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ABSTRACT 
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 The mental and physical benefits of pet ownership are well established; however, pets can also 

transmit pathogens to people, with children, elderly, pregnant and immunocompromised individuals at 

greatest risk of disease.  Little is known about the public’s knowledge and practices related to pet-

associated disease.  Questionnaires were distributed at two general practice physician clinics and to 

parents/guardians of children diagnosed with diabetes or cancer at specialty practice clinics.  Pet 

ownership and contact were common, with 64-66% of participants having a pet in their household. 

Acquisition of a new pet, including high-risk pets, was common (20%) following a diagnosis of cancer in 

children. Pet exposure outside the home was frequently reported for individuals in pet and non-pet 

owning households (25-52%).  Education of respondents about diseases was poor, as only approximately 

one-third recalled receiving pet-associated disease information. Parents of cancer patients were more 

likely than parents of diabetes patients to recall receiving this information, yet proportions were low in 

both groups (32% and 13%, respectively).  Respondents’ knowledge of pet-associated pathogens was 

similar between the groups, with pet owners and parents of diabetic children having higher knowledge.  

Pet (30-36%) and non-pet (~10%) owning households reported dog/cat bites or scratches during the 

preceding year.  Within the general practice respondents, lower-risk households did not differ from 

higher-risk households regarding perceived disease risk of pets, zoonotic disease knowledge, recall of 

being asked by their medical provider if they owned pets, or recall of having received information 

regarding pet-associated disease risks and preventive measures.  Pet ownership, husbandry and infection 

control practices were similar between low- and high-risk households.  Husbandry practices that increase 

zoonotic disease risk were frequently identified, including feeding high-risk diets, allowing children to 

clean up fecal material and allowing reptiles to roam through the kitchen.  With few exceptions, practices 

were not associated with the presence of higher-risk members in the household or recall of having 

previously received zoonotic disease education.  There is a need for improved education on zoonotic 

disease prevention practices for pet- and non pet-owning households, particularly those with individuals 



at higher risk of infection and those with high-risk species.   
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Introduction 

Pet ownership is common.  Although the proportion varies by continent and country, studies 

indicate that in many countries the majority of households own pets (Table 1).1-11  Cats and dogs are the 

most frequently owned pets, but other species are often reported.  A recent study8 indicated that 56% of 

Canadian homes have at least one dog or cat.  Although less common, fish (12%), birds (5%), rabbits or 

hamsters (each 2%), lizards, horses, guinea pigs, snakes, frogs, turtles, ferrets, or gerbils (each 1%) were 

also owned by many households.8  Similar statistics have been reported for Australia, the United States 

and Europe.2-7,10  Homes with children are more likely to have one or more pets than those without 

children,4,12-14 and the few studies that have investigated animal ownership practices of 

immunocompromised individuals suggest such practices are similar to those of the general public.15-19  

For the most part, animal ownership and interaction is not discouraged by healthcare professionals, as 

studies have confirmed the mental and physical benefits of pet ownership and companionship,20-23 

additionally noting the benefits for children and immunocompromised individuals.15,18,24-28  However, 

despite these benefits, there is concern about the role pets may play in pathogen transmission to humans, 

especially to those with compromised immune systems.  This dilemma of the potential risks versus 

benefits of pet ownership is a real and significant issue facing healthcare providers and patients; some 

providers make overcautious recommendations and some patients elect to give up or euthanize existing 

pets when such a health risk may not exist, while others may not understand or address situations that 

could pose an excessive (and potentially modifiable) risk.15-17  Households with immunocompromised 

children may best demonstrate the conflicting risks-versus-benefits of pet interactions and ownership. 

To-date, few studies have investigated the knowledge, attitudes or practices related to pet-

associated human disease of the general public29-32 or immunocompromised adults,15,16,18,19 with only a 

single study17 targeting the practices of immunocompromised children.  None of these studies have 

investigated the relationship between knowledge, attitudes and practices, or if these factors are associated 

with the level of risk for infectious disease (e.g., presence of high risk household members vs. absence of 

these individuals).  The objectives of this project were to characterize the knowledge, attitudes and 

practices related to pet ownership and animal contact for the general public in southern Ontario, as well as 

higher disease-risk situations (e.g., households with immunocompromised children).  Furthermore, this 

study aimed to investigate the relationship between household knowledge, attitudes, and practices and 

determine if those households with individuals at increased risk of disease differ in knowledge, attitudes, 

or practices from households without these individuals.  The findings derived from this project will assist 

healthcare and public health professionals to utilize resources in an efficient manner to promote safe pet 
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ownership and interaction, thereby balancing the risks and benefits of animal ownership and leading to 

improved overall human health. 

The human-animal bond 

Distress and social isolation have accompanying psychological changes that can reduce a 

person’s health.  Depression and anxiety, for example, can lead to increased activity of the sympatho-

adrenal-medulla system and hypothalamic-pituitary-adrenal axis, resulting in increased catecholamine 

release, corticosteroid release and decreased myocardial perfusion.  These changes can have numerous 

systemic effects, such as immune dysfunction and cardiovascular instability.20  Activities and 

relationships that can improve psychosocial status and reduce distress and stress responses, can thereby 

improve human health. 

The term “human-animal bond” is used to describe the relationship between people and their pets, 

and the influence of this relationship on the psychological and physiological states of these groups.  The 

mental and physical benefits of the human-animal bond are well established.  Although some studies 

performed on this topic have failed to identify health benefits associated with pet contact, differences in 

methodology are likely in-part responsible, with many large, epidemiologically-sound studies supporting 

such benefits.20  The emotional bond between owners and animals can be as important to the owner as 

human relationships and provides similar psychological benefits.33  Further, numerous positive health 

outcomes including reduction in distress, anxiety, loneliness, and depression have been associated with 

animal interaction.20  Ownership of some animal species (e.g., dogs) increases exercise and thus directly 

improves owner health.20  Multiple studies have documented the benefits of animal ownership and 

companionship in a variety of age groups and among groups with varying immune functions. Children 

brought up with companion animals have been shown to have better social skills, self-esteem, and 

empathy than children without pets.24-26  Furthermore, a survey among children with pets found the 

children were as likely to talk to their pets about their emotions and secret experiences as with their 

siblings.13  In adults and the elderly, studies have documented an association between pets and a reduced 

risk of cardiovascular disease,21 higher survival rates from myocardial infarction,22 and improved 

psychological and physical well-being among the elderly.23   

It is not surprising that the importance of the human-animal bond and its benefits are well 

documented in adults who are immunocompromised.  Such individuals may spend considerable time 

alone, and thus are especially vulnerable to mental and physical illness.16,20,27,28  Among individuals with 

human immunodeficiency virus (HIV) infection, domestic animals are often perceived as family 

members, serve as sources of support and affection, and protect against loneliness.15,27,28  Siegel et al. 

reported that among HIV-infected persons, those with AIDS (acquired immunodeficiency syndrome) who 



  4  

 

 

owned pets reported less depression than persons with AIDS who did not own pets.16  In a survey of adult 

cancer patients, most of whom were receiving chemotherapy with noncurative intent, patients reported a 

high level of attachment to their pets and many (67%) felt having a pet provided health benefits.19  

Similarly, a study of adult lung transplant recipients with and without pets, concluded that after transplant 

pets were associated with a better quality of life (as assessed by life satisfaction, hospital anxiety 

depression scale and social support  questionnaires).18  Studies evaluating the health and social impacts of  

animal ownership on immunocompromised children are lacking. However, it is reasonable to assume the 

above-documented benefits are present.  

 

Pet-associated zoonotic disease occurrence: the intersection of agent, pet and human 

Despite the established benefits of pet ownership and interaction, companion animals are a 

potential source of numerous human diseases (Table 2).  Zoonotic pathogens, those infectious agents 

naturally transmitted from other vertebrate animals to humans, account for over fifty percent of all human 

pathogens and seventy-five percent of all human emerging pathogens.34 

The relative role of pets in transmission of a particular zoonotic pathogen is ultimately a function 

of the infectious agent, pet-related risk factors, and human-related risk factors.35,36  Numerous pet-related 

risk factors for the acquisition and transmission of zoonotic agents have been identified, including animal 

species, diet, age, immunity (both natural and vaccine-induced),  prior antibiotic use, opportunity for 

exposure (travel, use, level of confinement, hospitalization), and immunosuppression.37  Animal species 

vary in their respective role and risk of transmitting pathogens. Some pathogens can be transmitted to 

humans via numerous animal species (e.g., Campylobacter spp.), others can be transmitted via numerous 

species, but are much more common in particular animal species (e.g., the high proportion of reptiles and 

amphibians colonized with Salmonella spp.), and some can be transmitted to humans by a single or small 

number of animal species (e.g., bites or other forms of saliva contact from cats and dogs are responsible 

for human cases of Capnocytophaga canimorsus).38  Similarly, human-related risk factors for the 

acquisition of zoonotic agents include diet, age, immunity, prior antibiotic use, opportunity for exposure 

(hospitalization, occupation, recreational activities), personal hygiene, and immunosuppression.37,39-47  

Infectious agents vary in the mode and ease of pet-to-human transmission, and thus impact the likelihood 

an infectious pet will spread the agent to human contacts. 

 

Role of domestic pets in zoonotic pathogen transmission 

As most zoonotic pathogens transmitted by pets are not reportable to government agencies, the 

incidence of disease is largely unknown.  Additionally, for those human infections that can be pet-
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associated and are reportable (e.g., salmonellosis), the vast majority may also be acquired through non-

animal routes (e.g., food, water, direct/indirect human contact)36,38 making it difficult to determine the 

proportion of disease for which pets are responsible.  In many cases, healthy animals can subclinically 

carry and shed zoonotic agents,36,38,45  thereby serving as an important, and often unidentified, source for 

human infection.  Furthermore, immunosuppression in humans can reactivate previous colonization of 

some zoonotic agents,48 making it difficult to identify the source of the pathogen.  Therefore, for many 

zoonotic diseases, it is often a challenge to determine the true source of an individual’s infection.  Thus, 

the amount of disease directly attributable to domestic pets is typically unknown.          

In most instances, although the proportion of potential human zoonotic infections acquired from 

pets is not known, researchers argue it is small.35,36,49  However, despite the overall stated small role pets 

likely play in the transmission of zoonotic pathogens to humans, risk is not uniform.  Children and the 

immunocompromised are often at an increased risk of zoonotic diseases, may suffer more severe 

sequelae, experience symptoms for a longer duration, or experience more severe or unexpected 

complications than adults and immunocompetent individuals.36-38,50-55  The increased risk for children is 

imparted through closer physical contact with household animals, reduced hand hygiene, and behaviors 

that include pica and exploration of the environment through mouthing.37  Thus, although pets may 

minimally contribute to the overall burden of zoonotic diseases, for immunocompromised individuals, 

this contribution can result in significant morbidity and mortality in individual patients. 

 

Role of the human immune system in zoonotic disease prevention 

A properly functioning immune system is essential for effective defence against infectious 

organisms.  Innate immunity (e.g., phagocytes, complement, natural killer cells, cytokines) and adaptive 

immunity (e.g., B lymphocytes with resulting antibodies, helper T lymphocytes, cytotoxic T 

lymphocytes) serve to provide early and later responses to invading organisms.  The specific role of each 

component of the immune system’s response to successful elimination of infectious pathogens remains an 

area of on-going research.  In general, cell-mediated (T-cell) immunity is primarily responsible for 

responding to viral, atypical mycobacterial, fungal and intracellular bacterial infections.  Antibody-

mediated (B-cell) immunity is critical for responding to extracellular bacteria, enteric bacteria and 

viruses, and some parasites.56  Defects in one or more of these components of the immune system can 

lead to serious disorders, termed immunodeficiencies, resulting in an increased risk of pathogen-induced 

morbidity or mortality.  Because the nature of immunodeficiency varies, all immunocompromised 

individuals are not at the same degree of risk, either in general or for specific pathogens.  The level of 
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infection risk, and particular pathogens of greatest risk, are a function of the degree of 

immunosuppression and the specific immune components affected.    

Immunodeficiencies are broadly classified as either congenital or acquired.  Congenital (primary) 

immunodeficiencies are genetic X-linked or primary autosomal defects that include defects in innate 

immunity (e.g., phagocytes or complement), defects in B cell development and activation, defects in T 

cell activation and function, and severe combined immunodeficiencies (SCIDs; deficiencies of both B and 

T cells).  Estimates suggest that in the United States, approximately 1 in 500 individuals is born with a 

defect in one or more components of the immune system; however, only a small proportion are affected 

severely enough to result in life-threatening complications.37,56 

Although congenital immunodeficiencies often have significant health consequences, acquired 

immunodeficiencies are much more common causes of immune dysfunction.56  Acquired (secondary) 

immunodeficiencies develop as a consequence of non-genetic causes.  Numerous biologic disorders, 

normal physiologic states, and drugs cause various degrees of immunosuppression.  Acquired 

immunodeficiencies include drug- and radiation-associated immunosuppression (reduced lymphocyte 

precursors and activation), infectious diseases (e.g., AIDS due to depletion of CD4+ helper T cells and 

functional impairment of macrophages), metabolic diseases (e.g., diabetes mellitus; metabolic 

derangements that inhibit lymphocyte maturation and function), splenectomy (decreased phagocytosis of 

microbes), hematopoietic and solid organ cancers, and physiologic factors (e.g., malnutrition, extremes of 

age, and pregnancy).37,56,57 

Based on estimates of organ transplant recipients and individuals infected with HIV, it is 

estimated that 3.6% of the United States population has an acquired immunodeficiency.34,58  When 

additional groups are added, such as the elderly and pregnant women, up to 20% of the United States 

population has some degree of immunosuppression.38  Similar statistics likely apply to most developed 

countries and it is expected this proportion will increase in future years due to advances in life-prolonging 

treatments, such as chemotherapeutic agents and immunosuppressive drugs.  Multiple studies have 

attempted to determine risk factors for the occurrence of immune suppression, degree of the suppression, 

and subsequent risk of opportunistic infections.59-64  Risk factors can be grouped based on the inciting 

cause of immunosuppression (examples are provided below for several key acquired 

immunodeficiencies).   

For hematopoietic and solid organ cancers, several variables have been determined to be 

important predictors for immunosuppression and risk factors for subsequent opportunistic infection, 

including age at diagnosis, CD4+ count or percentage, disease duration and stage, dose, duration, 

sequence and type of therapy used, number of previous regimens of therapy, time since organ/stem cell 
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transplantation, breech in mucocutaneous integrity (e.g., vascular and urinary catheters, surgical 

incisions), use of prophylaxis (e.g., antimicrobials and immunoglobulin), and use of immunomodulators 

(e.g., growth factors).59,60,65  For organ transplant recipients, the greatest risk of infection occurs during 

the first six months after transplantation (the time prior to tapering of immunosuppressive therapy) or 

when immunosuppression is augmented following episodes of transplant rejection.66  During these 

periods, there are defined windows when infections caused by particular pathogens from specific sources 

tend to occur [e.g., within first month of transplant: pre-existing pathogens (colonization), antimicrobial 

resistant bacteria, hospital-associated pathogens;67,68 1 to 6 months posttransplant: viral pathogens and 

reactivation of latent infections (e.g., Toxoplasma gondii); greater than 6 months posttransplant: 

community-acquired pneumonia and urinary tract infections].60  Similarly, recipients of hematopoietic 

stem cell transplants follow a predictable course of immunosuppression: 1) damaged mucocutaneous 

barriers and neutropenia during the first 30 days post transplant, 2) impaired cellular immunity between 

31 and 100 days posttransplant, and 3) impaired cellular and humoral immunity after 100 days post 

transplant.  For at least 1 year after transplantation, individuals remain predisposed to opportunistic 

infections.61  Individuals are presumed  to be immunocompetent at 24 months post transplant, assuming 

they are not on immunosuppressive therapy and do not have graft-versus-host disease.52  Research to-date 

suggests CD4+ counts provide the best marker for the restoration of immune competence following 

transplant,61 although in children CD4+ percentage is preferable as the actual cell count is heavily 

influenced by age.62 

Historically, HIV infection has been responsible for a large proportion of individuals with 

acquired immunodeficiencies.  The recent adoption of highly active antiretroviral therapy (HAART) has 

had a dramatic effect on reducing immunosuppression in HIV-infected individuals.63  The decrease in 

immunosuppression and use of antimicrobial prophylaxis has resulted in a significant reduction in the 

incidence of opportunistic infections for those infected with HIV [e.g., bacteremia decreased from 11.8 

cases per 100 person-years (1994-1995) to 6.3 episodes per 100 person-years (1997-1998; P=0.0001),69 

and recurrent non-typhoid Salmonella bacteremia decreased from 70 cases per 100 person-years  (1994-

1997) to 3 cases per 100 person-years (1997-2006; P<0.001)].70  A similar trend has been noted for HIV-

infected children, with incidence rates of opportunistic infections during the HAART era being 

significantly lower than the pre-HAART era [pre-HAART vs. HAART era rates in children: bacterial 

pneumonia (11.1 vs. 2.15 per 100 person-years; p<0.001), bacteremia (3.3 vs. 0.35 per 100 person years; 

P<0.001)].62 

Diabetes is often included in the list of conditions resulting in an acquired immunodeficiency, 

although the degree of infectious disease risk specifically imparted by diabetes is unclear.  In vitro studies 
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have identified defects in innate and adaptive immune function in diabetic patients, including a reduction 

in polymorphonuclear neutrophil function and T cell-mediated immune response.71,72  However, the 

clinical relevance of these findings is uncertain, especially in patients with good glycemic control.   For 

adults, several large population-based cohort studies have identified an association between diabetes 

mellitus and a significantly increased risk of infection at various anatomic sites (lower respiratory tract, 

urinary tract, skin and mucous membranes), with risk ratios from 1.3-3.0.73,74  The infectious disease risk 

for children with diabetes, however, is largely unknown, but believed to be relatively low for those with 

adequate glycemic control.75 

 

Pet-associated zoonotic pathogens affecting immunocompromised individuals 

Although many pathogens are capable of being transmitted from animals to humans, the 

pathogens cited as a particular concern for pet-associated infections are less numerous.  Key pet-

associated pathogens relevant to immunocompromised individuals36,38,45,52,53,57 are discussed in Table 3.  

These pathogens vary in their environmental stability, mode of transmission, and animal prevalence, as 

well as characteristics that may differ for immunocompetent and immunocompromised individuals, 

including human prevalence, infectious dose necessary to colonize or infect individuals, severity of 

sequelae, and duration of sequelae.36-38,50-55  This variability is highlighted in Table 3 through the diversity 

in disease risk and severity of observed signs/symptoms among the selected zoonotic pathogens.  Some 

pet-associated pathogens cause disease predominately in immunocompromised individuals (e.g., 

Capnocytophaga canimorsus), while for others disease occurs in both immunocompetent and 

immunocompromised individuals but the risk of infection or severity of illness is increased in those with 

immune suppression (e.g., Salmonella spp.). 

 

Studies evaluating the burden of disease in people attributable to pets  

It is estimated that 14% of all human illness caused by 7 common enteric pathogen groups (i.e., 

Campylobacter spp, Cryptosporidium spp, Shiga toxin–producing Escherichia coli (STEC) O157, STEC 

non-O157, Listeria monocytogenes, nontyphoidal Salmonella spp., and Yersinia enterocolitica) is 

attributable to direct or indirect animal contact.76  Although the proportion of human disease for which 

pets are responsible is largely unknown, pet contact has been established as a risk factor for illness in the 

general population caused by various pathogens, including Campylobacter,47,77 Salmonella,78 Pasteurella 

multocida
45 and Capnocytophaga canimorsus

79.  For some pet species, their role in human disease has 

been clearly identified. For example, reptiles and amphibians are estimated to be responsible for 6% of all 

sporadic Salmonella infections and 11% among persons less than 21 yrs old.80 
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To-date, few studies have attempted to ascertain the burden of disease attributable to pets in 

immunocompromised individuals. The vast majority of existing studies have one or more of the following 

flaws, so that pet-associated disease burden in immunocompromised individuals cannot be determined: 

(1) lack a control group (e.g., case series),81-83 (2) do not assess pet exposure,43,84,85 or (3) do not 

specifically evaluate immunocompromised individuals.47,86  The authors are aware of two studies that do 

attempt to evaluate pet-associated disease burden in immunocompromised individuals through 

observational study designs; however, in both studies pet exposure was loosely defined or quantified 

making it difficult to evaluate this variable.87,88  As the two latter reports are the most robust 

epidemiologic studies that evaluate pet exposure, they are further described below. 

Glaser et al.88 utilized a case-control design to evaluate the role of pet exposure in 

Cryptosporidium infection for individuals with HIV.  Cases were defined as individuals with one or more 

stool samples positive for Cryptosporidium and controls were those with three or more stool samples 

negative for Cryptosporidium parasites.  A mailed letter of consent followed up with a telephone survey 

was used to collect exposure and risk factor data.  No significant difference was detected in the proportion 

of cat, dog, or bird ownership between the groups, although dog ownership was nearly significant (OR = 

2.19, P=0.05).  Contact with diarrheic animals was also nonsignificant.  The researchers concluded that 

pets are not a major risk factor for Cryptosporidium acquisition in HIV-infected individuals.  A low 

response (38%) to the mailed survey resulted in smaller numbers than expected (48 cases, 99 controls) 

and may have contributed to issues with power and selection (response) bias.  Of greater concern, 

however, is that the researchers did not speciate the Cryptosporidium organisms (methods not available at 

the time of the study), resulting in possible misclassification bias.  Cryptosporidium spp. vary in their 

zoonotic potential.   Cryptosporidium hominis is considered non-zoonotic, while C. parvum is known to 

be zoonotic.  In addition, especially for immunocompromised individuals, C. canis and C. felis have been 

shown to be zoonotic.89  Thus, as the Cryptosporidium organisms were not speciated, it is difficult to 

meaningfully interpret the study’s results. 

Dwivedi et al.87 performed a case-control study among 75 HIV-infected adults in India [50 

individuals with diarrhea (cases); 25 without diarrhea for at least the preceding two weeks (controls)].  

Fecal samples were screened for coccidian parasites, enteric protozoa, and helminths.  Cryptosporidium 

parasites were detected in a significantly higher proportion of individuals with diarrhea than those without 

diarrhea (46% vs. 8%; p<0.01).  Reduced immune status, as determined by CD4+ count, was significantly 

associated with the presence of diarrhea, longer duration of diarrhea (chronic diarrhea), and presence of 

enteric parasites.   In an analysis that adjusted for residence type and sexual behavior (i.e. men that have 

sex with men), exposure to animals during the previous three months was a significant risk factor for the 
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detection of enteric parasites [OR=8.8 (95% CI: 3.8-21.7; p<0.001)].  Similar to the study by Glaser et 

al,88 Cryptosporidium organisms were not speciated (methods not available at the time of the study), 

assumed to be  C. parvum, thereby resulting in possible misclassification bias.  Animal exposure was 

evaluated as a dichotomous variable and all animal species (mainly dogs, cows, buffaloes, pigs, sheep, 

and goats) were combined.  As the types of human-animal interactions are likely different between these 

species, as well as between other societies, it is difficult to determine the risk inferred by individual 

animal species as well as generalize these findings to North America.  In addition, for the analysis, all 

enteric pathogens were combined, including zoonotic (e.g., C. parvum, G. lamblia, microsporidia) as well 

as non-zoonotic agents (e.g., Isospora belli, Cyclospora cayetanensis).  By using a mixed exposure 

variable (several animal species with varying degrees of human interaction and likely risk) and a mixed 

outcome variable (zoonotic and non zoonotic pathogens) misclassification bias was likely. 

 

Zoonotic disease knowledge, attitudes and practices 

A key component to successful disease prevention programs is ensuring those at risk receive 

accurate, timely advice on methods to remove or reduce risk.  Several studies have evaluated zoonotic 

disease knowledge, pet ownership attitudes, and disease prevention practices for the general population or 

medical professionals (e.g., physicians and veterinarians).29,30,49,90-95  These studies have revealed that 

many individuals in the general population lack even basic knowledge about zoonotic diseases.  For 

example, only 63% of surveyed household heads in De Kalk County, Georgia, U.S., believed diseases of 

pets could be transmitted to humans;30 and only 56% of dog owners in a Texas, U.S. survey knew 

intestinal helminths could be transmitted from dogs to humans.29  Communication between the public and 

veterinary and medical care providers tends to be poor, as the majority of veterinarians and physicians do 

not regularly discuss zoonotic disease risks with clients/patients.49,90,91,93 

Few studies have specifically targeted the knowledge-base and practices of immunocompromised 

individuals.  The data available suggest that the types of animals owned and pet-related infection control 

practices  of immunocompromised individuals are similar to the general public.15,17-19  A study conducted 

in 1993 in Florida, U.S. revealed that 46% (187/408) of HIV-infected adults were living or had lived with 

a companion animal in the past five years (dog-38%, cat-15%, fish-8%, bird-8%, reptile-3%, rodent-2%; 

categories not mutually exclusive).  Of those with pets, 25% had more than one pet.15  In a more recent 

study (2008) conducted in Chile,17 67% (47/70) of households with a high risk child (diagnosed with 

HIV, cancer, or transplant recipient) had one or more pets (dog-86%, cat-21%, rodent-7%, bird-5%, rabbit 

or turtle-each 2%).  Several concerning practices were reported, including allowing the pet to lick the 

child’s face (38%) and the child cleaning-up pet’s fecal material (12%).  In the Florida study, only 10% of 
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respondents recalled having been informed about zoonotic diseases by health care workers.15  This finding 

was supported by a more recent study (2010) that found 94% of surveyed Tennessee, U.S. physicians 

stated they never or rarely initiated discussions about zoonoses with patients with HIV infection or 

AIDS.96  The lack of physician-derived education for immunocompromised individuals may, in part, be 

due to physicians not being aware of patients’ pet ownership or contact.90  Physicians are usually aware of 

their patient’s immune status and, if knowledgeable on the subject and inquire about pet ownership and 

contact, may be able to educate and inform the patient about preventing zoonotic diseases.  In contrast, 

veterinarians typically do not appear to be aware of their clients’ immune status.  In one study, 66% 

(205/310) of veterinarians were not aware of their clients’ immune status,49 and in another only 25% of 

surveyed veterinarians stated a client had ever disclosed their HIV infection or AIDS diagnosis, with the 

authors attributing this to HIV-related stigma and failure to view veterinarians as a source of zoonotic 

disease information.96  Without knowledge of a client’s immune status, targeted education about zoonotic 

disease prevention is difficult. 

 

Recommendations for reducing zoonotic pathogen transmission from pets to immunocompromised 

individuals 

Several resources provide recommendations for reducing zoonotic pathogen transmission from 

pets to immunocompromised individuals.  These guidelines are presented in both national guidelines for 

the treatment and prevention of particular diseases52,53 and review articles.35,36,38,97,98   For the most part, 

there is agreement between the varying sources.  Given the established health benefits of animal 

ownership and reluctance of most individuals to give-up their pets, resources now highlight the 

importance of following a number of simple animal-contact precautions, and reserve discouraging animal 

ownership and contact only for particular high-risk circumstances (e.g., animals considered to be 

frequently colonized or infected with enteric zoonotic pathogens such as young animals, animals with 

diarrhea, and particular animal species, such as reptiles).  Individuals who are immunocompromised, and 

households with such individuals, should be more vigilant than other pet owners of the pet’s health and 

precautions to reduce transmission of pathogens from pets.  Pet contact guidelines can be categorized into 

1) pet health and husbandry practices, 2) personal hygiene, and 3) types and ages of animals (Table 4).  

Despite the availability of existing guidelines, it is unclear how often these recommendations are provided 

to patients or if they are followed.  A recent survey distributed to all pediatric oncology centres in the 

United Kingdom (n=22) found that only four of the centres stated they used published or locally 

developed materials when providing guidelines for pet ownership.92 
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Thesis objectives 

As highlighted above, the role of pets in the transmission of zoonotic pathogens to individuals, 

most notably immunocompromised individuals, remains an important area of research, yet to-date few 

studies have adequately addressed this topic.  Pet-associated disease knowledge, attitudes and household 

practices have been minimally investigated for either the general population or for higher disease-risk 

groups, such as immunocompromised children.  Furthermore, previous studies have not jointly analyzed 

these topics, which would allow for a better understanding of how these factors may change with 

differing household infectious disease risks, prior receipt of zoonotic disease education and animal 

contact-related attitudes. 

The objectives of this project were to: 

1. Describe household knowledge, attitudes and risks related to pet ownership and animal contact 

for the general public and households with an immunocompromised child (diagnosed with cancer 

or diabetes) in Ontario, Canada.   

2. Determine if general population households with individuals at increased risk of infectious 

disease (i.e. extremes of age, immunocompromised) differ in pet-associated disease knowledge, 

attitudes, or practices from households without individuals at increased.   

3. Determine if households with a child at higher risk to infectious disease (diagnosed with cancer) 

differ in pet-associated disease knowledge, attitudes, or practices from households with a child at 

lower risk to infectious disease (diagnosed with diabetes).   

4. Characterize pet husbandry and infection control practices that relate to zoonotic disease risks in 

pet-owning households for the general public and households with an immunocompromised child 

(diagnosed with cancer or diabetes) in Ontario, Canada.   

5. For the general population, determine if household demographics, including infectious disease-

risk status (i.e., extremes of age, immunocompromised), and prior receipt of zoonotic disease 

education, influence household pet husbandry and infection control practices. 

6. Determine if household pet husbandry and infection control practices differ between pet-owning 

households with a child at higher risk to infectious disease (diagnosed with cancer) as compared 

to households with a child at lower risk to infectious disease (diagnosed with diabetes). 
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Table 1.1  Proportion of households reporting dog, cat and companion animal ownership by 

country 

Country Proportion of households reporting animal ownership  

  Dog (%) Cat (%) Other (%) 

Africa    
 Zimbabwe1 62.0 *  
    
Australia2,3 37.8 25.0-25.8 Any pet (63), cat and/or dog (53) 
    
Europe    
 Ireland4 35.6 10.4a  
     
 Italy5 32.7 15.1 Any pet (45.6) 
     
 United Kingdom6,7 23.0-30.6 19.0-25.5 Indoor fish (10), rabbit (2.6), indoor bird 

(2.5), guinea pig (1.6), hamster (1.1), horse 
(0.5), turtle (0.9), gerbil (0.3), snake (0.4), 
lizard (0.5),  
rat (0.3) 

    
North America    
     
 Canada8,9 30-32.3 28-35.5 Cat and/or dog (56), fish (12), bird (5), rabbit 

(2), hamster (2), lizard (1), horse (1), guinea 
pig (1), snake (1), frog (1), turtle (1), ferret 
(1), gerbil (1) 

     
 United States10 37.2 32.4 Bird (3.9), horse (1.8) 
     
South America    
 Brazil (São Paulo)11 52.5 *  
aDoes not include out-door only. 

