected from 
people in a community using a questionnaire. 

A combination of face-to-face, short door-step interview, and further self-administered 
questionnaire was chosen for this study. The decision to use mainly closed, pre-defined 
questions was based partly on the decision to use an automated content capture 
software, Verity TELEform, in the design and data entry of the survey. After design in 
the program and distribution of the questionnaire, completed forms can be scanned and 
verified and committed straight to a chosen database such as Microsoft Access. 

The questionnaire had a number of sections: 
• Section A was a cross-sectional study of the households investigated, outlining 

some factors that may contribute to why some people own dogs and others do 
not. This section took approximately 2 minutes and was a face-to-face interview 
on the doorstep. 

• Section B was for households that own dogs. Basic details of each dog were 
collected as above; this section took approx 1 minute. 

• A longer, detailed questionnaire (Sections C and D) was left with households 
that own dogs to be filled in and returned in a pre-paid envelope. This formed a 
cross-sectional study of dog ownership, identifying types and frequency of dog
human contact in the household and possible contacts with visitors and 
strangers. It also investigated in detail the frequency and locations of dog walks, 
and behaviour of dogs when meeting people and dogs, in order to map the 
contact networks that exist between pet dogs in the area. The questionnaire also 
collected information on the dog's health, diet and toileting habits. Section C 
consisted of questions specific to each dog so was repeated for each dog in the 
household. Section D consisted of generic questions that only needed answering 
once for all dogs in the household. Sections C and D took approximately 15 
minutes to complete for one dog, longer if extra dogs were present. 

The questionnaire was designed with input from veterinarians, professional dog 
behaviourists, dog owners and non-dog owners. After extensive scrutiny the 
questionnaire underwent preliminary piloting on volunteers in the veterinary school, 
including vets, dog trainers, first-time dog owners, experienced dog owners and non
dog owners. 

Once the questionnaire had been designed it needed to be piloted on a sample 
population. A group of 97 houses was chosen for this purpose in a nearby village, and 
appropriate changes made. 

Informational leaflets were distributed through the area one week before the study. The 
questionnaire was left with a pre-paid, first class, printed addressed envelope. To 
provide incentives, a local boarding kennels and a pet food manufacturer associated 
with the University were approached and offered to provide discount vouchers, to be 
sent out to hou eholds on receipt of their completed forms. A reminder postcard wa 
designed to be put through the door a week later for those who had still not returned the 
questionnaire, and a second questionnaire was sent after a month if not returned. 
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Section A 

House typ 

800 727 

700 
I/) 

:2 600 
0 
=. 
4) 500 I/) 
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400 =. .... 
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"- 300 4) 

.&I 
E 200 ~ z 

100 
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Detached Semi

detached 

Terraced Flat/apartment 

Street type 
52% Through road (576) 
48% Cul-de-sac (536) 

1. a) Are there any pet in the household? 
52% Yes (560) 
48% No (511) 

GENERAL APPENDIX 

b) How many dogs are there in the household (sleep most nights of the week)? 

8,1% 

_ 3 doqs 

_ 2 doqs 

01 doqs 

DOdoqs 
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c) Are there any other animals owned by the household? 

Cat 2 4 

Fish 129 

Small mammals 89 

Birds 40 

Horse 14 

Reptiles and amphibians 16 

Other 

livestock 

0 50 100 150 200 250 

Number of households 

2. a) Are there any particular reasons why you do not own a dog at this time? 

3D 

3D 

Work lout all day 
other reason 

Not enouC!h time 
Emotional reasons I doC! died 

Do not like doqs I animals 

Difficu~ when ClO away I travel a lot 
Not considered it I no reason 

Have cats I cat people 
Too old 

AlierClic I asthmatic 
YounC! children around 

Create mess 
House or qarden too small 

ResponsibilitV I comittment 
Tyinq 

Too expensive 
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Too much work 

_ 26 

_ 20 _ 15 
_ 13 .0 .8 
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b) Have you owned dogs in the past? 
62% Yes (501) 
38% No (304) 

00 
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c) How long ag did u own your la t dog? 

120 
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&t 
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Years since last owned a dog 

3. a) How often do ou come into physical contact (e.g. touch, petting, dog jumping up) 
with other dog ? 

300 

250 

200 

150 

100 

50 
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Never Very rarely Once a Once a Several Everyday 

month week times a 
week 

b) In what circumstance do you come into contact with other dogs? 
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300 

250 
200 
150 
100 
50 
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346 
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4. a) D h Id h v a gard n or ard? 

26. 2% 
4. 0% 

1027. 97% 

• None 

• Garden 

o Yard 

Both 

b) I the gard nJ ard u ed fi r recr ational purposes, weather permitting, e.g. eating, 
childr n pia ing, gard ning. 

24. 2% 

17B.17· • Never 

• Rarelv 

o Sometimes 

Often 

5) How man p ople ar currently resident (as in sleep most nights of the week) in the 
hou ehold? 

450 

400 

350 

:>. 300 
CJ 

~ 250 
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100 
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3BB 

2 

10 2 

3 4 5 6 7 

Numper of people 

228 



b) 
Gender 
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:oJ 
ns 

Full-time student 
Retired 

Professional 
Skilled trades 

~ Administrative and secretarial 
~ Associate professional and technical 
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iij Sales and customer service 
5 Personal service 

:oJ ns 
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Unemployed 
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Section B 

1. Type of dog 

34.10% 

_ Unknown 

o Known Cross 

Breed 

Labrador 37 
Jack Russell Terrier 32 

Cocker Spaniel 20 
Border Collie 18 

West Hiqhland Terrier 17 
German Shepherd 15 
Yorkshire Terrier 11 

Cavalier and Kinq Charles Spaniel 11 
Sprinqer Spaniel 9 
Golden Retriever 9 
Patterdale Terrier 5 

Dachshund 5 
Boxer 5 

Cairn Terrier 4 
Shetland Sheepdoq 3 

German Shorthaired Pointer 3 
Dobermann 3 

Chow Chow 3 
Chihuahua 3 

Bichon Frise 3 
\Nelsh Terrier 2 

\Nelsh Collie 2 

"0 Rottweiler 2 
(1) Papillon 2 
~ Old Enqlish Sheepdoq 2 
In Leonberqer 2 

French Bulldoq 2 
Flat Coated Retriever 2 

Border Terrier 2 
Shih tzu 1 

Saluki 1 
Rouqh Collie 1 

Poodle Minature 1 
Pekinqese 1 

Newfoundland 1 
Neapolitan Mastiff 1 

Mattese 1 
Lanqdale Terrier 1 

Irish Setter 1 
Grevhound 1 

Field Spaniel 1 
Fell Terrier 1 

Encliish Pointer 1 
Dalmatian 1 

Corqi 1 
Belqian Shepherd 1 

Beaqle 1 
Airedale Terrier 

0 5 10 15 20 25 30 35 40 

Frequency 
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C 
GundoQ 83 

0 Crosses/mixed/unknown 01 74 
~ 

UnrecoQnlsed breed I'll 
U 

41 

-c Pastoral CII 41 
CII ... Tov CD 32 

.D 
Temer .=! 26 
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WorklnQ 

c UtIlity CII 

_ 14 

"8 ~ 
Hound "8 

o 20 40 60 80 100 

Frequency 

Colour 

• Liqht (white/cream/qolden) 

53, 17% 0 Black 

o Mixed 

2. ize of dog 

. Toy 

• Small (Terrier) 

o Medium (Collie/Spaniel) 

Lar~e (Labrador/German Shepherd) 

o Giant (Great Dane) 

107,32% 
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3. 

20 
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>-g 12 
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f 8 
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4 
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0 ~ IJ ~ • • 
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Approximate aqe (years) 

• Male Female 

4. e ofd g 
5. I th d g n uter d. 

200 

180 
160 

>- 140 
• Unknown g 120 68 

~ 100 Entire 
C' 

I!! 80 • Neutered 
IL. 

60 
40 

20 
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Male Female 

Sex 

6. Ha e ou own d th d g all of it life (since it was a puppy at 12 weeks?) 
71 % Ye (22 ) 
29% 0 (95) 

Age got th dog 

140 

120 

100 
>-
c.J 

80 c: 
II) 
:J 
a' 60 II) ... 

IL. 

40 

20 

0 

118 

19 14 

4 2 2 4 o 2 0 0 0 1 
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Aqe of do" when owner acquired do~ (years) 
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7. Wher did u g t the dog? 

Unknown 2 

Other 

ThrouQh famllv 

Pet shop 

Gift 

Found as a stray 

Throuqh a friendlhelQhbour 

31 

Rescue centre •••• 64 

From the person who bred ~ ~~~~~~~~~~~~1 :9~3_J 
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o 50 100 150 200 250 

Frequency 

8. Who carrie ut dog duti (feeding, exercising) for this dog? 
44% On main p r on (144) 
56% har d (182) 
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ection 

1. How ft n d ur d g I P in the following places at night? 

... 

.&; 

Other 

LIVing area 

.~ Bedroom on human bed ... 
"' g. Bedroom floor 
C1I 
en 

Kitchen 

Outside 

• Possibly never I missing 

• Never 
o Rarely 

o Sometimes 

o Often 

o Always 

0% 20% 40% 60% 80% 100% 

2. How oft n d 
in th hou ? 

th d g r t in the following locations during the day when you are 

Other 

liVing area 
C1I 
E 
~ Bedroom on human bed 
ns 
't:J 

Bedroom floor 

Kitchen 

Outside 

• Possibly never I missing 

• Never 
o Rarely 

o Sometimes 

o Often 

o Always 

0% 20% 40% 60% 80% 1 00% 
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3. When you are in the hou e, where in the house does the dog have access? 
4. When you are not in the hou e, where in the house does the dog have access? 

Other E~J33---------! 

Restricted to outside 

Restricted to utility room 

Restricted to livinq area 

Restricted to kitchen 

Restricted to downstairs 

Everywhere except bedroom 

Everywhere 

t;;:;;::::====:::J 66 

iliiiiiiiiiii ... 57 

o 50 100 150 

• When owner in house 0 When doq alone in house 

5. Doe the dog lie on furniture? 

100,38% • Never 

• Rarelv 

o Sometimes 

o Often 

27,10% 

156 

200 

6. a) In an average day, estimate how much time the dog spends interacting with people 
in the household? (e.g. games, cuddles, training, grooming, not just resting in the same 
room). 

15,5% 

62,22% 

• Up to half an hour 

• Half to one hour 

01-2 hours 

02-4 hours 

DOver 4 hours 

b) Is this interaction all with one person or with a variety of persons? 
17% One person (42) 
83% Variety of persons (205) 
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7. In an a rag v; ek. h \i mu h time in total do you spend grooming your dog? (e.g. 
brushing, athing) . 

~ Over 1 hour 
(I) 

~ ... 
~ Half - 1 hour 
01 
c: 

~ 15 mlns - half ho r 
e 
01 

c Less than 1 5 mlns 
(I) 
~ 
en 
(I) 

.E None 

I-

o 

85 

20 40 60 80 100 

Frequency 

8. How oft n d e th d g Ii on a per on's lap? 

102.39% • Never 

• Rarelv 

o Sometimes 

o Often 

43.16% 

9. When your dog i greeting vi itors, how often are the following types of behaviour 

seen? 

Hidin~ 

Growlin~ 

Barkin~ 

Lickin~ hands 

Lickin~ face 

Jumpin~ up 

Sniffin~/nudqin~ with nose 

I I I , 47 
I I 

ID: 45 I 78 I 85 

. . 47 I 81 

I I I . 46 146 

lif: 36 I 1M 80 
I I I 

19i(;J 191 84 I 146 

0% 20% 40% 60% 80% 

Behaviour when qreetinq visitors 

12511 

120V 

30 

116 

100% 

• Possibly never I missinq - Never 0 Rarely 0 Sometimes 0 Often 
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10. When ur d g i int ra ting with household members, how often are the following 
type of beha\i ur n? 

HidinQ 

GrowlinQ 

BarklnQ 

LlcklnQ hands 

LickinQ face 

JumpinQ UP 

SniffinQ/nudQinQ with nose 

.. ..t; 

In; 

1..I.U161 

0% 

. 
. 

; . 
40 

IH 

20% 

I . 

42 

50 

I 64 

I 
I 

40% 

. 12Ir.t 
I 

36 n41 

I 1 
53 I 15 1 26 

H3 I 64 

I 
I 64 I 52 

I --gg-

I 1 
164 

60% 80% 100% 

Behaviour when interactin~ with household members 

_ Possiblv never I missinQ _ Never 0 Rarel v 0 Sometimes 0 Often 

11. When hou eh ld member play with the dog, how often are the following types of 
game u ed? 

'C 
Q.I 

Other 

Chase 

~ ROUQh and tumble (wrestlinQ) 
Q. 
III 
Q.I 

E 
ra 

<.!) 

Hide and seek 

TUQ-of-war 

Fetch ball I obiect 

0% 20% 40% 60% 80% 100% 

_ Possiblv never / missinQ _ Never 0 Ra relv 0 Sometimes 0 Often 
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12. Doe the d g r r am unatt nded away from the premises? 

11.4% 3.1% 

• No. confined to secure area 

• Generallv confined but has 
escaped in past 

o Not confined but qenerallv 
chooses not to roam 

Yes. allowed to roam 

13. How often i our d g taken for a walk? 

Other 8 

Three times a day 37 

>- Twice a day (.) 
c: 
Q) 

Once a day 82 :::l 
cr 
Q) 
.; Several t imes a week 46 
~ 

~ Once a week 8 

Less than once a week 

Never 

0 20 40 60 80 

Number of dO!1s 

90 

100 

14. a) Estimate how many people your dog meets and interacts with, outside the 
household, on a typical week day? 
b) Estimate how many people your dog meets and interacts with, outside the house, on a 
typical weekend day? 

140 
120 

120 

100 
~ 

80 c: - Week CI) 
:::l 
0- 60 DWeekend e 
u. 

40 

20 

0 
None 1 to 2 3to 5 61010 11 to 15 15 + Don't 

know 

Number of persons 
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c) When ur d g e apr n, how likely i the dog to greet them and make physical 
contact? 
(see Q15) 

15. a) timate h v. man dog our dog meets and interacts with, outside the 
hou ehold, on a t pi al w k da ? 
b) E timate h \\ man d g our dog meets and interacts with, outside the house, on a 
typical week nd d ? 

120 
99 

92
96 

100 

>0- 80 
u 
c: . Week Q) 
::J 60 

OWeekend c:r 
Q) 
L-
u.. 40 

20 

0 
None 1 to 2 3to 5 6 to 10 11 to 15 15 + Don't 

know 

Number of doqs 

c) When your dog 
physical contact? 

another dog, how likely is your dog to greet them and make 

100% ~--~----~--------~-----,-----

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 1----....... 

Greet People 

101 

Greet Doqs 

C Often 

o Sometimes 

• Rarelv 

• Never 
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16. For th fi II \i ing b ha i ur , plea e indicate how much the dog shows when 
interacting with th r d g on a walk. 

Aqqresslon (qrowlinq, snappinq) 

Iqnore 

Sniffinq 

Playful (bowinq, chasinq) 

0% 20% 40% 60% 80% 100% 

_ Possibly never I missinq _ Never 0 Rarely 0 Sometimes 0 Often 

17. a) When the dog i alked, i it ever on a lead? 
94% Ye (260) 
6% No, ne er on a I ad (16) 

b) What type of lead i u ed for this dog? 

67.26% 

• Short lead 

• Extendable flexi-Iead 

151.58% 0 Both 

18. a) Is the dog ever allowed off lead? 

16.6% 38.14% 

178.63% 

• Never allowed off lead 

• Yes. in certain areas 

o Yes. most of the time 

Never on a lead 
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b) When th d g 1 ff I ad i it... 

3.1% 

• Always within siqht 

• Can qo out of siqht but mostly in 
siqht 

o Otten out of siqht 
159.67% 

19. Doe the dog ha e contact with people and other dogs in any of the following 
situation (a-g)? 

School (e .g. to pick up children) 14filel 

Friends or relatives houses . 32 L 60 129 I 63 • 
Work environment ; . 
Boarding kennels 

Grooming parlour 

Training classes 

• .. 45 I 33 1 

; ; :a 85 II 

; 

0% 20% 40% 60% 80% 100% 

_ Possibly never / missinq _ Never o Once a year 

Every few months 0 Once a month o Once a week or more 

_ Everyday 

20. a) What type of food does the dog eat as the main diet? 

180 ...---'Hil:S-- ~-------------------. 