*Not measured in the study. 
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Table 1.2  Selected zoonoses transmitted by domestic animals
38,89,98-101 

Animal Species Zoonoses 

Amphibian 
-Frog 
-Newt 
-Salamander 
-Toad 

Bacterial 
Salmonella spp. 

Bird Bacterial 
Chlamydophila psittaci 

Cryptococcus neoformans 

Salmonella spp. 

Cat Bacterial 
Bartonella spp. 

Campylobacter spp. 

Capnocytophaga canimorsus* 
Clostridium difficile  
Coxiella burnetii 

Methicillin-resistant Staphylococcus aureus  
Pasteurella spp. 

Salmonella spp. 

 
Mycotic 
Dermatophytosis 
 
Parasitic 
Cheyletiella blakei 

Cryptosporidium felis* 
Ctenocephalides spp. 

Giardia sp. 

Hookworms 
Notoedres cati 

Toxocara cati 

Echinococcus multilocularis  
Toxoplasma gondii 

 
Viral 
Rabies 

Dog Bacterial 
Bartonella vinsonii subsp. berkhoffii 

Bordetella bronchiseptica* 

Campylobacter spp. 

Capnocytophaga canimorsus* 

Clostridium difficile  
Leptospira spp. 

Methicillin-resistant Staphylococcus aureus  

Pasteurella spp. 

Salmonella spp. 

 
Mycotic 



  21  

 

 

Dermatophytosis 
 
Parasitic 
Cheyletiella yasguri 

Cryptosporidium canis* 
Ctenocephalides spp. 

Giardia sp. 

Hookworms 
Toxocara canis 

Sarcoptes scabiei  

Echinococcus spp.  
 
Viral 
Rabies 

Farm 
-Bovine 
-Caprine 
-Equine 
-Ovine 
-Swine 

Bacterial 
Campylobacter spp. 

Clostridium difficile  
Coxiella burnetti 
Escherichia coli  
Methicillin-resistant Staphylococcus aureus  
Mycobacterium bovis 

Rhodococcus  equi* 

Salmonella spp. 

Yersinia spp. 

 
Mycotic 
Dermatophytosis 
 
Parasitic 
Cryptosporidium parvum 

Toxoplasma gondii 

 
Viral 
Rabies 

Ferret Bacterial 
Campylobacter spp. 
Salmonella  spp.  

 
Mycotic 
Dermatophytosis 
 
Parasitic 
Cryptosporidium spp. 
Giardia sp. 

Toxocara spp. 
 
Viral  
Influenza A viruses 
Rabies 



  22  

 

 

Fish  
 

Bacterial 
Aeromonas spp. 

Edwardsiella spp.  
Mycobacterium marinum 

Salmonella  spp.  

Streptococcus iniae  
Vibrio spp. 

Lagomorph Bacterial  
Pasteurella multocida 
Salmonella spp. 
Yersinia spp. 

 
Mycotic 
Encephalitozoon cuniculi  

Dermatophytosis 
 
Parasitic 
Cheyletiella parasitivorax 

Reptile 
-Lizard  
-Snake 
-Turtle 

Bacterial 
Campylobacter spp. 

Salmonella spp. 
Yersinia spp. 

Rodent 
-Gerbil  
-Guinea pig  
-Hamster 
-Hedgehog 
-Mouse/Rat 
 

Bacterial 
Leptospira spp. 

Mycoplasma spp. 

Spirillum minus 

Streptobacillus moniliformis 

Salmonella spp. 
Pasteurella multocida 
Yersinia spp. 
 
Mycotic 
Dermatophytosis 
 
Parasitic 
Cryptosporidium spp. 

Giardia sp. 
Notoedres muris  

 
Viral 
Lymphocytic choriomeningitis virus  

*Zoonotic risk primarily among immunocompromised individuals 
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Table 1.3  Pet-associated infections particularly relevant to immunocompromised individuals 

Infectious agent Frequency or risk in 
immunocompromised 

individuals 

Common clinical 
manifestations in general 

population; (and 
immunocompromised) 

Other comments 

Toxoplasma 

gondii 

Moderate; incidence of 
Toxoplasma 
encephalitis of 2.2% in 
HIV-infected 
individuals102 

Subclinical or self-limited 
febrile illness; (greater risk for 
in utero infection, 
encephalitis) 

Most cases among 
transplant recipients and 
those with HIV infection 
caused by reactivation 
(3-26 wks post 
transplant); food and 
environment are main 
sources of human 
infection 
 

Cryptosporidium 

spp. 

Moderate; 3-6% of 
HIV-infected 
individuals; risk 
increases with degree 
of immunosuppression 
and is largely limited 
to those with impaired 
T-cell function (e.g.,  
acute leukemia and 
lymphoma)103 

Subclinical or self-limiting 
diarrhea; (chronic intractable 
diarrhea, shortened survival; 
symptoms dependant on 
immune status and 
genotype/species of 
infection)104   

Of 193 human samples,  
C. hominis (73%), C. 

parvum (11%) C. 

meleagridis (9%), C. 

canis or C. felis (6%), 
and C. suis (0.5%) were 
detected; all species 
identified in companion 
animals should be 
considered potentially 
zoonotic57,104 

 
Salmonella spp. Low; incidence of 

bacteremia 20-to 100-
fold higher among 
HIV-infected than 
among HIV-uninfected 
individuals70 

 

Self-limiting diarrhea, 
vomiting; (higher rates of 
bacteremia, severe systemic 
and localized infections)105 
 
 

Chemotherapy-triggered 
reactivation of 
asymptomatic 
colonization occurs48 

Campylobacter 

jejuni 

Low; greater rate in 
patients with 
hematological 
malignancy vs. 
without malignancy 
(incidence rate 
ratio=2.17)43 

 

Self-limiting diarrhea, 
vomiting, fever; (relapses of 
septicemia and diarrhea) 

 

Bartonella 

henselae 

Low, but perhaps 
underdiagnosed 

Lymphadenopathy and fever; 
(bacteremia, proliferative 
lesions on the skin, liver or 
spleen) 

Hospitalization rate for 
general pediatric 
population under 5 yrs is 
0.86 per 100,000 
children106 
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Giardia 

duodenalis 

Low Subclinical or mild diarrhea; 
(chronic diarrhea, weight loss) 

Species-specific 
Assemblages: A-I 
(humans and animals), 
A-II (humans), A-III and 
A-IV (animals), B 
(humans and animals), C 
and D (dogs), E (cloven-
hoofed animals), F 
(cats), G (rats)107 

 
Bordetella 

bronchiseptica 

Rare Generally none; (respiratory 
disease in children with lung 
transplants, those  treated with 
immunosuppressive drugs, 
and HIV-infected)57 

 

 

Capnocytophaga 

canimorsus 

Rare Generally none; (sepsis, 
disseminated intravascular 
coagulation, death especially 
among asplenic persons, those 
of advanced age, or 
alcoholics)  
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Table 1.4  General recommendations for reducing zoonotic pathogen transmission from pets to 

immunocompromised individuals
35,36,38,52,53,57,97,98,98,108,109 

 
Personal hygiene 

• Wash hands after handling animals or their environment; supervise hand-washing for children 

under 5 years 

• Avoid contact with pets’ feces 

• Avoid contact with animal-derived pet treats 

• Promptly wash bites and scratches from animals 

• Do not allow pets to lick open wounds or cuts 

• Wear shoes, socks, long pants and long-sleeved shirts when farming or working in gardens 

• Wear gloves to clean aquariums; do not dispose of aquarium water in sinks used for food 

preparation  

• Ensure playground sandboxes are kept covered when not in use  

 
Types and ages of animals 

• Avoid contact with dogs and cats less than 6 months of age or strays (avoid acquiring a cat 

less than 1 year of age)  

• Avoid contact with animals with diarrhea 

• Avoid contact with young farm animals (e.g., petting zoos) 

• Avoid contact with reptiles, amphibians, rodents and baby poultry (chicks and ducklings) and 

anything that has been in contact with these animals; preferably these animals should be kept 

out of the households of immunocompromised individuals 

• Reptiles, amphibians, rodents, and baby poultry should not be permitted to roam freely 

through a home or living area and should be kept out of kitchens and food-preparation areas  

• Exercise caution when playing with cats to limit scratches; keep cats’ nails short (declawing 

is not a recommended procedure) 

• When acquiring a new pet, seek larger, mature animals from established vendors as these 

pose a lower risk than other types of animals 

• Avoid contact with exotic pets and non-human primates 

• When visiting other households with pets, take the same precautions with those pets 

• Consider waiting to acquire a new pet until after the patient is on stable immune suppression 

(solid organ transplant recipients: at least one year after transplant; stem cell transplant 

recipients: at least 6 months after transplant); those who work with animals (veterinarians, 

laboratory workers, pet store employees, farmers, or slaughterhouse workers) should 

minimize working during periods of maximal immunosuppression 

• Consider limiting contact with animals in medical settings (e.g., therapy and visitation 

animals) 

 
Pet health and husbandry 

• Spay/neuter to reduce the likelihood of infectious pathogen transmission through 

reproductive tract secretions  
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• Keep cats indoors; change litter boxes daily (preferably done by an immunocompetent 

person) and keep litter boxes away from kitchens or other areas where food preparation and 

eating occur  

• Keep dogs confined when possible; walk on leash to prevent hunting, coprophagia, and 

garbage eating 

• Feed only canned or dried commercial food or well-cooked home-prepared food; any dairy 

products should be pasteurized 

• Prohibit access to non-potable water, such as surface water or toilet bowls 

• Follow routine preventative care, including steps to control and prevent ecto- and 

endoparasites as indicated by the area 

• Clean bird cage linings daily; wear disposable gloves (+/- surgical mask) when handling  

• Clean small rodent cages frequently 

• Regularly (e.g., weekly) launder pet bedding  

• Seek veterinary care at first sign of illness in an animal 
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Abstract  

Background 

Many human infections are transmitted through contact with animals (zoonoses), including 

household pets.  Although pet ownership is common in most countries and non-pet owners may have 

frequent contact with pets, there is limited knowledge of the public’s pet contact practices and awareness 

of zoonotic disease risks from pets.  The objective of this study was to characterize the general public’s 

knowledge, attitudes and risks related to pet ownership and animal contact in southern Ontario, Canada. 

Methods 

A self-administered questionnaire was distributed to individuals at two multi-physician clinics in 

Waterloo, Ontario, Canada during 2010.  A single adult from each household was invited to participate in 

the study.  

Results 

Seventy five percent (641/853) of individuals approached completed the questionnaire.  Pet 

ownership and contact were common; 64% of participants had a pet in their household and 37% of non-

pet owning households had a member with at least weekly animal contact outside the home.  Pet 

ownership was high (55%) for households with individuals at higher risk for infections (i.e., < 5 yrs, ≥ 65 

yrs, immunocompromised).  Most respondents (64%) indicated that they had never received information 

regarding pet-associated disease risks.  When given a list of 11 infectious pathogens, respondents were 

only able to correctly classify just over half on their potential to be transmitted from pets to people (mean 

6.4); independently, pet owners and those who recalled receiving information in the past about this topic 

were able to make significantly more correct identifications.  Pet (36%) and non-pet owning households 

(10%) reported dog or cat bites or scratches during the preceding year.  Households with individuals at 

higher risk for an infection did not differ from the remaining households regarding their perceived disease 

risk of pets, zoonotic disease knowledge, recall of being asked by their medical provider if they owned 

any pets, or recall of having received information regarding pet-associated disease risks and preventive 

measures.      

Conclusions 

These results suggest that there is a need for accessible zoonotic disease information for both pet 

and non-owning households, with additional efforts made by veterinary, human and public health 

personnel.  Immediate educational efforts directed toward households with individuals at higher risk to 

infections are especially needed. 
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Background  

Pet ownership is common.  Although the proportion varies by continent and country, studies 

indicate that in most countries the majority of households own pets [1-8].  Cats and dogs are the most 

frequently owned pets, but other species are often reported.  A recent study estimated that 56% of 

Canadian homes have at least one dog or cat, with a minority owning fish (12%), birds (5%), rabbits or 

hamsters (each 2%), lizards, guinea pigs, snakes, frogs, turtles, ferrets, or gerbils (each 1%) [6].  In 

addition, people may come into contact with animals outside of their homes such as in public settings 

(e.g., petting zoos, schools, fairs), through work-related activities, or recreation (e.g., parks), yet little is 

known about the frequency and nature of this type of animal contact.  For the most part, animal ownership 

and interaction is not discouraged by healthcare professionals, as numerous studies have confirmed the 

mental and physical benefits of pet ownership and companionship [9], particularly among children, the 

elderly and immunocompromised individuals [10-16].  Thus, it is not surprising that several studies have 

indicated that homes with children are more likely to have one or more pets than those without children 

[3, 17-19], and animal ownership practices of immunocompromised individuals appear to be similar to 

those of the general public [15, 20, 21].  Despite these benefits, there are also potential health hazards 

associated with pet ownership and contact.   

Animal bites are a serious public health problem, with an estimated 316,000 U.S. emergency 

room visits for a dog bite-related injury in 2008 (rate: 104 visits per 100,000 population) [22].  Dogs are 

responsible for approximately 80% of all bites, cats accounting for less than 20% and other pet species 

and wildlife responsible for the remainder [23].  Bites may lead to painful disfiguring wounds, infection, 

altered function of the affected area, and rarely death.  Animal scratches can also have important physical 

consequences depending on the area of the body affected.  In addition to the physical damage of bites and 

scratches, pets can transmit pathogens to people (zoonoses).  People can acquire pet-associated zoonotic 

organisms through the skin and mucous membranes (via animal bites, scratches, or other direct contact), 

contact with animal saliva, urine and other body fluids or secretions, ingestion of animal fecal material, 

inhalation of infectious aerosols or droplets, and through arthropods and other invertebrate vectors [24].  

Although any exposed person can become infected with a zoonotic pathogen, risks are particularly high 

for those with a compromised or incompletely developed immune system, such as the young (< 5 yrs), 

elderly (≥ 65 yrs), pregnant and those with immune function-reducing conditions or treatments, including 

diabetes, cancer, infection with human immunodeficiency virus (HIV), splenectomy and radiation therapy 

[24, 25].  The increased disease risk for children is additionally imparted through closer physical contact 

with household animals, reduced hand hygiene and behaviours that include pica and exploration of the 

environment through mouthing.  Not only are these groups at increased risk for infection with a zoonotic 
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pathogen, infection with many zoonotic pathogens is more likely to result in severe disease in high risk 

groups [24, 25].  Pets often have frequent, close interactions with household members, such as licking of 

hands and sleeping in beds [26], which can further increase pet-associated disease risks.   

Many of the disease risks that occur with pet contact can be eliminated or reduced through simple 

measures, such as hand hygiene, proper animal husbandry and altered animal-contact behaviours.  In 

order for infection prevention to be successful, however, individuals in contact with animals must be 

aware of these disease risks.  Thus, awareness of zoonotic disease risk is a prerequisite for effective 

disease prevention.  To-date, few studies have evaluated the general public’s knowledge of pet-associated 

zoonoses [27, 28].  A study conducted in 1986 revealed that many individuals in the general population 

lacked even basic knowledge about zoonotic diseases (e.g., only 63% of household heads in De Kalb 

County, Georgia, USA believed pathogens from pets could be transmitted to humans) [28].  A more 

recent study (2008) supported the earlier study’s findings of poor zoonotic disease knowledge by the 

general public (e.g., only 56% of dog owners in Brazos County, Texas, USA knew intestinal helminths 

could be transmitted from dogs to humans) [27].  Both studies were limited in their geographic scope and 

did not integrate human disease risk status (i.e., extremes of age, immunocompromised), animal contact-

related attitudes, and zoonotic disease knowledge and risks.  In addition, most previous studies have only 

measured animal contact through pet ownership and did not include animal contact outside of the 

household.  The objective of this study was to further characterize the general public’s household 

knowledge, attitudes and risks related to pet ownership and animal contact.  Furthermore, this study 

aimed to determine if those households with individuals at increased risk of disease differ in knowledge, 

attitudes, or practices from the remainder of the public.   

 

Methods 

Study location and selection of study sites 

The site chosen for this study was the region of Waterloo, located in southern Ontario, Canada.  

The Waterloo Region is composed of three urban and four rural municipalities.  This region was selected 

as it includes both rural and urban settings and its population has similar demographics to the Province of 

Ontario and Canada as a whole.  As of 2006, this region had a population of approximately 478,000 

people in 178,000 private households.  The median age was 36.4 yrs, with 81% of the population aged 15 

yrs and over, 6% less than 5 yrs, 12% greater than 64 yrs, 22% immigrants and 13% of a visible minority 

(non-Caucasian in race or non-white in colour).  Average household size was 2.6 persons, with a median 

annual income of $65,000 CAD [29].  These statistics are similar to those for the Province of Ontario and 
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all of Canada, with the exception of a lower prevalence of visible minorities (23% for Ontario, 16% for 

Canada) and a higher household median annual income ($60,000 for Ontario, $54,000 for Canada) [29].   

In Canada, all residents receive medically necessary healthcare services at no charge [30], thereby 

reducing the potential of biasing a study population drawn from healthcare facilities.  A convenience 

sample of multi-doctor general practice physician offices located within the Waterloo region were 

approached to participate in the study.  Two practices, each with at least 4 physicians, agreed to 

participate and were selected (clinic A in Kitchener, Ontario and clinic B in Cambridge, Ontario).   

Data collection 

During 4 weeks in October and November, 2010, individuals present in the waiting areas of the 

participating clinics between 9am and 4pm Mondays-Fridays were individually approached by one of the 

authors (JWS) and invited to take part in the study.  Individuals were eligible to participate if they were at 

least 18 yrs of age, able to read and speak English and no one from their household had previously taken 

part in the study.  Individuals who appeared to be in distress or pain were not approached.  A single 

member from each household was asked to complete an anonymous, confidential 10-minute self-

administered written questionnaire on-site or at a later time. Individuals in the latter group were provided 

a stamped, addressed envelope to return the questionnaire.  No incentives were offered for participating in 

the study.   

A 5-page questionnaire was developed with guidance from epidemiologists, veterinarians, 

physicians and zoonotic disease experts.  The questionnaire was piloted on six members of the public 

with varying zoonotic disease backgrounds and revised accordingly.  The final questionnaire utilized 

closed-ended, primarily multiple choice, questions (Appendix 2.1).  It gathered both individual and 

household-level data including demographics, pet and animal contact-related attitudes, respondent 

knowledge of zoonotic diseases and sources for such information, the occurrence of animal contact and 

pet-associated zoonotic disease and injury, health status of household members (i.e., ever diagnosed with 

HIV/AIDS, diabetes, cancer, hepatic cirrhosis, or other cause for immune dysfunction) and types of pets 

(if any) in the household.  The immigrant generation status of the respondent, a designation indicating if 

they or their parents were born outside Canada, was assigned based on established criteria [31].   

Demographic, health and injury information was requested for each individual who lived in the household 

at the time of completing the questionnaire.   The respondents’ general knowledge of zoonotic diseases 

was assessed by providing a list of infectious pathogens, diseases and syndromes (rabies, intestinal 

worms, human immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), distemper, 

Salmonella, Giardia, hepatitis, infectious diarrhea, ringworm, methicillin-resistant Staphylococcus aureus 

(MRSA), measles) and asking the respondents to indicate which they believed could be transmitted from 
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pets to people.  Components of this list were chosen based on their use in previous studies [27, 28] as well 

as the intent to capture zoonotic and non-zoonotic pathogens that are encountered or should be discussed 

with clients/patients with some frequency in veterinary or human medicine.  The syndrome infectious 

diarrhea was included as it was used in a previous study [28] and to assess the ability of respondents to 

recognize an important syndrome verses a specific pathogen.  A zoonotic disease knowledge score was 

calculated by summing the frequency a participant correctly classified the diseases as pet-associated 

zoonoses (min-max: 0-11).  A non-pet household survey was created by discarding questions specific to 

current pet ownership (Appendix 2.2).  After agreeing to participate in the study, individuals were asked 

if they currently had any pets in their household and then provided with the appropriate questionnaire.  

Household pets included pets that were indoor only, outdoor only, and those that spent time both indoor 

and outdoor.  The study was approved by the University of Guelph’s Research Ethics Board. 

Data analysis  

Data were entered into an Access database (Microsoft Corp., Redmond, WA, USA) and exported 

and analyzed using Intercooled Stata version 10.1 (Stata Corp., College Station, TX, USA).  Descriptive 

statistics were computed for all variables and stratified by pet ownership.  Blank and “don’t know” 

responses were excluded from analyses.  Statistical associations were assessed between pet ownership and 

each variable.  Associations with categorical variables were assessed using Pearson χ2 test or, if any 

expected cell value was ≤ 1 or 20% or more expected cell values were ≤ 5, Fisher’s exact test [32].  The 

non-parametric Cuzick test of trend was used for assessing associations with ordinal variables.  Student’s 

t-test assuming unequal variances or, if a non-normal distribution, the Mann-Whitney rank sum test was 

used for assessing associations with continuous variables. The associations between respondents’ 

zoonotic disease knowledge score and the categorical variables (1) level of comfort with their zoonotic 

disease knowledge, and (2) previous receipt of information about pet-associated zoonoses, were assessed 

using the one-way analysis of variance (ANOVA) test and Student’s t-test assuming unequal variances (or 

Mann-Whitney rank sum test if non-normal distribution), respectively.  Multiple comparisons with 

Bonferroni adjustment were performed following a statically significant ANOVA test.  The associations 

between the presence of individuals at higher risk to infections (i.e., < 5 yrs, ≥ 65 yrs, 

immunocompromised) in the household and select variables were assessed as stated above for continuous 

and categorical variables, while stratifying on pet ownership as a potential confounder.  When applicable, 

95% confidence intervals (CI) were calculated using binomial exact methods.  Statistical significance was 

based on a P-value <0.05. 
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Results  

During the 4-week period in which the survey was administered, 641 of the 853 individuals who 

were approached (75.1%) completed the survey (114 refused, 98 did not return or complete the survey).  

The proportion responding was similar for both clinics [clinic A – 374/490 (76.3%), clinic B – 267/363 

(73.6%)].   Twenty individuals were not approached as they appeared to be in pain or distress.  Four 

hundred and eight respondents (63.7%; 95% CI: 59.8, 67.4) reported having one or more household pets.  

Dogs were the most frequently reported owned species (42.8% of respondents; 95% CI: 38.9, 46.7), 

followed by cats (29.8%; 95% CI: 26.3, 33.5), fish (8.3%; 95% CI: 6.3, 10.7), exotic companion animals, 

such as gerbils and rabbits (4.5%; 95% CI: 3.1, 6.4), reptiles and birds (each 3.4%; 95% CI: 2.2, 5.2).  

Cats or dogs were owned by 93% (379/408) of the pet owners. 

Demographics 

Demographics on a total of 1,971 household members were provided by the respondents.  

Demographics varied slightly from reported statistics for the region, with a median age of 33 years, 77% 

aged 15 years and older, 8% less than 5 yrs, 8% greater than 64 yrs, 6% non-white, mean household size 

of 3.1 persons and median category for annual household income between $80,000 and $120,000 CAD.   

Statistically significant associations were observed between pet ownership and respondent sex, age, race, 

residence classification, number of individuals living in the household and presence of individuals at 

increased risk for acquiring an infectious disease living in the household, including elderly and those with 

an immunocompromising condition (Table 1).  Pet owning households tended to have more individuals, 

live in suburban or rural areas and were less likely to have higher risk individuals living in the household 

(including fewer elderly and individuals with an immunocompromising condition) as compared to non-

pet owning households.   Although households with elderly and immunocompromised individuals were 

less likely to have pets than households without these higher risk individuals, pet ownership remained 

common (47% and 55%, respectively).  Diabetes and cancer (53% and 27% of immunocompromised 

respondents, respectively) were the most frequently reported immunocompromising conditions, followed 

by “other cause” (9%); more than one cause (most frequently diabetes and cancer) were listed by the 

remaining immunocompromised respondents (11%).  Respondents from pet owning households were 

statistically more likely to be female, younger and Caucasian as compared to non-pet owning households.   

Pet and animal contact-related attitudes 

Perceptions of pet ownership and zoonotic disease risk varied significantly between pet and non-

pet owning households (Table 2). Amongst respondents from pet owning households, significantly less 

concern was reported for pet-associated disease for themselves and household children than in non-pet 

owning households.  For both groups, a high percentage of respondents (≥ 30%) reported they were not at 
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all concerned about pet-associated disease.  Households with young children (< 5 yrs) and households 

with older children (5-15 yrs) did not differ significantly in their concern for household children acquiring 

pathogens from pets (Fisher’s exact test: pet owner: P=0.13, non-pet owner: P=0.32).  Approximately 

one-third of respondents (n=214) listed one or more pet-associated diseases that they considered to be of 

greatest concern to them.  The majority of respondents were most concerned about rabies (n=84; 39%) or 

endo/ecto parasite-derived disease (n=85; 40%).  Bacterial (n=26; 12%) and viral (excluding rabies) 

pathogens (n=17; 8%) were less frequently listed, with Salmonella, Escherichia coli and influenza virus 

being the most common in those categories.  Allergies/asthma (n=11; 5%) and ringworm (n=7; 3%) were 

also listed. 

Households with pets were significantly more likely to consider pets an important part of a family 

and believed the benefits of owning a pet were greater than pet-associated health risks (Table 2).  

Although less frequent, the majority of non-pet owning households stated they agreed or strongly agreed 

that pets are an important part of the family (84%) and that the benefits of pet ownership outweigh any 

health risks (67%).  Households with high risk individuals (i.e., <5 yrs, ≥ 65 yrs, immunocompromised) 

and without these individuals did not differ significantly in their beliefs regarding the benefits and risks of 

pet ownership (Pearson χ2: pet owner: P=0.54, non-pet owner: P=0.61).  Ninety-three percent of pet-

owners stated that removal of one or more pets would negatively affect people in their household.    

Zoonotic disease knowledge and educational sources 

When provided a list of 11 infectious pathogens, diseases and syndromes, participants were able 

to correctly classify just over half on their potential to be transmitted from pets to people [mean zoonotic 

disease knowledge score (SD) = 6.4 (1.4)], with a significant difference between pet and non-pet owners 

(6.5, 6.2 respectively; Table 3).  Households with and without high risk individuals did not differ 

significantly in their mean zoonotic disease knowledge score (t-test: pet owner: P=0.15, non-pet owner: 

P=0.64).  Rabies and measles were most often classified correctly (≥ 95%), while Giardia and MRSA 

were least frequently classified correctly (≤ 9%).  Significant differences in correct classification between 

pet and non-pet owners were observed for several of the pathogens, diseases and syndromes, including 

Salmonella, Giardia and hepatitis, with pet owners more frequently correctly categorising Salmonella and 

Giardia.   

Seventy percent of respondents were comfortable with their level of understanding of zoonotic 

diseases acquired through pet contact, while 65% were comfortable with their level of understanding of 

ways to prevent such diseases (Table 3).  Significant associations were observed with pet ownership for 

both disease knowledge and prevention comfort levels, with pet owners being more likely to be 

comfortable with their level of understanding.  Households with and without high risk individuals did not 
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differ significantly in their disease knowledge and prevention comfort levels (Pearson χ2: pet owner: 

P=0.20, P=0.67; non-pet owner: P=0.24, P=0.26, respectively).  For pet owners, level of comfort with 

understanding of zoonotic disease was significantly positively associated with zoonotic disease 

knowledge score (ANOVA; P=0.034); those who were more comfortable with their knowledge-base had 

higher knowledge scores than those who were less comfortable.  However, in pair-wise comparisons, only 

the two extreme comfort levels, “strongly agree” (mean score=6.7) and “strongly disagree” (5.9), differed 

significantly (P=0.020).  These associations were not observed for non-pet owners (P=0.47).   

A minority of respondents (22%) reported ever being asked by a medical doctor or their staff if 

they owned a pet, while 6% reported a medical doctor or staff had at some point discussed the possible 

benefits of pet ownership; for both, pet owners more frequently reported these findings than non-pet 

owners (Table 3).  Households with and without high risk individuals did not differ significantly in their 

reporting of ever being asked if they owned a pet (Pearson χ2: pet owner: P=0.33; non-pet owner: 

P=0.80).  Approximately 30% of respondents reported ever receiving information from any source about 

diseases acquired from pets or precautions to take with pets to reduce the risk of these diseases, with a 

significantly higher percentage among pet owners as compared to non-pet owners (36%, 21%).  

Households with and without high risk individuals did not differ significantly in reporting they had ever 

received this information (Pearson χ2: pet owner: P=0.89; non-pet owner: P=0.96). Respondents who 

reported they had received information in the past had a significantly higher mean zoonotic disease 

knowledge score than those who reported they had not [t-test; pet owners: 6.7 vs. 6.3 (P=0.018); non-pet 

owners: 6.8 vs. 6.1 (P=0.008)].  As the content of pet-associated disease education typically focuses only 

on diseases that are zoonotic, without discussing diseases that are not, analysis was repeated calculating 

the zoonotic disease knowledge score for only the subset (7) of the pathogens, diseases and syndromes 

that are zoonotic.  A similar finding was observed, with those who reported receiving information having 

a significantly higher rank sum knowledge score than those who reported they had not [Mann–Whitney 

rank sum test; pet owners’ median scores: 3 vs. 3 (P=0.002); non-pet owners’ median scores: 3 vs. 2 

(P=0.0006)].  Sources providing this information varied between pet and non-pet owners, with 

veterinarians (73%), the Internet (32%), books (29%), television/newspaper/magazine (20%) and family 

physicians (20%) being the most common for pet owners; the Internet (38%), friends/relatives (35%), 

family physicians and veterinarians (each 29%) and books and television/newspaper/magazine (each 

25%) most commonly reported for non-pet owners.  When two or more sources were listed, pet and non-

pet owners named veterinarians and the Internet as the most “useful” sources.  Of the 82% of pet-owners 

who had taken a pet to the veterinarian in the past 12 months, only 27% reported having ever received 

information from a veterinarian about pet-associated zoonotic diseases.  Pet and non-pet owners believed 
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veterinarians, family physicians and public health personnel (in that order) should be responsible for 

providing zoonotic disease information to the public, with 86% of pet-owners and 56% of non-pet owners 

looking toward veterinarians for this information. 

Zoonotic disease risks 

Four percent of respondents reported that someone in their household had at some point acquired 

a disease from a pet, with no statistical difference between pet and non-pet owners (Table 4).  The most 

frequently reported pathogen was ringworm (40%), followed by “worms” (12%).  During the preceding 

12 months, 36% of pet-owners and 10% of non-pet owners (P<0.001) claimed someone in their 

household had been bitten or scratched by a dog or cat, resulting in a wound where the skin was broken.  

Scratches were more common than bites, with the household pet often involved in pet owning 

households.  Thirty one individuals from 27 households were reported being bitten by a dog during the 

preceding 12-months (number per household: median=1; range=1-2), corresponding to 1.6% (31/1971) of 

all reported household members.   

Thirty six percent of all respondents stated that someone in their household had physical contact 

with animal(s) outside the home on a weekly basis.  Pet ownership was not associated with animal contact 

outside the house.  The most frequently reported type of contact outside of the home involved cats or dogs 

at a friend’s or relative’s residence (63% pet owners; 67% non-pet owners), followed by farm animals 

(13% pet owners; 3% non-pet owners).  Contact with reptiles or wildlife (e.g., raccoons, skunks) outside 

of the home were infrequently reported for both pet and non-pet owners (≤ 2% each).  Approximately 

10% of both pet and non-pet owners planned on acquiring a new pet in the next year. 

 

Discussion 

This study aimed to characterize household knowledge, attitudes and risks related to pet 

ownership and animal contact in Ontario, Canada.  Despite the importance of this topic due to the 

potential injury and disease risks posed by pets, the high proportion of households that own pets, and the 

close interaction pets often have with household members, few studies [27, 28] have evaluated this area.  

Furthermore, this study is unique in that it broadly addresses animal contact within and outside the home, 

and integrates household demographics, including human disease risk status (i.e., extremes of age, 

immunocompromised), animal contact-related attitudes and zoonotic disease knowledge and risks.          

The animal ownership patterns we observed were consistent with those previously reported for 

the surrounding area [19] and country [6], with over 63% of households having one or more pets.  Similar 

to a previous study [33], over 75% of respondent households had one or more members that had frequent 

animal contact through household pets, animals outside the home, or both.  These results highlight the 
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common occurrence of direct animal exposure for the public.  The perceived benefits from pet ownership 

and contact were evident as both pet and non-pet owners believed that the benefits of pet ownership 

outweigh disease risks.   

In order to assess zoonotic disease knowledge, respondents were provided a list of infectious 

pathogens, diseases and syndromes and asked to indicate which were transmitted from pets to people.  

The decision as to which of the listed pathogens, diseases and syndromes were pet-associated was based 

on the best available knowledge at the time the survey was administered.  Pathogens that could be 

transmitted from pets to people, even though the majority of such human infections are acquired from 

non-pet sources (i.e., Salmonella, Giardia, MRSA) were considered pet-associated zoonoses.  Hepatitis 

was not considered pet associated, as Hepatitis A, B and C are non-zoonotic and Hepatitis E has only 

recently been thought to be transmitted from animals and the scientific community has yet to resolve if 

pets play any role in human infection [34, 35].   

We found considerable variation in the respondents’ ability to correctly classify different 

pathogens.  As has been previously reported [27, 28], the public appears to be well-informed of the 

potential for rabies transmission from pets (95% answered correctly), however, is less informed about less 

severe but more common pathogens, diseases and syndromes, such as ringworm, Salmonella and 

infectious diarrhea (53%, 33%, 24% answered correctly, respectively).  Equally alarming, were the 

human or pet-specific diseases believed to be transmissible between species (i.e., HIV/AIDS, distemper, 

each 10%).  As awareness of zoonotic disease risk is a prerequisite for effective prevention, the limited 

zoonotic disease knowledge of the public is a concern.  Despite an increased awareness by researchers 

over the past several decades of the wide scope and magnitude of zoonotic diseases, the public’s 

knowledge appears to have changed little; our findings are consistent with those of a 1986 study [28] that 

reported similar proportions for the public’s correct classification of rabies, ringworm and infectious 

diarrhea as pet-associated zoonoses. 

The low zoonotic disease awareness observed by respondents was perhaps not surprising as less 

than one-third of respondents reported having ever received information about pet-associated diseases or 

precautions to reduce the risk of these diseases.  As previously noted [27, 36], veterinarians and the 

Internet were most frequently reported as providing this information to pet and non-pet owners, 

respectively.  Only 25% of pet owners recalled ever being asked by a physician or their staff if they 

owned pets.  The limited involvement of physicians and public health was not surprising.  Several studies 

have indicated that physicians often rely on veterinarians for advising the public about the potential for 

zoonotic disease and thus discuss this topic with their patients less frequently than veterinarians [37, 38].  

Although physicians believe educating patients about pet-associated health hazards is important, time 
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constraints and competing health messages were often cited for not doing so [39].  Similarly, although 

veterinarians were an important source for zoonotic disease information in this study, there appear to have 

been many missed opportunities by the profession.  Analogous to a previous study [27], only 27% of the 

individuals who had been to a veterinarian in the past year indicated they had ever received zoonotic 

disease information from a veterinarian.     

Although statistically significant, the mean zoonotic disease knowledge score of pet owners was 

only marginally greater than non-pet owners (6.5, 6.2 respectively).  The similar scores between the two 

groups implies that the additional resources available to pet owners (e.g., veterinarians, targeted education 

provided by physicians and public health) may not effectively provide a large amount of additional 

knowledge.  Further efforts by these groups, such as readily available educational materials on this topic 

provided in waiting rooms and during office visits are important.  A recent study reported that 43% of 

surveyed veterinarians did not have client educational materials on zoonotic diseases available in their 

practices [40].  Due to the ever-increasing use of the Internet for personal and animal health information 

[41], it is critical to ensure reliable resources are also available on-line.  

From our results, it was evident that both the human and veterinary fields have room for 

improvement in patient/client education.  Furthermore, increased communication between professions is 

needed to improve overall zoonotic disease knowledge and develop optimal approaches for reducing pet-

associated pathogen transmission and injury in households.  These conclusions are supported by previous 

studies that indicate that the majority of veterinarians and physicians do not regularly discuss zoonotic 

disease risks with clients, patients or each other [37, 38, 40, 42].  The utility of such discussions was 

evident in our study, as respondents who recalled having received zoonotic disease information in the past 

had a higher mean zoonotic disease knowledge score compared to those who had not. While there was no 

assessment of the type, timing and quality of information that was provided, this finding suggests that 

general zoonotic disease counselling can have a positive impact.  

Pet and non-pet owners were, for the most part, not concerned about pet-associated zoonoses and 

were comfortable with their level of knowledge and methods to reduce zoonotic disease risk.  As 

individuals who are not concerned, and are comfortable with their knowledge-base may be unlikely to 

seek additional knowledge from available resources, active methods may be required to improve 

awareness of pet-associated zoonoses.  Such methods may include brief waiting room surveys to assess 

disease knowledge and high-risk behaviours, followed by improved physician and veterinarian-directed 

review of pet-associated zoonoses with patients/clients.   For pet owners, a significant positive association 

was observed between an individual’s zoonotic disease score and their level of comfort with their 
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knowledge on this subject.  Thus, for pet owners, inquiring about their level of comfort with this topic 

may be a reliable screening tool for identifying those in greatest need of additional education. 

Pet ownership was common in households with individuals at higher risk of infections (e.g., < 5 

yrs, ≥ 65 yrs, immunocompromised).  Based on the limited studies that have previously surveyed this 

topic for the immunocompromised [15, 20] and extremes of age [19, 33, 43, 44], this finding was 

expected, and given the positive aspects of pet contact, this in itself was not particularly concerning. 

However, it was concerning that households with higher risk individuals did not differ from the remaining 

households regarding their perceived risk of pet-associated disease, zoonotic disease knowledge score, 

recalling being asked by a medical provider if they owned any pets, or recalling having received 

information regarding pet-associated disease risks and preventive measures.  This suggests a troubling 

(but perhaps unsurprising) lack of recognition or knowledge of the potential for pet-associated zoonoses. 

A history of contact with pets in the home and animal contact outside the home should be part of every 

physician’s wellness evaluation, especially for individuals at higher risk of zoonotic disease.  Primarily 

relying on veterinarians for providing pet-associated disease information is problematic for several 

reasons.  As noted by our study, animal contact frequently occurred in both pet and non-pet owning 

households; many individuals with animal contact in the latter group will likely not consult a veterinarian.  

In addition, veterinarians are often unaware of their clients’ immune status [37, 40] and arguably other 

attributes of higher risk households (such as extremes of age).  Without this information, veterinarians are 

unable to adequately inform and council clients on their household disease risks.  Veterinarians may also 

be reluctant to venture into aspects of human health. 

A relatively low proportion (4%) of households reported having had a family member acquire a 

disease from a pet.  The accuracy of this estimate is unclear, since it is prone to recall bias and various 

other factors that make it difficult to determine if an infection was truly acquired from a pet (e.g., multiple 

routes of transmission for many zoonotic pathogens, subclinical shedding of pathogens by pets).  The 

potential risk of zoonotic infection and injury, however, were clearly noted in our study with a high 

proportion (27%) of households reporting one or more dog or cat-derived bites or scratches during the 

previous 12 months.  This result is alarming, as such injuries can have serious health consequences.  

Previous studies vary widely in the reported incidence of animal bites, with most variation likely due to 

the population sampled and sampling methods used [23].  A U.S. study that used a telephone survey 

estimated a national annual incidence of self-reported dog bites of 1.8% (18 per 1000 population) [45]; by 

far the highest incidence reported to-date [23].  Our study found 1.6% of all household members sustained 

a self-reported dog bite during the previous 12 months.  The high incidence of dog bites in our sample is 

unlikely to be due to differences in case definitions or sampling bias as we requested data only on bites 
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that broke the skin; the proportions of pet ownership and presence of children in the households, two 

commonly reported risk factors for dog bites [23], were similar to previous reports and census data for the 

region.  This finding warrants further evaluation by additional studies to confirm the elevated rate and 

determine potential risk factors.  In the interim, educational resources addressing safe pet interaction and 

bite/scratch prevention strategies are strongly needed for this population.       

We acquired our data as a convenience sample from the waiting rooms of general practice 

physician offices in Ontario, Canada.  All Canadian residents receive medically necessary healthcare 

services at no charge [30], reducing the potential that variable access to physicians would result in a 

biased study population.  Despite this, it is possible our source population or derived sample were not 

representative of the surrounding general population.  Barriers in access to health care services that may 

disproportionately affect different groups, such as new immigrants [46], over-representation of groups 

typically in need of increased health care visits, such as the young, elderly, or immunocompromised, or 

use of a non-randomized sampling approach were potential concerns.  However, based on census data, 

our sample appeared to be representative of the region, with the exception of a lower percentage of visible 

minorities and over representation of higher income households.  The finding that 59% of households had 

one or more individuals at higher risk of infectious disease was reasonable as the proportions of our 

sample < 5 yrs (8%) and ≥ 65 yrs (8%) were consistent with census data for the region (6% and 12%, 

respectively); the proportion of households with immunocompromised members (32%) may be expected 

based on estimates for the United States [47] and the expected prevalence of immunocompromising 

conditions, such as diabetes [48], for the population in the Waterloo region.   

Bias may have been introduced into our study.  Possible sources of bias include differences 

between respondents and non-respondents (however the high response proportion of 75% makes this less 

likely) and the self-administered nature of the questionnaire where questions may have been 

misinterpreted (misclassification).  In addition, respondents’ ability to recall information or activities 

typically deteriorates as time elapses, with better recall for more recent experiences.  For this reason, it is 

possible the reported medical interactions (i.e., ever asked by a physician if they owned pets, ever 

received zoonotic disease information from a physician) are more reflective of the staff at the two 

surveyed clinics than other medical staff used by respondents previously.   Due to the descriptive nature 

of the study, analysis relied primarily on univariable statistics, not accounting for possible correlation 

between the variables.  Furthermore, pet ownership was associated with several demographics, as 

previously reported [27], that may have confounded the observed associations between pet ownership and 

attitudes, knowledge, or behaviours.  Since this was a cross-sectional study, there are no data on the 

sequence of events relating to variables such as knowledge score.   
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We queried if respondents had pets in their household at the time of completing the survey and 

analyzed pet ownership as a dichotomous variable, not accounting for different pet species.  Based on 

responses, it is likely that some of the non-pet owners previously had pets (i.e., 29% of non-pet owners 

who had previously received zoonotic disease information, had received this information from a 

veterinarian).  It is possible this classification scheme may have biased our results, likely falsely 

increasing the zoonotic disease knowledge score attributed to non-pet owners and reducing apparent 

differences between pet and non-pet owners.  Thus, differences between pet-owning households and those 

that have never owned pets may be more pronounced than we observed.  In our analysis, we did not 

account for the ownership of different pet species.  Different species have varying levels of disease risk 

for particular pathogens (e.g., high prevalence of Salmonella shedding by reptiles and amphibians), and 

owner demographics and other characteristics may vary by the species owned.  Thus, it is possible that 

zoonotic disease knowledge, attitudes and practices may vary by species owned, and by classifying 

households simply as pet and non-pet owners systematic (bias) or nonsystematic error may have been 

introduced.  However, since cats or dogs were owned by 93% of the pet owners and other species were 

infrequently reported, any such error was likely minimal.   

 

Conclusions 

This study characterized household knowledge, attitudes and risks related to pet ownership and 

animal contact in Ontario, Canada.  Despite frequent pet contact reported within and outside the house, 

awareness of the zoonotic risks from pets was limited and no greater in households with people at 

increased risk of infection.  Educational efforts by human, veterinary and public health personnel were 

infrequently recalled.  As awareness of disease risk is a prerequisite for effective disease prevention, 

further efforts by these key groups are needed, such as readily available educational materials provided in 

waiting rooms and accessible via the Internet, as well as active methods, such as discussions during office 

visits.  Animal bite and scratch-based health risks are likely the greatest concern and materials should 

highlight these areas.  Immediate educational efforts are especially needed for households with 

individuals at higher risk of infections.  Given the time constraints on healthcare professionals, techniques 

such as waiting room surveys and newsletters may be helpful in initiating discussions with 

clients/patients.  Both veterinarians and physicians are part of the family healthcare team and must work 

together to reach the common goal of reducing the public’s pet-associated disease risks.  Finally, 

intervention studies, piloting various educational materials and methods for distributing these materials, 

are needed to determine the most effective ways to improve knowledge and reduce zoonotic disease risks. 
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Table 2.1  Demographics for survey respondents (Ontario, Canada; N=641) 

Variables 
Number 

respondents 
(N) 

Pet currently present in 
household 

P-value1 
Yes, N (%) No, N  

(%) 

Respondent’s sex 638   0.011 
 Male  93 (56) 74 (44)  
 Female  314 (67) 157 (33)  
      
Respondent’s age (years) 637   < 0.0012 
 Mean (SD)  44.1 (14.1) 48.8 (17.2)  
 Median (range)  44 (17-89) 49 (16-86)  
     
Respondent’s race 616   < 0.001 
 White  380 (66) 200 (34)  
 Other3  11 (31) 25 (69)  
     
Immigrant generation status of respondent

4 595   0.27 
 First  45 (58) 32 (42)  
 Second  61 (70) 26 (30)  
 Third or more  269 (62) 162 (38)  
     
Self-reported residence classification  632   < 0.001 
 City  263 (62) 161 (38)  
 Suburban  72 (75) 24 (25)  
 Town  31 (48) 34 (52)  
 Rural  38 (81) 9 (19)  
      
Total household income during past 12 months (before taxes and deductions) 

  532   0.065 
 Less than Can$20,000  14 (61) 9 (39)  
 Between Can$20,000 and Can$39,999  46 (63) 27 (37)  
 Between Can$40,000 and Can$79,999  96 (58) 70 (42)  
 Between Can$80,000 and Can$120,000  104 (68) 49 (32)  
 More than Can$120,000  83 (71) 34 (29)  
      
Highest level of education attained by anyone currently living in household 

  607   0.346 
 Elementary school  1 (25) 3 (75)  
 High school certificate, diploma, or 

equivalent 
 66 (68) 31 (32)  

 College, trade or other non-university 
certificate or diploma 

 141 (64) 79 (36)  

 University certificate, diploma or degree  180 (63) 106 (37)  
     
Number of individuals living in household 641   <0.0012 
 Mean (SD)  3.2 (1.4) 2.8 (1.5)  
 Median (range)  3 (1-9) 2 (1-8)  
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Children under 16 yrs living in household 641   0.10 
 Yes  183 (67) 89 (33)  
 No  225 (61) 144 (39)  
      
Children under 5 yrs living in household 641   0.24 
 Yes  64 (59) 45 (41)  
 No  344 (65) 188 (35)  
      
Adults ≥ 65 yrs living in household 641   <0.001 
 Yes  56 (47) 63 (53)  
 No  352 (67) 170 (33)  
      
Anyone currently living in household ever diagnosed with an immunocompromising condition 

  540   0.008 
 Yes  94 (55) 78 (45)  
 No  245 (67) 123 (33)  
      
One or more individuals living in household < 5 yrs, ≥ 65 yrs, or ever diagnosed with an 

immunocompromising condition 

  572   <0.001 
 Yes  184 (55) 151 (45)  
 No  173 (73) 64 (27)  

1
P-value for Pearson χ2 test, unless otherwise stated  

2Mann–Whitney rank sum test 

3Includes Arab, Black, Chinese, Filipino, Japanese, Latin American, South Asian, Southeast Asian, 

Western Asian, Other 

4First generation, defined as born outside Canada; second generation, defined as born inside Canada with 

at least one parent born outside Canada; third generation or more, defined as born inside Canada with 

both parents born inside Canada [31] 

5Non-parametric Cuzick test of trend 

6Fisher’s exact test  
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Table 2.2  Pet and animal contact-related attitudes of survey respondents (Ontario, Canada; 

N=641) 

Variables 
Number 

respondents 
(N) 

Pet currently present in 
household 

P-value2 
Yes, N 
(%)1 

No, N 
(%)1 

How concerned are you that household children could catch a disease from your pets or pets of friends 

or family?
3
 

  268   0.0014 
 Very concerned  9 (5) 10 (12)  
 Concerned   9 (5) 8 (9)  
 Somewhat concerned  14 (8) 13 (15)  
 Minimally concerned  69 (38) 29 (34)  
 Not at all concerned  81 (45) 26 (30)  
      
How concerned are you that you could catch a disease from your pets or pets of friends or family?

3 
  612   <0.0014 
 Very concerned  12 (3) 14 (7)  
 Concerned  18 (4) 21 (10)  
 Somewhat concerned  29 (7) 29 (14)  
 Minimally concerned  140 (35) 59 (28)  
 Not at all concerned  204 (51) 86 (41)  
      
Pets are an important part of the family 

  618   < 0.0014 
 Strongly agree  340 (84) 76 (36)  
 Somewhat agree  62 (15) 101 (48)  
 Somewhat disagree  4 (1) 20 (9)  
 Strongly disagree  1 (0.3) 14 (7)  
      
Benefits of owning a pet are greater than any health risks that occur with owning a pet 

  601   <0.0014 
 Strongly agree  242 (61) 56 (28)  
 Somewhat agree  108 (27) 79 (39)  
 Somewhat disagree  37 (9) 37 (18)  
 Strongly disagree  11 (3) 31 (15)  
      
Removal of one or more of my pets would negatively affect people in my household 

  401    
 Strongly agree  300 (75) ----  
 Somewhat agree  73 (18) ----  
 Somewhat disagree  18 (4) ----  
 Strongly disagree  10 (2) ----  

1Percentages in column may not sum to 100% due to rounding 

2
P-value for Pearson χ2 test, unless otherwise stated 

3Category “no contact with pets” removed from analysis due to low frequency 

4Non-parametric Cuzick test of trend 
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Table 2.3  Zoonotic disease knowledge and educational sources of respondents (Ontario, Canada; 

N=641) 

Variables 
Number 

respondents 
(N) 

Pet currently present in 
household 

P-value2 
Yes, N 
(%)1 

No, N 
(%)1 

Which of the following diseases do you think can be transmitted from pets to people? 

  599    
 Rabies*  374 (96) 198 (94) 0.15 
 Intestinal worms*  214 (55) 103 (49) 0.14 
 HIV/AIDS  43 (11) 14 (7) 0.076 
 Distemper  43 (11) 19 (9) 0.43 
 Salmonella*  146 (38) 51 (24) 0.001 
 Giardia*  37 (10) 9 (4) 0.021 
 Hepatitis  52 (13) 17 (8) 0.050 
 Infectious diarrhea*  98 (25) 47 (22) 0.42 
 Ringworm*  215 (55) 103 (49) 0.12 
 Methicillin-resistant Staphylococcus aureus 

(MRSA)* 
 36 (9) 18 (9) 0.76 

 Measles  14 (4) 12 (6) 0.23 
      
 Mean knowledge score (SD)3  6.5 (1.4) 6.2 (1.4) 0.0234 
     
I am comfortable with my level of understanding of possible diseases that can occur with pet contact 

  577   <0.0015 
 Strongly agree  136 (35) 32 (17)  
 Somewhat agree  146 (38) 90 (47)  
 Somewhat disagree  65 (17) 43 (22)  
 Strongly disagree  37 (10) 28 (15)  
      
I am comfortable with my level of understanding of ways to reduce diseases that can occur with pet 

contact 

  567   <0.0015 
 Strongly agree  121 (32) 26 (14)  
 Somewhat agree  143 (38) 81 (42)  
 Somewhat disagree  72 (19) 48 (25)  
 Strongly disagree  40 (11) 36 (19)  
      
Medical doctors or their staff ever discussed the possible benefits of owning or keeping a pet  

  630   0.003 
 Yes  31 (8) 7 (3)  
 No  338 (84) 213 (93)  
 Don’t remember  33 (8) 8 (4)  
      
Medical doctors or their staff ever asked if you owned any pets 

  630   0.029 
 Yes  99 (25) 39 (17)  
 No  243 (60) 139 (61)  
 Don’t remember  61 (15) 49 (22)  
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Ever received information from any source about diseases that you can get from pets or precautions to 

take with pets to reduce the risk of disease 

  630   < 0.001 
 Yes  145 (36) 48 (21)  
 No  227 (56) 162 (72)  
 Don’t remember  33 (8) 15 (7)  
      
 Sources that provided this information

6
 190   NP 

 Family physician  28 (20) 14 (29)  
 Specialist physician  13 (9) 2 (4)  
 Nursing staff  6 (4) 4 (8)  
 Public health personnel  13 (9) 9 (19)  
 Veterinarian  103 (73) 14 (29)  
 Pet store  27 (19) 6 (13)  
 Animal breeder  14 (10) 1 (2)  
 Friends/relative  27 (19) 17 (35)  
 Internet  45 (32) 18 (38)  
 Books  41 (29) 12 (25)  
 Television/ newspaper/ magazines  29 (20) 12 (25)  
 Other  5 (4) 3 (6)  
      
 Most useful source (when 2 or more) 100   NP 
 Family physician  1 (1) 2 (8)  
 Specialist physician  4 (5) 1 (4)  
 Public health personnel  1 (1) 1 (4)  
 Veterinarian  45 (59) 7 (29)  
 Pet store  1 (1) 0  
 Animal breeder  3 (4) 0  
 Friends/relative  2 (3) 4 (17)  
 Internet  8 (11) 5 (21)  
 Books  7 (9) 2 (8)  
 Television/ newspaper/ magazines  3 (4) 1 (4)  
 Other  1 (1) 1 (4)  
      
Who do you believe should be responsible for providing information about diseases that can occur with 

pet contact?
6
 

  627   NP 
 Family physician  190 (47) 121 (55)  
 Specialist physician  26 (6) 15 (7)  
 Nursing staff  28 (7) 20 (9)  
 Public health personnel  127 (31) 120 (54)  
 Veterinarian  350 (86) 125 (56)  
 Breeder/ pet store/ shelter  18 (4) 10 (5)  
 Self  15 (4) 0  
 Media  3 (1) 8 (4)  
 None  34 (8) 22 (10)  
 Other  2 (0) 2 (1)  
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1Percentages in column may not sum to 100% due to rounding 

2
P-value for Pearson χ2 test, unless otherwise stated  

3Calculated as the frequency participants correctly classified the listed diseases as transmitted from pets to 

people (Min-Max possible score: 0-11). 

4Student’s t-test, assuming unequal variances 

5Non-parametric Cuzick test of trend 

6Categories sum to greater than 100% as some participants listed more than one category 

*Pathogens/syndromes transmitted from pets to people 

NP: Statistical analysis not performed 
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Table 2.4  Zoonotic disease risks for respondent households (Ontario, Canada; N=641) 

Variables 
Number 

respondents 
(N) 

Pet currently present in 
household 

P-value1 
Yes, N (%) No, N 

(%) 

Has anyone in your household ever caught a disease from a pet? 

  633   0.74 
 Yes  14 (3) 9 (4)  
 No  392 (97) 218 (96)  
     
During the past 12 months, has anyone in your household been bitten or scratched by any dog or cat, 

where the skin was broken? 

  616   <0.001 
 Yes  144 (36) 22 (10)  
 No  252 (64) 198 (90)  
      
 Type of injury

2 166   NP 
 Scratched by own dog  53 (37) 3 (14)  
 Scratched by another dog  14 (10) 7 (32)  
 Bitten by own dog  15 (10) 1 (5)  
 Bitten by another dog  5 (3) 7 (32)  
 Scratched by own cat  68 (47) 3 (14)  
 Scratched by another cat  14 (10) 8 (36)  
 Bitten by own cat  24 (17) 2 (9)  
 Bitten by another cat  6 (4) 2 (9)  
      
Does anyone in your household regularly (at least weekly) have physical contact with animals in 

places outside of the home? 

  573   0.68 
 Yes  128 (35) 76 (37)  
 No  238 (65) 131 (63)  
      
 Type of animal/location (subset listed) 204   NP 
 Dog and/or cat at friend’s or relative’s 

residence 
 80 (63) 51 (67)  

 Farm animals at work, lessons, or friend’s 
residence 

 17 (13) 2 (3)  

 Reptile at friend’s residence or work  3 (2) 1 (1)  
 Wildlife  1 (1) 1 (1)  
     
Plan on acquiring a new pet in the next year 

  621   0.95 
 Yes  41 (10) 24 (11)  
 No  353 (90) 203 (89)  

1
P-value for Pearson χ2 test 

2Categories sum to greater than 100% as some participants listed more than one category 

NP: Statistical analysis not performed 
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Abstract  

Background 

Many human infections are transmitted through contact with animals (zoonoses), including 

household pets.  Despite this concern, there is limited knowledge of the public’s pet husbandry and 

infection control practices.  The objective of this study was to characterize zoonotic disease related-

husbandry and infection preventive practices in pet-owning households in Ontario, Canada.   

Methods 

A self-administered questionnaire was distributed to individuals at two multi-physician clinics in 

Waterloo, Ontario, Canada during 2010.  One adult from each household was invited to participate in the 

study.  

Results 

Four hundred one pet-owners completed the questionnaire.  Households reported ownership of 

dogs (68%), cats (48%), fish (13%), exotic mammals (7%), such as hamsters, and reptiles and birds (each 

6%).  Across all species, individuals at higher risk of infections (i.e. < 5yrs, ≥ 65yrs, 

immunocompromised) were often (46-57%) present in households.  Children < 16 yrs of age had close 

pet contact, as households reported dogs (13%) and cats (30%) usually slept in a child’s bed and dogs 

often licked a child’s face (24%).  Household husbandry practices that increase zoonotic disease risk were 

frequently identified; some fed high-risk foods (i.e. raw eggs, raw meat, or raw animal product treats) to 

their dogs (28%) or cats (3%); 14% of reptile-owning households allowed the pet to roam through the 

kitchen or washed it in the kitchen sink.  Reported hand washing by children was high for all species (> 

76% washed hands sometimes or greater after touching the pet, its feces, or housing), although fewer 

reported children always washed their hands (3-57%; by species).  With a few exceptions, practices were 

not associated with the presence of higher risk members in the household or recall of having previously 

received zoonotic disease education.   

Conclusions 

The results suggest there is a need for education on zoonotic disease prevention practices for pet-

owning households with individuals at higher risk of infection and those with high-risk species (e.g., 

reptiles).  Further research is needed to determine the role of education in altering higher risk pet 

practices.  
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Background  

Pet ownership is common, with the majority of households in many developed countries owning 

pets [1-8].  A recent study estimated that 56% of Canadian homes have at least one dog or cat, with a 

minority owning fish (12%), birds (5%), rabbits or hamsters (each 2%), lizards, guinea pigs, snakes, 

frogs, turtles, ferrets, or gerbils (each 1%) [6].  Pet ownership has been shown to have mental and 

physical benefits [9], particularly among children, the elderly and immunocompromised individuals [10-

16].  However, despite these benefits, there are also potential health hazards associated with pet 

ownership and contact. 

A recent estimate suggests that 14% of all human illness caused by seven common enteric 

pathogen groups (i.e., Campylobacter spp, Cryptosporidium spp, Shiga toxin–producing Escherichia coli 

(STEC) O157, STEC non-O157, Listeria monocytogenes, nontyphoidal Salmonella spp., and Yersinia 

enterocolitica) are attributable to animal contact [17].  Although the proportion of human disease for 

which pets are specifically responsible is largely unknown, greater than 70 pathogens of companion 

animals are known to be transmissible to people [18] and pet contact has been clearly established as a risk 

factor for illness caused by various pathogens, including Campylobacter [19, 20], Salmonella [21], 

Pasteurella multocida [22] and Capnocytophaga canimorsus [23].  For some pet species, their role in 

human disease has been more clearly identified; reptiles and amphibians are estimated to be responsible 

for 6% of all sporadic Salmonella infections (11% among persons less than 21 yrs old) [24]. The 

emergence and dissemination of multidrug-resistant bacteria in both humans and companion animals has 

created additional concerns [25, 26]. 