160 

140 

>- 120 
(.) 

g 100 
::l 

[ 80 
u. 60 

40 

20 

o 
Dry Tinned Biscuit Cooked Raw veq Other Raw 

complete meat mixer meat meat 
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b) I the dog fi d in th kitchen? 
79% Y (201) 
21 % (54) 
21. D the d g g t mm rcial dog treats? 

9.3% 

127.48% 

22. a) Doe th d g get human fo d tit-bits? 
89% Ye (243) 
11 % 0 (31) 

• Never 

• Rarelv 

o Sometimes 

Often 

b) Doe th dog r human food tit-bits in the following situations? 

From floor when 
been dropped 

~ 
.0 Stra i g htfro m a , ... 
~ person's plate '0 

§ 
Leftovers in dog c 

IV 
dinner bowl E 

::l 
:I: 

From a persons 
hand 

0% 20% 40% 60% 80% 100% 

_ Possibly never I missing _ Never 0 Rarely 0 Sometimes 0 Often 
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U \ r ur d I r. w m t. 

24. 

25. • r rae 

136. 50% 

GE ERAL APPENDIX 

• Never 

• Rarely 

o Sometimes 

Otten 

, .g. d ad bird or rabbit? 

• Never 

• Rarely 

o Sometimes 

Otten 

(animal droppings?) 

• Never 

• Rarely 

o Sometimes 

Otten 
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26. Does your dog ever find and eat dog faeces? (Its own or from another dog). 

16. 6% 

• Never 

• Rarely 

o Sometimes 

o Often 

246,89% 

27. a) Has this dog been to a veterinary surgeon in the past year? 
16% No (45) 
84% Yes (230) 

b) Please state why dog visited veterinary surgeon in past year? 

Other 

Respiratory I breathinQ problems 

Vomitinq I diarrhoea 

Check-up 

Vaccination 

o 50 100 

Frequency 

150 

171 

200 

28. a) Has the dog been given a flea treatment recently (in the past three months)? 
b) Has the dogs been given a worming treatment recently (in the past three months)? 

100% ,---r=====r-------r=====,---. 
90% 

80% 

70% 

60% 
50% 

40% 

30% 

20% 

10% 

0% 

144 158 

Flea treatment V\lorminq treatment 

• No [J Yes 0 Unknown 
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c) Is the dog on any other medication? 
86% No (233) 
14% Yes (37) 

29. Please indicate how often your dog toilets in the following areas. 

Passes motions (faeces) on walks 

Passes urine on walks 

Passes motions (faeces) in the house 

Passes urine in the house 

Passes motions (faeces) Qarden I yard 

Passes urine Qarden I yard 

0% 20% 40% 60% 80% 100% 

- Possiblv never I missinq _ Never 0 Rarelv Sometimes 0 Often 
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Section D 

1. Have you owned dogs in the past? 
85% Yes (184) 
15% No - first dog (32) 

2. Why did you choose to get a dog? 

Companionship 

Always had a doC! 

n:s Exercise 

~ Family member wanted a doC! 

~ Protection 
Cl ... Interest I hobby 
.E 
til other 
c: 
0 l/VorkinC! doC! til n:s 
Q) 

Gift ~ 

To show I breed 

3. Do you wash your hands? 

After pickinq up 
faeces 

After touchinq a 
doq 

Before eatinq 

51 

. 15 .7 
1 6 
.4 
o 

68 

0% 20% 

GENERAL APPENDIX 

154 

95 

82 

68 

39 

33 . . 

50 100 150 200 

Frequency 

196 

66 64 

122 

40% 60% 80% 100% 

_ Possibly never I missinq _ Never 0 Rarely 0 Sometimes 0 Usually 0 Always 
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4. On average, how often to visitor come into the house? 

Everyday 

Several times a week _iiiiiiiiiiiiiiiiiiiilli.---- 96 

Once a week 

Once a month 

Once every several months 

Once a year 

Never 

Possibly never I missinq 

I;:;======::J 45 

~==:::J24 

o 20 40 60 80 100 120 

Frequency 

• Adults 0 Children 

5. How often do hou ehold member interact or play with the dog(s) in the garden area? 

3.1% 

6. How often is your dog taken for a walk? 

Other 7 

Three times a day 

>- Twice a day 
() 
c: 
CI) 

Once a day :::l 
0-
CI) 
L.. 

Several times a week -~ 
~ Once a week 7 

Less than once a week 

Never 

0 10 20 

• Never 

• Rarelv 

D Sometimes 

Often 

30 

33 

30 40 50 

74 

68 

60 70 80 
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7. How long on average is each walk? 

24.11 % 14. 6% 

88.41% 

8. a) Are dog walks at a regular time of day? 
53% Yes (114) 
47% No (103) 

. 0-15 mins 

. 16-30 mins 

o 31 mins - 1 hour 

o Over one hour 

b) Approximately what time of day is your dog walked? 

80 r-~--------------------------------------~ 

70 
60 

~ 50 
c: 
~ 40 
CT 
I!! 30 
u.. 

20 

10 

o 
6-9am 9am- 12-3pm 3-6pm 6-9pm 9pm- Other 

12pm midniqht 

Walk time 

9. Which types of area do you often walk in? 

Countryside 

Beach or marsh 

Streets 

Park (urban) 

Farmland 

Other 

_---------- 165 _--------141 _ ...... _119 
_____ 81 _.31 

10 

o 50 100 

frequency 

150 200 
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10. Do you regularly (mostly daily) walk in the same place? 
69% Yes (150) 
31 % No, varies (66) 
11. Map 

12. Do you ever travel in the car or public transport to walk the dog (s) in areas not 
included on the map? 

til Everydav 13 
"' CI) ... 
"' Several times a week 21 
C) 

.5 
Once a week ~ 21 

~ Several times a month 31 ... 
CI) 

.r= 
0 Once a month 27 
0 ... 
Qj Less than once a month 45 
> 
"' Never ... 60 ~ 

0 10 20 30 40 50 60 70 

Frequency 

13. Is the dog ever walked with other dogs known to you (e.g. in a group of friends)? 
14. Have you ever noticed eeing the same people and their dogs (otherwise unknown to 
you) on your walks? 

Notice same doqs 
on walks 
(unknown) 

Walk with other 
doqs (friends) 

65 

i 85 43 

0% 20% 40% 

114 24 

67 20 

60% 80% 100% 

_ Never _ Rarely 0 Sometimes 0 Often 0 Evervday 

15. Have you taken a dog on holiday with you in the past year? 
63% 0 (138) 
37% Ye (80) 

16. 1 lave you taken a dog on holiday elsewhere in Europe with you in the pa t year? 
100% No (218) 
0% Ye (1) 
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17. How do you feel about the number ofpoo bins in your area? 

14.6% 3.1% 

.0% 

• Fine 

• Nat enoucth 

o Too many 

o Don't Know 

o other 

166.75% 

18. How do you feel about the regularity of emptying the bins? 

_ Fine 

_ Could be more often 

o Too often 

o Don't know 

o other 

148,66% 

19. How often do you use the poo bins provided in your area? 

23,10% 

• Never 

• Rarelv 

122,55% o Sometimes 

o Often 

20. a) Do any of your dogs ever pass faeces in the garden/yard area? 
92% Yes (205) 
8%No(19) 
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b) How often are faeces removed from the garden/yard? 

Evervdav 127 

" ... 
CIS 
>- Several times a week 39 
E e 

Twice a week -" <II 
> 
0 Once a w eek 19 E 
2! 
I/) Less than once a week <II 
u 
<II 
CIS 
u- Never 

0 20 40 60 80 100 120 140 

Frequency 

c) Which methods do you use for disposing of faeces from the garden/yard area? 
See Q. 21b 

21 . a) Do any of your dogs ever pass faeces on a walk? 
91 % Yes (203) 
9% No (20) 

b) Which methods do you use for disposing of faeces elsewhere (e.g. on a walk)? 

100% 

90% 
80% o Other 
70% 145 

o None 
60% 

50% 191 Don1 know 

40% o Plastic bags 

30% • Poopscoop 

20% • Shovel 

10% 

0% 

Garden Wa lk I Elsewhere 

Disposal of faeces 
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22. If your dog passes motions (faeces) in the following areas, how often do you pick it 
up? 

Street 187 

Park area 175 

Public path 183 

Open countryside 106 

0% 20% 40% 60% 80% 100% 

_ Possibly never J missinQ _ Never 0 Rarelv 0 Sometimes 0 Usually 0 AlwaYs 

23. a) In what circumstances do you personally come into contact with other dogs (not 
your own)? 

250 ,------------------------, 

200 

>-g 150 
III 
:l 
0-
~ 100 
u. 

50 

o 

191 

7 3 

b) How often do you come into physical contact (e.g. touch, petting, dog jumping up) 
with other dogs? 

• Never 

• Very rarely 

o Once a month 

o Once a week 

o Several times a week 

o Everyday 
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24. Please provide the name of your current veterinary practice. 
Information withheld. 

25. As the person completing the questionnaire, were you also the person interviewed at 
the door? 
81% Yes (178) 
19% No, different person (41) 

26. Would you be willing to participate further in our studies in the future? 
88% Willing (192) 
12% Not willing (25) 
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r 
For more information or if you have any 

questions please contact: 

r-

Veterinary Clinical Science 
University of Liverpool 

Leahurst 
Neston 
Wirral 

CH647TE 

Tel: 0151 7956011 

El1ail carn .westgartt")@llverpoo~ ac Jk 

FACULTY of 
VETERINARY selENC E 

HE UN I VERSITY 
of LIVERPOOL 

FACULTY ~ 
VETERINARY SCIENCE 



Humans and dogs have lived together for thousands of 
years. The dog is one of the most common household pets 
and many people have a close relationship with their dog. 

Staff at the Liverpool Veterinary School, Leahurst, are con
ducting a study in the Little Neston area investigating the 
role of dogs in the community. We would be very grateful if 
you would be willing to participate in this study. 

We are investigating the common types of interactions that 
occur between dogs and their owners. We would also like to 
know details about how people look after their dogs. 

We are looking at the types of contact dogs have with other 
dogs, for example when on a walk. We would specifically 
like to know where the dog is walked . 

As we wish to identify why some people currently own dogs 
and others do not, we hope that people both with or without 
a dog will help us. 

Over the next few weeks we will be knocking on doors in 
your area collecting information in the form of a short ques
tionnaire. 

en w 

We will ask some simple questions to both dog owners 
and non-dog owners. If you own a dog and would be will
ing to participate further we will then ask some basic ques
tions about each dog and leave a more detailed question
naire for you to fill in, in your own time, and post back to us 
in a S.A.E. To thank you for your time we will give you 
vouchers for £2 off Royal Canin pet food and for 5% dis
count at Glenbrittle Animal Centre, Neston which in
cludes kennels, grooming, and a pet store. 



~ II 
46168 

THE UNIVERSITY 
of LIVERPOOL 

House number I I I I 

Dogs in the Community 
Survey 

Section A 
Reference 

I I I I I 

House name I I I I I I I I I I I 
Street name Postcode 

[I I I I I I I I I I I I I I I I I I I I I I I I II I I I 
o Detached 

o Sem i-detached o Cul-de-sac 

House type 0 Terraced Street Type o Through road 

o Flat/apartment/bedsit 

o Other L 

Hello, my name is , I am from Leahurst, the University of Liverpool Veterinary School. We are conducting a 
survey in the area about dog ownership and behaviour. 

Would you mind if I asked you a few questions? It should only take a couple of minutes. We would like to interview both 
dog-owners and non-dog owners so that we can compare the differences between them. 

Is this a convenient time? (Would you like me to call back at another time?) 

The information that you give will only be used for the study and is confidential, we do not need to take a name. 

Survey status 

Date Time 

First Knock Oln o Not in o Asked to call back 

Second Knock Oln o Not in o Asked to call back 

Third Knock Din o Not in o Asked to call back 

Fourth Knock Din o Not in o Asked to call back 

o Case I 
o Fully Interviewed o Part interviewed o Not willing to participate 

o Control 
J 

II 
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1. a) Are there any pets in the household? D Yes (Please answer Q1 b and c) 

D No (Go to Q2) 

b) How many dogs are there in the household (sleep most nights of the week)? CD 
c) Are there any other animals owned by the household? 

o Cat D Birds D Fish D Horse D Livestock D Reptiles/amphibians 

o RabbitlGuinea pig/Hamster/other small mammals o Other I 
L-__________________ ~ 

Please answer Q2 only for households that do not own a dog. Dog-owning households may skip to Q3. 

2. a) Are there any particular reasons why you do not own a dog at this time? (Please mark with a cross all that apply) 

o Allergic D Work / Out all day D Too expensive D Not enough time 

o Do not like dogs D Go away a lot D Rented property o Emotional reasons 

o Create mess D Have cats D Young children around D Not considered it 

o Other (please specify) 

b) Have you owned dogs in the past? o Yes (Please answer Q2c) 

o No (Go to Q3) 

c) How long ago did you own your last dog? CD Years CD Months 

Has dog - Now I am going to ask you a couple of questions about your general contact with other dogs, (not your own). 
No dog - Now I am going to ask you a couple of questions about your general contact with dogs. 

3. a) How often do you come into physical contact (e.g. touch, petting, dog jumping up) with other dogs? 

o Every day 0 Several times a week D Once a week D Once a month D Very rarely 0 Never 

If Never indicated, please now skip to Q4. 

b) In what circumstances do you come into contact with other dogs? (Mark with a cross all that apply). 

o Walking o Friends with dogs o Employment o Neighbours 

o Family o Other (please describe) 

4. a) Does the household have a garden or yard? 

DGarden DVard DBoth o No (Go to Q5) 

b) Is the garden/yard used for recreational purposes ,weather permitting, e.g. eating, children playing, gardening? 

D Never D Rarely DSometimes D Often 
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If you do not mind, I would now like to ask some questions about the people living in the household. 

5. a) How many people are currently resident (as in sleep most nights of the week) in the household? CD 
i-

b) Complete for each person: Age group Job Type 

o Male <5 6-15 16-19 20-29 30-59 60-74 75+ o Fulltime 

1 0 0 o Female 0 0 0 0 0 o Part-time 
-

o Male <5 6-15 16-19 20-29 30-59 60-74 75+ o Fulltime 
2 0 0 o Female 0 0 0 0 0 o Part-time - -

o Male <5 6-15 16-19 20-29 30-59 60-74 75+ o Fulltime 
3 0 0 o Female 0 0 0 0 0 o Part-time 

o Male <5 6-15 16-19 20-29 30-59 60-74 75+ o Fulltime 

4 0 0 10 Female 0 0 0 0 0 o Part-time 

o Male <5 6-15 16-19 20-29 30-59 60-74 75+ o Fulltime 

5 0 0 o Female 0 0 0 0 0 o Part-time 

o Male <5 6-15 16-19 20-29 30-59 60-74 75+ o Fulltime 

6 0 0 o Female 0 0 0 0 0 o Part-time 

o Male <5 6-15 16-19 20-29 30-59 60-74 75+ o Fulltime 

7 l 0 Female 0 0 0 0 0 0 0 o Part-time 

Please enter under Job Title if any of the followmg apply: 
Unemployed, full-time student, retired, lOOking after homelfamily, permanently sick/disabled. 

6. FOR DOG·OWNERS 
That is the end of the first section. I would now like to take a few details about your dog(s) and then leave you with a 
longer questionnaire to fill in and return in the envelope provided. In return I will send you two vouchers, for £2 off Royal 
canin pet food and 5% discount at Gfenbrittle Kennels in Neston. 

Are you willing to participate further in this study? DYes ONo 

FOR NON DOG·OWNERS 
That is the end of the questions. Thank you very much for taking part in our study. 

II 
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Reference 

THE T IVERSITY 
of LI ERPOOL 

Dogs in the Community 
Survey 

Section B I I I I I 
Dog Name I I I I I I I I I I I Dog Number I I I I Office use only 

Section B is to be completed for each dog in the household by the interviewer. Begin by asking for the name of each dog 
and enter at the top of a copy of section B for each dog. Then proceed, for example, 'What type of dog is __ ?' 

1. Type of dog Colour 
o Breed (Please state) I 

o Known cross (Please state) L. -:=-l 
o Unknown 

2. Size of dog (when adult) 

o Toy 0 Small (terrier) 0 Medium (collie/spaniel) 0 Large (labrador/GSD) 0 Giant (great dane) 

3. Age of dog 

4. Sex of dog 

Known 

Estimated 

CD 
CD 

o Male 

Years 

Years 

CD 
CD 

o Female 

Months 

Months 

o Unknown 

o Unknown 

-~---------
5. Is the dog neutered? 0 Yes ONo o Unknown 

6. Have you owned this dog all of its life (since it was a puppy at 12 weeks)? 
o Yes 0 No - At what age? I --------------, 

--------------------------
7. Where did you get the dog? 0 From the person who bred it 0 Gift 

o Rescue centre 0 Pet shop 

o Through a friend 0 Other (please specify) 

o Found as a stray 

8. Who carries out dog duties (feeding, exercising) for this dog? 0 One main person (number from Section A) D 
o Shared 

Thank you very much for answering those questions. I would be very grateful if I could leave you with a further 
questionnaire about your dog's activities for you to fill in, in your own time, and return in the pre-paid envelope supplied. 
The questionnaire takes approximately 15 minutes to complete. 
When I receive it I will post to you two money-off vouchers to thank you for taking part. They will be for £2 off Royal Canin 
pet food and for 5% discount at Glenbrittle Animal Centre, Neston. 
Please could the person who spends the most time with the dog and walks it, fill in the questionnaire, as they will be more 
able to answer the questions effectively. 

Leave household with a Section C for each dog with name of dog completed. 
Leave household with one Section 0 with house location marked on map with a cross, and a 

pre-paid envelope to return the two sections. II 



Reference 

THE UN IVERSITY 

Dogs in the Community 
Survey 

Section C 
I I I I I 

o/Ll ERP L 

,-.--

Carri Westgarth sSe 
Veterinary Clinical Science, University of Liverpool 

Leahurst, Neston, CH64 7TE 
0151 7956011 carri.westgarth@liverpool,ac.uk 

Thank you for taking part in this study. Any infonnation that you give will only be used for the purposes of this study 
and is confidential, we do not take a name - Please be as accurate as possible. 

To thank you for participating in this study you will receive two vouchers; £2 off Royal Canin pet food and for 5% 
discount at Glenbrittle Animal Centre, Neston, which includes a kennels and pet store. These vouchers will be 

I~atched to your household after we receive your completed questionnaires in the pre-paid envelope supplied. 

Instructions 
This section (green) Is to be completed once for each dog in the household. 
Please can the person that Is most responsible for dog care (spends most 

time with the dog, walks it) complete the questionnaire as they will be more 
able to answer the questions effectively. 

This copy of Section C (green) belongs to: 

Dog Name I I I I I I I I I I I Dog Number I I I I Office use only 

Answering the questions 

Please complete the questionnaire in Black or Blue ink and use capital letters. 

Where a small box is given next to each choice 
please indicate your choice with a cross in the box 
not a tick: 

~ Male D Female 

If you make a mistake or decide to change your answer please fill in the first box completely 
and put a clear cross in the new box. 

If given a blank box, please write your answer 
clearly I inside the box lines. 
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The following questions are about where the dog goes and what it does in the household. 

1. How often does the dog sleep in the following places at night? (Please indicate answer for all locations) 

Never Rarely Sometimes Often Alwa s 

Outside 0 0 0 0 0 1 
Kitchen 0 0 0 0 0 1 
Bedroom (on floor) 0 0 0 0 0 1 

r Bedroom (on human bed) 0 0 0 0 0
1 Living area 0 0 0 0 BI Other room (please describe) 0 0 0 0 

~I 
~ 

2. How often does the dog rest in the follOwing places during the day when you are in the house? 
(Please indicate answer for all locations) 

Never Rarely Sometimes Often Alwa s --
, Outside 0 0 0 0 0 1 
l Kitchen 0 0 0 0 0 1 

Bedroom (on floor) 0 0 0 0 0 1 
Bedroom (on human bed) 0 0 0 0 0 , 

. Living area 0 0 0 0 BI I Other room (please describe) 0 0 0 0 

'l ] I 
:J 

3. When you are in the house, where in the house does the dog have access? (Please cross one). 

o Everywhere o Restricted to living area 

o Everywhere except bedroom o Restricted to utility room 

o Restricted to downstairs o Restricted to outside 

o Restricted to kitchen o Other (please describe) 

L _ 

4. When you are NOT in the house, where in the house does the dog have access? (Please cross one). 

o Everywhere o Restricted to living area 

o Everywhere except bedroom o Restricted to utility room 

o Restricted to downstairs o Restricted to outside 

o Restricted to kitchen o Other (please describe) 

5. Does the dog lie on furniture? o Never o Rarely o Sometimes D Often 

5783086366 ~ 



The following questions are about the dog's interaction with people. 

6. a) In an average day, estimate how much time the dog spends actively interacting with people in the household? (e.g. 
games, cuddles, training, grooming, not just resting in the same room). 

o up to half hour 0 Half to one hour 0 1-2 hours 0 2-4 hours 0 Over 4 hours 

b) Is this interaction all with one person or with a variety of persons? o One person o More than one person 

7. In an average week, how much time in total do you spend grooming your dog? (e.g., brushing, bathing). 

o None o Less than 15 mins o 15mins - half hour o Half - 1 hour o Over 1 hour 

8. HoW often does the dog lie on a persons lap? 0 Never o Rarely o Sometimes 

9. When your dog is greeting visitors, how often are the following types of behaviour seen? 
(Please indicate for each behaviour). 

o Often 

Never Rarely ___ Sometimes ___ Oft~n_ 

I sniffi;Jn!ldgi~with nose -= = = ~~ = -_- _ 0 [l Q 1 

[ JumPingu _ _ Q ___ 0 __ 0 ____ 0 -l 
~ Lickin face _ _ _ Q _ 0 _ _ _ 0 __ 0 _[ 
~ Licki~~Lhands DO 00 00 00 I 

Barkin9______ 0 [ 
Growling 0 0 0 

t- HidiI'l9 __ =~ ___ =-0 ===- 0 -===_0 ===_0 -[ 

10. When your dog is interacting with household members, how often are the following types of behaviour seen? 
(Please indicate for each behaviour). 

Never Rarely Sometimes Often 

I Sniffin.9!nud..9in~with nose ~ ---- 0 0 
-~ 0 -' 

L Jumping ~ _______ 0 0 0 0 -I ------ ---

~ Licking face _ ~ _ _ _ _ 0 0 0 0 I ---- --- ---

I- Licking hands 0 0 0 0 --
Barkin 0 0 0 0 

r 
---- ---- ---

Growling 0 0 0 0 
~. 

---- --
Hiding - 0 0 0 0 --------- ---

11. When household members play with the dog, how often are the following types of games used? 

--- Never __ Rarely Sometimes Often 

Fetch ball! object 0 0 0 0 _I ----
0 0 0 0 --

I- Hide and seek 0 0 0 0 -I 0 
--- ---

0 0 0 
~. 

Rough and tumble lwrestling) 

Chase 0 0 0 0 
t 

---
Other (please describe) 0 0 0 0 

I r. -- ~ 
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The following questions apply to when the dog is outside of the household. 

12. Does the dog ever roam unattended away from the premises? 0 No, confined to secure area 

o Generally confined but has escaped in past 

o Not confined but generally chooses not to roam 

o Yes, allowed to roam 

13. How often is your dog taken for a walk? 0 Never (Please go to Q19) 

o Less than once a week 

o Once a week 

o Several times a week 

o Once a day 

o Twice a day 

o Three times a day 

o Other (please describe) I ] 
14. a) Estimate how many people your dog meets and interacts with, outside the household, on a typical week day? 

D None D 1-2 03-5 06-10 011-15 015+ 0 Don't know 

b) Estimate how many people your dog meets and interacts with, outside the household, on a typical weekend day? 

o None 01-2 D 3-5 06-10 011-15 015+ 0 Don't know 

c) When your dog sees a person, how likely is the dog to greet them and make physical contact? 

o Never 0 Rarely D Sometimes 0 Often 

15. a) Estimate how many dogs your dog meets and interacts with, outside the household, on a typical week day? 

o None 0 1-2 D 3-5 0 6-10 D 11-15 D 15+ 0 Don't know 

b) Estimate how many dogs your dog meets and interacts with, outside the household, on a typical weekend day? 

o None 01-2 03-5 06-10 011-15 015+ o Don't know 

c) When your dog sees another dog, how likely is your dog to greet them and make physical contact? (Sniffing, playing). 

D Never D Rarely DSometimes o Often 

16. For the following behaviours, please indicate how much the dog shows when interacting with other dogs on a walk. 

r 
r 

Playful (bowing, chasing) 

Sniffing 

Ignore 

Aggression (growling, snapping) 

Never 

o 
o 
o 
o 

17. a) When the dog is walked, is it ever on a lead? DYes 

b) What type of lead is used for this dog? D Short lead 

Rarely 

o 
D 
D 
o 

Sometimes 

o 
D 
o 
o 

Often 

o 
o 
o 
o 

1 

-I 
-I 
-1 

o No (Please go to Q18b) 

o Extendable flex i-lead DBoth 
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,., 
18. a) Is the dog ever allowed off lead? 0 Yes, in certain areas 0 Yes, most of the time 0 No (Go to Q19) 

b) When the dog is off lead, is it.... 

o Always within sight 0 Can go out of sight but mostly in sight 0 Often out of sight 

19. Does the dog have contact with people and other dogs in any of the following situations (a - g)? 
For all questions, information on names and locations of the premises will be confidential and are only asked in order 
to calculate distances travelled and identify common establishments. 

Ia) Training clas~ - - -, Ib) Grooming parlour - - -, Ic) Boarding kennels - -- -I 
, 0 Never I I 0 Never , I 0 Never I 
I 0 Once a year I I 0 Once a year , I 0 Once a year 

I I I I I I 0 Every few months I I 0 Every few months I I 0 Every few months 

I 0 Once a month I I 0 Once a month I I 0 Once a month 

I 0 Once a week or more I I 0 Once a week or more I I 0 Once a week or more 

i if so, name and wtion? J i i [SO' name and ~cation? 1:: if so, name and locat~n? . ~ I 

:~ _--= __ -J i __ i i __ --=----=-~ 
----- -- --------

I d) Work environment I I e) Friends or relatives houses li n School (e.g pick up children) 

I o Never I I o Never l I o Never 

I o Once a year I I o Once a year I I o Once a year 

I o Every few months 
I I o Every few months 

r 1 o Every few months 
I I I I I 
I o Once a month I I o Once a month I I o Once a month 

I o Once a week or more I I o Once a week or more I I o Once a week or more 

I o Every day 
I I o Every day I o Every day 

I I I I I 
I If so, please describe I I [ I 

il II I 
I I 

I I I I 
l 

~ L __ L 

I g) Any other contact situations that you can think of? (Please describe including frequency). 

I[ __ _ _ -J 
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The following questions are about health and diet of the dog. 

20. a) What type of food does the dog eat as the main diet? (Please cross all that apply). 

o Tinned meat D Cooked meat D Raw meat D Other (please specify) 

o Dry complete o Dry biscuit or mixer D Vegetables l 
b) Is the dog fed in the kitchen? DVes ONo 

21. Does the dog get commercial dog treats? o Never o Rarely o Sometimes o Often 

22. a) Does the dog get human food tit-bits? OVes o No (Go to Q23) 

b) Does the dog receive human food tit-bits in the following situations? 
Never Rarely Sometimes Often 

From a persons hand D D 0 0 J 
Leftovers in dog dinner bowl 0 D 0 0 I 
Straight from a persons plate D 0 0 D I 
From floor when been dropped 0 0 0 0 l 

....J 

23. Do you ever feed your dog raw meat? o Never o Rarely o Sometimes DOtten 

24. Does your dog ever find and eat raw carcasses, e.g. dead bird or rabbit? 
D Never D Rarely D Sometimes DOften 

25. Does your dog ever roll in carcasses or faeces (animal droppings)? 

o Never 0 Rarely o Sometimes o Otten 

26. Does your dog ever find and eat dog faeces? (Its own or from another dog). 
o Never D Rarely D Sometimes DOtten 

27. a) Has this dog been to a veterinary surgeon in the past year? 0 Ves 0 No (Go to Q28) 

b) Please state why dog visited veterinary surgeon in past year? (Please cross all that apply). 

o Vaccination 0 General check up o Vomiting and/or diarrhoea o Respiratorylbreathing problems 

o Other (please describe) I 
----

28. a) Has the dog been given a flea treatment recently (in the past three months)? 

o No D Unknown 0 Ves (please name if known) 

b) Has the dog been given a worming treatment recently (in the past three months)? 

o No D Unknown 0 Yes (please name if known) 

c) Is the dog on any other medication? 

o No 0 Yes (Please describe what for) 

....., 
I 

J 
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29. Please indicate how often your dog toilets in the following areas. 
Passes urine Passes motions (faeces) 

Never Rarel 

~Garde~ Yard -, 0 - - 0 
Sometimes 

o 
o 
o 

Often Never Rarely Sometimes 

0 1 0 -- 0 0 
Often 
-;l o 

~ In the house r D 0 
l On walks i 0 0 

o 1 DOD 
i 0 -L D 0 D 

Thank you for completing Section C (green) of the questionnaire. 

If you have another dog, now fill in a copy of Section C (green) for that 
dog also. 

Once you have filled in a copy for each dog in the household, go on to 
complete a copy of Section D (white) for your household. 

OJ 
OJ 
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I ". 
Reference 

TH E UN I VE R S I TY 
of LI VE R P OOL 

Dogs in the Community 
Survey 

Section 0 
I I I I I 

----

Carri Westgarth SSc 
Veterinary Clinical Science, University of Liverpool 

Leahurst, Neston, CH64 7TE 
0151 7956011 carri.westgarth@liverpool,ac.uk 

Thank you for taking part in this study. Any information that you give will only be used for the purposes of this study 
and is confidential, we do not take a name - Please be as accurate as possible. 

To thank you for participating in this study you will receive two vouchers; £2 off Royal Can in pet foods and for 5% 
discount at Glenbrittle Animal Centre, Neston, which includes a kennels and pet store. These vouchers will be 
dispatched to your household after we receive your completed questionnaires in the pre-paid envelope supplied. 

Instructions 

This section (white) is to be completed only once for the whole household. 
The questions are general and apply to all dogs in the hous hold. 

Please can the person that is most responsible for dog care (spends most 
time with the dog, walks It) complete the questionnaire as th y will be more 

able to answ r the questions effectively. 

Answering the questions 

Please complete the questionnaire in Black or Blue ink and use capital letters. 

Where a small box is given next to each choice 
please indicate your choice with a cross in the box 
not a tick: 

~ Male 0 Female 

If you make a mistake or decide to change your answer please fill in the first box completely 
and put a clear cross in the new box. 

If given a blank box, please write your answer 
clearly, inside the box lines. 
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1. Have you owned dogs in the past? DYes o No - first dog 

2. Why did you choose to get a dog? (Please mark with a cross all that apply). 

o Companionship o Protection o To show / breed 

o Exercise o Working dog 

o Other (please describe) 

o Interest / hobby 

D Always had a dog o Family member wanted a dog 

o Gift 

3. Do you wash your hands ... ? 

r Before eating 

r 
~ 

After touching a dog 

After picking up faeces 

Never 

o 
o 
o 

Rarely 

0 
0 
0 

Sometimes Usually Alwa s 

0 0 0 1 
0 0 0 1 

0 0 
--I 
J;J~ 

The following questions are about interaction with people. 

4. On average, how often do visitors come into the house? (Choose one option for each). 

I- ADULTS ----

I 0 Every day 

I 0 Several times a week 

I 0 Once a week 

I 0 Once a month 

I 0 Once every several months 

I 0 Once a year 

I 0 Never 

CHILDREN (Not including your own) 

o Every day 

o Several times a week 

o Once a week 

o Once a month 

l 
1 

I 
I 
I 

o Once every several months , 

~::::year I 
_____________ J 

5. How often do household members interact or play with the dog(s) in the garden area? 
o Never 0 Rarely 0 Sometimes 0 Often o Not got a garden 

The following questions are about when the dog is away from the household. 

6. How often is your dog taken for a walk? 0 Never (Please go to Q1S) 

o Less than once a week 

o Once a week 

o Several times a week 

o Once a day 

o Twice a day 

o Three times a day 

o Other (please describe) I 
~~----------------~~~~ 
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7. How long on average is each walk? D 0-15 mins D 16 - 30 mins 031 mins - 1 hour DOver 1 hour 

8. a) Are dog walks at a regular time of day? DYes 0 No, varies (Go to Q9) 

b) Approximately what time of day is your dog walked? (If you walk more than once a day, tick for each time). 