People can acquire pet-associated zoonotic organisms through the skin and mucous membranes 

(via animal bites, scratches, or direct or indirect contact with animal saliva, urine and other body fluids or 

secretions), ingestion of animal fecal material, inhalation of infectious aerosols or droplets, and through 

arthropods and other invertebrate vectors [27].  Although any exposed person can become infected with a 

zoonotic pathogen, risks are particularly high for those with a compromised or incompletely developed 

immune system, such as the young (< 5 yrs), elderly (≥ 65 yrs), pregnant and those with immune 

function-reducing conditions or treatments, including diabetes, cancer, infection with human 

immunodeficiency virus (HIV), splenectomy and chemotherapy [27, 28].   

Although incompletely understood, there are many factors that are involved in the occurrence of a 

zoonotic infection from a pet.  Several of these factors likely have important roles in determining if an 

individual becomes infected, becomes symptomatic once infected, and the degree of illness that occurs. 

These include: 1) level and dose of exposure to the pathogen, 2) ability of the individual to suppress 

infection, with immunocompromised and extremes of age less able to successfully respond 
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immunologically to pathogens, and 3) preventative veterinary care, husbandry and infection control 

practices that remove or reduce the level of the pathogen present and risk of transmission [27].  Existing 

recommendations stress that those at greatest risk for infectious disease should take the greatest level of 

caution when interacting with pets, and be the most diligent in following infection prevention practices 

[29-35].   

Despite the high proportion of households that own pets, risk for pet-associated disease in 

household members, and the potential role that appropriate infection control and husbandry practices may 

play in reducing these diseases, this area has not been thoroughly investigated.  The studies that have 

examined these topics, have noted the frequency of close contact between pets and people (e.g., licking of 

hands and sleeping in household member beds [36, 37]), general pet ownership patterns by individuals at 

higher risk of disease [15, 38-43], and general husbandry and infection control practices within pet-

owning households (e.g., frequency of preventive veterinary care [40, 44], and occurrence of hand 

hygiene [36, 37] and husbandry practices [36, 45]).  However, previous studies have not analyzed the 

associations between these factors, which would allow for a better understanding of how the factors may 

change with differing household disease risks or with prior receipt of zoonotic disease education.  The 

objective of this study was therefore to characterize pet husbandry and infection control practices that 

relate to zoonotic disease risks in pet-owning households in Ontario, Canada.  Additionally, we aimed to 

integrate household demographics, including human disease risk status (i.e., extremes of age, 

immunocompromised) and prior receipt of zoonotic disease education, to determine if these factors 

influenced household practices. 

 

Methods 

The site chosen for this study was the region of Waterloo, located in southern Ontario, Canada.  

The Waterloo Region is composed of three urban and four rural municipalities.  This region was selected 

as it includes both rural and urban settings and its population has similar demographics to the Province of 

Ontario and Canada as a whole [46].  As of 2006, this region had a population of approximately 478,000 

people in 178,000 private households.  The median age was 36.4 yrs, with 81% of the population greater 

than 14 yrs.  Median household annual income was $65,000 CAD [46].  These statistics are similar to 

those for the Province of Ontario and all of Canada, with the exception of a higher household median 

annual income ($60,000 for Ontario, $54,000 for Canada) [46]. 

Medical clinic and participant enrolment was part of a previously reported study that addressed 

knowledge and attitudes related to pet contact and associated zoonoses.  Detailed enrolment methods and 

inclusion criteria are available elsewhere [47].   In brief, a convenience sample of multi-doctor general 
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practice physician offices located within the Waterloo region was approached to participate in the study.  

Two practices agreed to participate (clinic A in Kitchener, Ontario and clinic B in Cambridge, Ontario).  

During October and November, 2010, adults present in the waiting areas of the participating clinics were 

individually approached and invited to take part in the study.  Individuals were eligible to participate if 

they were at least 18 yrs of age, able to read and speak English, and no one from their household had 

previously taken part in the study.  When more than one eligible adult for a given household was present 

in the waiting area, a single household volunteer was requested.  Participants were asked to complete an 

anonymous, confidential, self-administered written general questionnaire.  Individuals who currently had 

pets in their household were also given a self-administered written 5-minute supplemental pet-specific 

questionnaire (Appendix 3.1).  Household pets were defined as those that were indoor only, outdoor only, 

and those that spent time both indoor and outdoor.  No incentives were offered for participating in the 

study.   

The 7-page supplemental pet-specific questionnaire for this study was developed with guidance 

from epidemiologists, veterinarians, physicians and zoonotic disease experts.  The questionnaire was pre-

tested on six members of the public with varying zoonotic disease backgrounds, and revised accordingly.  

The final questionnaire utilized closed-ended questions, primarily Yes/No or multiple choice (using an 

ordinal scale).  It gathered household-level data on the number and species of pets, pet husbandry and 

preventive medicine practices, involvement of children less than 16 yrs of age in select husbandry and 

pet-contact practices, childrens’ utilization of infection control practices, and the household’s and 

childrens’ emotional attachment to pets.  Given the complexity of capturing and assessing flea and 

endoparasite prevention programs for each household pet, respondents were asked if all household 

dogs/cats were on intestinal parasite and flea prevention programs, without further defining, verifying or 

assessing specific components of the programs.  Individual supplemental questionnaires were linked by 

respondent to the general questionnaire [47], allowing select variables collected through the general 

questionnaire to be utilized for additional analysis in this study.  The study was approved by the 

University of Guelph’s Research Ethics Board. 

Data were entered into an Access database (Microsoft Corp., Redmond, WA, USA) and analyzed 

using Intercooled Stata version 10.1 (Stata Corp., College Station, TX, USA).  Descriptive statistics were 

computed for all variables.  Blank and “don’t know” responses were excluded from analyses.  Household 

demographic and health data were extracted from the general questionnaire [47] to characterize 

households as higher risk [one or more individuals < 5 yrs, ≥ 65 yrs, or ever diagnosed with an 

immunocompromising condition (such as HIV/acquired immunodeficiency syndrome (AIDS), diabetes, 

cancer)] or not higher risk.  Data regarding the respondents’ recall of having previously received pet-
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associated zoonotic disease education (i.e. having ever received information from any source about 

diseases that can be transmitted from pets or precautions to take with pets) were also extracted from the 

general questionnaire [47].  For statistical analysis, ordinal levels of each pet husbandry and infection 

control practice were collapsed to produce dichotomous outcome variables; decisions on how categories 

were collapsed were made a priori and based on existing recommendations for higher risk households 

and relevance of comparisons (Table 1) [29-35].  Statistical associations were individually assessed 

between pet husbandry and infection control practices (outcomes) and 1) households with individuals at 

higher risk of infections [at least one individual < 5 yrs, ≥ 65 yrs, or immunocompromised (exposed) vs. 

no one fulfilling these criteria (unexposed)] and 2) receipt of zoonotic disease education [previous receipt 

of pet-associated zoonotic disease education (exposed) vs. no recollection of having received this 

information (unexposed)]; Table 1.  For households with children under 16 yrs of age, statistical 

associations were individually assessed between child-specific husbandry and infection control practices 

(e.g., child’s involvement and precautions taken in cleaning pet’s cages or feces, level of contact with 

pets) and households with all children at higher risk of infectious disease [presence of all household 

children < 5 yrs (exposed) vs. presence of all household children ≥ 5 yrs (unexposed)].  Due to small 

sample sizes for many of the variables, associations were measured using univariate exact logistic 

regression with conditional maximum likelihood estimates (CMLEs).   When CMLEs were computed to 

be infinite, median unbiased estimates were calculated [48].  Odds ratios (ORs) and 95% confidence 

intervals (CI) for ORs were used to estimate the strength of associations.  Statistical significance was 

based on a P-value < 0.05. 

 

Results  

Six hundred forty one of the 853 individuals who were approached (75.1%) completed the 

general questionnaire [47].  Of these, 408 respondents (63.7%) reported having one or more household 

pets and 401 (98%) completed the supplemental pet-specific questionnaire.  Ownership of dogs, cats, 

exotic companion animals (such as gerbils and rabbits), reptiles and birds were reported.  No respondents 

reported ownership of amphibians.  In addition to having household pets, 16 (4.0%) of the respondents 

reported they lived on a farm where livestock, horses, or poultry were kept.  

Dog-owning households 

Dogs were the most frequently reported owned species, with 68.3% [(274/401); 95% CI: 63.5, 

72.9] of respondents reporting one or more household dogs.  For those respondents listing the number of 

dogs in the household (n=254), there was a mean (SD) of 1.3 (0.6) dogs per household (range: 1-6).  The 

location of the dog was provided by 239 households; 6 households (2.5 %) had 1 or more outdoor only 
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dogs, 231 (96.7 %) had one or more indoor/outdoor dogs, and 2 (0.8%) had both outdoor only and 

indoor/outdoor dogs.  

Household demographics, animal husbandry, attachment and infection control practices for dog-

owning households are listed in Table 2.  The majority (52%) of households surveyed had one or more 

higher risk individuals, with 9% having only children under 5 yrs of age.  Forty percent of the dog-

owning respondents recalled having ever received information about pet-associated zoonotic diseases or 

precautions to reduce the risk of disease. 

Most (76-80%) dog-owning households had all dogs on flea or endoparasite prevention programs, 

with 92% of respondents taking all dogs to a veterinarian at least annually.  When outdoors, many dogs 

(27%) were sometimes or always uncontrolled by leash or within a fenced yard. Nineteen percent of 

respondents stated the dog had been off-leash at a dog park within the past 3 months.      

High risk feeding or drinking habits were observed in many households.  Most households (65%) 

fed dogs in the kitchen and some (15%) reported dogs drank from the toilet.  High-risk foods were fed to 

dogs in 28% of households with raw animal product treats (e.g. pig ears) fed most frequently (22%), 

followed by raw meat (4%), and raw eggs (3%). 

Potential contact between household children (< 16 yrs) and fecal material was frequently 

reported, through their involvement in cleaning up fecal material (24%) or playing in the same area where 

the dog tended to defecate (52%; 58% of these respondents stated feces were removed weekly or less 

often).  Close contact between dogs and children was often reported, as respondents stated the dog slept in 

a child’s bed (26%) or licked a child’s face (68%) sometimes or more frequently.  Hand washing was 

reported after children picked up feces (96%), and sometimes or greater following contact with the dog 

(77%).   

In most cases the presence of higher risk individuals in the household or recalled receipt of 

zoonotic disease education were not significantly associated with the use of different or additional 

husbandry or infection control practices compared to other households (Table 3).  Households with all 

children less than 5 yrs of age were less likely to report children cleaned up the dog’s feces (OR: 0.05; 

95% CI: 0-0.3), but more likely to report a dog ever licked a child’s face (OR: 4.1; 1.1-23.5), than 

households with all children ≥ 5 yrs.  Households with higher risk individuals were less likely to report a 

dog had recently been off leash at a dog park (OR: 0.4; 0.2-0.9), and less likely to report they were very 

attached to the dog (OR: 0.2; 0.04-0.8), than households without these individuals.  The presence of 

higher risk individuals in the household or recalled receipt of zoonotic disease education were not 

significantly associated with household dogs having ever bitten someone compared to other households 

(P=1.0 for each). 
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Cat-owning households 

One hundred ninety one respondents (47.6%; 95% CI: 42.7, 52.6) reported owning one or more 

household cats.  For those respondents listing the number of cats in the household (n=178), there was a 

mean (SD) of 1.7 (1.4) cats per household (range: 1-11).  The location of the cat was provided by 176 

households; 7 households (4%) had one or more outdoor only cats, 114 (65%) had one or more indoor 

only cats, and 73 (41%) had one or more indoor/outdoor cats. However, 41 (56%) of households with 

indoor/outdoor cats kept cats restrained on a leash when outdoors.  Household demographics, animal 

husbandry, attachment and infection control practices for cat-owning households are listed in Table 2.  

The majority (53%) of households had one or more higher risk individuals, with 10% having children all 

of whom were under 5 yrs of age.  Forty-four percent of the cat-owning respondents recalled having ever 

received information about pet-associated zoonotic diseases or precautions to reduce the risk of disease. 

Bites and scratches ever occurring by any of the current household cats were frequently reported 

(32% and 63%, respectively).  Approximately half of responding households had all cats on flea (55%) or 

endoparasite (42%) prevention programs, with 66% of households taking all cats to a veterinarian at least 

annually.  High risk feeding and drinking habits were frequently observed.  Many households (57%) fed 

cats in the kitchen and some reported cats drank from the toilet (19%).  High-risk foods were fed to cats 

in 3% of households with raw meat (3%) and raw eggs (0.5%) reported. 

Potential contact between children and fecal material was frequently reported, through their 

involvement in cleaning up fecal material (25%) or access to the litter box (66%).  Twenty-one percent of 

respondents reported the litter box was cleaned weekly or less often; this percentage was similar for 

households with and without children.  Close contact between cats and children was frequently reported, 

as 59% of households reported a cat slept in a child’s bed.  Hand washing was reported after children 

picked up feces (100%) and sometimes or greater following contact with the cat (76%).   

The presence of only children under 5 yrs of age in the household was significantly associated 

with the occurrence of several infection control practices compared to households with all children 5 yrs 

of age or older (Table 3).  Households with all children less than 5 yrs were less likely to report children 

cleaned up the cat’s feces (OR: 0.07; 95% CI: 0-0.5), less likely to touch the cat (OR: 0.04; 95% CI: 0-

0.3), less likely to have access to the litter box (OR: 0.1; 95% CI: 0.02-0.4), and more likely for the cat to 

never sleep in the child’s bed (OR: 12.9; 95% CI: 2.4-135.9), than households in which all children were 

≥ 5 yrs.  The presence of higher risk individuals in the household or recalled receipt of zoonotic disease 

education were not significantly associated with the household cats having ever bitten or scratched 

someone compared to other households (P>0.3 for each).    

 Fish-owning households 
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Fifty-three respondents (13.2%; 95% CI: 10.1, 16.9) reported one or more household fish (median 

4 fish per household; range: 1-60).  Household demographics, animal husbandry, attachment and infection 

control practices are listed in Table 4.  The majority (53%) of households had one or more higher risk 

individuals. Individuals ≥ 65 yrs of age were infrequent (4%) members of fish-owning households.  

Thirty percent of the fish-owning respondents recalled having ever received information about pet-

associated zoonotic diseases or precautions to reduce the risk of disease.     

Forty-four percent of respondents stated they disposed of used aquarium water by pouring it into 

a location with direct human or food contact [i.e., kitchen sink (24%), bathroom sink (16%), 

bathtub/shower (6%)].  Those households with higher risk members were less likely to dispose of 

aquarium water in this manner than households without these members (OR: 0.2; 95% CI: 0.05-0.9; Table 

3).  When children were present in a household, they were frequently involved with cleaning the 

aquarium (30%) and touching the fish or water (40%).  Over 90% of households reported that children 

washed their hands after cleaning, or washed their hands sometimes or greater after touching the fish or 

water.  A large percentage (43-46%) of households reported the household and children (if present) were 

not very, or not at all, attached to the fish. 

Bird-owning households 

Twenty-two respondents (5.5%; 95% CI: 3.5, 8.2) reported one or more household birds (median 

one bird per household; range: 1-40).  Household demographics, animal husbandry, attachment and 

infection control practices for bird-owning households are listed in Table 4.  The majority (57%) of 

households had one or more higher risk individuals; children < 5 yrs of age were infrequent (5%) 

members of bird-owning households.  Thirty-three percent of the bird-owning respondents recalled 

having ever received information about pet-associated zoonotic diseases or precautions to reduce the risk 

of disease.   

Twenty-nine percent of respondents stated they cleaned the bird’s cage every two weeks or less.  

Seventy-six percent of respondents stated their household was very or somewhat attached to the birds.  

Households with higher risk individuals were more likely to be very attached to the birds than households 

without these individuals (OR: 11.5; 95% CI: 1.3-infinite; Table 3).   

Exotic companion mammal-owning households 

Twenty-nine respondents (7.2%; 95% CI: 4.9, 10.2) reported one or more household exotic 

mammals (median 1 per household; range: 1-13), consisting of hamsters (n=10), rabbits (6), guinea pigs 

(5), rats/mice (4) and hedgehogs, chinchillas and gerbils (2 each).  Household demographics, animal 

husbandry, attachment and infection control practices for exotic mammal-owning households are listed in 

Table 5.  Many (46%) households had one or more higher risk individuals.  Three households (10%) had 
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at least one child less than 5 yrs of age.  Forty-one percent of the respondents recalled having ever 

received information about pet-associated zoonotic diseases or precautions to reduce the risk of disease.     

All of the respondents stated they cleaned the animal’s cage every two weeks or less. When 

children were present in a household, they were frequently involved with cleaning the animal’s cage 

(63%) or touching the pet (100%).  Most children reportedly washed their hands after cleaning the cage 

(92%) or washed their hands sometimes or greater after touching the pet (100%).  A minority (42%) 

always washed their hands after touching the pet.  Most respondents (> 90%) reported the household and 

children (if present) were very or somewhat attached to the pets.  No statistically significant associations 

between husbandry/infection control practices and risk factors were detected.   

Reptile-owning households 

Twenty-two respondents (5.5%; 95% CI: 3.5, 8.2) reported one or more household reptiles 

(median one per household; range: 1-11), consisting of lizards (n=9), snakes (5), and turtles (9).  

Household demographics, animal husbandry, attachment and infection control practices for reptile-

owning households are listed in Table 5.  Many households (55%) had one or more higher risk 

individuals, with a high proportion (47%) having been diagnosed with an immunocompromising 

condition.  Two households (9%) had at least one child less than 5 yrs of age.  Forty-one percent of the 

reptile-owning respondents (n=7) recalled having ever received information about pet-associated zoonotic 

diseases or precautions to reduce the risk of disease.   

Many respondents (52%) stated they cleaned the animal’s cage every two weeks or less.  Three 

respondents (14%) reported the pet was allowed to roam through the house, kitchen or washed in the 

kitchen sink.  When children were present in a household, they were often involved with cleaning the 

animal’s cage (40%) or touching the pet (78%).  In one household in which children touched the reptile, 

all children (n=2) were less than 5 yrs.  Most respondents reported the children washed their hands after 

cleaning the cage (75%) or washed their hands sometimes or greater after touching the pet (86%).  

However, only 57% always washed their hands after touching the reptile.  Many respondents reported the 

household and children (if present) were not very, or not at all, attached to the reptile (33% and 40%, 

respectively).  No statistically significant associations between husbandry/infection control practices and 

risk factors were detected.   

Farm-animal owning households 

Sixteen respondents (4.0% of those with household pets; 95% CI: 2.3, 6.4) reported they lived on 

a farm.  Respondents most commonly listed horses (n=9), chickens (5), cattle and pigs (3 each) as the 

farm animals present.  Fifty percent (7/14) of households for which the data were provided had one or 

more higher risk individuals.  When children were present [6/16 (38%)], they were often involved in 
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higher risk activities.  Most [5/6 (83%)] of such households reported children helped feed and clean-up 

after the farm animals at least sometimes, and in most households [5/6 (83%)] children usually or always 

washed their hands after contact with the animals or their housing. 

 

Discussion 

Contact with animals and their environment is an important, and often preventable, route of 

pathogen transmission.  Although pet exposure often occurs with an individual’s own household animals, 

many pet and non-pet owners come into frequent close contact with other pets [36, 47], therefore 

husbandry and infection control practices can have far-reaching implications.  Reported husbandry and 

infection control practices in this study indicated opportunities for potential exposure to pathogens.  

Respondents reported household children had close contact with pets.  The overwhelming majority (94-

100%) of dog-, cat-, and exotic mammal-owning households with children reported a child touched the 

pet; although reported contact was less for other species, it was common [reptiles (78%), birds (50%), fish 

(40%)].  The nature of the contact was very close in many households where dogs licked a child’s face 

(24%) or dogs (13%) and cats (30%) usually slept in a child’s bed.  Indirect contact also occurred, as 

children often cleaned up the pet’s fecal material.  Given the high emotional attachment reported between 

household children and most pet species, and reported mental and physical benefits of animal contact for 

children [12], the high level of interaction reported was not surprising and contact with pets should not be 

considered to pose a substantial risk in most situations.  These estimates are similar to a previous study in 

which dogs were permitted to lick their owners’ face (50%) and dogs and cats reportedly slept in an 

adult’s bed (18%, 30%, respectively) [37].  The oral cavity of the dog and cat contain numerous 

potentially zoonotic opportunistic pathogens [49] and face licking can result in transmission of bacteria 

such as Pasteurella spp. and Capnocytophaga canimorsus [50], potentially resulting in life-threatening 

disease [22].  For these reasons, some discourage young children and immunocompromised individuals 

from regularly allowing face licking by pets [50].  The disease risk associated with allowing pets such as 

dogs and cats to sleep in a child’s bed is unquantified and presumably dependant on many factors, 

including the level of contact between the pet and child and level of disease-risk posed by the pet due to 

husbandry practices.  However, sleeping with pets has been identified as a risk factor for several diseases, 

prompting some to discourage this practice by higher risk individuals [50].  

Across all animal species categories, there was a high proportion (46-57%) of households with 

individuals at higher risk of infections (i.e. < 5yrs, ≥ 65yrs, immunocompromised).  Although pet 

ownership has previously been commonly reported in households with individuals who are 

immunocompromised [15, 38, 39] and of extremes of age [40-43], it was concerning to observe this trend 
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with higher risk species such as reptiles, as they are well-established zoonotic hazards [51] and 

discouraged from being kept in higher risk households [29, 31-34, 52].  However, this finding was not 

surprising as a previous study involving this respondent group found households with higher risk 

individuals did not differ from the remaining households regarding their perceived risk of pet-associated 

disease, knowledge of zoonotic diseases, recall of being asked by a medical provider if they owned any 

pets, or recall of having received information regarding pet-associated disease risks and preventive 

measures [47].  Physicians, veterinarians, and other health care professionals are in an important position 

to offer guidance on proper pet selection, and to provide information about pet-associated diseases and 

safe pet ownership, thereby potentially reducing risks to patients/clients.  In order to appropriately tailor 

recommendations, physicians should obtain a history of contact with pets or other animals as part of every 

wellness evaluation, especially for individuals at higher risk of zoonotic disease, and veterinarians should 

utilize methods to encourage clients to divulge health information relevant to disease risk status for 

household members. 

Routine preventive veterinary care, and husbandry and infection control practices, are important 

techniques for reducing zoonotic disease transmission between pets and people [30, 35, 53].  Consistent 

with previous studies [40, 44], most cat- and dog-owning households had these animals examined at least 

annually by a veterinarian (66% and 92%, respectively), which allows for identification of potential 

disease concerns, facilitates implementation of an appropriate preventive medicine program and provides 

an opportunity for zoonotic disease education.  Endoparasite (42% and 80%, respectively) and flea 

prevention programs (55% and 76%, respectively) were common, a positive finding because of concerns 

regarding the potential for zoonotic transmission of certain endoparasites and flea-borne pathogens.  The 

differences observed between dog and cat preventative veterinary care, with cats having lesser veterinary 

contact, has been previously noted [40, 44] and may stem from a variety of reasons including perceived 

difficulty or stress transporting cats to the veterinarian, cost, or lessened concern for infectious (e.g. 

heartworm) and non-infectious disease in cats.  Since cats have less contact with the veterinary healthcare 

system yet have close interactions with household members through contact, bites, scratches, and removal 

of feces, educational approaches that reach beyond the veterinary clinic may be required. 

Concerning husbandry practices were observed in all owned species.  For example, feeding of 

raw meat or egg products are well-established risk factors for salmonellosis in dogs [45, 54] and 

presumably cats.  Additionally, other zoonotic pathogens (e.g., Yersinia enterocolitica, Campylobacter 

spp.) can be a concern with feeding raw meat products to pets [55].  Raw animal product treats (i.e. pig 

ears) have historically been a concern for Salmonella infections in pets and pet-owners, with outbreaks 

identified [56, 57].  The disease risk from these products may be decreasing due to changes in the 
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industry, although feeding these items is still discouraged, particularly in higher risk households [58].  In 

this study, 28% of households fed high-risk foods to their dogs and 3% to their cats.  Although the 

reported overall frequency of this practice was similar to that previously reported for this region [45], the 

practice is nonetheless concerning, especially in households with higher risk individuals. 

Similar to a previous study [36], over 50% of households reportedly fed cats and dogs in the 

kitchen.  A recent study has suggested that cross contamination in the kitchen is an important source of 

human illness; feeding pets in the kitchen was associated (OR: 4.4; 95% CI: 1.2-15.4) with salmonellosis 

in infants in an outbreak investigation involving Salmonella-contaminated pet food [59].  As several 

outbreaks of human salmonellosis have been associated with contaminated dry commercial pet food [59, 

60], feeding pets in the kitchen should be discouraged, especially in higher risk households [29]. 

Due to the high prevalence of Salmonella shedding by healthy reptiles [61] and the high 

incidence of human salmonellosis attributed to reptile contact [24], husbandry recommendations for these 

species are well-established [34, 52].  The recommendations include not having reptiles in the homes of 

higher risk individuals, always washing hands after contact with reptiles or their cages, not allowing them 

to roam freely through a home, and keeping them out of the kitchen.  Respondents owning these species 

infrequently followed these recommendations.  Although reptile ownership was uncommon, the high 

health risk posed by not following the established recommendations is important. 

Proper maintenance of an animal’s housing can be useful in reducing pathogen accumulation in 

the environment and on the pet.  The recommended frequency of waste removal is well-established for 

some species (e.g. litterbox cleaning in cats), especially for higher risk groups of people [35], whereas for 

other species recommendations are less clear.  For many pet-owning households (10-52%), feces were 

picked up from the child’s play area (dog) or cages cleaned (reptiles, birds, exotic mammals) less 

frequently than weekly.  Such practices could increase the risk of contact with feces or increase the 

likelihood of infective forms of pathogens (e.g. sporulated Toxoplasma gondii oocysts). 

Hand hygiene serves a critical role in reducing the risk of zoonotic infections.  In this study, 

reported hand washing by children was high in households for all species (> 76% of respondents reported 

children washed hands sometimes or greater after touching the pet, its feces, or housing), although fewer 

reported children always washed their hands (3-57%).  Our results were similar to previous studies in 

which 96% of dog owners reported they usually or greater washed their hands after picking up feces [36] 

and 15% always washed their hands after touching the dog [37].  For lower risk circumstances, such as 

contact with a dog or cat, the level of hand hygiene documented in our study is likely adequate; however, 

in higher-risk situations, such as following contact with a reptile, hand washing should always occur.  

Disposable gloves are useful in reducing hand contamination, however with the exception of those from 



  66  

 

 

dog-owning households, respondents rarely (< 33%) reported that they were used. 

Although gaining a general understanding of household husbandry and infection control practices 

was an important objective of this study, it was essential to determine if attributes such as the households’ 

level of disease risk (i.e., members with extremes of age, immunocompromised) or prior receipt of 

zoonotic disease education influenced household practices.  Existing recommendations cite a number of 

pet husbandry and infection control practices that are encouraged for individuals at greater risk for 

infectious disease, including washing hands after handling animals, restricting uncontrolled outdoor 

access, avoiding contact with reptiles and not permitting them into the kitchen or to roam in the house, not 

feeding dogs or cats raw meat, not feeding pets in the kitchen, not permitting pets to drink from the toilet, 

and frequently cleaning cages or litter boxes (daily for cats) [29-35].  Despite evaluating over 50 

husbandry and infection control practices, few significant associations were identified.  In households 

with children, several outcomes were significantly associated with households having all children less 

than 5 yrs of age, namely children not having access to the litter box, children not removing cat or dog 

feces, cats never sleeping in the child’s bed, and children not touching the cat.  Although encouraging, as 

these infection control strategies may reduce zoonotic disease transmission in this higher risk group, the 

extent to which such decisions were purposefully implemented versus simply a consequence of young age 

(e.g., inability to pick-up feces) is unknown.  Similarly, the finding that young children were at increased 

risk to be licked on the face by the household dog was expected due to their age and size, but nonetheless 

concerning because of reports of lick-associated infections in children [22, 50].   

Several outcomes were significantly associated with having a higher risk member in the 

household.  Fish-owning and dog-owning households with higher risk members were less likely to 

discard aquarium water in an area with human or food contact and less likely to have recently taken a dog 

off-leash at a dog park, respectively, than households without these individuals; both practices are 

discouraged for higher risk individuals [34, 35].  The limited use of enhanced husbandry and infection 

control practices by households containing high risk individuals was disappointing but not surprising.  

Previous research on this respondent group found pet owners were, for the most part, unconcerned about 

pet-associated zoonoses and a minority (36%) recalled previously receiving zoonotic disease education 

[47].  Additionally, most respondents were comfortable with their level of knowledge of, and methods to 

reduce, zoonotic disease risk [47].  While it is unclear whether participants actually had reasonable 

knowledge of those areas, their perceived competency could reduce the impetus to seek out further 

information.  

While education and information can be of variable quality, general zoonotic disease counselling 

was previously associated with statistically higher zoonotic disease knowledge scores in this respondent 
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group [47], yet no such difference was observed in husbandry or infection control practices in the present 

study.  This discrepancy may have arisen in-part due to the minimally defined nature of this variable (i.e. 

type of education, timing and quality of information provided were not assessed), but it is also possible 

that although education imparted improved knowledge of zoonotic disease risks, due to a lack of concern 

for pet-associated zoonoses or competing time commitments, infection control and husbandry practices 

were unaffected. It is also possible that education regarding diseases was not accompanied by adequate 

information about preventive measures.  