06-9am D9am-12pm D12-3pm D3-6pm D6-9pm D9pm-midnight 

o Other (please describe) LI ____________ -

9. Which types of area do you often walk in? (Mark with a cross all that apply) 

o Streets D Park (urban) D Beach or marsh D Countryside D Farmland 

o Other (please describe) L _________ _ 
10. Do you regularly (mostly daily) walk in the same place? D ·Yes D No, varies 

11. The following question involves drawing on a map of the area to describe the regular local routes that you walk your 
dog. 

On the maps given, use your pen to trace the route of any walks that you often use, that are covered by the map. 
Please also label approximate times if they are at a certain time each day. 

If your walk leaves the edge of the map supplied please indicate this and continue marking the rest of the route. 

The following map is provided as an example .. 

~) <> ~ ;' 
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12. Do you ever travel in the car or public transport to walk the dog(s) in areas not included on the map? 

o Never 

o Less than once a month 

o Once a month 
If so, please name locations 

o Several times a month 

o Once a week 

o Several times a week 

o Everyday 

13. Is the dog ever walked with other dogs known to you (e.g. in a group of friends)? 

o Never o Rarely o Sometimes o Often o Everyday 

14. Have you ever noticed seeing the same people and their dogs (otherwise unknown to you) on your walks? 

o Never 0 Rarely D Sometimes D Often 0 Everyday 

15. Have you taken a dog on holiday with you in the UK in the past year? 0 Yes 

16. Have you taken a dog on holiday elsewhere in Europe with you in 0 Yes 
the past year? 

ONo 

ONo 

The following questions are about when your dog passes motions (faeces). 

17. How do you feel about the number of poo bins in your area? (Cross one) 

D Fine 0 Not enough D Too many 0 Don't know 0 Other (please describe) 

[ 
18. How do you feel about the regularity of emptying the bins? (Cross one) 

D Fine 0 Could be more often 0 Too often D Don't know 0 Other (please describe) 

'--------~ 
19. How often do you use the poo bins provided in your area? 0 Never 0 Rarely 0 Sometimes 0 Often 

20. a) Do any of your dogs ever pass faeces in the garden I yard area? DYes D No (Go to Q21) 

b) How often are faeces removed from the garden I yard area? 

D Never D Less than once a week 0 Once a week 0 Twice a week 0 Several times a week 0 Everyday 

c) Which methods do you use for disposing of faeces from the garden I yard area? (Mark with a cross all that apply) 

DShovel D Poop-scoop D Plastic bags D Don't know o None 

o Other (please describe) L __________________ _ - - --- -- ~ 
0321233105 ~ 



21. a) Do any of your dogs ever pass faeces on a walk? DYes D No (Go to Q23) 

b) Which methods do you use for disposing of faeces elsewhere (e.g.on a walk)? (Mark with a cross all that apply) 

o Shovel D Poop-scoop o Plastic bags o Don't know DNone 

D Other (please describe) 1<.--______________ _ 

22. If your dog passes motions (faeces) in the following areas, how often do you pick it up? 
Never RareJL Sometimes Usual! Alw~ ------------ --- - --

I Public path D D D D D I ic -- -- - ----- --- -----
Open countryside D D D D 0 

I parkarea 
-------- - -

D D D D D 
--- ----r -Street D D D D D 

L-- ------- -- __ J 

23. a) In what circumstances do you personally come into contact with OTHER DOGS (not your own)? 
(Mark with a cross all that apply). 
o Walking D Friends with dogs D Employment D Neighbours 

o Other (please describe) <-I __ _ 

b) How often do you come into physical contact (e.g. touch, petting, dog jumping up) with other dogs? 

o Every day 0 Several times a week 0 Once a week 0 Once a month 0 Very rarely 0 Never 

24. Please provide the name of your current veterinary practice. L 
(ThiS information will be confidential and is only asked to 
calculate distance travelled and identify common establishments.) 

25. As the person completing the questionnaire, were you also the person interviewed at the door? DYes 0 No 

26. Would you be willing to participate further in our studies in the future? DYes 0 No 

Thank you very much for participating in this study. 
Please post your completed forms back in the pre-paid 
envelope supplied and we will then post the vouchers 

to your household address. 

Dogs in the Community 
Survey 

Carri Westgarth SSc 
Veterinary Clinical Science, University of Liverpool 

Leahurst Neston, CH64 7TE 
0151 795 6011 carri.westgarth@liverpool.ac.uk 
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Abstract 

Background: Dogs are popular pets in many countries. Identifying differences between those who 
own dogs or have contact with dogs, and those who do not, is useful to those interested in the 
human-animal bond, human health and for provision of veterinary services. This census-based, 
epidemiological study aimed to investigate factors associated with dog ownership and contact with 
dogs, in a semi-rural community of 1278 households in Cheshire, UK. 

Results: Twenty-four percent of households were identified as dog-owning and 52% owned a pet 
of some type. Multivariable logistiC regression suggested that households were more likely to own 
a dog if they had more occupants (five or more); if they had an adult female household member; or 
if they ow ned a horse. The age structure of the households was also associated with dog 
ownership, with households containing older children (between six and 19 years of age) and young 
adults (between 20 and 29 years of age), more likely to ow n dogs. We also found that dog owning 
households were more likely to be multi-dog households than single-dog if they also owned a cat 
or a bird, or if the household contained a person of 20-29 years old. Dog owners reported 
increased contact with dogs, other than their ow n, compared to those that did not own dogs and 
this contact appeared to be mainly through walking. 

Conclusion: Some household types are more likely to ow n a dog than others. This study supports 
the suggestion that dogs are more common in families w ho have older children (6-19 years), as has 
been generally observed in other countries. Dog owners are also more likely to have contact with 

dogs other than their own, compared with those not owning a dog. 

Background 
Humans and dogs have lived in close proximity for thou
sand of years. The effect of pet ownership on human 
health has been studied on a numb r of occasions but has 

been somewhat inconclusive due to the difficulties in 
studying such a complex relationship and assigning direc
tion of causation Ill. Pets provide companionship and 
also probably confer physiological health and psycho log-
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ical benefits [1 -5) . For example, pet owners have fewer 
doctors visits [6] and longer survival following hean 
attack 17), compared to non-pet owners. Katcher and 
Friedmann (4) suggested seven common functions of pet 
ownership: companionship; something to care for; some
thing to touch and fondle; something to keep one busy; a 
focus of attention; exercise and safety. Pets have also been 
indicated to have imponant roles in enhancing child 
development 14,8,9), the wellbeing of older people 
[4,9,]0] and may also be used in a therapeutic setting 
[8,10,11) . However, it has become increasingly apparent 
that pets are an imponant source of zoonotic infections. 
Approximately 30 to 40 organisms that cause zoonotic 
infections are known in companion animals, induding 
dogs [12) . Some groups in human society are at greater 
risk of zoonotic infection due to their immune system or 
behaviour, for example young children, the elderly, preg
nantwomen and the immunocompromised [12,13) . 

Virtually everyone in the community is in contact with 
either companion animals or their products, induding 
excreta [14) . Dogs and cats are the most popular pets in 
the UK, although dog ownership has dedined slightly 
over recent years [15] . In 2004 there were approximately 
5.2 million dog owning households in the UK (21% of 
households), owning 6.8 million dogs [15] . The demo
graphics of pet ownership are of health, psychological and 
social science interest, applicable to the research area of 
the nature of the pet-human bond and can also be used to 
inform provision of veterinary services. 

Previous studies in the USA and Australia have suggested 
that pets are more common in families who have children 
[16-26) . In contrast, a study of dog ownership in Germany 
found that the majority of the dog owners did not live 
with children younger than 18 years of age [27]. This 
project aimed to investigate factors associated with dog 
ownership in a semi-rural community using a doorstep 
interview questionnaire. The previous studies mentioned 
used telephone interview or mail questionnaire methods 
to sample a small proportion of a large study population. 
In contrast, this study attempted to doorstep interview all 
households in a defined geographic area to produce a 
detailed census of a single community. Whereas some 
other studies have combined dogs and cats as 'pets' for 
analysis, this study focused specifically on dogs; reasons 
for dog versus cat ownership are likely to differ as they 
have different ownership requirements. 

Results 
A total of 1142 households (89% of all council registered 
household) in the study area were contacted within five 
visits to the property. A further 136 households (11%) 
could not be contacted during five attempts, although 2% 
of the total propenies were suspected to be unoccupied. 
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Over half (53%) of the households were interviewed dur
ing the first round of visits . Of those households con
tacted and asked to participate, 1051 (92%) were fully 
interviewed, 24 (2%) pan-interviewed (answered some 
but not all questions) and 67 (6%) were not willing to 
participate in the study. This gave an overall usable 
response rate of 84%. 

Of the households contacted, 24% (266) were identified 
as dog owning (DO); only four of these DO households 
were not willing to be interviewed. Two hundred and one 
(77%) DO households owned one dog, 53 (20%) two 
dogs and eight (3%) three dogs (mean 1.3 dogs) . Just over 
half (52%) of interviewed households owned a pet of 
some type. A variety of other pets were identified, cats 
(22% of households) being the most popular after dogs. 

The most common reason given for not owning a dog by 
dog-free households (OF) was due to 'working or being 
out all day' (26% households) followed by 'not enough 
time for a dog' (15%). 'Do not like dogs' was reponed less 
commonly (10%) . Sixty-two percent of interviewees who 
did not own a dog had owned one in the past (induding 
as a child) . In such cases, the last dog had been owned a 
median of 10 years previously (interquanile range 5- 24 
years) with a maximum of 80 years previously. House
holds owning a dog reported 'companionship' (68%) and 
'always had a dog' (42%) as their most common reasons 
for owning a dog. 

When asked how often they came into physical contact 
with dogs (other than their own) DO reponed increased 
contact compared to OF (P < 0.001) : 'Everyday' (DO vs. 
OF; 49% vs. 14%) was dearly the most common answer 
from dog owners, whereas 'several times a week' (23% vs. 
21%), 'oncea week' (12%vs. 20%), or 'very rarely' (8% vs. 
23%) were more common responses for tho e not owning 
a dog themselves (Figure 1). Interviewees were asked to 
suggest circumstances in which they come into contact 
with dogs other than their own; the most common 
answers were 'friends' (32%), 'walking' (31 %) and 'fam
ily' (29%) . DO respondents reponed increased contact 
whilst walking (OR = 7.4, 95%CI 5.4-1 0.0) compared to 
OF respondents. Other effects of dog ownership induded 
decreased contact with dogs through neighbours and 
increased contact through employment (OR = 0.6, 95%CI 
0.4- 1.00 and OR = 1.8, 95%CI 1.1- 2.9 respectively) . 

Un lvariable analysis 
Univariable analysis of DO versus OF (Table 1) identified 
presence of birds, fish and horse as significantly positively 
associated with DO status (P < 0.05). There was no evi
dence of an as ociation between cat ownership and own
ing a dog. 
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o Every day 

oS everal times a vveek 

o Once a week 

D Once a month 
IjJ V ery rare Iy 

• Never 

Reported contact with dogs (other than own dog) for Dog-owning (DO) and Dog-free (OF) households. The 
numbers indicate the number of respondents in each category. DO households were significantly more likely to have more fre
quent contact with dogs, compared to OF households (P < 0.00 I) . 

There was no evidence for a significant effect of either 
house type (flat, terrace, semi-detached and detached) or 
street type (cul-de-sac, through road) on household own
ership of dogs (P = 0.6 and P = 0.9 respectively) in this 
area. There was an insufficient number of households 
with no garden or only a yard to compare with those with 
a garden for analysis of this factor. There was no evidence 
for a significant difference between DO and OF with 
respect to the amount that the garden was used for recrea
tional purposes (such as eating. gardening. children play
ing) (P = 0.98). The most common response was 'often' 
(74%), possibly due to the study being conducted during 
summer months. 

Two person households were most common in this pop
ulation (37%). DO households were associated with a 
greater numbers of persons living in them (Table 1) . The 
median number of persons per household was two for OF 
and three for ~O, both with interquartile ranges 2-4. 
Mixed adult gender households were more likely to own 
a dog than single g nder hous hold . However this varia
ble was associated with the number of people in the 

household (P < 0.001), with larger households more 
likely to have mixed genders and 1-2 person households 
more likely to be adult male or adult female only. Conse
quently, this variable was not used in multivariable anal
ysis and presence/absence of an adult female and 
presence/absence of an adult male was preferred as an 
indicator of gender structure of the household. When con
sidering presence of adults in the household, presence of 
an adult female was significantly associated with dog 
ownership. 

DO and OF households were compared for presence and 
absence of particular age categories (Table 1). Presence of 
the age groups 6- 19 yrs, 20-29 yrs and 30-59 yrs 
increased the odds of owning a dog. Households where a 
person of 60 yrs or older was present were less likely to 

own a dog. Certain occupations also influenced dog own
ership (Table 1) . The presence of Associate Professionals. 
Skilled Trades and Personal Service occupations were each 
positively associated with dog owner hip . Pre ence of 
un mployed, permanently sick/disabled persons or full
time students (including children of school age) in the 
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Table I: Univariable analysis oHactors associated with dog ownership in a community in Cheshire, UK. 

Variable DO 

Birds 
No 246 
Yes 16 

Fish 
No 220 
Yes 42 

Horse 
No 253 
Yes 9 

N° Persons 
I 39 
2 85 
3 50 
4 56 
5+ 31 

Presence of 6-19 yr olds 
No 164 
Yes 96 

Presence of 20 to 29 yr olds 
No 202 
Yes 58 

Presence of lO to 59 yr olds 
No 61 
Yes 199 

Presence of 60 yrs or above 
No 184 
Yes 76 

Presence of Associate professional and technical 
No 211 
Yes 49 

Presence of Skilled trades 
No 200 
Yes 60 

Presence of Personal service 
No 228 
Yes 32 

Presence of Unemployed 
No 252 
Yes 8 

Presence of Retired 
No 193 
Yes 67 

Presence of Full-time student 
No i63 
Yes 97 

Presence of adult female 
No 12 
Yes 245 

Adult gender household 
All male 12 
All female 40 
Mixed male/female 205 

• Fisher's exact test P-Value instead of Pearson Chi-Square 
Significant findings on univariable analysis only reported. 

OF OR 

788 I 
24 2.1 

725 
87 1.6 

807 I 
5 5.7 

177 I 
303 1.3 
119 1.9 
160 1.6 
41 3.4 

591 
209 1.7 

670 
130 1.5 

286 
514 1.8 

501 
299 0.7 

691 I 
109 1.5 

688 
112 1.8 

755 I 
45 2.4 

795 I 
5 5.1 

511 I 
289 0.6 

570 I 
230 1.5 

84 I 
700 2.5 

84 I 
144 1.9 
554 2.6 

95%CI P-value 

0.02 

1.1 ...... 1 
0.02 

1.1- 2.4 
0.002· 

1.9-17.3 
<0.001 

0.8--1.9 
1.2- 3.1 
1.0-2.5 
1.9-6.1 

0.001 

1.2- 2.2 
O.Ol 

1.1- 2.1 
<0.001 

1.3- 2.5 
0.02 

0.S-O.9 
0.04 

1.0-2.1 
0.001 

1.3-2.6 
<0.001 

1.5-3.8 
0.004· 

1.6-15.6 
0.002 

0.S-O.8 
0.01 

1.1- 2.0 
0.004 

1.3 ...... 6 
0.01 

1.00-3.9 
1.4--'4.8 
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household also increased the odds of dog ownership. 
Households with a retired person were less likely to own 
a dog. 

Univariable analysis was also conducted on the dog own
ing households to compare single dog households with 
multiple dog households. Significant findings that 
increased the odds of being a multi-dog household com
pared to single induded presence of a cat or bird (OR = 

2.3, 95%CI 1.12-4.5 and OR = 4.8, 95%CI 1.7-13.5 
respectively), or presence of at least one 20-29 yr old per
son (OR = 2.07, 95%CI 1.1-3.9). 

Hierarchical cluster analysis of age and occupation 
The external validity of groups identified by duster analy
sis can be assessed by comparing the results of the duster 
analysis with an external criterion [28]. The age groups 
and occupation groups identified using hierarchical dus
ter analysis (described in Methods and summarised in 
Table 2) were both significantly associated with dog own
ership in univariable analysis (P = 0.001). These house
hold age and occupation cluster groups were used in the 
multivariable modelling of dog ownership instead of 
individual variables for each age and occupation. 

Multivarlable analysis 
The final model is presented in Table 3. None of the cor
relations between variables used in the final model were 
high (all <0.4) . In the final model, ownership ofa horse, 
age distribution groups, number of persons in the house
hold, and presence of adult females were associated with 
the presence of one or more dogs in the household. The 
model appeared to fit the data well (Hosmer-Lemeshow 
statistic = 0.9). There were no significant two-way interac
tions between variables in the final model. Thirty-one 
(3%) households were not induded in the final model 
due to missing data. 

Discussion 
This study on dog ownership and contact with dogs 
focused on a small geographic area and so care is required 
when general ising the results to other parts of the UK or 
other countries. However, the percentage of the popula
tion owning a pet was almost identical to the 53% 
reported previously for the UK in 2004 [IS] , supporting 
the suggestion that results gained from this study may be 
indicative of similar populations. Dog ownership was 
slightly higher (24% compared to 21 %), and cat owner
ship lower (21% compared to 25%) in the current study 
compared to previous estimates, which may have been 
due to the semi-rural location being suitable for dog own
ership. In a previous American study (21), the mean 
number of dogs own d by dog owning households was 
1.5 compared to 1.3 found here, possibly reflecting the 
general increased level of dog ownership in America com-
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pared to the UK (38% households versus 21-24%) and 
the decreasing trends for dog ownership in recent years in 
the UK (15] . Comparing to Australia, a study of a ran
domly selected group of dog owners in Perth estimated 
l.2 dogs per household, similar to our findings, but again 
a higher percentage of all households approached were 
identified as owning a pet (56%) or a dog (31%) [29] . 

This study attempted to survey all households in a defined 
geographic area. In contrast, the sampling methods used 
in other studies, such as recruiting from veterinary, 
insured, internet-using, telephone-owning or dog-Iover/ 
dog-hater populations, may have introduced bias not 
apparent in our study method. Previous information 
introducing the study (leaflets), combined with the local 
knowledge of and community links with the local veteri
nary teaching hospital, may have contributed to the very 
good response rate for the interviews. 

Univariable analysis identified a number of variables 
potentially associated with dog ownership including: 
ownership of other animals (fish, birds, horse); the pres
ence of older children (school age); an increased number 
of persons in the household; Associate professional, 
Skilled trades and Personal service occupations, Unem
ployed, Permanently sick/disabled, Full-time students; 
and adult females . In contrast, over 60s or retired persons 
had lower odds of owning a dog. This may be because of 
reduced mobility or not replacing a deceased pet because 
of a new pet's perceived longevity. On further (multivari
able) analysis, ownership of a horse, age distribution and 
number of persons in the household and presence of 
adult females were found to be the most important fac
tors. Ownership of fish and birds did not remain in the 
final model, whereas ownership of a horse was concluded 
to be associated. Possibly the commiunent in regards to 
time, care and expenses given by horse owners to their 
horse(s) complement the required lifestyle when owning 
a dog. This finding has not been reported previously but 
may be due to the semi-rural nature of the study area. 

This study supports the suggestion that pets, in this case 
dogs, are more common in families who have children 
[16-26] . However this effect may be modified by the age 
of the children. I n our multivariable model, families with 
young children (in this case five years and under) were 
less likely to own dogs, and similar findings have been 
reported by others \18,22] . In contrast, Teclaw et al. [20] 
conduded (on the basis ofunivariable analysis only) that 
there was no significant effect of young children in the 
household on pet ownership. Amongst young children, 
dog ownership is a risk factor for zoonotic disease, for 
example campylobacteriosis [3D] , however reduced dog 
ownership by families with young children may Ie sen 
this effect. 
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Table 2: Description of groups from hierarchical cluster analysis of age and occupations. 

Household age categories (Xl P = 0.00 I) 

I (Over 60s) 
2 (Families) 

3 (Families) 
4 (Singles/couples adults) 
5 (Young families) 

6 (Older families) 

Description of households 

Persons over 60 yrs present in all households. size mainly 1-2 persons. 
Very few households with under 5 yrs present, some with 6-19 yrs. many with 20--29 yrs, 
many with 30--59 yrs, size 1- 5 persons. 
6-19 yrs present in all. 30--59 yrs in all. size 2- 5 persons. 
30--59 yrs present in all households, size 1--4 persons (mostly 1- 2) . 
Under 5 yrs present in all households, many 6-19 yrs, few 20--29 yrs, many 30--59 yrs. 
very few 60+yrs, size mainly 3-5 persons. 
Very few households with 6-19 yrs present, few 20--29 yrs. many 30--59 yrs, all 
households 60+yrs present, size mainly 2--4 persons. 

Household occupation categories ( Xl P < 0.00 I) Description of households 

I Sales Sales occupation present in all households. other occupations mainly professionals, 
associate professionals, admin. process/plant, retired persons. 

2 Skilled trade Skilled trade occupation present In all households, other occupations mainly managers. 
professionals. sales persons. 

3 Administrative and secretarial Admin occupation present in all households, other occupations mainly managers. associate 
professionals. skilled, retired persons. 

4 Retired Retired occupation present in all households, no other occupations present 
5 Personal service 

6 Associate professionals 

Personal service occupation present in all households. other occupations mainly managers, 
associate professionals. admin. skilled trades, sales, process/plant and retired persons. 
Associate professional occupation present in all households. other occupations mainly 
managers, professionals. skilled trade persons. 

7 Process/plant and elementary. Process plant and elementary occupation present, other occupations mainly associate 
professionals. admin, skilled trade persons. 

8 Professional Professional occupation present in all households. also other occupations mainly admin 
and retired persons. 

9 Managers and senior officials Manager occupation present in all households. other occupations mainly professional 
persons. 

Key to occupations: Manager and senior officials (managers). Professional occupations (professionals). Associate professional and technical 
occupations (associate professionals). Administrative and secretarial occupations (Admin). Skilled trades occupations (skilled), Personal service 
occupations (personal service). Sales and customer service occupations (sales), Process, plant and machine operatives (process/plant), Elementary 
occupations (elementary). 

Several theories have been proposed to account for poten
tial interactions between pet ownership and the presence 
of children in a household [5,18,31]. Our finding that 
dogs are often owned by households with older children 
could be explained if children in the older age groups had 
encouraged their parents to acquire a dog, and/or the par
ents felt that that ownership would benefit the children 
fI8] . Alternatively, some parents may have acquired dogs 
as surrogate dependents [5] as their children grew up and 
became less receptive to physical contact and being fussed 
over. 

In our study there was no significant effect of housing 
type, whereas previous work has suggested that pet own
ers are more likely to live in single-family dwellings and 
larger houses 116,17] . Such differences between studies 
may reflect real differences in the study population, or 
may be due to the fact that we were considering only dog 
ownership compared to general pet ownership, and/or 

insufficient power to detect a difference in a small and rel
atively homogeneous study area. 

Variations in pet ownership with annual household 
income level (16-18], [20-23] are possibly comparable to 
the variations in occupations found on univariable analy
sis in this study. Dog ownership was associated with 
higher household incomes in some American studies 
[16,17,20,21,23]. However, the occupations indicated by 
our findings as being associated with dog owner hip 
(Associate professional and technical, Skilled trade and 
Personal service) are not ones that would necessarily be 
expected to receive high incomes (for example Managers 
and senior officials) . The role of occupation or income in 
dog ownership is likely to be intertwined with other fac
tors and may be not as imponam as seems; this is sup
poned by the fact that it was not significant in our final 
multivariable model. Similarly in another American 
study, stratification by household characteristics and life 
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Table 3: Multivarlable logistic regression model offactors associated with dog ownership in a community in Cheshire (n = 1044). 

Variable Coef SE 

Horse 
No 0 
Yes 1.6 0.6 

Number of persons 
I 0 
2 -0.1 0.3 
3 0.3 0.4 
4 0.1 0.4 
5+ 10.9 0.4 

Age group (from 
cluster analysis) 

5 Young families 0 
lOver 60's 0.4 0.4 
2 Families 0.8 0.3 
3 Families 0.8 0.3 
4 Singles/couples 0.8 0.4 
adults 
6 Older families 0.9 0.4 

Presence of adult 
female 

No 0 
Yes 0.8 0.4 

groups (similar to our age cluster groupings) appeared to 
account for the effects of education and household 
income on dog ownership [22]. A study in Ontario also 
concluded that socioeconomic status was not uncondi
tionally associated with pet ownership after multivariable 
analysis [18] . 

The finding of presence of an adult female in the house
hold associated with dog ownership may be due to differ
ing attitudes to pets between the sexes. Tower and Nakata 
(2006) investigated the relationships between depression 
and pet (dogs and cats) ownership in the USA using an 
internet survey [26]. They found that for men: being mar
ried, living with children, being Midwestern and non
urban increased odds of living with a pet, and for women: 
being white, having a high income, living with children 
and living in a rural setting increased odds of pet owner
ship. They concluded that unmarried women living with 
a pet had the lowest depressive symptoms and unmarried 
men living with a pet the highest, leading them to suggest 
that single men may be burdened by pet ownership, 
whereas single women may benefit from pet companion
ship, but when married the pet may bring additional 
suess to the woman already possibly nurturing a family 
[26] . Our study supports the suggestion that there are 
underlying differences between the sexes with regard to 
pet ownership. 

The most common reasons for dog ownership in this 
study (mainly "companionship") support previous 
research [4,9,18.31]. The elderly are a group that may be 

OR 95%CI P-value 

0.005 
I 

5.1 1.7-15.5 
0.06 

I 
0.9 0.5-1.5 
1.3 0.6-2.8 
1.1 0.5-2.4 
2.4 1.0-5.7 

0.04 

I 
1.5 0.7-3.5 
2.3 1.2-4.3 
2.2 1.2-4.0 
2.3 1.0-5.2 

2.5 1.1-5.5 
0.03 

I 
2.2 1.1-4.6 

most isolated and would benefit from this companion
ship, as well as having something to care for and exercise 
[41, and yet they are less likely to own dogs compared to 
those people living in large families. with the most com
panionship already. 

In our study, the reasons given for non-ownership were 
similar to previous findings [18} in that 'not enough lime' 
scored highly and 'health reasons' or 'don't like dogs ' 
scored lower, but the most common reason given in our 
study was 'working or being out all day' rather than 'prob
lem when I go away' or 'housing limitations' as reported 
previously (18,32). This could be due to the nature of our 
study area, or the use of boarding kennels possibly being 
a more commonplace occurrence in recent years. It must 
be noted that the categories given in this study were 
slightly different than those in previous studies. The data 
suggests that some of those without dogs had made a con
scious decision not to own a dog (e.g. they are out all day) 
even though they may like to. Sixty-two percent had 
owned dogs in the past or lived with them at some point 
in their lifetime. reflecting the fact that the dog-owning 
population is dynamic rather than fixed . Therefore, as a 
person's circumstances may change, so may their risk of 
zoonotic disease through dog ownership. 

No overall Significant effect on dog ownership of cat own
ership was identified. However, further analysis suggested 
that this relationship is more complex than first appears, 
as multi-dog households were significantly more likely to 
own a cat or bird than single dog households. It may be 
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that some households generally have more pets, including 
multiple dogs, cats and birds. Interestingly multi-dog 
households were also more likely to contain 20-29 yr 
olds, possibly because young adults have the time and 
energy to own multiple dogs. 

Clearly in this study, dog owners not only have extensive 
contact with their own dog, but also have increased con
tact with other dogs compared to those without dogs. 
There is a possibility that DO respondents had a greater 
awareness of dogs in general and this led to recall bias. 
The increased contact seems to be mainly through walk
ing. It could not be determined if dog owners actually 
walk more or are more likely to offer walking as a reason 
for contacting dogs. People who own dogs may also be 
more likely to walk in areas frequented by other dogs, as 
these areas provide for socialisation of both dogs and 
owners, and may provide off-lead play areas which are 
free from hazards. Some dog owners stated employment 
as a reason for contacting dogs although only a small 
number actually worked in dog-related professions. The 
decreased likelihood for dog owners to report contact 
with a neighbour's dog may be due to recall bias. A dog 
owner questioned about contact may immediately iden
tify 'walking' as a reason, whereas for non-dog owners, a 
neighbour's dog may be more likely to be recalled (espe
cially if not liked). 

The results of this study may be of use in behavioural 
research, for provision of veterinary and other services and 
to inform strategies for quantifying health benefits and 
risks associated with dog ownership. Detailed studies on 
the type of dog-human and dog-dog interactions that 
occur in the pet dog population are now needed. 

Conclusion 
Some households are more likely to own a dog than oth
ers and this is associated with a number offactors, includ
ing number of people, ages of those people, an adu lt 
female in the household and ownership of a horse. Other 
pets, such as cats or birds, appear to be associated with 
multiple dog households. Dog owners also have increased 
contact with dogs in general (other than their own) com
pared with those not owning a dog, and this contact 
seems to be mainly through walking. 

Methods 
A community of 1278 houses in Cheshire, UK, was iden
tified as the study area. This area is on the edge of a town 
and was selected because it: is reasonably well defined by 
natural boundaries; has a mixture of medium and low
density housing; has public amenities including parks; 
and is near to spons fields, a wildlife reserve and agricul
turalland. Data were gathered u ing a questionnaire con
taining multiple choice and open-ended questions, 
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administered during face-to-face doorstep interviews. The 
questionnaire had been thoroughly pre-tested, revised 
and piloted on approximately 100 households in a nearby 
area. It was designed using a high-accuracy, high-through
put automated content capture system, TELEform v9 .1 
(Verity Software, 2005), aiding design in a professional 
format and facilitating rapid and accurate data entry. 

Each household was identified by address and visited up 
to five times over a five week period (July-August 2005) . 
The time of visiting each house varied between 2 pm-8 pm 
weekdays and 10 am-s pm Saturdays in an attempt to 
increase the possibility of interview, as identified in a pilot 
study. A week prior to commencement of the interviews 
all households were sent a leaflet to inform them of the 
study. Persons willing and over 16 yrs of age were inter
viewed on the door-step by trained interviewers following 
specified procedures to minimise interviewer bias. They 
were asked about their pets, possible reasons for not own
ing a dog, contact with dogs and household demograph
ics. This included for each individual household member: 
gender, age category and job description or other reasons 
for not being in employment. Job descriptions were later 
categorised if possible into general types based on Stand
ard Occupational Classification 2000 [33]. Interviewees 
could terminate the interview at any time or not disclose 
certain information if they wished and they were assured 
that the information would remain confidential . The 
interview took approximately two minutes. 

Data were managed in a Microsoft Access Database and 
analysed using Microsoft Excel (Microsoft Corporation, 
2003) Minitab (Minitab release 14.2, Minitab Inc, 2005) 
and SPSS (SPSS 13.0 for Windows, SPSS Inc, 2004) . Dog
owning (DO) and dog-free (OF) household responses to 
each question were initially compared using chi-squared 
analysis, Fisher's exact test and univariable logistic regres
sion. Similar methods were used to compare single with 
multiple dog households. When considering data col
lected at the level of the individual household member, 
the analysis was done at the household level considering 
presence or absence of each category. 

Development of a multivariable model of dog ownership 
was complex due to correlation between many of the 
demographic variables measured at the level of the house
hold member (age and occupation), rather than the 
household level (at which the outcome was measured) . 
Because of this, hierarchical cluster analysis was used to 
classify households into categories by age distribution and 
separately into occupation categories (excluding full-time 
students, unemployed, looking after home/ family, or per
manently sick/disabled), using the Ward method for dis
tance measurement and based on presence or absence of 
appropriate categories. This was an iterative process until 
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satisfactory division of dusters was reached that approxi
mated some real-life meaning. The age (n = 6) and occu
pation (n = 9) distribution duster groupings were used to 
build a multivariable model of dog ownership by back
ward elimination. Variables and interaction terms 
remained in the model if they were significant in the 
model (P < 0.05) or if removal resulted in substantial 
change to the effect of other variables (10% or greater) . 
The fit of the model was assessed using the Hosmer-Leme
show statistic. 
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C. WESTGARTH, G. L. PINCHBfCK, J. W. S. BRADSHAW, S. DAWSON, R. M. GASKELL, 

R. M. CHRISTLEY 

This study investigated the nature and frequency of the contacts that occur between do s, and between dogs 
and people, by means of a questionnaire survey of 260 dog-owning households in a community in Ches ire, 
UK. The contacts were highly variable and were affected by the size, sex and age of the dog.. individual 
dog behaviours, human behaviours and human preferences in the management of the dog. A number of 
situations were identified that may be important in relation to zoonoses, including sleeping areas, playing 
behaviours, greeting behaviours, food sources, walking.. disposal of faeces, veteri~ary preventive treatment 
and general hygiene. 