This study identified numerous pet husbandry and infection control practices that may increase 

disease risk in pet-owning households, such as face licking and infrequent waste removal.  In order to 

determine the need and relative importance of these practices, and thus what educational efforts should be 

employed, targeted observational studies are needed in this complex area.  While guidelines for infection-

control practices in higher risk households are available, it appears that individuals in such households are 

no better educated on the topic of pet-associated zoonoses [47], nor do their husbandry or infection 

control practices differ from other households.  As such, educational efforts are needed for households 

with individuals at higher risk of infections.  Given the multifaceted nature of this topic, with 

communication barriers among physicians, veterinarians and the public [62-64], all members of the 

family healthcare team (i.e., physicians, veterinarians, public health) must work together to reach the 

common goal of reducing the public’s pet-associated disease risks.   

With respect to potential limitations, there are several possible biases that may have been 

introduced into this study and affected the results.  We acquired our data from a convenience sample from 

the waiting room of general practice physician offices from a limited geographic area.  All Canadian 

residents receive medically necessary healthcare services at no charge [65], reducing the potential that 

variable access to physicians would result in a biased study population.  Despite this, it is possible our 

source population or study sample were not representative of the surrounding population.  However, as 

previously discussed [47], based on census data, our sample appeared to be representative of the region.  

The self-administered nature of the questionnaire may have resulted in questions being misinterpreted 

(misclassification).  Response bias cannot be excluded, however as blank and “don’t know” responses 

were overall uncommon (<20% for each question with the majority <10%), the magnitude of this bias is 

likely limited.  As many questions addressed health-related actions taken by respondents for which they 

may have known what answers were ideal, respondents may have misclassified household practices.  In 

these cases, information provided would suggest better husbandry and infection control practices than 

actually existed.  This is perhaps most likely for questions surrounding hand washing where self-

assessment has been shown to overestimate the frequency of this practice in some situations [66].  As a 
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household-level questionnaire, only a single individual from each household participated in the study.  As 

such, it is possible the husbandry and infection control observations, perceived household and child pet 

attachment, and receipt of zoonotic disease education reported may not have been representative of the 

household.  Due to the nature of this study, small sample sizes were often encountered for particular 

species and practices.  Although we used exact methods to estimate associations, in some cases small 

sample sizes prohibited analysis and in others may have limited the statistical power, thereby limiting our 

ability to detect a true association.  Furthermore, the small sample sizes prohibited multivariable analysis 

and precluded the ability to investigate confounding and collinearity between variables.  A large number 

of individual regression analyses were conducted and corrections were not made for this multiplicity of 

testing.  As a result, estimates are likely to have an increased type I error and fewer significant 

associations may exist than reported. 

 

Conclusions 

This study characterized pet husbandry and infection control practices that relate to zoonotic 

disease risks in pet-owning households in Ontario, Canada, and identified deficiencies that could result in 

exposure to pathogens and human zoonotic infections.  Individuals at higher risk of infections were 

frequently present in pet-owning households, regardless of species. With few exceptions, households with 

members at higher risk for infectious disease and those who recalled having received education on pet-

associated disease risks followed similar practices to households without these individuals or education.  

Targeted educational efforts are indicated for households with individuals at higher risk of infections and 

those with high risk species (e.g., reptiles).  To be successful, efforts must come from all members of the 

healthcare team, including veterinarians, physicians and public health practitioners.  Further research is 

needed to determine the reasoning behind household infection control and husbandry practices and the 

respective roles of education and perceptions in shaping these practices.   
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Table 3.1  Outcomes related to animal husbandry and infection control practices tested for 

association with presence of higher risk individuals in the household and receipt of zoonotic disease 

education (Ontario, Canada) 

 

I. Outcome variables (yes/no) tested for association with presence of any higher risk individuals in the 

household and prior receipt of zoonotic disease education
1
 

  

Any uncontrolled outdoor access (cat)2 

When outdoors, all always in fenced yard or on 
leash (dog) 

Within past 3 months, any dogs on a leash at a 
dog park 

Within past 3 months, any dogs off leash at a 
dog park (dog) 

All on a flea prevention program (cat, dog)3 

All with outside access on flea prevention 
program (cat) 

All on an intestinal parasite prevention 
program (cat, dog)3 

All with outside access on an intestinal parasite 
prevention program (cat) 

All have at least annual veterinary 
examinations (cat, dog) 

Any allowed to roam freely through house 
(reptile) 

Any allowed to roam in kitchen (reptile) 

Household very attached (cat, dog, reptile, fish, 
bird, exotic mammal)  

Any fed raw animal product (cat, dog)4 

Any fed raw animal product not including raw 
animal treats (dog) 

Any drink from the toilet (cat, dog) 

Any fed in the kitchen (cat, dog) 

Any used for breeding (dog) 

Any used for hunting (dog) 

Any declawed (cat) 

Any ever bitten anyone (cat, dog) 

Any ever scratched anyone (cat) 

Clean litter boxes daily (cat) 

Any cages or animals washed in bathtub or 
bathroom sink (reptile) 

Cage or litter boxes cleaned every several days, 
or more frequently (cat, reptile, bird, exotic 
mammal) 

Dump aquarium water in bathtub, shower, 
kitchen sink, or bathroom sink (fish) 

  

II. Outcome variables (yes/no) tested for association with all household children being higher risk (less 

than 5 yrs) and prior receipt of zoonotic disease education
1,5

 

  

Any children have access to the litter box 
(cat) 

Any children clean-up feces (cat, dog) 

Any children wear gloves when cleaning 
feces (dog)6 

Children wash hands after cleaning feces 
(dog)6 
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Ever lick children’s faces (dog) 

Any children play in same area pet goes to 
the bathroom (dog) 

Clean up feces immediately (dog) 

Never sleep in children’s bed (cat, dog) 

Any children touch pet (cat, dog) 

Children never wash hands after touching pet 
(cat, dog) 

  

 
1Presence of higher risk individuals in the household defined as one or more individuals < 5 yrs, ≥ 65 yrs, 

or ever diagnosed with an immunocompromising condition (e.g., HIV/AIDS, diabetes, cancer).  Receipt 

of zoonotic disease information defined as recollection of having ever received information from any 

source about diseases that can be transmitted from pets or precautions to take with pets. 

2Uncontrolled outdoor access defined as households with one or more outdoor only cats or indoor/outdoor 

cats not placed on a leash when outdoors. 

3Respondant asked if all dogs/cats on flea or endoparasite prevention programs; the specific components 

of the programs were not assessed.  

4Raw animal products defined as raw meat, raw eggs, or raw animal product treats. 

5Analysis investigating the presence of higher risk children in the household was only performed for 

children-specific outcomes and only concerned comparison between children-containing households in 

which all children were < 5 yrs and those in which all children were ≥ 5 yrs. 

6Association only assessed with prior receipt of zoonotic disease education. 
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Table 3.2  Demographics, animal husbandry, attachment and practices of dog and cat-owning 

households (Ontario, Canada)  

Variable 
Dog (N=274)  Cat (N=191) 

NR N (%)  NR N (%) 

Household Demographics 
Child under 16 yrs living in household 274 122 (44.5)  191 78 (40.8) 
Child under 5 yrs living in household 274 44 (16.1)  191 26 (13.6) 
All children living in household under 5 yrs 274 25 (9.1)  191 19 (10.0) 
All children living in household 5-16 yrs 274 78 (28.5)  191 52 (27.2) 
Adult ≥ 65 yrs living in household 274 35 (12.8)  191 28 (14.7) 
Individual living in household ever diagnosed          227 60 (26.4)  162 55 (34.0) 
 with an immunocompromising condition      
Individual < 5 yrs, ≥ 65 yrs, or ever diagnosed  237 122 (51.5)  169 90 (53.3) 
 with an immunocompromising condition      
Previous receipt of pet-associated zoonotic  255 102 (40.0)  172 75 (43.6) 
 disease education1      
      
Animal Husbandry, Attachment and Practices  
Any ever bitten anyone 269 29 (10.8)  184 59 (32.1) 
Any ever scratched anyone NA NA  180        113 (62.8) 
Any declawed NA NA  188 110 (58.5) 
All on flea prevention program2 263 200 (76.1)  177 98 (55.4) 
All on intestinal parasite prevention program3 258 205 (79.5)  162 68 (42.0) 
Any drink from toilet bowl 267 41 (15.4)  186 36 (19.4) 
Any fed in kitchen 269 176 (65.4)  189 107 (56.6) 
Any used for breeding 268 15 (5.6)  183 0 
Any used for hunting 269 3 (1.1)  NA NA 
All visit veterinarian at least annually 259 237 (91.5)  184 121 (65.8) 
Any inappropriately urinate or defecate in the  268   188  
 house4      
 Always  1 (0.4)   7 (3.7) 
 Often  14 (5.2)   13 (6.9) 
 Sometimes  74 (27.6)   43 (22.9) 
 Never  179 (66.8)   125 (66.5) 
Litter box(es) cleaned NA   184  
 Daily  NA   73 (39.7) 
 Every several days  NA   72 (39.1) 
 Weekly  NA   30 (16.3) 
 Every 2 weeks or more  NA   9 (4.9) 
In the past 3 months, have any been  274   NA  
 On leash at a dog park  53 (19.3)   NA 
 Off leash at a dog park  51 (18.6)   NA 
 Doggie daycare or boarding  33 (12.0)   NA 
 Dog sporting event  2 (0.7)   NA 
When outdoors, how often in a fenced yard or  267   NA  
 on leash      
 Always   195 (73.0)   NA 
 Sometimes   58 (21.7)   NA 
 Never  14 (5.2)   NA 
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Fed to any of the pets 264   186  
 Commercial canned/dry food  244 (92.4)   185 (99.5) 
 Raw eggs  9 (3.4)   1 (0.5) 
 Home cooked pet food  15 (5.7)   3 (1.6) 
 Raw animal product treats  59 (22.4)   0 
 Home cooked human food   112 (42.4)   17 (9.1) 
 Commercial processed pet treats  156 (59.1)   70 (37.6) 
 Raw meat  11 (4.2)   5 (2.7) 
Household’s emotional attachment to pet 268   186  
 Very attached  247 (92.2)   150 (80.7) 
 Somewhat attached  21 (7.8)   32 (17.2) 
 Not very attached  0   2 (1.1) 
 Not at all attached  0   2 (1.1) 
 

Questions answered by households with one or more children under 16 yrs 

Any children have access to the litter box(es) NA NA  74 49 (66.2) 
Any children ever clean-up feces5 119 29 (24.4)  77 19 (24.7) 
 Wear gloves (or use scooper for dogs) when 

cleaning up feces 
28 24 (85.7)  18 5 (27.8) 

 Wash hands after cleaning up feces 26 25 (96.2)  19 19 (100) 
Play in area where the pet goes to the bathroom 114 59 (51.8)  NA  
 If play in area, feces removed 59   NA  
 Immediately   12 (20.3)         NA 
 Daily   13 (22.0)         NA 
 Weekly   24 (40.7)         NA 
 Greater than weekly   10 (17.0)         NA 
Any children touch the pet 118 116 (98.3)  77 72 (93.5) 
Children wash hands after touching the pet 115   70  
 Always   5 (4.4)           2 (2.9) 
 Usually   31 (27.0)         25 (35.7) 
 Sometimes   53 (46.1)         26 (37.1) 
 Never  26 (22.6)   17 (24.3)   
Sleeps in one of the children’s beds6 115   71  
 Always  9 (7.8)           11 (15.5) 
 Usually  6 (5.2)           10 (14.1) 
 Sometimes  15 (13.0)         21 (29.6) 
 Never  85 (73.9)      29 (40.9) 
Licks one of the children’s faces7 115   NA  
 Daily  7 (6.1)   NA 
 Often  21 (18.3)   NA 
 Sometimes  50 (43.5)         NA 
 Never  37 (32.2)         NA 
Children’s emotional attachment to the pet 114   77  
 Very attached  82 (71.9)         52 (67.5) 
 Somewhat attached  25 (21.9)         14 (18.2) 
 Not very attached  5 (4.4)           5 (6.5) 
 Not at all attached  2 (1.8)           6 (7.8) 

1Respondent recalled having ever received information from any source about diseases that they can get 

from pets or precautions to take with pets to reduce the risk of disease. 
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2If respondent reported they did not know, they were excluded from analysis: dogs (n=5); cats (n=9). 

3If respondent reported they did not know, they were excluded from analysis: dogs (n=11); cats (n=20). 

4Cats: Frequency of urination or defection outside of the litter box in the house; dogs: as written. 

Dogs/cats: Often (at least once per week), sometimes (less than once per week). 

5Cats: Children ever clean the litter box(es); dogs: as written. 

6Usually (3-6 nights per week), sometimes (less than 3 nights per week). 

7Often (several times per week). 

NR: Number responding to question.  Blank and “don’t know” responses were excluded.  

NA: Not asked 
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Table 3.3  Significant univariable associations between outcomes related to animal husbandry and 

infection control practices and risk factors reported by pet-owning households (Ontario, Canada)  
Outcome 
(species)1 

All children  
< 5 yrs 

(Exposed; N)2 

All children  
≥ 5 yrs (Unexposed; 

N)2 

Risk 
Exposed 

Risk 
Unexposed 

Odds 
Ratio3 

95% CI3 
P-

value3 

 

Any children have access to the litter boxes (cat) 
 4 40 25.0% 78.4% 0.1 0.02-0.4 0.0004 
 
Any children clean-up feces (cat) 
 0 18 0% 35.3% 0.07* 0-0.5 0.002 
 
Any children touch pet (cat) 
 13 52 72.2% 100% 0.04* 0-0.3 0.001 
 
Never sleep in children’s bed (cat) 
 10 14 83.3% 26.9% 12.9 2.4-135.9 0.001 
 
Any children clean-up feces (dog) 
 0 28 0% 36.8% 0.05* 0-0.3 0.0002 
 
Ever lick children’s face (dog) 
 20 45 87.0% 61.6% 4.1 1.1-23.5 0.04 
 
 

Outcome 
(species)1 

Higher Risk 
Member 

(Exposed; N)4 

No Higher Risk 
Member 

(Unexposed; N)4 

Risk 
Exposed 

Risk 
Unexposed 

Odds 
Ratio3 

95% CI3 
P-

value3 

 
Within past 3 months, any off leash at a dog park (dog) 
 15 29 12.3% 25.2% 0.4 0.2-0.9 0.02 
 
Household very attached (dog) 
 106 109 88.3% 97.3% 0.2 0.04-0.8 0.01 
 
Dump aquarium water in bathtub, shower, kitchen sink, or bathroom sink (fish) 
 6 12 25.0% 60.0% 0.2 0.05-0.9 0.04 
 
Household very attached (bird) 
 6 0 54.6% 0% 11.5* 1.3-Inf 0.02 

1Univariable exact logistic regression used to model the likelihood of each husbandry and infection 

control outcome as a function of selected risk factors (all children < 5 yrs; higher risk member in 

household).  Each row represents a separate regression model. 

2Performed for children-specific outcomes.  Comparison between households with all children < 5 yrs 

(exposed) and households with all children ≥ 5 yrs (unexposed). 

3Odds ratio, 95% confidence interval of the odds ratio (95% CI), and P-value computed using exact 

logistic regression. 

4Comparision between households with ≥ 1 higher risk members [i.e.,  < 5 yrs, ≥ 65 yrs, ever diagnosed 
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with an immunocompromising condition (exposed)] and households without higher risk members 

(unexposed). 

*Median unbiased estimate computed since odds ratio calculated to be infinite. 
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Table 3.4  Demographics, animal husbandry, attachment and practices of fish and bird-owning 

households (Ontario, Canada)  

Variable 
Fish (N=53)  Bird (N=22) 

NR N (%)  NR N (%) 

Household Demographics      
Child under 16 yrs living in household 53 34 (64.2)  22 8 (36.4) 
Child under 5 yrs living in household 53 10 (18.9)  22 1 (4.6) 
Adult ≥ 65 yrs living in household 53 2 (3.8)  22 4 (18.2) 
Individual living in household ever diagnosed with  42 15 (35.7)  20 7 (35.0) 
 an immunocompromising condition      
Individual < 5 yrs, ≥ 65 yrs, or ever diagnosed with  45 24 (53.3)  21 12 (57.1) 
 an immunocompromising condition      
Previous receipt of pet-associated zoonotic disease  47 14 (29.8)  21 7 (33.3) 
 education1      
      
Animal Husbandry, Attachment and Practices      
Housing cleaned2 52   21  
 Daily   1 (1.9)          4 (19.1)        
 Every several days  1 (1.9)          3 (14.3)        
 Weekly   17 (32.7)         8 (38.1)        
 Every 2 weeks   12 (23.1)         3 (14.3)        
 Greater than every 2 weeks  21 (40.4)         3 (14.3)        
Dump aquarium water 50   NA  
 Toilet   20 (40.0)   NA 
 Bathtub or shower  3 (6.0)   NA 
 Kitchen sink   12 (24.0)   NA 
 Bathroom sink   8 (16.0)   NA 
 Outside   19 (38.0)   NA 
 Other  3 (6.0)   NA 
Household’s emotional attachment to pet 50   21  
 Very attached  5 (10.0)         6 (28.6)        
 Somewhat attached  22 (44.0)         10 (47.6)       
 Not very attached  19 (38.0)         5 (23.8)        
 Not at all attached  4 (8.0)          0 
 

Questions answered by households with one or more children under 16 yrs 
Any children ever clean the animal’s housing2 33 10 (30.3)  8 3 (37.5) 
 Wear gloves when cleaning  10 0  3 1 (33.3) 
 Wash hands after cleaning  10 9 (90.0)  3 2 (66.6) 
Children touch the pet (or water for fish) 30 12 (40.0)  8 4 (50.0) 
 Children wash hands after touching 12   4  
 Always   4 (33.3)         2 (50.0)        
 Usually   4 (33.3)         1 (25.0)        
 Sometimes   3 (25.0)         0 
 Never  1 (8.3)          1 (25.0)        
Children’s emotional attachment to the pet 30   8  
 Very attached  3 (10.0)         1 (12.5)        
 Somewhat attached  14 (46.7)         6 (75.0)        
 Not very attached  12 (40.0)         1 (12.5)        
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 Not at all attached  1 (3.3)          0 
1Respondent recalled having ever received information from any source about diseases that they can get 

from pets or precautions to take with pets to reduce the risk of disease. 

2“Housing” refers to aquaria (fish) and cages (birds). 

NR: Number responding to question.  Blank and “don’t know” responses were excluded. 

NA: Not asked 
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Table 3.5  Demographics, animal husbandry, attachment and practices of exotic companion 

mammal and reptile-owning households (Ontario, Canada)  

Variable 
Exotic Companion 
Mammal1 (N=29) 

 Reptile (N=22) 

NR N (%)  NR N (%) 

Household Demographics 
Child under 16 yrs living in household 29 19 (65.5)  22 10 (45.5) 
Child under 5 yrs living in household 29 3 (10.3)  22 2 (9.1) 
Adult ≥ 65 yrs living in household 29 2 (6.9)  22 0 
Individual living in household ever diagnosed  23 8 (34.8)  19 9 (47.4) 
 with an immunocompromising condition      
Individual < 5 yrs, ≥ 65 yrs, or ever diagnosed  26 12 (46.2)  20 11 (55.0) 
 with an immunocompromising condition      
Previous receipt of pet-associated zoonotic  27 11 (40.7)  17 7 (41.2) 
 disease education2      
      

Animal Husbandry, Attachment and Practices 
Cage cleaned 29   21  
 Daily   2 (6.9)           1 (4.8)         
 Every several days  6 (20.7)          3 (14.3)        
 Weekly   18 (62.1)         6 (28.6)        
 Every 2 weeks   3 (10.3)          5 (23.8)        
 Greater than every 2 weeks  0   6 (28.6)        
Animals allowed to roam through house NA NA  22 2 (9.1) 
Animals allowed to roam in kitchen NA NA  22 2 (9.1) 
Animals/cages washed in kitchen sink NA NA  22 3 (13.6) 
Animals/cages washed in bathtub or bathroom  NA NA  18 5 (27.8) 
 sink      
Household’s emotional attachment to pet 29   21  
 Very attached  16  (55.2)        3 (14.3)        
 Somewhat attached  11 (37.9)         11 (52.4)       
 Not very attached  2 (6.9)           4 (19.1)        
 Not at all attached  0   3 (14.3)        

 

Questions answered by households with one or more children under 16 yrs 
Any children ever clean the animal’s cage 19 12 (63.2)  10 4 (40.0) 
 Wear gloves when cleaning  12 1 (8.3)  3 0 
 Wash hands after cleaning  12 11 (91.7)  4 3 (75.0) 
Animals roam in children’s room NA NA  8 0 
Children touch the pet 19 19 (100)  9 7 (77.8) 
 Children wash hands after touching 19   7  
 Always   8 (42.1)          4 (57.1)       
 Usually   8 (42.1)          0  
 Sometimes   3 (15.8)          2 (28.6)        
 Never  0   1 (14.3)        
Children’s emotional attachment to the pet 18   10  
 Very attached  11 (61.1)         1 (10.0)        
 Somewhat attached  6 (33.3)          5 (50.0)        
 Not very attached  1 (5.6)           3 (30.0)        
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 Not at all attached  0   1 (10.0)        
1Exotic companion mammals included rabbits, hedgehogs, and rodents (such as gerbils, hamsters, guinea 

pigs, chinchillas, mice, and rats). 

2Respondent recalled having ever received information from any source about diseases that they can get 

from pets or precautions to take with pets to reduce the risk of disease. 

NR: Number responding to question.  Blank and “don’t know” responses were excluded. 

NA: Not asked 
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Knowledge, attitudes and practices related to pet contact and associated zoonoses  

in households with immunocompromised children 
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Abstract  

Background 

 The health benefits of pet ownership are well established, particularly among children and 

immunocompromised individuals.  However, these groups are at increased risk for severe pet-associated 

infections (zoonoses).  There is limited knowledge on the pet contact practices and awareness of pet-

associated disease risks for households with immunocompromised children.  The objective of this study 

was to characterize knowledge, attitudes and risks related to pet contact in households with 

immunocompromised children.   

Methods 

 A self-administered questionnaire was distributed to parents of children diagnosed with diabetes 

or cancer seeking care at the Children’s Hospital of Eastern Ontario during 2011-2012.  One adult from 

each household was invited to participate in the study.  

Results 

 Sixty-five percent (214/331) of individuals completed the questionnaire (diabetes: 150/251; 

oncology: 64/80).  Pet ownership was common; 45% of participants had a pet in their household at the 

time their child was diagnosed and many (diabetes: 49%; cancer: 20%) acquired a new pet following 

diagnosis.  Most (77%) oncology-patient households that obtained a new pet following diagnosis, 

acquired a high risk pet (e.g., cat/dog <6 months of age, rodent, or reptile/amphibian).  Households with 

children diagnosed with cancer or diabetes did not differ with respect to obtaining a new pet or high risk 

pet after diagnosis.  Parents of oncology patients were more likely than those of diabetes patients to recall 

having been asked by a physician if they owned a pet (OR=5.9) or to recall having received zoonotic 

disease information from any source (OR=15.0); yet only 48% and 32% of oncology-patient parents 

reported these interactions.  Pet owning respondents recalled that veterinarians rarely (14%) inquired 

about the immune status for household members.  Parents of oncology patients were less likely to have a 

high knowledge of pathogens transmitted from pets than parents of diabetes-patients (OR=0.2).  Pet 

exposure outside the home was frequently reported for children in non-pet owning households (25-49%), 

with bites or scratches reported (4-11%).  

Conclusions 

 These results suggest there is a need for improved zoonotic disease education for pet and non-

owning households with immunocompromised children.  Efforts must come from veterinary and human 

health personnel, with information routinely provided while the child is considered at increased disease 

risk. 
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Background  

 The mental and physical benefits of pet ownership and companionship are well established,1 

particularly among children and immunocompromised individuals.2-8  Therefore, it is not surprising that 

pet ownership is more common in households with children than those without children.9-12  Furthermore, 

the few studies that have investigated animal ownership by households with immunocompromised 

individuals suggest frequency and types of animals owned are similar to those of the general public.7,8,13,14  

However, despite the benefits, there are potential health hazards associated with pet ownership and 

contact, which can be particularly important for children and immunocompromised individuals.     

 Pets can cause physical damage to people through bites and scratches.  In addition, pets can 

transmit pathogens (zoonoses) through contact between a person’s skin and mucous membranes with 

animal saliva, urine and other body fluids or secretions, ingestion of animal fecal material, inhalation of 

infectious aerosols or droplets, and through arthropods and other invertebrate vectors.15  Health risks are 

particularly high for those with a compromised or incompletely developed immune system, as these 

individuals may be at increased risk for infection with a zoonotic pathogen, infection is often more likely 

to result in severe disease, and the diagnosis may be elusive due to a slow serologic response or atypical 

presentation.15-17  Due to the increased severity of disease, prevention of zoonotic disease is especially 

important for immunocompromised individuals. 

 Many of the disease risks that occur with pet contact can be reduced through simple measures, 

such as hand hygiene, proper animal husbandry and selection, and altered animal-contact behaviours.  In 

order for infection prevention to be successful, individuals in contact with animals must be aware of these 

disease risks.  Despite the increased disease risk, few studies have evaluated the knowledge of or attitudes 

surrounding pet-associated zoonoses for immunocompromised individuals,7,8,18 and to the authors’ 

knowledge none have evaluated these topics specifically for parents/guardians of immunocompromised 

children.   

 In Canada, similar to other industrialised countries, approximately 152 children per million 

(0.015%) are diagnosed with cancer each year.19  Cancer and its related therapies (e.g., drug and 

radiation-associated immunosuppression) often result in an immunocompromised state, thereby 

increasing the risk for infectious disease,16 including zoonotic pathogens.20  Risk of infection is variable, 

dependant on numerous factors including disease duration and stage, and duration, sequence and type of 

therapy used, and will fluctuate during an individual’s therapy.21,22  Guidelines addressing pet-associated 

zoonoses for cancer patients have been extrapolated from existing documents,23,24 and target personal 

hygiene, types and ages of animals best suited as pets, and pet health and husbandry.25-27 Yet, studies have 

not determined if these guidelines are systematically provided to cancer patients or to what extent they are 
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recalled or followed. 

 In Canadian children one to 19 years of age the prevalence of diabetes is 0.3%, with over 3,000 

incident cases reported each year.28  In some studies, diabetes mellitus in adults has been associated with 

an increased risk of infectious disease at various anatomic sites (e.g., lower respiratory tract, urinary tract, 

skin and mucous membrane).29,30  A reduced T cell-mediated immune response is believed to be partially 

responsible for this increased risk.31  The additional infectious disease risk for children with diabetes, 

however, is largely unknown, but believed to be low for those with adequate glycemic control.32    

 The objective of this study was to characterize the knowledge, attitudes and risks related to pet 

ownership and animal contact in households with immunocompromised children.  Furthermore, this study 

aimed to determine if the parents/guardians in households with children diagnosed with diabetes differ in 

knowledge, attitudes, or practices from those with children diagnosed with cancer.   

     

Methods 

Study location and participants  

 Parents or guardians of children seeking medical care through the oncology or diabetes 

departments at the Children’s Hospital of Eastern Ontario (CHEO; Ottawa, Canada) were individually 

approached at the time of a regularly scheduled appointment and invited to participate in the study.  To be 

eligible, the child was 1) between 1 and 18 years of age, 2) previously diagnosed with either diabetes 

mellitus or a condition requiring solid organ or bone marrow transplant, chemotherapy or radiation, 3) 

first diagnosed with one of the aforementioned conditions and treatment initiated (if indicated) at least 1 

month previously, 4) currently receiving chemotherapy or radiation treatment, or no more than one year 

since transplant or initiation of radiation or chemotherapy treatment (as applicable), and 5) had lived at 

home for at least one month at some point following diagnosis (as a single period or sum of multiple 

periods).  A single household parent or guardian for each eligible child was asked to complete a 

confidential 15-minute self-administered written questionnaire.  All materials were available in English 

and French.  The study was approved by Research Ethics Boards of CHEO and the University of Guelph.  

No incentives were offered for participating in the study.   

 At the time the study was conducted, no education on pet-associated disease risks was provided 

by the clinicians/staff serving the diabetes clinic, and solely verbal education was believed to usually be 

provided by the clinicians/staff serving the oncology clinic.  Pet-related information provided by the 

oncology staff was typically provided at time of diagnosis and was physician-dependent and variable, 

usually recommending patients keep existing pets, with the exception of rodents and turtles, and not 

acquiring new pets. 
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Data collection 

 Enrollment occurred between August 2011 and March 2012.  A 6-page questionnaire was 

developed with guidance from epidemiologists, veterinarians, physicians and zoonotic disease experts, 

pre-tested on six members of the public with varying zoonotic disease backgrounds, and revised 

accordingly.  The final questionnaire utilized closed-ended, primarily multiple choice, questions; when 

possible, a Likert scale was used.  It gathered both individual and household-level data including 

demographics, pet ownership history (species, number, when obtained/removed), pet contact-related 

attitudes, respondents’ knowledge of zoonotic diseases and sources for such information, recall of pet-

associated disease recommendations provided by physicians and veterinarians, and recall of the 

occurrence of animal contact and pet-associated injury and zoonotic disease (Appendix 4.1).  The 

immigrant generation status of the respondent, a designation indicating if they or their parents were born 

outside Canada, was assigned based on established criteria.33   High risk pets were defined as those 

species for which data on pathogen carriage and/or zoonotic transmission has resulted in established 

guidelines recommending their exclusion or cautioning ownership in households with high disease-risk 

individuals.  This list included dogs/cats <6 months of age, reptiles, amphibians, rodents, baby poultry 

and exotic species.23-25,27  The respondents’ general knowledge of zoonotic diseases was assessed by 

providing a list of infectious pathogens, diseases and syndromes (rabies, intestinal worms, human 

immunodeficiency virus (HIV)/acquired immune deficiency syndrome (AIDS), distemper, Salmonella, 

Giardia, hepatitis, infectious diarrhea, ringworm, methicillin-resistant Staphylococcus aureus (MRSA), 

measles) and asking the respondents to indicate which they believed could be transmitted from pets to 

people.18  A zoonotic disease knowledge score was calculated by summing the frequency a participant 

correctly classified the diseases as pet-associated zoonoses (min-max: 0-11).18  A non-pet household 

survey was created by discarding questions specific to pet ownership practices (Appendix 4.2).  After 

agreeing to participate in the study, individuals were asked if, at any point since the child was diagnosed 

with diabetes/cancer, they had any pets in their household and then provided with the appropriate 

questionnaire.  Household pets included pets that were indoor only, outdoor only, and those that spent 

time both indoors and outdoors.   