TI !ERE are approximately 6·5 milhon dogs owned n th~ t'f 
(Pet Food Manufacturers Association f'fMAJ 20tH I, whid\ 
equate~ to approximately one dog tor t'yerr pine pe')pk and 
every foul households (0t1ice lor Nl!tlOn~il Statist ,,> 20(7), 
Dog'llwnershlp is ,\Sw(i:lted with many i>enefib tor people, 
including companionship and physiologICal and ps 'cho 
logical health (Katch~r 1981, Katcher and Fm:dmann 19112, 
Friedmann 1995, lleadt,v 2003, McNicholas Jnd Oth(,IS :00:;), 
but thnt' are also nq~Jtive aspelts. reet'nUI' hi ·blighted Iw 
Jack:,on (2005), including dog hite" puhltl l'UIS,lllct', .1Ilu t ISK~ 
to pllbh~ Iw,dth hom lllOn()~eS, At le:.!." ;( tll lO, l,e'l,eS ,,! 
companion animal> ;tre tnnsmi~~lhle tl' hlllll.lIl he.n~, (\";'eene 
and Levy 2006). lIlduding panbitlc, hallt'ri; ,fungal ll'J \ rat 
dIseases (Get fray and Pari, 2001); c~,lmple, 111 dC'g, III tr-e ,~ 
include C(/I/IP)I/o/>(lcta and S.llIll0l1t'1/.1 "pecle'. Ilwocar'l CIlllis 
(Tan 1997, C;reent' and leVY 2006) and meu,iIIin re'olstMn 
Sttlf'iL},/(!«()cCIIS tJl/rellS (MI\SA) (Cefai and other, 1<19·\, l;reene 
and Levy 20(6), In Australia, the owner~hip of pet puppit" 
ha.' heen H'pNted to he a ri,k (;"tor in lamp)i'lbaClcriosis III 
l',n1l1g children (Tenkatt: and Stafford 20(1), .md exp""ure 
to diarrhoeic ,llIimals has been assocIated With ,I thn:efold 
1I1crl'ase in thl' risk of C(lI1lI'Vlobortrt",It'flIIII/CIltIlP),/llbllctrr fI,l, 
elltenlls III humall helllgs (Saeed and others 1993), 

Little is known about the nature and frequency of Wllt,lCts 
betwCc'1l pet dogs and theil' owners ur other pctlple, but in 
order to a,scs'o the risk of disease tramnUSSII)J1 Imm pets it 
I~ IInport<llll tl'dt such factor; arl evaluJted (\V,d,lI'd and 
others 2005). The Ilature of the pathogen and It~ PlOde 01 

transmis\iol' is also Important. Pe"pk may bc' expo~ed I,) 
lOOno~('s either by d,r,'c! contact. through bhlllg, lickJ1\g. 
~aat(hll\g. mine spray, ~neezll1g <H (nuglung, or h'lndhng 
the dog or it, t;l~lt:S or rcpn)tiu(tlVl' discharges. or by IIIdl
rcd (011 tad lhrough cont.lJl\lIHted beddlllg. food, watl.'r, or 
bile, from an arthropod vector (Robinson ,md Pugh 2002) 
Atlivitic<, involvlI1g dnse (on tact hl'tween dogs ,!lut p('opk 
include sleeping. pbying, ealing, greetll1g. the di'p,)s.11 of f'le 
(es, and genual physical contact through t{IKl.'l1S of ailcdlon 
such as (uddling lind str'lkmg. 

SlIlIilarly. httll' IS known ~bout the (on tact, betwcc'n dogs 
thilt could transmit an intection through a l'opulauo'l, flu 
example, during interactIOns between dogs whilc they are out 
walking or through illdin:ct contact during the in\'csttg,ll1on 
of othn dog,' eXCrC1.1. Bmdshdw <lnd lea (1 -192) (haral.tcri~ed 
the 'l'quCn(e~ III bd\.lvlOur Ih,lt occur dunng inlc'r.lctlllJl) 
between dogs in popular walking area,. but did not Illea,ure 
the frl'qul'nc), of thc interactions, an important factor atTect 
ing tht' I isk 0(' tnnslllilling:t pathogcJ\. Upportunille, for the 
II.ln~mi~.'ion of p.Jthogem hetwt't:n dogs will Pt' afft'ct~d hy 
hunwn prt'/i-rences. slIch as the flt'LjUt'I1C}' of walks and the: 

t!lues the dog i, .Illowed olf the lend, in addllll)n tn tilt' tVT'~~ 
of hehavlour of individual dogs, 

A C<'lIlbmation of human 'Illd dog hehavlOllCs dt'term.nes 
where a dog gut's and wfJat it doe5, StudYH1~ mter "dlelll.' h 

!lot onlrofzoonnllllmp<)flance. hm ofhehaviouraI. weltue, 
pSYlhologkal and sociallllterest. The aim ot this stlldv \'Va, 
w .nvesti~ate and qllantifv the direct and indirect contacts 
hetween Jo~s, .Ind bt l\,'een dop and people in households 
.n ,\C,)mmul1it, in Cheshut'. Tht' coma(b th"t wn<' ,omid 
t'red hkdy to be associated With d 11'\< of the tranSITlISSIOn of 
»'llho~t'n' 01 Z''''l1()lI~ 1I'1pOI\<1I1Ce welT a partl(ulal t(I~'" 
oi the stu,l) 

MATERIA!) AND METHO\)~ 

In a JO<lI,tep survel' c)f 1278 hnuM'hold, 111 it lommur.ltv 
in Cheshllt:: ('Nt'stg.Hth Jnd ()ther~ 2007), the (lwnt'I' of >'11 
dog~ wele ickntified Jnd r<,c!lllted into the study The ale· 
and its surroundings II1cllldl! medium- Jnd low-d,'nsitv hOt" 
ing. publK al1lel1l\1c'~ such .LS poIrb. sports tidds alHt a wlldhfe 
n:serve, and agnut!turalland. Basic demographIC Informa 
th)n was (,llkcted for .:ach dog when It WJ~ recrlllted The 
260 dog oWning hnuschokb were asked tc) compktc' ,I que~
ti<mnalre. Cl)Jlt,lInillg lI1ultiple-.:i1Oic.: and open-endcd que,
tlllm, which h'ld been pre-tested. reVised and then piloted 
on 12 d,.lg·owning hOllsehold~ 111 a nearhy area, rh~ ques
ticlnnalre \V,IS d(,~lgncd WollJg an automated (ontent-c, pture 
s},tcm (It ~"art/l verSi~\Il 9.1: Venty Sottware) and l~ avad
abk tn)m the authors all request The qlle~lions wert' dwsen 
~pe(ifjcally to Il1w~tlgate hehav"HlrS WIth the potential t(' 
tlansmit zoonotic pathogen" and covered a wide variety of 
t.)pic~: where tht' dog sleeps and IS allowed .l~cess, the gamCl> 
it plays, Its health, diet. walk fn:quency, and behav.our when 
greetmg pc'opl.: ,111d other dogs, rhc' questlOl1nain:s wae 
returned bdween July and October 2005, HOllsehold~ that 
had nnt returned their questionnaire after tWI) weeks were 
,':l1t J reminder postcard. and It they had still not returned It 
aftcralwther fl)llr to SLX \\Iccks they were ,ent al1l1th('r cop)' of 
the qucstionnalr<'. [l1ccntive~ to participate mcluded money 
oft \'()Uchers for dog lilod and a local hoardlllg kcnneb, wluch 
were pTLWlded :Ifter the questionnaire had h.en returned, 

The data wcrl·man.lged Il\ a MICrosoft A(cess dataha~e and 
analy\ed uSll1g lI.l1111t,\h release 14,1. SP~S lJ.O for Window~, 
and Microsoft F \eel. Chi-sqll.tr.:d te,ts weI'': used tll l!wcstigate 
assl)ClJtiolls hctwe:en .\I\swers tl) questions with factor, such 
as th~ ~ex and ~i7t· of the dog. The frequency of many of the 
variables wa~ estlmateJ a~ either 'nevel~ 'r:udi, 'solTIt'til11t:,' or 
'often: Thl' ordinal outW1l1t' ",as 3sses~t.'d u~ing ordinallogl'-

The Veterinary Record, Apnl 5, 2008 

\dcr,n. ,-1.' J\t:C( ra '_0( 8, 

t62. n" 44' 

C. Weslgarth. tiS<, 

G. L Pinchbeck. 1\< 

( <rtl ,P~L> t>trHl ~ i 
\1Rl \~. 

S, Dawson. 11\0 M ,I' L' 

"'I{l \0<;. 
R. M. Chrhtley, 

11\ , t>lr\<" ImSlud, 
M vet\.. nSlud, l'~ " 

Pi. I:: Vc PH MR('\ • 

Departmrr. ofVelertlkU\' 
elin ,~ . (1ence. 

R, M. Gaskell. 8" • I'h1> 
\iKe\S, 

Del arIOler.! elf 'velennary 
Pathology. e~lI\·<fS. v 
of !..Jverpool,lc:u1umt, 
l'<estc n, ( heshue 

lHMr.!: 
J. W. S. Bradshaw. t'A, 
1'''1> 
Anlhrozoologv Instltule. 
Derartment of 1'!in'caI 
Vctt!!' nary ~Ience. 

U Iversltv of Bmto 
l ... 'lgford Ho '<;e, 

langford North, ome=t 
IIS10 ~lJl' 



TABLE 1: Significant associations between the frequency of contact behaviours and the size 
of the dog reported for 279 dogs in Cheshire 

Frequency (number [%D 
Covariate Size of dog Never Rarely Sometimes Often p 

Lies on furniture Toy/small 17 (18) 10 (11) 29 (31) 37 (40) <0·001 
Medium 37 (39) 9 (10) 22 (23) 26 (28) 

large/giant 45 (58) 8 (10) 16 (21) 8 (10) 
Lies on person's lap Toy/small 9 (10) 13 (14) 26 (29) 43 (47) <0·001 

Medium 33 (36) 21 (23) 24 (26) 13 (14) 
large/giant 59 (72) 9 (11) 12 (15) 2 (2) 

Jumps up at household Toy/small 3 (3) 9 (10) 32 (34) 49 (53) <0·001 
members 

Medium 17 (18) 11 (12) 29 (32) 35 (38) 
large/ giant 22 (28) 19 (24) 23 (29) 14 (18) 

Jumps up at visitors Toy/small 7 (8) 11 (12) 33 (37) 39 (43) <0·001 
Medium 19 (21) 14 (15) 30 (33) 28 (31) 

large/giant 33 (41) 13 (16) 21 (26) 13 (16) 
Fetch games Toy/small 24 (24) 10 (10) 21 (21) 44 (44) 0·01" 

(missing data Medium 10 (11) 5 (5) 24 (25) 56 (59) 
assumed as 'never') large/giant 8 (10) 6 (7) 31 (37) 39 (46) 

Tug-ot-war games Toy/small 9 (10) 7 (8) 35 (40) 36 (41) 0·02 
Medium 16 (18) 18 (20) 24 (27) 31 (35) 

large/giant 21 (25) 10 (12) 28 (34) 24 (29) 
Frequency of walks Once per 1 to several 1 to 2 per 3+ per 

week per week day day 
Toy/small 5 (5) 27 (27) 55 (56) 12 (12) 0·04 
Medium 1 (1) 14 (15) 63 (66) 17 (18) 

large/giant 0(0) 14 (17) 54 (64) 16 (19) 

• P=O·08 if missing data removed rather than assumed to be 'never' 

tic regression analys is for the contin uous variable age, with the 
lowest category as 'never: The association between the ordinal 
v.1nM)I,·~ ik, I' t 1 \. (')' 'S 1 "\ c r~et P< ')pl,' W.I 

tested USI I~ .m: l,,1I1'm, std ~1I, ('il.:gal dnd Ca'tcllan IlJllfl) 
Questi,lf'~ ;hout tIl<' r~'pond~I'''' \ lews 0') th' P,)Sit")(lII'I' 
al,jt 'pt 1\, J ')' "L' I I's' rc Wt If~<:d II '11 

duce the subject of picking up faeces. In the households in 
,\, ,cl" c" r r '~" \,- I ~u II '1( iu 's tn ~ pl'r", I[ 
,",,'Oula nave oeel, iI'ol:(, ,l' < ",y.ew tne queSlJOIJlJalrl" .1110 me 
re'pom ~ to the questlons on pKking up filece~ were mmpared 
for male and female ,)wn.:rs b}· <hi squar<"CI t~~b. 

RESULTS 

01 the dog, JI1ltldlly re<rulted into the study, 78 per cent 
Wt'It' of ,I na mt'd breed. as oppo,ed to u()~~breeds or I1lL\etl 

hre.:d,. Glll1dogs were the most popular '" Kennel Club C,Il

egor\, /2'; per cent). iollowed hy mixed or crossbre~ds (21 
pern·nt) labr dors were the m(ht popular ~Jf tht' indi\"dllnl 
hreeds /1 C; per cent) followed bv Jack Rus,dl terriers (I) 
per lent I. ApproxlIndtcly equal numher, of the Jog, wert~ 
smal:. medium or large, with vel}' few tlly or gidnt hret:Js. 
Tht' mean (sd) .\ppro:-amate or known J!-(l' (317 dogs) was 
Ii·') (3·9) ye-.lrs, with a maximum of 19 }'~,lrS. There well' 173 
kmales nd I'; malt's. Fiftv-three per cent of llJales had bt:fll 
nelltered. d)mpared with 73 per (ent of iem.lles; the odds 01".1 

kmale bemg neutered wa 2·3 (95 pcr (mt contidence mter
vill [( • 1·4 to 3·7) til'1c' greater than fOI a male. Fifty-nine 
per cellt 01 tht' tI,)gs had been a..-quired hy the, urrent owner 
fmm tht' peT. on who bred the dog. 

Completed que llonna res were returned tor 279 (115 per 
renl) ul the 327 dogs re.:ruikd into the study Twelve per cent 
,,\ househl,ld with eitha one or two dogs did not respond, 
compared with 43 pa cent of three-dog households. 

Dog-human nd dog..cfog contacts 
:->c\'enty-nine per <ent of the dogs \\ere ft-d In the kitcht'll 
The most popular food was dr\' lompll.'tt' commercial dog 
food, though on!.' dog I'a fed r.lw me,H as part <If its main 
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dl,'t. hght}-thr~e 1" \.el I (' tP l< fo \, ~ I ~ <: t 1 r 
m~at. Commercial do!, tre'lt' were 'c ' Il'r II 1'1' 
dog~ ~1.H"1L't'nles or ~)t-t\"I' H 11 f)(. tltt- t, \,'1 J ~ 1 , 
dog.!'l 'S~)lnl>t nlC~ 0 ",t-tel t ,\,... t \. 111,d " nc.:'· t'1' • f' 

1 ht dog s h,m'. (69 per ,e 1': \\(",11,;.11 t on t 1< ,'.1 I 
n'nt) "r otf the tl( ,.\t. ( ~7 • t', ,t,t\ 'l''X p .. r ,er t <)1 'lJ ' ..... 
,""lIl1t'tilnf~ or·()tttn~t\ 11ldut~ ']tt'ld\\.· :H ] c: _t;~("r ('dl 

rolled in thl.'~l1, ,t'1d fl ')er It l' " r', n1<', tl l..r J J. I" tt ~ 
L " 's, f ~, I"~ t· ,I t <-I 

nary surgeon in the past year, 4 per cent because of vomiting 
) 'If lue " It oJ'-'t: t r 

V ... .:LuHtet. 111 the r.isr Vt ,I tIt" ne,,, '1lt'i't '1.1<1 r.t"< 1 o!.\·e'1 r 
tIlt' pa"t '.1' l't'e months to - \ Pt'l " It. mJ \\ r I r> .. ' Col' ~t' ,t 

t\) ,), r'e1 \. 1 Of tht' 1\ ~" 
The most common sleeping place for the dog was in the 

I'ltl hen ( ,2 per <I." ' \ 1\ ") 

on the hedroom flOtll ,ltWd),' 'I ,Vter> Ir,1 I I P"I elll on 
n human hed. Dllru'~ the day tPt'1 \ I'll! ,\".11\ ,tht r \<1 • 

.p<.. )UI.I ,lac" I, t l' I "" l 

th ere 'a lways' or 'oft en'. Onl y 4 per cent of the dogs slept 
out side 'a lways' or 'often', but 29 per cent spent time there 
JL. I ~ .I t d I, V I ~" dt 

,I' 'me )0 PCI l~nt vi t It tlng wcre 1 I '"e:.1 H \ "I t t n 
tile hou\t" but \\ ,pn tlw .i"l! Wd. nn I" ,'wn "I\d ,lIT 

1\<111 ,0 \1ert's,n, te I (.. t 2 trtLd 1 

allowed everywhere (20 per cent). Fifty-two per cent of the 
J( , ~ \\'t'·t _epl ( t... Cl,t n.l 

. pt'l"SOl1 SHIp ',omeJlmt·s 01 otten 'lm i ItT c.):-; WI: e "I~ 
l'ificantk .nort· 1 kch- t,) Ie 01 t.I nlture or on I .)t~S, " s br 

'\ ,It ) ;In. YOlJr!(l ')~S w~r .. I." more I keh .0 I ... 'n ,I 
person's lap (Table 2) . 

Wh en interac ting with household members, sniffing or 
rlll<.;l l1' wlt l, tnt (1St l 1 ~re 

~')ll1l'lOnl\' reportea II' o~cllr somCtiMcs vr o'tcr Ir. I 
Th~ llcutcr~d ("11'.1k., :cndcd :0 ,loow sl'lff.ng vr hldr, 

1 b hviolor Il'vre <.liteI', but the JlOl.p Sil S wue 1'1d'l 
(Table Smaller dog~ wert reported tl' ).JIT'P .1P IT'ore 
(It- b" :arg~r dogs (Tat Ie 1) ( n.il al 10SIsuc "C r' 'to \ 
l(\entihe<1 }umrmg up, hck1l1g la.e' d'1d h"klllg tl hand 
01 huw.eh,Jld member\ ~,~ I ·j.~ul1llv mort lOM I on I I 
}'ounger doS' (Tabl ... ~). 

The most common type of gan'~ p! lycd With tf t. do):, W 

t(l idd' a ball or other objett (,'" per C~l't 'sorltl.l'1CS' or 
·often'). l.a.rger dogs werl reported to pia} ieh.h 1'lore olten 
than smaller doS' (l'lble I) dlthou~h t'1(' dlli renL W s·
mfi(ant only If the r,:'pol'dents not reportll'g pla\ II'S kt..'1 
but report mg playing g,lmcs, .her than fetch were cdtegof'sed 
as 'never' for fetch. There I\','re sigmhl.ll't d!tterenc~<; II' the 
frequencv of fetch games y sex/neuter ,tdt!.' I Table lJ \"'t 
entirc fl'males reportl'dlv pla\ n~ more telLh r,aO"'cs. I.1g 0 

war W,IS l110re likely to be plared b} ~.: lller dog thaI' lar~er 
dllgS ('I abl~ 1) (lrd l'1al Iv81 tic regressIOn showed t'Jat tP 
1'011111,;':1' d()g> pl.\ycd all the gaMes more fr queJ'tlr IT able 2) 

The J1hlSt coml11on Irc:quenC) rcporhsd for adult VI Itor 
to the hOllse W.l& \c\'<.'ral times 11 week (42 per cent), whereas 
t~H chIldren it W,I, once ,1 wCl'k (20 per cent) or OIlCt every 
sel'l'r,llmonths (21 p.:r cent), b,I' .n per cent of the hot.. 
11Ilk.~ had adult vl,itor~ eVery da}' and 12 per <.ent hld child 
visitor, every day. TI'e 1110.t (Ommon behaViOur reported 
when greetlllg vislt,)r were ,mfl1ng or nudgmg WltP tPe no <, 
jumping up JI'd barking (Fig I) n1' lIer dogs were reported 
to jump lip at visitors mOle otten than larger dog (Tdble I), 
and there was 'Oint' t'vlden,e that enllre dogs , ... mped up 
mOIl' often than neutered dog ,Table 3 l. The <ige <>1 the 
dog was also siglllfi<..antly II SO(' tt'd With whether thev were 
Il'ported to Jump up at visitor, or hck visItor' faces Table 
2). with younger dogs more likdy to e.:tuba the e beh, VI Uf'). 

Ten per (ent of the dogs w<'re reported to gro\'o1 omeumt:' 
or '"ftt'll' .It visit<'Cs. ,ompnred \\1th 6 per cent that growled 
,It h()u~eh<lld ml'n'bas, 



TABLE 2: Significant associations between the frequency of contact behaviours and the age of the dog (identified by using ordinal 
logistic regression) reported for 279 dogs in Cheshire 

Frequency (mean [sd] approximate age [years)) 
Covariate Never Rarely Sometimes Often OR (95% 0)' P 

Lies on person's lap 7·6 (4·1) 7-3 (3-6) 6·1 (3·6) 5·4 (3-6) 1·1 (1·1-1·2) <0·001 
Jumps up at household members 8·2 (3·3) 8·2 (3·4) 6·3 (4·1) 5·4 (3-8) 1·2 (1·1-1·2) <0·001 
Jumps up at visitors 6·7 (3-5) 8·6 (3·6) 6·2 (3'7) 4·4 (3-3) 1·3 (1·2-1-3) <0·001 
Licks faces of household members 8'() (3-8) 6·4 (4·0) 6·4 (3-6) 4·5 (3-6) 1·2 (1·1-1·2) <0·001 
Licks faces of visitors 7·6 (3-8) 5·2 (3·8) 6·7 (3-9) 2·0 (2·0) 1·2 (1·1-1·3) <0·001 
Licks hands of household members 7·2 (3·4) 7·1 (4·2) 6·7 (4·0) 5·5 (4·1) 1·1 (1·0-1·1) 0·01 
Fetch games 8·8 (3-6) 8·4 (3-9) 7-3 (3-8) 5·6 (3·7) 1·2 (1+1·3) <0·001 
Tug-of-war games 7·6 (3-8) 7·8 (3·4) 7·0 (4·1) 5·1 (3·5) 1·1 (1·1-1'2) <0·001 
Rough-and-tumble games 7·5 (4·0) 8·1 (3·8) 6·3 (3-5) 5·1 (4·0) 1·1 (1·1-1·2) <0·001 
Chase games 6·1 (3·7) 7·5 (4·3) 5·7 (3·5) 5·3 (3·8) 1·2 (1·1-1'2) <0·001 
Playful with other dogs 8·7 (3-9) 6·0 (3·5) 6·5 (3·8) 5·6 (3·6) 1·1 (1.1-1.2) 0·001 
Ignores other dogs 6·0 (4·5) 6·6 (3·8) 6·9 (3-4) 7·9 (4·0) 0·9 (0·9-1·0) 0·03 
length of walk (minutes) 0-15 16-30 31-60 >60 

8·6(4·1) 7·0 (4·2) 6·2 (3·7) 6·5 (3·1) 1·1 (1·0-1·1) 0·04 

• Odds ratios (ORS) are derived from ordinal logistic regression with 'never' as the lowest category; OR<l indicates that as age increases the 
probability of being in the higher categories increases; OR> 1 indicates that age increases the probabilitY of'being in the lower categories 
increases 
CI Confidence interval 

Dogs may make contact with other dogs and people 
when they are taken out of Ihe house, on a walk or to other 
places. The most common situation reported was being 
taken to friends' or relatives' houses (23 per cent 'once a 
week or more' and 6 per cent 'every day') . inety- three per 
cent of the dogs never visited training classes, 67 per cent 
nt'V"1 vi, ted hoan.lmg I 'r n, 5 ar l. - .,~ ,11 lln~ ,.S 

)ted gWOl1ung parlour,. Thnty-,c\'{'lJ t''' ""nl 01 Ihe ",,'Pl'(, 
had taken tht'lr dol.! ,)11 holiti;lv with them in th~ 1 ~ il' thl' 
Mst Vlal hut 011 \ , ll{ 0\" 1< '1. ,~ c·, It t: 

in Europe. Most of the dogs were estimated by their owner 
to meet 'Ind ll1krdll with nee h f,y l 11 

slUt: the homehold (tlg -"I, ,mil thfY mtl ~l~ntltlll1tlr more 
pt'onle ,It we .. kt'nJ, tll'''1 'HI w"ekdav, I P- I.no 1. Thl' trend 
w,t~ l,S(1 ooselvl'll whtr t'st rna 1111-: tf 11 tJ I I ,)( n 
dogs mct and intcracted with per day, with one to two being 
most common for weekdays and three to live at weekend's 
(p ·O·}1)(Fl~2).St'\'m.vsIXpe(( It, tilt I;)" '0 .,'(, 

\ometillln' mtera,teu physicaJly wlm pellple, ,lnd If:> per 
lCllllllteracteJ with other dOl-:s ollt,id" the horne, and Illere 
W<lS cvid"lllt' of'!\regarious dogs' that tt"l· c, to r at WII '1 
both dogs and people (Gamma statistic va.luc 0·39, P<O·OOJ). 
Com non behavIOur repo tel. .. s I) ·CU 1 ")1 It: I t. 

\)lten' when inter,ICling wtlh another dog in':lude<l hemg 
playlul (~9 pel It'llt), sn.ft1ng (81 per lcnt), ignoring \ 42 per 
,ent) and ngglt'\>llll1 (24 per tent). There wert' ~igmficant 
Jdfelt'l1ct'S b('t,wen tht' flequcnlle,> of rep{llt' of SnIffing 
bd1JVIOUI by male and femalt! dog, (Tahle ~}, but a clll
:.qllalcd t,'st lor the trend was not ~ignificant. YOll1l~er dog, 
were more hkdv to pl.1Y with other d,l!!-s and les, like.)' to 
ignore other dogs ( I'able 2). 

likely to be walked for longer periods than older dogs (Table 
2). Approximately half of the dogs were walked at regular 
times each day, with 06.00 to 09.00 being most common, but 
09.00 to J 2.00, 15.00 to J 8.00, and 18.00 to 21.00 were also 
common times. eventy- live per cent of the owners walked 
,"It'll' dl) 'S 1 tht' )untr\,sIJt: and pe. t'nt" 

nn the hl'alhe, and m,lr'l'ts llt'Xt to the lIet' Lstual v; 0' per 
crnt 01 tIll' pwnn, w,llked thell do!(, legulJrly 111 the amc 
P\.1(cs. TWt'nl\'~ 'CVt'n pt'l ,~nt pf thc llwnen, newr tOlli' tlwir 
iog .. for walK, lHI. I)f t,It' ,'(,al ,n("t (in the laT or hr publi, 
r,ln.,pI)r,), hut (> pel lCpt did thl' every d"y, r.1npng up to 
! 1 per crnt It'" than 0'1(" month. Tlurtyelght pu (<'nt ot 
the ,'wners reportel. nnu walklll!; their dog .. with a ~rnup 
IIf triends ,'nd Ihell tillS" hIl 'pe lent JIG II-I' every JlV; 
I owever, 92 pfl l'enl of 1)\'Inn, notiled s('e'l'~ the same pet' 
-Ie ,md their Ullg{'" 'evel \' d,IV, 'oflt'n' Ilr \01l1etlrn~s' I,·,the 
l~lking thclr dog. 

Five PCI (cnt ()f the do~, wele reponed to unnate in thl' 
h\lu~t' Jnd I per cll1 IV,'!'e repllrtcJ to ddeCille \omt"IMc' 
()(' 'oftcn' MOle of thc own,'(, did not an,wer Ih ... que'UoP 
olhout wIlt'lmg in the hous<' than the tJut:stion Jh(lut tnllet
ing in tht' garuen or on walks, possibly owing to lhe sensl 
tint\' oj' the suh,nt, and tht: rates (f tOllet11l~ 111 tht' house 
may therdote be umkl'estim_ted Sixt)' two per cent "f the 
owners removcd faele~ fmlll the garden pr ~-J rd e\'CI y <lav, 
but 1 pt'l' cent never Temoved theM dnd 3 per ce.t removed 
them less tl- n oll<:e n week. Seventy per ccnt of the owneTS 
used pia,til b'lgS l<l dispost: of fnne~ frOM the gdlden or 
yard, and 91 per lent uid 'on when ther were L'l'where or 

bghty-thrl'c per cent (II the doss were cIlntined tll ,t ~.cur~ 
arl',1 (llld lIen'r roamed unattended awOl\' from the prcnuses, 
,Hld only 1 per (CIl: weI', reported to b(' l110wcd to roam 
freely, although thl ma\' bl' .111 u'lderestlmate owmg to the 
senSItive natun.' of the que,lIon fhlr'), two p r cent of the 
dogs weTe w,llked twkc a day, and JO pcr lent wer .. walked 
oll .. e ,t day. Only 3 pcr .;ent wcr,' ne 'l'r ·a.Ikc:d or walked k" 
than 011,e iI we"k, bUI the.c Jndud d <)m. young pUpplC' 
,lIlli old dllgs, l.arge Ill' m('d1Um~lzed (hlgS wcn: wa.lkl'd more 
uften th,m sm,tller dog~ (Table I) ( .. hI' squared test for trend 
p_O·Olll ) 

TABLE 3: Significant associations between the frequ~ncy of contact behaviours and th~ sex 
of the dog reported for 279 dogs in Cheshire 

Six I'cr ,ent ofthc dogs weTe oner on a karl when walked, 
hut 14 per ,1.'111 werc newr .1llowed on the h:ad, Of the d')gs 
.I!lowed ofl the ICold, f:>7 per .::ent were alway kept wlthlfl 
SIght. 1\111~t owners w.1Ik('d their dog, for between 16 min
lIlI.'S ,lIlt! oIle hOllr ca(h time, ;1lld youl'ger dl)g~ werc more 

Covariate 

Sniffs/nudges household 
members with nose 

Fetch games 

Jumps up at visitors 

Sniffs otller dogs 

Frequency (number ['!Ill) 
Sex Never Rarely Sometimes 

Entire male 2 (4) 1 (2) 19 (33) 
Neutered male 2 (3) 5 (7) 24 (34) 
Entire female 0(0) 4 (12) 14 (42) 
Neutered female 3 (3) 4 (4) 22 (22) 
Entire male 7 (13) 9 (16) 19 (34) 
Neutered male 7 (10) 5 (7) 22 (31) 
Entire female 2 (6) 0(0) 5 (16) 
Neutered femafe 11 (11) 6 (6) 30 (30) 
Entire 14 (16) 9 (10) 33 (38) 
Neutered 45 (27) 29 (17) 49 (29) 
Male 7 (5) 12 (9) 32 (25) 
Female 7 (5) 6 (5) 54 (41) 
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Often P 

35 (61) 
39 (56) 
15 (47) 
73 (72) 
21 (38) 0.()4 
37 (52) 
25 (78) 
53 (53) 
31 (36) 0'()6 
45 (27) 
77 (60) 0'()3 
64 (49) 



FIG 1: Frequency 
with which 279 dogs 
in Cheshire showed 
different types of 
behaviour when 
interacting with 
household members or 
greeting visitors 
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on a walk, but 42 per cent reported using a shovel in the 
garden or yard. Over 80 per cent of the respondents said 
that they always picked up any faeces passed by their dog 
while they were out walking in the street, park area or on a 
public path, but only just over 50 per cent did so when in 
the countryside (Fig 3). A significantly smaller proportion 
of male owners than females reported that they picked up 
faeces (Table 4).ln a separate part ofthequestionnairc, the 
respondents were asked whether they washed their hands 
after picking up facces, and 96 per cent said they did so 
'always' or 'usually '; 85 per cent reported that they always 
or usually washed their hands before eating, but only 58 per 
le 111 Lid so 'Ifter lOud Pg a Jog. 