Data analysis  

 Data were entered into an Access database (Microsoft Corp., Redmond, WA, USA) and analyzed 

using Intercooled Stata version 10.1 (Stata Corp., College Station, TX, USA).  Descriptive statistics were 

computed for all variables, stratified by clinic (diabetes or oncology); non-demographic variables were 

additionally stratified by pet ownership status.  Blank and “don’t know” responses were excluded from 

analyses.  For statistical analysis, ordinal levels of concern and agreement were collapsed; levels of 
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concern were collapsed into concerned (to include very concerned, concerned, somewhat concerned) or 

not concerned (minimally concerned, not at all concerned); levels of agreement were collapsed into agree 

(strongly agree, somewhat agree) or do not agree (strongly disagree, somewhat disagree).  Zoonotic 

disease scores were categorized into low (≤ 7) and high (>7), based on the overall median value.  The 

continuous variables child’s age and time since child diagnosed were categorized based on quartiles and 

biologic relevance [age (yrs): <5.0, 5.0-9.9, 10.0-14.9, ≥ 15.0; time since diagnosis (months): <12.0, 12.0-

35.9, 36.0-77.9, ≥78.0].  Categorical comparisons between cancer and diabetes households for 

demographic, pet ownership and zoonotic disease knowledge variables were performed using Pearson X2 

test, or, if any expected cell value was ≤1 or ≥20% expected cell values were ≤ 5, Fisher’s exact test.34  In 

order to investigate associations between demographics, knowledge, attitudes, and practices, statistical 

models were created using forced and step-wise model building approaches. 

 Forced statistical models: Statistical associations between disease knowledge and variables 

related to attitudes and practices (outcomes) and the predictors clinic (diabetes, oncology) and pet in the 

household after diagnosis (yes, no) were assessed using logistic regression.  Multivariable models were 

created for each outcome with the two predictors forced into the model and controlling for time since 

diagnosis.     

 Step-wise multivariable statistical models: A step-wise model building approach was used to 

further evaluate six key outcomes.  Variables for which >20% of the observations were missing or 

undefined (i.e., unsure, don’t know) were excluded from further analysis.  A Spearman rank correlation 

coefficient was computed for all pairs of predictor variables to identify high collinearity/correlation 

(absolute value of r≥0.8).  If two variables were highly correlated, the variable with the greatest biological 

plausibility was retained.  Analyses were performed using logistic regression, with individual models 

created for the outcomes (yes/no):  1) acquiring a new pet after diagnosis, 2) acquiring a new high risk pet 

after diagnosis, 3) having a high (>7) zoonotic disease knowledge score, 4) recall of having received 

information about pet-associated diseases or precautions to reduce the risk of zoonotic diseases after the 

child was diagnosed,  5) respondent was concerned the child could acquire an infection from the pet and 

6) respondent was comfortable with their level of understanding of ways to reduce pet-associated 

diseases.  Independent variables were eligible for inclusion in each model if they had been shown to be an 

important predictor or confounder for the outcome in previous studies18,35 or were deemed important from 

a causal diagram (Table 1).  For each model, univariable logistic regression was used to screen variables; 

variables associated with the outcome at P<0.2 were retained.  A manual step-wise backward elimination 

procedure was then used to create a multivariable model for each outcome.  Predictors were retained in 

the model if they were significant (P<0.05); clinic (diabetes, oncology) and time since diagnosis 
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(categorized) were forced into each model given their role as confounders.  As variables were removed, 

likelihood ratio tests were used to assess the significance of each model. Variables discarded from the 

model were re-evaluated to identify confounders; if inclusion of the variable changed the coefficient of a 

significant predictor variable in the model by 25% or more, it was considered a confounder and retained 

in the model.  Models were reported if they fit the data [i.e. Pearson Χ2 and deviance Χ
2goodness-of-fit 

tests were non-significant (P≥0.05)].  Residuals (Pearson, deviance), leverage, delta-beta, delta- Χ2, and 

delta-deviance for the final models were examined and observations with comparably large values for 

these model diagnostics were reviewed to ensure recording errors had not occurred.36   For all predictor 

variables, odds ratios (OR) and 95% confidence intervals (CI) for the OR were calculated.  Statistical 

significance was based on a P-value <0.05. 

 

Results  

 Of those approached for participation, 150 of 251 (60%) parents/guardians of children with 

diabetes completed the questionnaire (61 refused, 40 did not return or complete the survey), while 64 of 

80 (80%) parents/guardians of children with cancer completed the questionnaire (3 refused, 13 did not 

return or complete the survey).  The majority of children with diabetes had been diagnosed with type 1 

diabetes mellitus (148; 99%) with the remainder diagnosed with type 2 diabetes mellitus (2; 1%).  The 

majority of children diagnosed with cancer had been diagnosed with cancer of blood/bone marrow (45; 

70%) with the remainder diagnosed with a solid tumour (19; 30%).  Demographics were similar for the 

two groups, with the exceptions of total household income, the child’s age, and time since child was 

diagnosed (all P<0.001; Table 2).   

Pet ownership 

 Sixty-six percent of respondents (141/214) reported having one or more household pets at the 

time of, or since, the child was diagnosed (diabetes: 67%, oncology: 63%; P=0.5); all of which had a pet 

at the time of completing the survey (Table 3). 

 At the time of diagnosis, 45% of respondents had a pet in the household (diabetes: 42%, 

oncology: 52%; P=0.2; Table 3).  Dogs were most frequently owned (67-70%), followed by cats (52-

56%), fish (10-12%), exotic companion animals, such as gerbils and rabbits (6-11%), and birds (2-6%).  

Some households had a high risk pet (overall:16%; diabetes: 18%; oncology: 12%); cat or dog <6 months 

of age (n=4; n=2), rodent (n=5; n=1), exotic species (oncology: n=1; chinchilla) or reptile or amphibian 

(diabetes: n=3).  Four households (6%) of pet-owning respondents found a new home for one or more of 

their pets after their child was diagnosed (all diabetes patient households: 3 cats/dogs, 1 amphibian); 

respondents listed “we didn’t have time” as the reason for removing the pet and none reported the 
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removal or euthanasia of a pet due to concerns for zoonotic disease.   

 New pets were reportedly obtained after the child was diagnosed by 40% of the responding 

households [diabetes: 49%; oncology: 20%; OR=0.8 (0.3-1.7); Tables 3, 4].  New pets were reported for 

households which did and did not have pets at the time the child was diagnosed.  Thirty-nine percent of 

diabetes- and 13% of oncology- patient households that previously did not have pets, acquired pets 

[OR=0.8 (0.2-2.8); Table 4].  Dogs were most frequently obtained (69-70%), followed by cats (23-40%), 

exotic companion animals (15-22%), fish (8-23%) and amphibians or reptiles (6-15%) (Table 3).  Many 

of these households [diabetes: 12/73 (16%); oncology: 5/13 (38%)] obtained a pet within the 12 months 

following diagnosis.  Seventy-three percent of the households that obtained a new pet after the child was 

diagnosed acquired a high risk pet [diabetes: 53/73 (73%); oncology: 10/13 (77%)]: cat or dog <6 months 

of age (diabetes: n=43; oncology n=7), rodent (n=14; n=1), or reptile or amphibian (n=3; n=2).  Time 

since diagnosis (P<0.001), the respondent’s comfort with their understanding of pet-associated disease 

[(OR=2.2 (1.0-4.6)] and importance they placed on pets as part of the family [OR=15.0 (1.8-122.1)] were 

significant positive predictors of acquiring a new pet after diagnosis (Table 5).  The step-wise and forced 

approaches to building a model for acquiring a high risk pet after diagnosis resulted in the same final 

model; clinic was not significantly associated with obtaining a high risk pet since diagnosis (P=0.7, 

P=0.9; Table 4) and the predictors “respondent’s comfort with understanding of pet-associated disease” 

and “importance they placed on pets as part of the family” (both present in the model for acquiring a new 

pet after diagnosis) were not present in the final model for getting a high risk pet. 

Pet and animal contact-related attitudes 

 Pets were considered to be an important part of the family for 82% of the respondents, with pet 

owners more likely to report this attitude than non-pet owners [OR=55.7 (7.0-440.7); Tables 4, 6].  Many 

respondents were minimally concerned [diabetes: 29/144 (20%); oncology: 24/64 (38%)] or not at all 

concerned [diabetes: 94/144 (65%); oncology: 18/64 (28%)] that the child could acquire a pathogen from 

their pet or the pets of friends or family (Table 6).  Respondents from oncology-patient households were 

more likely to be concerned that the child could “catch a disease” from pets than diabetes-patient 

households, while pet owners were less likely to be concerned than non-pet owners [OR=3.7 (1.4-9.4); 

0.4 (0.2-0.8)] (Table 4).  In the step-wise model, clinic type (diabetes, cancer) was not significantly 

associated with being concerned.  Respondents who reported they had changed how the child interacts 

with pets were more likely to be concerned and those who were comfortable with their understanding of 

pet-associated disease and had been bitten or scratched by a dog or cat in the past 12 months were less 

likely to be concerned [OR=5.3 (1.5-18.4); OR=0.3 (0.1-0.7); OR=0.1 (0.03-0.7)] (Table 5).  Likewise, 

70% of all respondents felt the benefits of pet ownership outweighed the health risks (Table 6), with pet 
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owners more likely to report this perceived benefit [OR=2.2 (1.1-4.4); Table 4]; 92% of pet-owning 

respondents felt removal of one of their pets would negatively affect people in their household (Table 6). 

Zoonotic disease knowledge and educational sources 

 Correct identification of the eleven provided pathogens, diseases and syndromes on the basis of 

their potential to be transmitted by pets varied (Table 7).  For several, correct identification varied 

significantly by pet ownership (i.e., Salmonella; non-pet: 30%, pet: 51%; P=0.005) or clinic (i.e., 

distemper; diabetes: 85%, oncology: 95%; P=0.04).  Zoonotic knowledge scores were similar among pet 

ownership and clinic groups.  Respondents with a child diagnosed with cancer were significantly less 

likely to have a high (>7) zoonotic disease knowledge score than those diagnosed with diabetes [OR=0.2 

(0.06-0.7)], while those concerned their child could acquire a pathogen from a pet and who recalled 

receiving information about pet-associated disease were significantly more likely to have a high zoonotic 

disease knowledge score than those who were not concerned and who did not recall receiving this 

information [OR=6.1 (1.7-22.4); OR=5.8 (2.2-15.4)] (Table 5).  In the forced model, respondents from 

oncology-patient households were not associated with having a high zoonotic disease knowledge score 

[OR=0.9 (0.4-1.9)] (Table 4). 

 Most respondents were comfortable with their level of understanding of pet-associated diseases 

(66%) and ways to reduce such disease (71%).  Respondents who were comfortable with their level of 

understanding of pet-associated diseases and recalled having received information about pet-associated 

disease were independently significantly more likely to be comfortable with their level of understanding 

of ways to reduce pet-associated diseases than those who were not comfortable with pet-associated 

diseases and did not recall having received this information [OR=32.6 (10.7-98.9); OR=9.5 (1.5-59.7)] 

(Table 5).  

 Few respondents (6%) recalled medical doctors or their staff having discussed the possible 

benefits of owning a pet after their child was diagnosed, while 8-48% (diabetes-oncology; irrespective of 

pet ownership) recalled being asked if they owned a pet.  Parents of oncology patients were significantly 

more likely to recall being asked if they owned a pet [OR=5.9 (2.0-17.6); Table 4].  Similarly, 

irrespective of pet ownership,13-32% (diabetes-oncology;) of respondents recalled receiving information 

from any source about pathogens potentially transmitted from pets or precautions to reduce the risk from 

these pathogens after the child was diagnosed (Table 7).  Parents of oncology patients, those with a high 

(>7) zoonotic disease knowledge score, and those who were comfortable with their level of understanding 

of ways to reduce pet-associated diseases were significantly more likely to recall having received 

zoonotic disease information following their child’s diagnosis [OR=15.0 (3.5-63.4); OR=5.7 (1.9-16.7); 

OR=62.7 (4.5-874.3)] (Table 5).  Respondents who reported they and their parents were born within 
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Canada (third generation) were significantly less likely [OR=0.05 (0.003-0.8)] to recall having received 

this information than those born outside Canada (first generation).  Sources that most frequently provided 

this information (irrespective of pet ownership) included nursing staff [diabetes: 1/18 (6%); oncology: 

11/20 (55%)], specialist physicians [diabetes: 1/18 (6%); oncology: 8/20 (40%)], books, television, or 

internet [diabetes: 11/18 (61%); oncology: 6/20 (30%)], veterinarians [diabetes: 6/18 (33%); oncology: 

5/20 (25%)], and public health personnel [diabetes: 4/18 (22%); oncology: 0/20].  Twenty respondents 

[diabetes: 5 (3%), oncology: 15 (23%)] recalled having received pet-specific recommendations from any 

doctors/staff following their child’s diagnosis.  The most frequent recommendations were: ensure the 

child washes hands after touching pets (n=16), have the child avoid touching pet’s feces (n=13), 

immediately wash any animal bites or scratches that occur to the child (n=9), have the child avoid 

touching any pet with diarrhea (n=7), and do not get a new pet (n=7).  One respondent recalled being told 

to remove all pets from the household. 

 Respondents varied in who they felt should be responsible for providing pet-associated disease 

information (Table 7).  Specialist physician was frequently listed by oncology pet and non-pet owners 

(71%, 61%), but less often by diabetes pet and non-pet owners (30%, 49%; Pearson X
2 pet owners: 

P<0.001, non-pet owners: P=0.35).  Veterinarian was frequently listed by diabetes and oncology pet 

owners (64%, 53%), but less frequently by diabetes and oncology non-pet owners (47%, 39%; Pearson X2 

diabetes: P=0.048, oncology: P=0.31).   

 Most pet-owning respondents (diabetes: 80%; oncology: 55%) had taken a pet to a veterinarian 

since the child had been diagnosed; there was not a significant difference between diabetes and cancer-

patient households (P=0.6; Tables 4, 7).   The minority of respondents who had taken a pet to a 

veterinarian since the child had been diagnosed stated the veterinarian asked about the child’s medical 

condition (diabetes: 9%; oncology: 14%).  When asked, the respondent often informed their veterinarian 

about the child’s medical condition (diabetes: 57%; oncology: 100%).  Some of the respondents who were 

not asked by their veterinarian (diabetes: 8%; oncology: 44%), nonetheless alerted their veterinarian to 

the child’s medical condition.  After being told about the child’s medical condition, most respondents 

stated the veterinarian did not make any specific comments about the pet in relation to the child’s medical 

condition (diabetes: 7/8; oncology: 7/10); those that did comment discussed possible pet-associated 

zoonoses or suggested the parent discuss the topic further with the child’s physician. 

Zoonotic disease risks 

 None of the respondents reported that their child had been diagnosed with a disease acquired 

from a pet since they were diagnosed (diabetes: 883 child-years; oncology: 120 child-years).  However, 

many respondents reported that during the previous 12 months, their child had been bitten or scratched by 
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a dog or cat where the skin was broken (pet owner: 30%, non-pet owner: 9%; Table 8).  Children in pet-

owning households were at a significantly greater risk of a reported bite or scratch than those without pets 

[OR=4.3 (1.7-10.8); Table 4).   For pet owners, scratches by the family cat or dog were most frequently 

reported.  Many respondents reported their child regularly (at least weekly) had physical contact with 

animals outside of the home (diabetes: 51%; oncology: 33%).  Children with cancer were significantly 

less likely to have pet contact outside the home than children with diabetes [OR=0.4 (0.2-0.9)]; pet 

ownership was not a significant predictor (P=0.2; Table 4). Dogs or cats at a friend’s or relative’s 

residence were most frequently reported (>80%); contact with a reptile was reported for one child 

(oncology; non-pet owner).  Pet contact at a school/daycare was infrequently reported (n=6; 6%), 

involving dogs/cats (n=4), rabbits (n=1) and chinchillas (n=1). 

 The proportion of respondents stating they had changed how the child is allowed to interact with 

pets due to a concern for the child’s health varied by clinic (diabetes: 3%; oncology: 37%); parents of 

children with cancer were significantly more likely to report a change in pet interaction [OR=19.8 (5.3-

74.0); Table 4].  For cancer patients (n=22), these changes included reducing contact with pets (n=9), 

washing hands after pet contact (n=8), reducing contact with pet saliva (n=6), keeping pets outside (n=2), 

prohibiting the cleaning of pet housing/litter (n=2) and not getting a pet (n=1).  Pet owning respondents 

were less likely to state they were planning on acquiring a new pet in the next year than non-pet owners 

[10%, 21%; OR=0.4 (0.2-1.0); Tables 4, 8]; respondents stated they were planning to acquire a dog, cat, 

or fish. 

 Higher risk behaviours linked to zoonotic pathogen transmission from the environment and farm 

animals were frequently reported following the time of diagnosis (Table 8).  Forty-six percent of children 

had played in an outdoor sandbox that was not covered between uses. Fifty-six percent had visited a 

petting zoo; 90% had animal contact and 88% washed their hands after touching the animals.  Pet owners 

were significantly more likely to report their child touched an animal at a petting zoo [OR=11.2 (2.4-

53.3)] than non pet owners (Table 4). 

 

Discussion 

 Pet ownership was frequently reported in households with children diagnosed with diabetes or 

cancer.  At the time of diagnosis, 45% had pets and this proportion increased to 66% following diagnosis 

at the time of inclusion in this study.  This finding is similar to previous studies on pet-ownership in 

households with immunocompromised children (67%)14 and adults (46-55%),7,8,37 and consistent with the 

ownership patterns of the general population in Canada.18,38  Types of pets present in the households at 

time of diagnosis, and obtained after diagnosis, were similar to reported ownership by the general 
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population, with dogs and cats most frequently reported, followed by fish, exotic companion animals, 

birds and reptiles/amphibians.38  Species considered to be at higher risk for the spread of zoonoses (e.g., 

dogs/cats <6 months of age, rodents, and reptiles/amphibians) and thus discouraged from higher disease 

risk households,23-25 were frequently (16%) owned by households at the time of diagnosis.  It is 

concerning that 77% of the oncology-patient households that obtained a new pet after the child was 

diagnosed acquired a high risk pet, including a cat or dog <6 months of age, rodent, or reptile/amphibian.  

Similar pet ownership patterns have been previously reported for immunocompromised individuals,7,14,37 

although the high proportion of households acquiring a pet after diagnosis (40%), most of which were 

higher risk for zoonotic transmission, is unique.  In a study of 104 adult lung transplant recipients, only 

4% acquired a new pet after transplant.8  The high proportion we observed may in-part be due to the 

family structure of our respondent households (the presence of children), which has been shown to be 

associated with pet ownership in the general population.35  Furthermore, households with children 

diagnosed with cancer or diabetes did not statistically differ in obtaining a new pet or high risk pet after 

diagnosis, despite clear differences in the general disease susceptibility between those two groups.  Given 

the documented benefits attributed to pet companionship for children3,4 and reported attitudes by 

respondents (e.g., 82% considered pets an important part of the family), this finding was not surprising.  

However, obtaining a high risk pet after diagnosis may result in an increased risk for pet-associated 

zoonoses among those with a greater degree of immune-compromise.   Additionally, this study did not 

identify significant predictors for a household obtaining a new high risk pet after diagnosis.  This is 

concerning as a number of variables that were evaluated (i.e., recall of having received zoonotic disease 

education, time since diagnosis, child’s age, knowledge of zoonotic pathogens) may be important factors 

in shaping pet contact and infection control behaviours that alter the disease risk posed by these pets.  

These findings highlight the need for improved education about pet ownership and disease prevention 

practices. 

 Similar to the general population,18 respondents expressed minimal concern regarding their child 

acquiring a pathogen from a pet, with pet owners less likely to be concerned. This paradox may stem from 

pet owners having more experience and knowledge regarding animals and therefore a more balanced 

opinion of the risk of pet associated zoonotic diseases or could relate to their cost-benefit assessment of 

the role of the pet in the household, with clear positive aspects outweighing less obvious disease risks.  

Despite an inherent increased level of disease risk and higher likelihood of receiving zoonotic disease 

education for cancer patients as compared to diabetes patients, there was no difference in reported 

concern about pet-associated zoonoses between the diabetes and oncology groups.   

 Given the increased zoonotic risk for oncology patients, it was encouraging to observe that 
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parents of oncology patients were more likely than parents of diabetes patients to recall having been asked 

by a physician if they owned a pet (OR=5.9) or to recall having received zoonotic disease information 

from any source (OR=15.0).  However, while higher than in the diabetes group, the numbers were 

disappointingly low, with only 48% of the parents of oncology patients having recalled being asked by a 

physician about pet ownership and 32% recalled receiving zoonotic disease information since their child 

was diagnosed.  A history of contact with pets in the home and animal contact outside the home should be 

part of every physician’s medical evaluation, especially for individuals at higher risk of zoonotic disease.  

The finding that third generation respondents (they and their parents were born in Canada) were less 

likely to recall having received zoonotic disease information than first generation respondents was 

surprising and an area that deserves additional study to ensure risk-based recommendations are provided 

uniformly.  It is possible pet ownership discussions occurred more frequently than recalled, as it is 

believed to be common practice by the oncology clinic staff.  These discussions typically occur at the 

time of diagnosis, and as such may not be adequately recalled or delivered given the emotional state of 

families and the large volume of information being provided.  This issue likely extends beyond the 

institution studied.  A previous study noted that few surveyed pediatric oncology centres in the United 

Kingdom used written guidelines (4/20; 20%) with the same number providing verbal recommendations 

for pet ownership.26  Regardless of whether information was not provided or not remembered, these 

results indicate an area that should be improved because ultimately, knowledge and practices of patient 

families are not being adequately addressed.  Redundant delivery methods (e.g., verbal and written) may 

be a useful and simple technique to improve uniform and effective delivery of these messages.   

 The limited recall of having received education on this topic was highlighted by the variability 

and gaps present in respondents’ zoonotic disease knowledge. As with studies on the general 

population,18,39,40 individuals appeared to be well-informed of the potential for rabies transmission from 

pets (94% answered correctly). However, participants were less informed about less severe but more 

common pathogens, diseases and syndromes, such as ringworm, Salmonella and infectious diarrhea 

(50%, 44%, 38% answered correctly, respectively).  As awareness of zoonotic disease risk is a 

prerequisite for effective prevention, the limited zoonotic disease knowledge of the respondents may be a 

concern.  Adequate awareness of risk and the health implications are also required for adequate 

motivation to implement recommended infection control practices.  Despite the higher risk nature of their 

children, parents of oncology patients were less likely to have a high zoonotic disease knowledge score 

than those of diabetes patients; although this association was not observed in the forced statistical model, 

likely due to the absence of important covariates and/or confounders.  As identified previously,18 recall of 

having received zoonotic disease education was associated with a high zoonotic disease knowledge score, 
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suggesting such education may be effective at increasing awareness of pet-associated pathogens but that 

current (relatively informal) approaches to education of families of high-risk children at this institution 

are suboptimal.   

 It was not surprising that only one-third of oncology respondents recalled receiving zoonotic 

disease information; physicians infrequently (8-48%; diabetes-oncology) inquired about pet ownership 

and veterinarians rarely (14%) inquired about the immune status for household members of pet-owning 

families.  These deficiencies in clients/patient communication surrounding zoonotic diseases by 

veterinarians and physicians have been previously identified.41-44  In one study, 94% of physicians never 

or rarely initiated discussions about zoonoses with patients with HIV infection or AIDS, and 25% of 

veterinarians reported that a client had ever disclosed their HIV infection or AIDS diagnosis.41  In the 

work described here, most pet owners (diabetes: 80%, oncology: 55%) had taken a pet to the veterinarian 

since their child was diagnosed, and parents who were asked often provided the veterinarian with the 

child’s medical condition. Thus, the veterinarian serves as an important resource for getting educational 

information to pet owners, but as with physicians, primary care veterinarians must be able to provide 

adequate information to their clients regarding zoonotic disease and infection control practices.  Zoonotic 

disease and infection control knowledge of veterinarians or physicians has not been properly evaluated, 

but our findings suggest there may be a need for additional training of medical and veterinary providers in 

pet-associated zoonoses, as respondents infrequently recalled physicians or veterinarians providing 

specific pet-ownership recommendations, even after becoming aware of the household’s pet ownership 

status or medical condition.  Such additional training may make providers more comfortable with this 

topic41,42  and thus more likely to enquire about, and provide, information. 

 The variation observed in whom respondents’ felt should be responsible for providing zoonotic 

disease information may have important implications in educational opportunities.  As opposed to a study 

of the general population in which veterinarians (76%), family physicians (50%) and public health 

personnel (39%) were identified as who should be responsible for providing zoonotic disease 

information,18 parents of oncology patients looked most frequently toward specialist physicians (67%), 

while pet owners with children having both diagnoses looked toward veterinarians (61%), but not to the 

same extent observed in the general population (86%).18  As such, involvement of all of these groups will 

likely be needed to increase educational opportunities. 

 Despite the pet ownership practices reported by households with children perceived to be at 

higher risk to infectious disease, no pet-associated disease cases were reported to have occurred by 

respondents during the 883 (diabetes) and 120 (oncology) child-years accrued since diagnosis.  This is 

consistent with a general population study in which a low proportion (4%) of households reported having 
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had a family member acquire a disease from a pet at any point in the past,18 and similar to previous 

studies on adult lung transplant recipients that did not observe differences in pulmonary function, number 

of hospitalizations or episodes of antibiotic treatments between pet and non-pet owners.8  However, the 

accuracy of the estimate in this study is unclear, as it is prone to various factors that make it difficult to 

determine if an infection was truly acquired from a pet (e.g., multiple routes of transmission for many 

zoonotic pathogens, subclinical shedding of pathogens by pets, failure to consider pets as a source when 

infections are diagnosed).  The potential risk of zoonotic infection and injury, however, was clearly noted 

in our study with a high proportion (23%) of respondents reporting one or more dog or cat-derived bites 

or scratches to their child during the previous 12 months, with dog bites reported for 1.6% and 1.4% of 

the oncology and diabetes patients, respectively.  These results are similar to findings in the general 

population (27% of households reported bites or scratches in the previous 12 months; dog bites were 

reported for 1.6% of household members).18  The proportions observed in this study must be kept in 

context as previous studies have identified greater bite proportions for children than other ages.45  

However, since such injuries can have serious health consequences, especially in immunocompromised 

individuals, further efforts to reduce bites and scratches in this population are warranted. 

 While improvement in discussion of pet ownership by high-risk individuals is required, pet-

associated zoonotic pathogen exposure is also a concern in non-pet-owners, as evidenced in this study by 

the frequency of pet contact (including bites and scratches) occurring outside the home. Therefore, while 

querying pet ownership is critical, it is also important to recognize that pet contact may occur for non-pet-

owning individuals and that broader questioning and consideration of pet contact is required. 

Additionally, many (56%) respondents stated their child had visited a petting zoo since diagnosis, with 

most touching the animals.  These types of contact were reported for both pet and non-pet owning 

families, and considering the commonness of infection control and hygiene deficiencies in petting 

zoos46,47 and the multitude of petting zoo-associated outbreaks that have been reported,48 it is critical that 

families of children at increased risk of infection understand the relevant issues and control practices.  

 Many non-pet owning households acquired pets following the child’s diagnosis (32%) or were 

planning to acquire pets during the upcoming year (21%).  This finding highlights the importance of 

medical staff routinely inquiring about pet ownership and plans for pet ownership during office visits.  

Discussions before pets are acquired or shortly thereafter may be helpful in promoting safe pet ownership 

practices and reducing zoonotic disease risks. While obtaining a new pet could provide positive social and 

emotional impacts, new animals (especially young animals and animals from shelters) have higher 

prevalences of shedding of various pathogens and a greater likelihood of negative interactions like bites 

and scratches.  Acquiring a new pet has been identified as a risk factor for some zoonotic infections such 
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as campylobacteriosis49 and therefore the risk to the individual patient, whether to obtain a new pet at that 

specific time and consideration of optimal pet selection (e.g., species, age, origin) must be considered as 

part of counselling by physicians and veterinarians.   

 This study has several limitations.  We acquired our data as a convenience sample from a single 

tertiary hospital in Canada.  It is possible our findings are specific to the hospital under study, reflecting 

education practices, attitudes and behaviours unique to the hospital staff and clientele.  This is unlikely, as 

our findings are similar to those reported by previous studies on this topic,7,8,14,37 and given the time since 

diagnosis, respondents and their children likely had interactions with medical personnel at other locations.  

As all Canadian residents receive medically necessary healthcare services at no charge,50 the concern for 

bias through variable healthcare access was minimized.  However, other sources of bias may have 

occurred, including differences between respondents and non-respondents (response bias), and improved 

recall of respondents linked to particular exposures and outcomes (recall bias).  Survival bias may have 

occurred if a child was ineligible for the study due to reasons associated with both exposure (i.e., pet 

ownership, clinic) and outcome (e.g., occurrence of a zoonotic disease, concern for child acquiring a pet-

associated disease).  Given the inherent differences in the long-term prognosis for the two study 

populations (cancer, diabetes), this bias was most likely encountered when assessing clinic as a predictor, 

and would have biased results toward the null value (no association); however, such a bias could have 

also masked pet-associated disease or other exposure-outcome associations. 

 Despite enrolling through a large, tertiary pediatric hospital over an 8-month period, study sample 

size was restricted by the relatively low frequency of cancer diagnoses, and to a lesser extent diabetes, in 

the pediatric population.  Furthermore, as opposed to previous studies on this topic that used limited 

eligibility criteria as to when the participant was diagnosed and duration since last receiving therapy,7,8,14 

this study followed restrictive criteria to allow time for changes in knowledge, attitudes and practices to 

have occurred, while ensuring the children were still immunocompromised.  However, such criteria 

further limited the available study population.  As such, statistical power may have been limited for some 

of the analyses, most notably those with a large number of predictors, resulting in large confidence 

intervals, unstable estimates and an inability to detect true differences between the study groups.          

 We chose children diagnosed with diabetes as a comparison group in this study, as the risk of 

infectious disease is believed to be overall lower than for cancer patients and eligible cases were 

frequently encountered at the study institution.  We did not have access to individual-level medical data 

that could be used to further estimate immune status, and as such we may have misclassified individuals’ 

disease risk.  The use of inclusion criteria (e.g., currently receiving chemotherapy or radiation) and 

controlling for time since diagnosis, a useful surrogate for level of disease risk,21,22 were used to minimize 
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this error.  

 Since this was a cross-sectional study, information on knowledge, attitudes, and behaviours were 

obtained at a single time point, precluding temporal conclusions.  In an effort to minimize the length of 

the questionnaire and maximize the proportion of individuals responding, we did not obtain detailed 

household information.  Additional household and pet ownership details, such as number of household 

members, presence of older siblings, and pet history prior to child being diagnosed, may have been 

important predictors for the tested outcomes.18,35  The inclusion of such variables may have altered our 

findings. 

 

Conclusions 

 This study characterized knowledge, attitudes and risks related to pet ownership and animal 

contact in households with immunocompromised children, comparing findings between households with 

children diagnosed with diabetes to those with children diagnosed with cancer.  Despite a well-

documented increased risk of pet-associated disease for their children, parents of cancer patients 

demonstrated limited awareness of disease risks and reported similar high risk pet ownership practices as 

parents of diabetes patients.  As respondents looked toward physicians (general practice and specialist) 

and veterinarians for providing information on this topic, concerted educational efforts by these groups 

are indicated.  A well-organized, educational program with active and passive methods (i.e., discussions 

during office visits and readily available print and electronic materials) to deliver this information is 

likely needed.  Emphasis on addressing these risks in households with immunocompromised children, 

where animal contact and pet acquisition is high, with continual outreach to both pet and non-pet owners 

is especially important.  Further research into the current knowledge of veterinarians and physicians on 

this topic and existing barriers to providing established recommendations to high risk clients/patients is 

needed.     
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Table 4.1  Predictors included in development of step-wise statistical models for outcomes
1
 related 

to knowledge, attitudes and practices related to pet-associated zoonotic disease of parents having 

children with diabetes or cancer (Children’s Hospital of Eastern Ontario, Ottawa, Canada) 

 

Pet ownership and demographics 

Pet in household at or since diagnosis 
Pet in household at time of diagnosis 
New pet in household since diagnosis 
Child’s age (categorized) 
Child’s gender 

Child’s race 
Immigrant generation status of respondent 
Residence classification 
Income 
Education level of household 

 
Pet and animal contact-related attitudes 

Concerned child could acquire pathogen from 
pets 

Pets important part of the family 
Benefits of owning pet greater than health risks 

 
Zoonotic disease knowledge and comfort 

High (> 7) zoonotic disease knowledge score 
Comfortable with level of understanding of 
pet-associated diseases 

Comfortable with level of understanding of ways 
to reduce pet-associated diseases 
Recalled receiving zoonotic disease information 

 
Zoonotic disease risks 

Child bitten or scratched by dog/cat in past 
12 months 
Child has regular contact with pets outside 
the home 

 
Since diagnosed, changed how child interacts 
with pets 

 

1 Multivariable logistic regression models developed for the following outcomes (yes/no): 1) acquired a 

new pet since diagnosis, 2) acquired a new high risk pet since diagnosis, 3) high (>7) zoonotic disease 

knowledge score for respondent, 4) after child diagnosed, recalled receiving information from any source 

about pet-associated diseases or precautions to reduce the risk of these diseases, 5) concern for child 

acquiring pathogen from pets and 6) comfortable with level of understanding of ways to reduce pet-

associated diseases.  Clinic (diabetes, oncology) and time since diagnosis (categorized) were forced into 

each model. 
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Table 4.2  Demographics for questionnaire respondents having children with diabetes or cancer 

(Children’s Hospital of Eastern Ontario, Ottawa, Canada; N=214) 

 

 Variables 
Diabetes Oncology 

P-value2 
NR N (%)1 NR N (%)1 

Child’s age (years) 149  64   
 Mean (SD)  12.0 (4.2)  8.3 (5.3)  
 Median (range)  13 (1-18)  7.5 (1-19)  
 < 5.0  10 (6.7)  24 (37.5) <0.001 
 5.0-9.9  29 (19.5)  15 (23.4)  
 10.0-14.9  61 (40.9)  15 (23.4)  
 ≥ 15.0  49 (32.9)  10 (15.6)  
Child’s sex 150  64  0.5 
 Male  82 (54.7)  38 (59.4)  
 Female  68 (45.3)  26 (40.6)  

Time since child diagnosed (months)  

  150   64   
 Mean (SD)  70.7 

(50.3) 
 22.5 

(31.1) 
 

 Median (range)  57.0 
(1.1-202.0) 

 15.1 
(1.0-69.0) 

 

 < 12.0  15 (10.0)  32 (50.0) <0.001 
 12.0-35.9  30 (20.0)  21 (32.8)  
 36.0-77.9  49 (32.7)  8 (12.5)  
 ≥ 78.0  56 (37.3)  3 (4.7)  

Child’s race 145  63  0.2 
 White  128 (88.3)  51 (81.0)  
 Other3  17 (11.7)  12 (19.1)  
Immigrant generation status of respondent

4
 

  141  63  0.2 
 First  13 (9.2)  7 (11.1)  
 Second  11 (7.8)  10 (15.9)  
 Third or more  117 (83.0)  46 (73.0)  
Self-reported residence classification 

  149  63  0.9 
 City  51 (34.2)  25 (39.7)  
 Suburban  32 (21.5)  11 (17.5)  
 Town  35 (23.5)  15 (23.8)  
 Rural  31 (20.8)  12 (19.1)  
Total household income during past 12 months (before taxes and deductions) 

  136  57  <0.001 
 Less than Can$40,000  14 (10.3)  19 (33.3)  
 Between Can$40,000 and Can$79,999  38 (27.9)  13 (22.8)  
 Between Can$80,000 and Can$120,000  37 (27.2)  15 (26.3)  
 More than Can$120,000  47 (34.6)  10 (17.5)  

Highest level of education attained by anyone currently living in household 

  144  63  0.07 
 High school certificate, diploma,   18 (12.5)  7 (11.1)  
  equivalent, or less      
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 College, trade or other non-university   47 (32.6)  31 (49.2)  
  certificate or diploma      
 University certificate, diploma or degree  79 (54.9)  25 (39.7)  
1Percentages in column may not sum to 100% due to rounding. 

2 P-value for Pearson χ2 test. 

3 Includes Arab, Black, Filipino, Native, South Asian, Other. 

4 First generation, defined as born outside Canada; second generation, defined as born inside Canada with 

at least one parent born outside Canada; third generation or more, defined as born inside Canada with 

both parents born inside Canada.33 

NR: Number responding to question.  Blank and “don’t know” responses were excluded. 
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Table 4.3  Reported pet ownership by questionnaire respondents having children with diabetes or 

cancer (Children’s Hospital of Eastern Ontario, Ottawa, Canada; N=214) 

 

Variables 
Diabetes Oncology 

P-value1 
NR N (%) NR N (%) 

Pet in household at or since diagnosis 150  64  0.5 
 Yes  101 (67.3)  40 (62.5)  
 No  49 (32.7)  24 (37.5)  

Pet in household at time of diagnosis 150  64  0.2 
 Yes  63 (42.0)  33 (51.6)  

 No  87 (58.0)  31 (48.4)  
 Species owned at time of diagnosis

2
 63  33  NP 

 Dog  42 (66.7)  23 (69.7)  

 Cat  35 (55.6)  17 (51.5)  
 Fish  6 (9.5)  4 (12.1)  

 Exotic companion animal3  7 (11.1)  2 (6.1)  
 Bird  1 (1.6)  2 (6.1)  
 Reptile/amphibian  3 (4.8)  0  

 High risk pet in household at time of  63 11 (17.5) 33 4 (12.1) 0.5 
 diagnosis

4
      

New pet in household since diagnosis 150  64  <0.001 
 Yes  73 (48.7)  13 (20.3)  
 No  77 (51.3)  51 (79.7)  

 Species obtained since diagnosis
2
 73  13  NP 

 Dog  51 (69.9)  9 (69.2)  

 Cat  27 (40.0)  3 (23.1)  
 Fish  6 (8.2)  3 (23.1)  

 Exotic companion animal3  16 (21.9)  2 (15.4)  
 Bird  5 (6.8)  0  
 Reptile/amphibian  4 (5.5)  2 (15.4)  

 High risk pet obtained since diagnosis
4 73 53 (72.6) 13 10 (76.9) 1.05 

1
P-value for Pearson χ2 test, unless otherwise stated. 

2Categories sum to greater than 100% as some households had or obtained more than one species. 

3Included gerbils, guinea pigs, rabbits, hamsters, ferrets and chinchillas. 

4Defined as dogs/cats <6 months of age, reptiles, amphibians, rodents, baby poultry and exotic species23-

25,27 

5Fisher’s exact test.  

NR: Number responding to question.  Blank and “don’t know” responses were excluded.  

NP: Not performed. 
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Table 4.4  Forced models to determine associations between pet-associated disease knowledge, 

attitudes and practices with clinic (diabetes, oncology) and pet ownership for questionnaire 

respondents having children with diabetes or cancer (Children’s Hospital of Eastern Ontario, 

Ottawa, Canada; N=214) 

 

Outcome (Yes/No) 

Oncology-patient in 
household 

Pet in household at or 
since diagnosis 

OR (95% CI)1 P-value1 OR (95% CI)2 P-value2 

New pet in household since diagnosis 0.8 (0.3-1.7) 0.5 NP  
No pet in household at time of diagnosis, but  0.8 (0.2-2.8) 0.7 NP  
 new pet since diagnosis     
New high risk pet in household since  1.1 (0.4-2.7) 0.9 NP  
 diagnosis3     
New high risk pet in household since  0.8 (0.2-3.1) 0.7 NP  
 diagnosis4     
Concerned child could catch disease from  3.7 (1.4-9.4) 0.006 0.4 (0.2-0.8) 0.016 
 pets5     
Pets important part of the family6 0.8 (0.2-3.5) 0.8 55.7  

(7.0-440.7) 
<0.001 

Benefits of owning pet greater than health  0.8 (0.4-1.8) 0.6 2.2 (1.1-4.4) 0.02 
 risks6     
Removal of pet would negatively affect  0.6 (0.1-2.8) 0.5 NP  
 people in household6     
High (> 7) pet-associated disease knowledge  0.9 (0.4-1.9) 0.8 1.8 (0.9-3.4) 0.1 
 score     
Comfortable with level of understanding of  0.7 (0.3-1.6) 0.4 1.9 (1.0-3.6) 0.05 
 pet-associated diseases6     
Comfortable with level of understanding of  0.9 (0.4-2.0) 0.7 2.0 (1.0-4.0) 0.06 
 ways to reduce pet-associated diseases6     
After child diagnosed, recall medical doctors  3.4 (0.8-15.7) 0.1 1.3 (0.4-4.4) 0.7 
 or staff discussed benefits of owning a pet     
After child diagnosed, recall medical doctors  5.9 (2.0-17.6) 0.001 0.7 (0.3-1.9) 0.5 
 or staff asked if currently owned any pets     
After child diagnosed, recall having received  5.3 (1.9-14.9) 0.002 0.7 (0.3-1.5) 0.4 
 information from any source about pet-

associated diseases or precautions to 
reduce the risk of these diseases 

    

Taken a pet to a veterinarian since child  0.8 (0.3-2.0) 0.6 NP  
 diagnosed (for pet-owning respondents)     
During the past 12 months, child bitten or  1.0 (0.4-2.4) 1.0 4.3 (1.7-10.8) 0.002 
 scratched by any dog or cat, where the 

skin was broken 
    

Child regularly (at least weekly) has physical  0.4 (0.2-0.9) 0.03 1.4 (0.8-2.6) 0.2 
 contact with animals in places outside of 

the home 
    

Changed how the child is allowed to interact  19.8 (5.3-74.0) <0.001 0.9 (0.4-2.5) 0.9 
 with pets because of the child’s health     
Plan on acquiring a new pet in the next year 0.3 (0.1-1.1) 0.07 0.4 (0.2-1.0) 0.04 
Since diagnosed with diabetes/cancer, the      
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 child:     
 Played in an outdoor sandbox that was not  0.8 (0.4-1.6) 0.5 0.9 (0.5-1.7) 0.8 
  covered between uses     
 Visited a petting zoo or farm 0.5 (0.2-1.0) 0.05 1.7 (0.9-3.2) 0.08 
  Touched the animals 0.3 (0.05-1.4) 0.1 11.2 (2.4-53.3) 0.002 
  Washed their hands after touching 4.1 (0.4-39.0) 0.2 0.6 (0.1-3.1) 0.5 

1Odds ratio (OR), 95% confidence interval (CI) for the odds ratio and P-value of the outcome for 

oncology-patient households (diabetes-patient households as referent), adjusted for household pet-

ownership and time since child was diagnosed (categorized). 

2Odds ratio (95% confidence interval for the odds ratio) and P-value of the outcome for household pet-

ownership (no pet in household at or since child’s diagnosis as referent), adjusted for clinic and time since 

child was diagnosed (categorized). 

3Included dog/cat < 6 months of age, reptile, amphibian, rodent, baby poultry, exotic species 

4Included reptile, amphibian, rodent, baby poultry, exotic species  

5 Outcome coded as yes (very concerned, concerned, somewhat concerned) or no (minimally concerned, 

not at all concerned). 

6 Outcome coded as yes (strongly agree, somewhat agree) or no (strongly disagree, somewhat disagree). 

NP – Not performed. 
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Table 4.5  Final step-wise multivariable models for knowledge, attitudes, and practices concerning 

pet-associated zoonoses of parents having children with diabetes or cancer (Children’s Hospital of 

Eastern Ontario, Ottawa, Canada) 

 

Predictor 

Outcomes (Yes/No) 

Acquired a new pet after 
diagnosis (N=185) 

Concern for child getting a 
disease from pets (N=171) 

High (>7) zoonotic disease 
knowledge score (N=140) 

OR (95% CI)1 P-value1 OR (95% CI)1 P-value1 OR (95% CI)1 P-value1 

Clinic       
 Diabetes Referent  Referent  Referent  
 Oncology 0.6 (0.3-1.6) 0.3 2.4 (0.8-7.4) 0.1 0.2 (0.06-0.7) 0.009 
Time since diagnosis (months) <0.001  0.9  0.5 
 < 12.0 Referent  Referent  Referent  
 12.0-35.9 3.8 (1.1-13.6) 0.04 1.6 (0.5-5.8) 0.5 0.4 (0.1-1.5) 0.2 
 36.0-77.9 10.3 (2.9-36.5) <0.001 1.5 (0.4-6.6) 0.6 0.4 (0.1-1.4) 0.1 
 ≥ 78.0 14.3 (3.9-52.8) <0.001 1.3 (0.3-6.7) 0.7 0.5 (0.1-1.7) 0.2 
Comfortable with level of understanding of pet-associated diseases 
 No Referent  Referent    
 Yes 2.2 (1.0-4.6) 0.04 0.3 (0.1-0.7) 0.005   
Pets important part of the family      
 No Referent      
 Yes 15.0 (1.8-122.1) 0.01     
Changed how the child is allowed to interact with pets because of the child’s health 
 No   Referent    
 Yes   5.3 (1.5-18.4) 0.009   
Child bitten or scratched by any dog/cat in past 12 months   
 No   Referent    
 Yes   0.1 (0.03-0.7) 0.01   
Concerned child could get disease from pets 
 No     Referent  
 Yes     6.1 (1.7-22.4) 0.006 
After child diagnosed, recall having received information from any source about pet-associated diseases or  
 precautions to reduce the risk of these diseases    
 No     Referent  
 Yes     5.8 (2.2-15.4) <0.001 
Benefits of owning pet greater than health risks  
 No     Referent  
 Yes     0.4 (0.2-0.9) 0.02 
Pet in household at time of diagnosis    
 No     Referent  
 Yes     2.1 (0.9-4.6) 0.08 
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Table 4.5 (continued) 

 

Predictor 

Outcomes (Yes/No) 

Comfortable with level of 
understanding of ways to 

reduce pet-associated diseases 
(N=150) 

Recall received zoonotic 
disease information (N=144) 

OR (95% CI)1 P-value1 OR (95% CI)1 P-value1 

Clinic     
 Diabetes Referent  Referent  
 Oncology 0.5 (0.1-1.8) 0.3 15.0 (3.5-63.4) <0.001 
Time since diagnosis (months) 0.4  0.5 
 < 12.0 Referent  Referent  
 12.0-35.9 2.4 (0.6-10.7) 0.2 2.5 (0.5-11.6) 0.3 
 36.0-77.9 0.9 (0.2-4.4) 0.9 2.9 (0.5-15.8) 0.2 
 ≥ 78.0 2.0 (0.4-10.6) 0.4 3.8 (0.6-22.9) 0.1 
Comfortable with level of understanding of pet-associated diseases 
 No Referent    
 Yes 32.6 (10.7-98.9) <0.001   
Comfortable with level of understanding of ways to reduce pet-associated diseases 
 No   Referent  
 Yes   62.7 (4.5-874.3) 0.002 
After child diagnosed, recall received information from any source about pet- 
 associated diseases or precautions to reduce the risk of these diseases 
 No Referent    

 Yes 9.5 (1.5-59.7) 0.02 
  

High (>7) zoonotic disease knowledge score 
 No   Referent  
 Yes   5.7 (1.9-16.7) 0.002 
Immigrant generation status of respondent  0.05 
 First   Referent  
 Second   0.06 (0.002-1.3) 0.07 

 
Third or 
more   0.05 (0.003-0.8) 0.03 

Child’s race    
 Other   Referent  
 White   3.0 (0.2-45.5) 0.4 

1Odds ratio (OR), 95% confidence interval (CI) for the odds ratio and P-value of the outcome for the 

predictor, adjusted for other predictors in the model. 
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Table 4.6  Pet and animal contact-related attitudes for questionnaire respondents having children 

with diabetes or cancer (Children’s Hospital of Eastern Ontario, Ottawa, Canada; N=214) 

 

Variables 

Diabetes Oncology 

NR 
Pet in household at or since 

diagnosis NR 
Pet in household at or since 

diagnosis 

Yes, N (%) No, N (%) Yes, N (%) No, N (%) 

How concerned are you that the child could catch a disease from your pet(s) or the pets of friends or  

 family? 144   64   
 Very concerned  1 (1.0) 1 (2.1)  1 (2.5)  2 (8.3)         
 Concerned   0 1 (2.1)  3 (7.5) 1 (4.2)          
 Somewhat concerned  6 (6.2) 6 (12.8)           5 (12.5) 6 (25.0)          
 Minimally concerned  20 (20.6) 9 (19.2)  20 (50.0) 4 (16.7)         
 Not at all concerned  70 (72.2) 24 (51.1)  10 (25.0) 8 (33.3)         
 Child does not have 

contact with pets 
 0 6 (12.8)  1 (2.5) 3 (12.5)          

Pets are an important part of the family 

  138   61   
 Strongly agree  85 (85.9) 12 (30.8)          27 (67.5) 5 (23.8)         
 Somewhat agree  13 (13.1) 16 (41.0)          13 (32.5) 10 (47.6)         
 Somewhat disagree  1 (1.0) 5 (12.8)           0 2 (9.5) 
 Strongly disagree  0 6 (15.4)           0 4 (19.1)          

Benefits of owning a pet are greater than any health risks that occur with owning a pet 

  131   53   
 Strongly agree  46 (49.5) 7 (18.4)          14 (40.0) 1 (5.6)         
 Somewhat agree  26 (28.0) 15 (39.5)          10 (28.6) 9 (50.0) 
 Somewhat disagree  14 (15.1) 8 (21.1)          7 (20.0) 3 (16.7)          
 Strongly disagree  7 (7.5) 8 (21.1)           4 (11.4) 5 (27.8)         
Removal of one or more of my pets would negatively affect people in my household 

  97   38   
 Strongly agree  58 (59.8) NA  25 (65.8) NA 
 Somewhat agree  32 (33.0) NA  9 (23.7) NA 
 Somewhat disagree  4 (4.1) NA  3 (7.9) NA 
 Strongly disagree  3 (3.1) NA  1 (2.6) NA 

NR: Number responding to question.  Blank and “don’t know” responses were excluded.  

NA: Not asked. 
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Table 4.7  Zoonotic disease knowledge and educational sources of questionnaire respondents having 

children with diabetes or cancer (Children’s Hospital of Eastern Ontario, Ottawa, Canada; N=214) 

 

Variables 

Diabetes Oncology 

 NR 
Pet in household at or since 

diagnosis NR 
Pet in household at or since 

diagnosis 

Yes, N (%) No, N (%) Yes, N (%) No, N (%) 

Which of the following diseases do you think can be transmitted from pets to people? 

  141   61   
 Rabies*  91 (94.8) 44 (97.8)          33 (89.2) 22 (91.7)         
 Intestinal worms*  66 (68.8) 28 (62.2)          20 (54.1) 13 (54.2)         
 HIV/AIDS  8 (8.3) 5 (11.1)  4 (10.8) 3 (12.5)          
 Distemper  15 (15.6) 6 (13.3)         2 (5.4) 1 (4.2)         
 Salmonella*  47 (49.0) 15 (33.3)          21 (56.8) 6 (25.0)         
 Giardia*  13 (13.5) 4 (8.9)          7 (18.9) 2 (8.3)         
 Hepatitis  14 (14.6) 7 (15.6)          3 (8.1) 5 (20.8)          
 Infectious diarrhea*  34 (35.4) 16 (35.6)          15 (40.5) 11 (45.8)         
 Ringworm*  52 (54.2) 21 (46.7)          18 (48.7) 11 (45.8)         
 Methicillin-resistant   15 (15.6) 5 (11.1)          4 (10.8) 4 (16.7) 
  Staphylococcus 

aureus (MRSA)* 
      

 Measles  3 (3.1) 4 (8.9)          0 2 (8.3) 
 Mean knowledge score 

(SD) 
 6.9 (1.6) 6.5 (1.5)  6.9 (2.0) 6.4 (1.5) 

 Median (range)  7 (3-10) 6 (4-9)  7 (3-11) 6.5 (3-9) 

I am comfortable with my level of understanding of possible diseases that can occur with pet contact 

  135   55   
 Strongly agree  29 (30.9) 10 (24.4)         10 (27.8) 2 (10.5)         
 Somewhat agree  40 (42.6) 14 (34.2)          13 (36.1) 7 (36.8)         
 Somewhat disagree  14 (14.9) 11 (26.8)          8 (22.2) 6 (31.6)          
 Strongly disagree  11 (11.7) 6 (14.6)  5 (13.9) 4 (21.1)         
I am comfortable with my level of understanding of ways to reduce diseases that can  

 occur with pet contact 

  130   55   
 Strongly agree  30 (31.9) 8  (22.2)        13 (36.1) 3 (15.8)        
 Somewhat agree  43 (45.7) 15 (41.7)          12 (33.3) 8 (42.1 )         
 Somewhat disagree  13 (13.8) 7 (19.4)         7 (19.4) 6 (31.6) 
 Strongly disagree  8 (8.5) 6 (16.7)           4 (11.1) 2 (10.5)         
After the child was diagnosed, medical doctors or their staff ever discussed the possible benefits of  
 owning or keeping a pet     
  143   62   
 Yes  1 (1.0) 4 (9.3)         7 (18.0) 1 (4.4)          
 No  74 (74.0) 28  (65.1)        16 (41.0) 19 (82.6)         
 Don’t remember  25 (25.0) 11 (25.6)         16 (41.0) 3 (13.0)         

After the child was diagnosed, medical doctors or their staff asked if you currently owned any pets 

  143   62   
 Yes  6 (6.0) 6 (14.0)           18 (46.2) 12 (52.2)       
 No  51 (51.0) 21 (48.8)       10 (25.6) 5 (21.7)         
 Don’t remember  43 (43.0) 16 (37.2)         11 (28.2) 6 (26.1 )        
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After the child was diagnosed, received information from any source about diseases that you can get  

 from pets or precautions to take with pets to reduce the risk of disease  
  145   63   
 Yes  13 (13.0) 6 (13.3)          10 (25.6) 10 (41.7)         
 No  69 (69.0) 34 (75.6)         21 (53.9) 10 (41.7)         
 Don’t remember  18 (18.0) 5 (11.1)          8 (20.5) 4 (16.7)          
Who do you believe should be responsible for providing information about diseases that can occur  

 with pet contact?    
  141   61   
 Family physician  51 (52.0) 27 (62.8)  18 (47.4) 15 (65.2) 
 Specialist physician  29 (29.6) 21 (48.8)  27 (71.1) 14 (60.9) 
 Nursing staff  17 (17.3) 12 (27.9)  14 (36.8) 10 (43.5) 
 Public health personnel  30 (30.6) 20 (46.5)  13 (34.2) 8 (34.8) 
 Veterinarian  63 (64.3) 20 (46.5)  20 (52.6) 9 (39.1) 
 Breeder/ pet store/ 

shelter 
 5 (5.1) 1 (2.3)  0 0 

 Self  2 (2.0) 0  1 (2.6) 0 
 None  17 (17.3) 9 (20.9)  3 (7.9) 2 (8.7) 
 Other  0 0  1 (2.6) 1 (4.3) 

Taken one or more of your animal(s) to a veterinarian in the past 12 months? 

  99   40   
 Yes  75 (75.8) NA  25 (62.5) NA 
 No  24 (24.2) NA  15 (37.5) NA 
Taken one or more of your animal(s) to a veterinarian since the child was diagnosed with this  

 condition? 100   40   
 Yes  80 (80.0) NA  22 (55.0) NA 
 No  20 (20.0) NA  18 (45.0) NA 

* Pathogens/syndromes transmitted from pets to people. 

NR: Number responding to question.  Blank and “don’t know” responses were excluded.  

NA: Not asked. 
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Table 4.8  Zoonotic disease risk as reported by parents for children with diabetes or cancer 

(Children’s Hospital of Eastern Ontario, Ottawa, Canada; N=214) 

 

Variables 

Diabetes Oncology 

NR 
Pet in household at or since 

diagnosis NR 
Pet in household at or since 

diagnosis 

Yes, N (%) No, N (%) Yes, N (%) No, N (%) 

During the past 12 months, has the child been bitten or scratched by any dog or cat, where the skin 

was broken? 

  140   62   
 Yes  29 (30.2) 5 (11.4)          12 (30.8) 1 (4.4)         
 No  67 (69.8) 39 (88.6)       27 (69.2) 22 (95.7)         
 Type of injury

1 34   13   
 Scratched by own dog  7 (24.1) 0  6 (50.0) 0 
 Scratched by another   3 (10.3) 2 (40.0)  2 (16.7) 1 (100.0) 
 dog       
 Bitten by own dog  1 (3.4) 0            1 (8.3) 0 
 Bitten by another dog  1 (3.4) 0    
 Scratched by own cat  18 (62.1) 2 (40.0)           5 (41.7) 0 
 Scratched by another   4 (13.8) 2 (40.0)  2 (16.7) 0 
 cat       
 Bitten by own cat  4 (13.8) 0  0 0 
 Bitten by another cat  1 (3.4) 0  0 0 
Does the child regularly (at least weekly) have physical contact with animals in places outside of the  

 home? 146   63   
 Yes  52 (52.0) 22 (47.8)  15 (38.5) 6 (25.0) 
 No  48 (48.0) 24 (52.2)          24 (61.5) 18 (75.0) 
 Type of animal/location (subset listed)    
 Dog and/or cat at   42 (80.8) 18 (81.8)  13 (86.7) 5 (83.3) 
 friend’s or relative’s 

residence 
      

 Farm animals at lessons   3 (5.8) 2 (9.1)  3 (20.0) 0 
 or friend’s residence       
 Reptile at friend’s   0 0  0 1 (16.7) 
 residence       
 School/daycare2  3 (5.8) 2 (9.1)  0 1 (16.7) 
Have you changed how the child is allowed to interact with pets because of the child’s health? 

  149   63   
 Yes  3 (3.0) 1 (2.1)           14 (35.0) 9 (39.1)         
 No  98 (97.0) 47 (97.9)          26 (65.0) 14 (60.9) 
Plan on acquiring a new pet in the next year 

  147   64   
 Yes  13 (13.1) 11 (22.9)          1 (2.5) 4 (16.7) 
 No  86 (86.9) 37 (77.1)          39 (97.5) 20 (83.3) 

Since diagnosed with their medical condition, the child 

 Played in an outdoor  140 43 (44.8) 23 (52.3) 60 17 (44.7) 8 (36.4) 
 sandbox that was not 

covered between uses 
      

 Visited a petting zoo or  144 68 (68.7) 24 (53.3) 61 15 (39.5) 8 (34.8) 
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 farm       
 Touched the animals 89 63 (96.9) 20 (83.3) 22 13 (92.9) 4 (50.0) 
 Washed their hands 

 after touching 
73 47 (85.5) 16 (88.9) 17 12 (92.3) 4 (100.0) 

1Categories sum to greater than 100 % as some participants listed more than one category. 

2Included dogs/cats (n=4), rabbits (n=1) and chinchillas (n=1). 

NR: Number responding to question.  Blank and “don’t know” responses were excluded.  
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Pet husbandry and infection control practices related to zoonotic disease risks in  

households with immunocompromised children 
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Abstract  

Background 

Pet ownership and companionship have important health benefits for children and 

immunocompromised individuals; however these groups are at increased risk for animal-associated 

infections (zoonoses).  The objective of this study was to characterize pet husbandry and infection 

preventive practices that relate to zoonotic disease risks in households having children at high risk to 

infectious disease (cancer patients) and those at lower risk (diabetes patients).    

Methods 

A self-administered questionnaire was distributed to pet-owning parents of children 1 to 18 years 

of age diagnosed with diabetes or cancer seeking care at the Children’s Hospital of Eastern Ontario during 

2011-2012.  One adult from each household was invited to participate in the study.  