This study investigated many of the common interactions 
between pet dog and people that are relevant to dog welfare, 
the social benefits of owning a dog, and 10 the frequency of 
dog bites and public nuisance, particularly behaviours that 
may contribute to the transmission of zoonotic pathogen. 
Insidc the house, a dog may be in close contact with house 

• Week • Weekend 

Numb r L f peo Number of dogs 

FIG 2' stimates of the numbers of people and dogs met lind interacted with daily during 
the week and t weekend bee of do n C. esh 
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hold members and any \,I~itl r" lIld I' I' a, II' It 1.: W': I po, 
pie ,1I1d other doss whIle (ut"(,, n. r, ported do)' dl»)? I' 
dog hll nan (()/'t~d~ w.re 1\;1' ,. \. Hil )Ie 1I J altee' d t \ ~ C 

t\ P<': tJt hOll!'l!hold, thl.."> sex, 'IlL\.. df!r, lFyI.. oi~: de " ~ 11 '\e~ .. " 
illld ot mJividllJI d\lgS ,lI1d pt'\~;,lf n I WI' r', "Ier 

in tht 111.Inag~melll 01 tht JI'I;. Tre ,ill .t.e h , lut I lu' to (ll 

PdrtlcuLl. cOnen.1 induGc ,1t<'pll1~ .. rc~<,~" ' I' Id\.[ , 
!(lOJ s"lllce", Jlsp(l~,d o! IJeee ,g<nt"r,11 hyg t 'k "-_ '/,,, a I I 
veterinary pn:n:nllve trcatmt Pt 

There wa, a pleferencc tOl !-'I:1(1I11: tht' Jt 1:' in ti" e kit, 1< I 

to ,Iet'p, he kJ, jpJ he eOn'1 leJ wht'n tl'. ow ltr IV is (lJ' 
'I tht' houst'. T~ , m,1V h1w ')een p1rtl\' 'or h\~It.ne It Il[, 

and t:;}'C I){" c1nning lip uli 1e 01 'itLeS ,na F nth' bec H. t'I' 
I"t'strictstllt:dogsaclt's,tothelts[(lttht't) It' n,' ',U1 Ie 

hOllsthnlJ Hems_ llIlWC:WI, tilt' "il,h:'n i, whert tIt' 'l( Sf 

hOld s I"OJ i, pI er.llt'd Jr',' {II , ,neter, '1lt" 1,1r plan I, 10':' 
in th kitchen n ulJ be u nSldt.eel·. !en tilt tr,I'1 1)11 

,ion of zoonotIc JI,ease. Re'eent e,tmlJ .t:, ,tIgges' tr l' _' 'U 

~ t'nt of pet dogs in "JO,V,IV (~apJhnt' JIIJ lIl'!. _II) 

41 per (CI1t ill SWllled,lrHI I \\ It nd nJ h<'[< _ d. r 
('11111/,),/0/1"((('1" 'pt'ues, JP.\ tl" Jt {)·1 t, \ S pt Lent • ht' tl 

Jogs 1.,Irry SU/fII(,,,d!'j 'pellt'> (\~.t'hn md r "', ~'i >, >.1;' t 1 
and others 2002 I !Jlket ,mc i.lf'pin 2 }(1») 

It has been <'1 ggcsteJ tl' t pet t .oJ I"1dV l( It J\ " d'r. 
tammatt"o with '\,,1""111<"1/.: 'pedes J Ie n \.t' J t< hl' un 
tallllllatllJl1 of hum,1Il 1;lod wht '1 Jog ,Ilt 'l'l. 111 'ht, k tl~ ep 

(Christopher 'Ind oth,'l s 197' Palt' apJ ,',1 r, .. 7 I 
t Iowcver. these reports ule 0,.1 a'ie. the e'n I~' '10, ~ ,I 'v 
mOllt'l"n commercl.lI pd foods 1\.1 .. .,t ", the do);, \\([t It i 
cOI11I1lt:rlial pet lood, and wen not Je,lhnJtt \" It'J ! JW 11t:<.It 
but a small number may h,1\'e ollt.ldeo rJW n'f 1t bv ot 
ing or rolling m C,Uc,l~es. Raw mea' cal' v, 1 S\Juree ,II n. n, 
l»tml,tle pathogcns such as ( Qmp)'/vlJQdrr ,r.J '.II"" "1'1/ 
species (LeJeulle and ~ancock 200. l. 1\ Ie I'. of the dog, "ere 
rep"rted to L'at dllS fae(e~, which could 1ho bl.' J ,oune Of 

1lIleltlon. rating i,leces hJS previously been I.ported 111 <.ll'!~ 
(l·2 yl'r cent of dllgs (Beaver I <}94), but It b uncerta1l1 whetl" r 
thiS figure represenb only the dog s uwn fdeee, L)[ n..ludtd 
that of other dogs and anllllab. In the F re,ent Hud~ trere 
was a conSiderably lugher pr~vakn(e. but '10 re .. s,)n ('ol.ld 
bc identltied tM the diflerc'1l.e. 

Fourteen per (Cllt ell the dog. ,lept 0'1 cl rum /' bed 
alway,' Of 'otten', and al'pro:"lmatc'Y half of Ir. d g., .om 
·nonly lal' on furniture or 011 J. person s I"p. ber vlour that 
Ilustrat.: the often dose ph}s,cat 

cl'ld p'v~'Jul<.ll\ll.aJ att.re 01 
the rei,ltionship bet Wl;'en dogs ar d pc' pte It h bern ,t. 
r,cst.:d that allt)wing suer heha\'iours is like!) to "I'r lIse tht 
hlcrardll<:al status of the dog and may be aSSOllclted WIth 
'alpha' dog bt."havl"ural problell15 or tl!;,.gfrs.'It'n (Fi er '001 
Guyar dothers WOIl.although Land ht."rgandothers 2003 
cI)lbidcred such bdla\'WUrs ununport"nt. Sub5tclntu' PUPl· 
ben, 01 the OWllers reported ,ush hC'h,\\ lour. rut 'Ch 01 the 
dogs were ,.lid to growl at rOolschuld mL'Plbers; howe\cr, thiS 
behaviour could h'IVI! bel'll under r.:portcd. 

The dose contact and ,hanng of beds or turnitolre c. u j 

dllow th" transmission of zoonotic dlsea.ses or para. ltc, u<.h 
as f1erl~. <'specially hI" small al'd young doss, \\ hi<.h were Plore 
likely to lie un laps or fUrl'lture II' an ethologlca! study 10 a 
small numher of family homes I' \\,IS oh t."ned thlt '1lal! 
dngs were more hkdy tll JUIIlP \)n to a pef (1Il\ lap tha'l1J 'e 
dc)gs (Smith 1(83) It has heen rep.,rted that 'vIR!iA Wal tr,m 
mitteJ to a pCfS<ln from an app,m~ntly ht::1lthv dog tt. t r'>J 
lIne\y slept III a human bed .lOd licked thcu la es (Manufl 
200."1). [t is not known how mdllV healthy pet dog tn the Uf 
.'Ire larrier, of MRSA, but one mall ,tuJv of dog. m a veteri 
n:Jry refnral hosplt I t;lUnd 01 PIC\ alenee 01 9 pc!r "ent even 
though 1I0ne of the d\lg ... was bem~treJted lor MR 1111 (tl n 
(Lodtlt:r ,mel othels 200"). 

Common heh.Jvinurs With hOl, ..... hold Plemhel .l'1d i~ 
tlllS such as sniifing and lickmg h,ltld and tales v Jld poten 
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FIG 1: Frequencies with which 210 owners of dogs in Cheshire 
reported picking up their dog's faeces while on walks in 
different environments 

tially transfer palhogens. Such behaviours, which were more 
common in young dogs, are often attention-seeking/care
soliciting gestures (Scott and Fuller 1965) and indicate the 
strength of the social bond of dogs with people. Small dog, 
were also reported to jump up more often than large dogs, as 
has been reported by Smith (1983). 

Many games were reportedly played with the dogs, and 
they may transfer saliva and potential pathogens to the 
hands, particularly with Ihe popular game of'fetch'. Rooney 
and others (2000) observed Ihat medium-sized dogs were 
more likely to play games with their owner while out walk. 
ing than large or small dogs, but they observed no such 
relationship in a different survey of owners on the games 
they played wilh their dogs. In the present tudy there were 
differences in the type of game played depending on the 
sile of the dog, and the findings do not relate just to games 
played during walks. As in this study, fetch game have been 
reported to be played more often by large dogs while oul 
walking (Messent 1983). 

Another commonly reporled activity that may transfer 
aliva was the giving of treats (commercial or human food 

lilbits) from the hand. A small number of dogs were reported 
10 cal directly from the plate. The majority of the owners 
reported that they always or usually washed their hand after 
touching a dog. Although the questionnaire was kept almost 
anonymous (traceable to household only by dog number), 
thb is probably an overestimate owing to the owners' expec 
tations of being judged by their answer. 

Dog faeces arc considered a nui ance as well as ,I poten 
lial health ha/ard. In addition to 100notic bacteria, they 
may contain parasitiL infection. For example, most puppies 
become infected with Toxocnm COl/is in the fir·t few week.s 
of life (Glitkman 1990) and need to be dewormcd regularly, 
Leaving f,lcces in the garden or yard may expose hou ehold 
members to risk for long period,. Open country ide was 
common dog-w'llking lerritory but was also where the own 
ers were least likely to pick up their dog's faeces. Almo,t all of 
t' 1< i .t y' 
tlH'1[ hanos aner 1'1 'klng Ill' lae,e~, Out 1111' would have been 
il\lpt)~"ble in practicc becau'c nlQ t 01 the d g commonly 

TABLE 4: Frequency with which male and female owners of 279 dogs in Cheshire picked up 
their dog's faeces in different environments 

Frequency of picking up faeces (number [ .... )) 
Environment Sex of owner Never/rarely/missing Sometimes/usually/always 

Street Male 7 (19) 
Female 6 (8) 

Park Male 8 (22) 
Female 6 (8) 

Public path Male 7 (18) 
Female 3(4) 

Open countryside Male 15 (41) 
Female 13 (16) 

• Fisher's exact P value 

passed faeces while oul walking. The majority of the respond 
ents reported cleaning up after their dog; previous studie, 
have observed 59 per cent of people cleaning up (Webley and 
Siviter 2000) but self-reporting gave much higher rates. In the 
present ,tudy the male owners appeared to be less likely to 
pick up after their dog, or alternatively they were more wiII 
ing to admit leaving faeces. 

Walking with a dog has been shown 10 facilitate ,oclal 
interactions, suggesting that there may be psychological, a, 
well as physical, benefits to owners (Messent 1983 ). There 
was considerable variation in walking preferences, but a sub 
stantial number of the dogs were walked on regular routes at 
regular times of day, and could therefore have had repeilted 
opportunities for contact with the same other dogs and peo 
pIe. This idea is supported by the fact that most of the owner 
reported Ihat they noticed the same dogs and owners on their 
walks. More opportunities for contact at weekends th'ln on 
weekdays were reported. The m'ljority of the dogs remained 
in sight on walks when off the lead, suggesting that they stily 
fairly close. Bekoff and Meaney ( 1997) reported that dogs off 
the lead generally travelled less than 2 to 5 m off trail for less 
than one to two minutes, although this is likely to vary with 
the environment. Many of Ihe owners reported regularly tak 
ing their dog in the car or by public transport to walk outside 
their immediate local areil, providing opportunities for dog, 
from different areas to mix and increase the risk of trammit 
ting disease further 'Ifield. Some dogs were regularly taken to 
friends' or relatives' houses where they could have interacted 
with other dogs and people. 

Diseases may be transmitted through and persist in the 
dog population as a result of interactions between dogs 
while out walking. In Ihis study, the younger dogs could be 
considered 10 have been more at risk than Ihe older dogs 
because they more often c,lme into clo e contact with other 
dogs Ihrough behaviours such as playfulness, .lI1d were less 
likely to ignore other dogs. There was some evidence that 
entire males may h.lve been more likely to sniff other dogs. 
Bradshaw and Lea (1992) also observed that when two dog 
met the most common interactions were inspections of the 
he'ld and anogenitJI areas, with males investigating the ano 
genital .lrea more frequently thJn femab, Jnd they suggested 
that the se" of the dogs (and possibly whether or not it had 
been neutered) may .Iffect the type of inleractions. 

In the previous year before the study, the m,ljority of the 
dogs had been taken to J velerinary surgeon; veterinary sur 
geons could be an importanl source of inform,1tion about 
zoonotic diseases. Il00vever, not all of the dogs were taken 
regularly and 0 other sources of information need to be 
con,idered. MOSI commonly, the owners had acquired a dog 
from the person who bred it, ,Ind so Ihe breeders could abo 
be a source of information for new ownen. Just over half 

t ttl 101 

ga'trOll1tl unat Worl11', .1110 tne aml' proportion £01 fie 
Et"tecllve flea and Will rn tre.tlrnenl I Import nl both tor 
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30 (81) 
B (92) 
29 (78) 
73 (92) 
30 (81) 
76 (96) 
22 (59) 
66 (84) 

0·11 

0·03 

O'()I 

0.()Q5 



the welf.lrc 01 tl'~ dog a1d COI';1 jerin" the d('~e contacts 
obserwd witl' pe,)pl~. 

This ~t\ldv attempted t(' sun'<'~ al tl1.: hOllSd"llh II' d 

defined arc.:, dnd It t 1erdol\' pl"<ll'ide, a kss bl.l\ed view "~f dog 
ownershlF than tithe studits in whllh JO);S welt .nrUlt~d 
either through vtter1l1ar) ~WI< IKes or thrPugl' l<llls lur vol 
untt't~rs, \Vh" would he iii ely tn be enthusl<lsh. Not .Ill nl tht: 
do~s had \' sited J veteflllan wr~t:l n in the past ytar .llld llnt 
third (ll d()~s had not b(~1' v ,lL IUlt'd; as.! It:sult, m,m" dogs 
would 'lave hee ! '11i~sed If the dogs had l)em renulte,j Imm 
n:te-inary practices 111 the sn Ie II ca Ria, Jut' til not u>lltad 
ing a housdlOld was l11'n nlls<'d br visltmg dt sc\'tJ'altimes llf 

d~lr am OIl seVt r;ll dd\'S ,)1' tlte \\'l'ck, t nsunn~ gdnd c',)ntact 
I ail'S lor tile lIll'lal rClTLU'Crt'lt o· the dogs L<,.~II~·ts pnwld'ng 
iptolmatl" I "J."IIt trt" lid\' r j lIct'll'V<·.s to r~lrtll!PJIt', 
comhined Will' l,',al Kr o\\'led~t' ,md col"JIllunlly lInk, WilP 
the Inc II vt'lenn.nv kad l'1g n,"plta , nuy haw (ol1tribult'u 
to the good r""pOl1st: nit' I,) both th( 1l1l1hll intlTviews and 
the return p\ the postal qu('~tIOnl1all't'" There m:IY ha\,t hfen 
wme bias dut t,) the dill"lent mlnt'S!s 01 the p"<lplt' wh,) 
completed ,bId ret umed the qut'stlollllJin' ,lI1d tnose wh" du.! 
not, in particular OWIll!( to tht' USt' pi inCenllYCs. A ,mallcr 
prOrOII'nll ,'f h,m,,,hclus with thrce JPf\' ( 1l11rkted and 
ITtullled tht'ir questiol1l1ailt's ,I)an household, with onc or 

two d()g~; th,' !:XlIa work imoh','d to wmpkte tlIt' question
naires for thlee d,,~, nl.lY h.IY,' heen a delt'ITt'l't Tht study 
wa, I11Jde 111 " small. sen;i rural (ol11'l1Unitv Jnd the results 
may theldnre n,'t Jpply!(t'ner,lll\' to the WICIeI t'I- populdtlOn. 
Howevcr tht' per(ent.lge of the 1'Ilplll.ttion owmn~ a dog was 
similetr (2·' pe1'lwt) t() the 21 per cent !<'P'lIlt'd 101 the llf- 11' 

20().J (PHIA 20t),j J. 'llgge'lin~ thaI the rt"lIlt, mal' he rep 1'" 

sentative of ,imilar p,)pulatl,']1s d,ewhere, 
- it' results pro\ de pre\ , usl\' urrecurded inl"r llati<.ln 

about dog ('wl'c·r.,hlp tl)al '1'al l>e tvpKill vI ('l.ll) COill1lU 

mtles III tht' .. arCllllav be rdel'ant le) a nullOc r nt dl>ll 
pimes,ln terms of hum,1n h~'llth d,)g~ .lre not thought to be a 
major call"e 01 loonllt l l't~(tion, in comparlsun with food, 
but they may be .tn Il11pllftant risk, p.lrticuJarly for Il11mU 
nocornpromiscd people, the very ),C)IUlg .ll'd the dderl),. In 
an initial stud), of the chara.:tci'isucs of dog ,)wllashtp III 
this community. it was found that certaIn types of house
holds were more likdy to own d'.>g> than others (Westg~trth 
and others 200]). In the pre'l'nt study. sever,11 situations that 
may facilItate the transmi'SlOn <If 7.l1onotic diseases in the 
pet dog owning (C)Pll1lUnttl' were ,lsse"ed, induding plaYI11S. 
greet1l1g, f .. )od WUTces sleepllll; ,ln~dS, walking, dlspmal of 
faeces, veterin<iry preventive t''Catment and gller.11 h),giene, 
The results mal' hdp to mtNm strategics for the (olItrc,l of 
!Oonotlc and other IIlfec!tous diseases III dllgs. and help to 
quantif), th~ risks .lss(',Jatcd With dog oWIl<'l'shlp. However. 
the assessment of the mks 1l1\'t)lwd, ,lI1d the natun.' ,.If ,111)' 
controlmeaSllres. Will depend ,)11 the nature of t~e pathogc!' 
and how it is transnutted. 
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