Results 

One hundred forty pet owners completed the questionnaire.  Pet owners with children diagnosed 

with diabetes mellitus (n=101) and cancer (n=39) reported overall ownership of dogs (72%), cats (47%), 

fish (14%), exotic companion animals (such as hamsters; 14%), and reptiles/amphibians and birds (each 

4%).  Species owned did not differ significantly between diabetes- and cancer-patient households.  

Children had close pet contact; households reported dogs or cats slept on a child’s bed (29-67%) and dogs 

licked the child’s face (57-66%).  Husbandry practices that increase zoonotic disease risk were frequently 

documented; some fed high-risk foods (i.e. raw eggs, raw meat, or raw animal product treats) to their 

dogs (21-29%), and children cleaned up pet fecal material (7-46%).  None of the husbandry or infection 

control practices of cat- or dog-owning households were significantly associated with the child’s 

diagnosis or recall of having previously received zoonotic disease education (P>0.08).  Many (>48%) 

dog- and cat-owning households reported the child was very attached to the pet. 

Conclusions 

Despite an increased risk of infectious disease, practices of cancer-patient households were very 

similar to those of diabetes households.  These findings suggest that dedicated educational efforts on 

zoonotic disease prevention are needed for pet-owning households with individuals at high risk of 

infections.  Research is needed to determine the content of educational materials currently being provided 

to high-risk individuals, the frequency with which these materials are distributed, as well as methods to 

maximize retention and uptake of recommended practices by the public.    
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Background  

Pet ownership and companionship have been shown to have important mental and physical 

benefits, particularly among children and those with conditions that may benefit from additional or 

alternative means of social support (e.g., infection with human immunodeficiency virus (HIV), cancer, 

transplant recipients).1-7  However, due to a compromised or incompletely developed immune system, 

these same individuals are also at greater risk of infectious diseases, including pet-associated zoonotic 

diseases.8  In comparison to adults, children often have closer physical contact with animals, reduced 

hand hygiene and demonstrate behaviours that further increase their disease risk (e.g., pica, increased 

frequency of hand-to-mouth activities).  Therefore, as compared to the general population, disease in 

these individuals may be more common, severe or result in an atypical presentation delaying diagnosis.8-10    

People can acquire pet-associated zoonotic organisms through a number of routes, including the 

skin and mucous membranes (via animal bites, scratches, or other direct contact), contact with animal 

saliva and other body fluids or secretions, ingestion of animal fecal material, inhalation of infectious 

particles, and through arthropods and other invertebrate vectors.9  Although the extent to which pet 

contact contributes to human disease is largely unknown, greater than 70 pathogens of companion 

animals are known to be transmissible to people11 and pet contact has been established as a risk factor for 

illness caused by various pathogens [e.g., Campylobacter,12 Salmonella,13 Pasteurella multocida
14].  

Given the manner in which these organisms are transmitted, many of the disease risks that occur with pet 

contact can be reduced through simple measures, such as hand hygiene, proper animal husbandry and 

selection, and altered animal-contact behaviours.     

Recently, several studies on the general population have begun to improve our understanding of 

the types of interactions people have with their pets [e.g., licking of hands and sleeping in household 

member beds15,16], as well as the occurrence of general pet husbandry and infection control practices;15-19 

(Stull, Chapter 3).  However, few studies have investigated animal ownership practices of 

immunocompromised individuals, and those that have studied immunocompromised individuals have 

typically focused on adults.6,7,20  These studies have indicated that the proportion of individuals owning 

pets, and the species owned, tend to be similar to that of the general population, although the studies did 

not obtain details on the household husbandry and infection control practices being used.  Abarca et al.21 

surveyed practices among pet-owning households in Chile that had immunocompromised children 

(n=42), and noted several risk factors for zoonotic pathogen transmission, including types of species 

owned (e.g., reptiles) and cleaning of pet fecal material by children.  As sample sizes were small and a 

comparison group was not included, there is low confidence in the reported proportions of high-risk 

practices and how they compare to those of the general population.  In addition, prior education on this 
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topic provided to, or recalled by, the family was not taken into account to determine its role in altering 

practices. 

Cancer and its related therapies (e.g., drug and radiation-associated immunosuppression) often 

result in an immunocompromised state, increasing the risk for zoonotic infections.22  Risk of infection is 

variable and fluctuates during an individual’s therapy.23,24  Guidelines addressing pet-associated zoonoses 

for cancer patients have been extrapolated from existing documents,25,26 and target personal hygiene, 

types and ages of animals best suited as pets, and pet health and husbandry.27-29  The extent to which these 

guidelines are followed by cancer patients is largely unknown.   

In comparison, diabetes mellitus is believed to impart a lower disease risk than cancer.  In some 

studies, diabetes mellitus in adults has been associated with an increased risk of infectious disease.30,31  

However, the infectious disease risk for children with diabetes is believed to be low for those with 

adequate glycemic control.32  In addition, children diagnosed with diabetes mellitus often seek medical 

care for this condition at a specialty clinic, allowing them to serve as a suitable lower-risk comparison 

group for children diagnosed with cancer.   

The objective of this study was to characterize pet husbandry and infection control practices that 

relate to zoonotic disease risks in pet-owning households having immunocompromised children.  

Additionally, we intended to determine if these practices were associated with the parents’ recall of prior 

receipt of zoonotic disease education.  Using a comparison group, children diagnosed with diabetes, we 

aimed to determine if these practices varied by the extent of infectious disease risk. 

 

Methods 

Study location and participants  

Parents or guardians of children with a regularly scheduled appointment with the oncology or 

diabetes services at the Children’s Hospital of Eastern Ontario (CHEO; Ottawa, Canada) were 

individually approached and invited to participate in the study.  To be eligible, the child was required to 

have lived at least part-time in a household where there was currently at least one pet (indoor only, 

outdoor only or both indoor and outdoor) and be 1) between 1 and 18 years of age, 2) previously 

diagnosed with either diabetes mellitus or a condition requiring solid organ or bone marrow transplant, 

chemotherapy or radiation, 3) first diagnosed with one of the aforementioned conditions and treatment 

initiated (if indicated) at least 1 month previously, 4) currently receiving chemotherapy or radiation 

treatment or no more than one year since transplant or initiating radiation or chemotherapy treatment, and 

5) had lived at home for at least one month at some point following diagnosis (as a single period or sum 

of multiple periods).  A single household parent or guardian for each eligible child was asked to complete 
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a confidential self-administered written questionnaire.  All materials were available in English and 

French.  The study was approved by the Research Ethics Boards of CHEO and the University of Guelph.  

At the time the study was conducted, no education on pet-associated disease risks was provided by the 

clinicians/staff serving the diabetes clinic, and solely verbal education was believed to usually be 

provided by the clinicians/staff serving the oncology clinic. 

Data collection  

This study was part of a general questionnaire assessing pet-associated zoonotic disease 

knowledge and attitudes for pet and non-pet owning households containing children diagnosed with 

diabetes or cancer (Stull, Chapter 4).  As part of the general 15-minute questionnaire, a supplemental 5-

minute questionnaire was administered to responding pet-owning households; responses to this 

supplemental questionnaire served as the basis for the data presented here.  Individual supplemental 

questionnaires were linked by respondent to the general questionnaire, allowing select variables collected 

through the general questionnaire to be utilized for additional analysis in this study.  No incentives were 

offered for participating in the study.   

The 7-page supplemental questionnaire for this study was developed with guidance from 

epidemiologists, veterinarians, physicians and zoonotic disease experts.  The questionnaire was pre-tested 

on six members of the public with varying zoonotic disease backgrounds. It utilized primarily closed-

ended, Yes/No or multiple choice (ordinal; Likert scale) questions, focusing on the number and species of 

pets currently in the household, pet husbandry and preventive medicine practices, involvement of the 

household child diagnosed with diabetes or cancer in select husbandry, pet-contact and infection control 

practices, and the household’s and child’s emotional attachment to the pets (Appendix 5.1). 

Given the complexity of accurately capturing and assessing flea and endoparasite prevention 

programs, respondents were asked if all household dogs/cats were on intestinal parasite (worm) and flea 

prevention programs, without further defining, verifying or assessing specific components of the 

programs. 

Data analysis  

Data were entered into an Access database (Microsoft Corp., Redmond, WA, USA) and analyzed 

using Intercooled Stata version 10.1 (Stata Corp., College Station, TX, USA).  Descriptive statistics were 

computed for all variables.  Blank and “don’t know” responses were excluded from analyses.  

Demographic and health data were extracted from the general questionnaire to characterize the child’s 

medical condition [diagnosis (diabetes, cancer), time since diagnosis in months (continuous), child’s 

current age in years (continuous) and to determine if since the child was diagnosed the respondent 

recalled having received information from any source about diseases that can be transmitted from pets or 
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precautions to take with pets (yes/no).  For statistical analysis, time since diagnosis and child’s age were 

categorized based on biological levels of risk and data distribution (<12, 12-35.9, ≥36 months; < 5, 5-9.9, 

≥ 10 years, respectively).  Ordinal levels of each pet husbandry and infection control practice were 

collapsed to produce dichotomous outcome variables.  Decisions on how categories were collapsed were 

made a priori and based on existing recommendations for higher-risk households and relevance of 

comparisons;25-29 when this method resulted in outcomes with sparse data, the distribution of the data was 

taken into consideration (Table 1).    

Associations between number of pets and child’s diagnosis (diabetes, cancer) were assessed with 

the Wilcoxon-Mann-Whitney test.  Associations between child’s diagnosis and species owned were 

assessed using Pearson χ2 test or, if any expected cell value was ≤ 1 or ≥ 20% expected cell values were ≤ 

5, Fisher’s exact test.  Associations were individually assessed between pet husbandry or infection control 

practices (outcomes) and 1) the respondent’s recall of having previously received education about pet-

associated disease using univariable exact logistic regression, and 2) the child’s diagnosis [diabetes 

(referent), cancer], adjusting for time since diagnosis and child’s age, using multivariable exact logistic 

regression (Table 1).  Odds ratios (ORs) and 95% confidence intervals (CI) for ORs were used to estimate 

the strength of associations for logistic regression models.  Statistical significance was based on a P-value 

<0.05. 

 

Results  

Of those approached, 60% (150/251) of parents with children with diabetes and 80% with cancer 

(64/80) completed the general questionnaire.  Of these, 141 (65%) stated they currently had a pet in their 

household; 101 (67%) diabetes patients and 40 (63%) oncology patients. One hundred and forty (99%) of 

these individuals completed the pet-specific questionnaire.  Ownership of dogs (72%), cats (47%), fish 

(14%), exotic companion animals (such as hamsters and rabbits; 14%), and reptiles/amphibians and birds 

(each 4%) were reported.  Ownership by species did not differ significantly between households with 

children with diabetes or cancer (Table 2).  In addition to having household pets, 12 (9.0%) of the 

respondents reported they lived on a farm where livestock, horses, or poultry were kept. 

Dog-owning households 

On average, households owned one dog (median; range: 1-4) with 11% (10/89) having one or 

more outdoor only dogs (Table 3).  There were no significant differences between households with 

children diagnosed with diabetes and cancer for number of dogs or presence of an outdoor only dog 

(Wilcoxon-Mann-Whitney test: P=0.88; exact logistic regression: P=1.0, respectively).  Household 

demographics, pet husbandry, attachment and infection control practices for dog-owning households are 
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listed in Table 3.  A minority of respondents recalled having received information from any source about 

pet-associated zoonotic diseases or precautions to reduce the risk of disease since their child was 

diagnosed; 15% (9/60) diabetes, 24% (5/21) cancer.  After adjusting for time since diagnosis and child’s 

age, the child’s diagnosis (diabetes, caner) was not associated with recall of having received zoonotic 

disease information (P=0.83). 

Reported husbandry and infection control practices were similar between households with 

children diagnosed with diabetes or cancer.  Most households reported all dogs were on flea (diabetes: 

66%; cancer: 59%) and endoparasite prevention programs (67%; 67%), and went to a veterinarian at least 

annually (87%; 86%).  When outdoors, most dogs (82%; 88%) were only sometimes or never on leash or 

in a fenced yard.  

Feeding and drinking habits potentially associated with increased enteropathogen shedding were 

often reported.  Many households (diabetes: 58%; cancer: 36%) fed dogs in the kitchen and some 

(diabetes: 26%; cancer: 14%) reported dogs drank from the toilet.  High-risk foods were fed to dogs 

(29%; 21%) with raw animal product treats fed most frequently (22%; 14%), followed by raw meat (12%; 

4%), and raw eggs (6%; 7%). 

Respondents reported 40% of children with diabetes and 7% of children with cancer cleaned up 

their dog’s fecal material. Hand washing was often reported after children picked up feces; 89% (25/28) 

diabetes; 100% (2/2) cancer.  Most children had contact with their dog (99%; 97%), with close contact 

often reported.  Respondents reported, dogs slept in the child’s bed (32%; 29%) or were allowed to lick 

the child’s face (66%; 57%) sometimes or more frequently.  The children reportedly washed their hands 

sometimes or more frequently following contact with the dog (82%; 96%).  Household and child’s 

attachment to the dogs were high, with greater than 70% being very attached for both. 

Respondent’s recall of having received zoonotic disease education was not significantly 

associated with any of the tested outcomes (pet husbandry, attachment and practices; P > 0.19), nor was 

the child’s diagnosis (after adjusting for time since diagnosis and age of the child; P > 0.21). 

Cat-owning households 

On average, households owned one cat (median; range: 1-7) (Table 3).  Thirty-seven percent 

(24/65) of respondents reported owning all indoor only cats, 9% (6/65) reported one or more outdoor only 

cats, and 54% (35/65) owned cats that went both indoors and outdoors (83% of which were not on a leash 

when outdoors).  There were no significant differences between households with children with diabetes or 

cancer for number of owned cats, presence of outdoor only cats, or presence of all indoor only cats 

(Wilcoxon-Mann-Whitney test: P=0.11; exact logistic regression: P=1.0, P=0.93, respectively).   

Household demographics, pet husbandry, attachment and practices for cat-owning households are 
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listed in Table 3.  A minority of respondents recalled having received information from any source about 

pet-associated zoonotic diseases or precautions to reduce the risk of disease since their child was 

diagnosed; 24% (10/42) diabetes; 36% (5/14) cancer.  After adjusting for time since diagnosis and child’s 

age, the child’s diagnosis (diabetes, cancer) was not associated with recall of having received zoonotic 

disease information (P=0.39). 

Respondents frequently reported that one or more of the household cats had previously bitten 

someone (diabetes: 30%, cancer: 22%), while most households reported a person had been scratched 

(70%; 61%).  Many responding households had all cats on flea (48%; 38%) or endoparasite (33%; 31%) 

prevention programs, and took all cats to a veterinarian at least annually (61%; 41%).  High risk feeding 

practices were reported.  Many households (40%; 28%) fed cats in the kitchen.  Raw meat was fed to cats 

in 8% of households with children diagnosed with diabetes; but no households with cancer-patient 

children.   

Potential contact between the child and cat’s feces was reported, with some cleaning up the cat’s 

fecal material (diabetes: 46%; cancer: 11%).  Close contact between cats and children was frequently 

reported, as many households (48%; 67%) reported a cat slept in the child’s bed.  Hand washing was 

often reported after children cleaned the litter box (>95%), and sometimes or greater following contact 

with the cat (82%; 100%).  A minority of respondents (39%; 12%) reported that the litter box was cleaned 

daily.  Approximately half of cat-owning respondents reported that members of the household (66%; 

56%) or child (48%; 56%) were very attached to the cat.  

Respondent’s recall of having received zoonotic disease education was not significantly 

associated with any of the tested outcomes (pet husbandry, attachment and practices; P > 0.16), nor was 

the child’s diagnosis (after adjusting for time since diagnosis and age of the child; P > 0.08). The outcome 

“daily cleaning of the litter box” approached significance, with respondents having children with cancer 

being less likely to report this task occurred daily than those with diabetes [OR=0.19 (95% CI: 0.02-1.2); 

P = 0.08]. 

Households owning other species 

Respondents reported the ownership of fish (n=20, 14%), exotic companion animals (such as 

hamsters and rabbits; n=19, 14%), and reptiles/amphibians and birds (each n=5, 4%); Table 2.  Overall, 

few respondents recalled having received information on pet-associated zoonotic disease 

[reptile/amphibian owners: 25% (1/4); exotic companion animal owners: 20% (3/15); bird owners: 20% 

(1/5); fish owners: 7% (1/15)]. 

Half of all fish-owning respondents (diabetes: 7/14; cancer: 2/4) disposed of used aquarium water 

by pouring it into a location with direct human or food contact (i.e., kitchen sink, bathroom sink, 
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bathtub/shower).  Children with cancer did not clean the aquarium or touch the water or fish, while these 

practices were reported for those with diabetes [21% (3/14), 29% (4/14)]. Half of all households reported 

the child was not very attached to the fish (7/14; 2/4). 

A variety of exotic companion animal species were owned, including rats (diabetes: n=1; 

oncology: n=1), chinchillas (each n=1), hamsters (n=9; n=1), ferret (diabetes: n=1), gerbils (diabetes: 

n=2), guinea pigs (diabetes: n=2), and rabbits (diabetes: n=2).  Respondents often reported that the child 

touched the pet [diabetes: 88% (14/16); cancer: 33% (1/3)].  In many cases, the child cleaned the pet’s 

cage [diabetes: 44% (7/16); cancer: 33% (1/3)].  One of the respondents with a child diagnosed with 

cancer did not allow their child to have physical contact with the pet hamster due to concern for possible 

zoonotic diseases. 

Ownership of reptiles/amphibians was only reported for households with children diagnosed with 

diabetes.  Species owned included snakes (n=1), lizards (n=2), and turtles (n=2).  Two respondents stated 

the pet was permitted to roam freely through the house or kitchen.  Three of the respondents stated the 

child touched the pet and/or cleaned the pet’s cage, with all reportedly always washing their hands after 

pet contact.  One of the respondents did not allow their child to have physical contact with the pet turtle 

due to concern for possible zoonotic diseases. 

Two bird-owning respondents stated their child touched the bird [diabetes: 1 (33%); cancer: 1 

(50%)], and always washed their hands after.  None of the children cleaned the bird’s cages.  Twelve 

respondents [diabetes: 9 (9%); cancer: 3 (8%)] reported they lived on a farm.  Respondents most 

commonly listed cattle (n=3; n=3), chickens/ducks (n=6; n=1), and horses (n=3; n=1) as the farm animals 

present.  Most [n=8 (89%); n=3 (100%)] households reported children touched and/or helped feed and 

clean-up after the farm animals at least sometimes, and most [n=5 (56%); n=2 (67%)] usually or always 

washed their hands after contact with the animals or their housing. 

 

Discussion 

The animal ownership patterns we observed in households having children with cancer or 

diabetes were similar to those observed for the general public.17,33  Notably, the proportion of households 

having one or more pets (65%) and the distribution of owned species were practically identical to a 

previous study of the general public in Ontario, Canada using a similar survey instrument and approach to 

enrollment (Stull, Chapter 3).  With the exception of reptiles and amphibians, which were not reported 

from households with children with cancer, all species were reported from both cancer and diabetes 

households.  These finding are similar to a previous study on pet ownership in Chilean households with 

children diagnosed with HIV infection or undergoing transplant due to oncological disease21 and a study 
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of households in Florida (USA) with adults diagnosed with HIV.6  Respondents reported the household 

and child were attached to their pets, with the exception of fish.  Due to this attachment and previously 

reported health benefits of pets for children and immunocompromised individuals,1-7 it is important for 

physicians and veterinarians to recognize the potential benefits of pet ownership and facilitate practices 

that minimize the risk of zoonotic diseases.  

Reported husbandry and infection control practices in this study identified many opportunities for 

potential exposure to pathogens.  Most households reported children with diabetes or cancer had contact 

with household pets.  The nature of this contact with dogs and cats was close, with pets sleeping on the 

child’s bed (29-67%) and dogs licking their face (57-66%).  This close contact creates a greater potential 

for direct exposure to various organisms, including oral and enteric pathogens.34  Additionally, children 

often picked up dog or cat fecal material, creating further opportunity for direct contact with 

enteropathogens and other microbial opportunists.  These findings are similar to those reported by Abarca 

et al.21 for immunocompromised children in Chile and, for some of the findings, somewhat lower than a 

study on children in the general Canadian population (child reportedly touched: exotic companion 

animals (100%), fish (40%); Stull, Chapter 3).  Considering the potentially high rates of shedding of 

various potentially pathogenic organisms, particularly by young animals and certain species (i.e. reptiles 

and amphibians)35-37 these findings highlight the potential for zoonotic pathogen exposure in households.  

Given the zoonotic risks, the practices of picking up pet fecal material and face licking are discouraged 

for individuals at higher risk to infectious disease.27-29  The disease risks associated with sleeping with 

pets are less clear. However, this practice has been identified as a risk factor for several diseases and has 

been discouraged.38    

Routine, preventive veterinary care, husbandry and infection control practices are important 

techniques for reducing zoonotic pathogen transmission between pets and people.29,39  The level of 

veterinary care observed in this study is similar to that previously reported for the Canadian general 

public (Stull, Chapter 3), with approximately 86% of dog- and 40-60% of cat-owning households seeking 

veterinary care annually, and 60-67% of dog-owning households and 31-48% of cat-owning households 

having the pets on a flea and/or endoparasite prevention program.  The comparable proportions between 

this study and the general population and lack of significant associations between reported preventive care 

outcomes and the child’s diagnosis are concerning.  As veterinary visits provide both an opportunity for 

direct pet preventive care (e.g., prevention, detection and treatment of zoonotic infections) as well as 

education, they serve an important role in preventing household zoonotic pathogen transmission.   

Feeding dogs in the kitchen has been implicated in outbreaks of human salmonellosis traced to 

contaminated pet food.40 Also, feeding raw meat increases the likelihood that dogs will shed Salmonella, 
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multidrug-resistant Escherichia coli and potentially other pathogenic bacteria.19,41,42 Additionally, 

contaminated raw animal-based pet treats have been associated with outbreaks of human 

salmonellosis.43,44  Dogs also commonly drank from toilets, which could be associated with an increased 

risk of enteropathogen transmission, although the true risk is unclear. All of these practices are 

preventable and discouraged, especially for households with immunocompromised individuals,27,29,40 yet 

were relatively common in this study, including households of cancer patients.  

It is recommended that households with immunocompromised individuals receiving treatment for 

cancer minimize the interaction between household pets and wildlife, strays or unknown companion 

animals.26   Direct contact between pets and wildlife, with the potential for pets to serve as a source for 

pathogen transmission from wildlife to humans, can occur through various routes. Perhaps the most likely 

is when dogs or cats have unrestricted outdoor access, including allowing cats to roam freely, leaving 

dogs unsupervised in yards, or off-leash walking. All of these practices were reported in this study and 

while the true risk is unknown, consideration should be given to whether these practices are avoidable. 

Feces likely represents the highest risk for pathogen exposure, both in terms of the absolute 

abundance of microorganisms and the diversity of different pathogens. Therefore, avoiding direct and 

indirect contact is a logical infection control tool. Prompt (daily) proper removal of a pet’s feces is 

recommended for high disease-risk households in order to reduce pathogen accumulation in the 

environment and on the pet and, in the case of some pathogens, before they have time to become 

infectious.27,29  Overall, for many cat- (18-32%) and dog-owning (53-63%) households, feces were 

removed weekly or less frequently, potentially increasing the zoonotic risk for immunocompromised 

household members.  Although recommended27,29 and useful in reducing fecal contamination, glove use 

was infrequently reported for cleaning cat feces (0-5%).  Such practices could increase the risk of contact 

with feces and thereby zoonotic pathogens. 

Hand hygiene is often considered a key component of infection control due to its relative ease and 

general effectiveness, if performed correctly, in removing/reducing zoonotic pathogens.  In this study, 

few respondents reported children always washed their hands after pet contact (7-11%).  This finding was 

similar to a previous study of Canadian children in the general population, in which 3-4% of dog- or cat-

owning household children always washed their hands after touching the pet (Stull, Chapter 3).  These 

estimates are likely an overestimate of the true frequency of hand washing as they were parent-reported, 

and as such prone to various biases.45  Zoonotic pathogens can be encountered through general contact 

with the fur and saliva of pets.16,46,47  As such, it is recommended that immunocompromised individuals 

always wash hands following pet contact.25-27,29  The infrequent occurrence of this practice represents an 

important infection control deficiency in the high-risk population (cancer patients) in this study.   
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Due to an increased zoonotic disease risk, some species, such as rodents, exotic species (e.g., 

chinchillas), reptiles and amphibians are discouraged as pets in high disease-risk households.25-27  

However, cancer-patient households reported ownership of several of these species (i.e., rats, chinchillas, 

hamsters); in one of these households the child was involved in cleaning the pet’s cage and touched the 

pet.  It was encouraging to note an absence of reptiles and amphibians in cancer-patient households.  Due 

to the high prevalence of Salmonella shedding by healthy reptiles and amphibians,35 the high incidence of 

human salmonellosis attributed to reptile contact,48 and increased risk for salmonellosis in individuals 

with various cancers,22 reptiles and amphibians are strongly discouraged in households with 

immunocompromised individuals.49    

Similar to a study of the general Canadian public, using a similar methodology (Stull, Chapter 3), 

we did not observe associations between recall of having received zoonotic disease education and the 

reporting of zoonotic disease-associated husbandry or infection control practices.  It is unclear if this is 

because information was never provided, information was not remembered or the manner in which 

“education” was defined were inadequate to detect an association.  However, these data strongly suggest 

that education is either lacking or inadequate, and that both improved frequency of delivery and quality of 

delivery are required to optimize patient and family knowledge. This area requires further study in order 

to identify any barriers to altering practices that are not overcome with standard educational opportunities 

and determine optimal education methods to alter behaviours. 

This study did not detect a significant difference between husbandry and infection control 

practices between households with children with diabetes or those with cancer, despite controlling for 

likely confounding variables.  This is similar to a study of the general population in southern Ontario in 

which few statistical differences were observed between households with higher risk individuals and 

those without these individuals (Stull, Chapter 3).  This finding was not overly surprising as a previous 

study involving the same respondent group found households with children diagnosed with cancer did not 

differ from those diagnosed with diabetes regarding their perceived risk of pet-associated disease or level 

of comfort with their understanding of ways to reduce pet-associated diseases (Stull, Chapter 4).  Due to 

small sample sizes, this study utilized exact statistical methods.  The small sample sizes, distribution of 

responses and use of exact methods may have resulted in inadequate power to detect a true difference.  

However, the recommended husbandry and infection control practices should have been uniformly 

provided to, and followed by, households with individuals at higher risk to infectious disease, in which 

case differences in practices should have been observed.  Further, given the potentially severe nature of 

immunosuppression, the potential seriousness of infections and the likelihood that parents of children 

with cancer would be a highly motivated group to modify behaviours to minimize health risks, it is 
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reasonable to expect that differences would be present between households with children diagnosed with 

cancer and those diagnosed with diabetes.  

This study is subject to the following limitations.  Small sample sizes were obtained, especially 

for some of the less commonly owned pet species.  As such, some species or practices could not be 

statistically evaluated, and some that were evaluated may have suffered from low power.  Additionally, a 

large number of individual regression analyses were conducted and corrections were not made for this 

multiplicity of testing.  As a result, the probabilities of significant associations are likely to have an 

increased type I error.  As a voluntary questionnaire, response bias may have occurred, although given the 

high response proportion on this supplemental questionnaire (99%) and the general questionnaire (65%), 

the effect was likely minimal.  Additionally, since a single household member participated in the study 

and questions addressed health-related actions taken by respondents or their children, it is possible the 

reported practices may not have been accurate or representative of the household.  It is possible our 

findings are specific to the hospital under study, reflecting education, pet husbandry and infection control 

practices unique to the hospital staff and clientele.  This is unlikely, as our findings are similar to those 

reported by a previous study on this topic,21 and given the time since diagnosis, respondents and their 

children likely had interactions with medical personnel at other locations.     

We chose children diagnosed with diabetes as a comparison group in this study, as the risk of 

infectious disease is believed to be overall lower than for cancer patients and both groups were seeking 

care at the same institution, minimizing selection bias. Furthermore, as education on pet-associated 

disease risks was not provided by the clinicians/staff serving the diabetes clinic at the time of this study, 

diabetics served as a useful comparison group.  Lastly, we did not have access to data that could be used 

to specifically determine immune status, and as such we may have misclassified individuals’ disease risk.  

The use of inclusion criteria (e.g., currently receiving chemotherapy or radiation) and controlling for time 

since diagnosis and child’s age, potential indicators for level of disease risk23,24 were used to minimize this 

error.  

 

Conclusions 

This study identified numerous deficiencies in pet husbandry and infection control practices that 

may increase disease risk for households with children diagnosed with diabetes or cancer.  Furthermore, 

despite an increased risk of infectious disease, practices of cancer-patient households did not differ 

significantly from diabetes households, and were similar to findings from the general population.  These 

findings suggest that dedicated educational efforts are needed for households with individuals at high risk 

of infections.  To be successful, such efforts must come from all members of the family healthcare team 
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(i.e., physicians, veterinarians, public health).  Research to determine the frequency and content of 

educational opportunities currently provided by healthcare team members, as well as methods to 

maximize retention and uptake of recommended practices by the public are needed.   This information 

will help determine where additional resources and educational opportunities are required and the 

necessary scope of such efforts.   
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Table 5.1  Pet husbandry, attachment and practices tested for association with child’s diagnosis
1 
or 

recall of receipt of zoonotic disease education
2 
in households with children diagnosed with cancer or 

diabetes (Ontario, Canada) 

 

Animal health and husbandry 

All indoor only (cat) 

Any outdoor only (cat, dog) 

Any uncontrolled outdoor access (cat)3 

When outdoors, all always in fenced yard or 
on leash (dog) 

Within past 3 months, any dogs on a leash at 
a dog park 

Within past 3 months, any dogs off leash at a 
dog park 

All on a flea prevention program (cat, dog)4 

All with outside access on flea prevention 
program (cat) 

All on an intestinal parasite prevention 
program (cat, dog)4 

All with outside access on an intestinal 
parasite prevention program (cat) 

All have at least annual veterinary 
examinations (cat, dog) 

Any fed raw animal product (cat, dog)5 

Any fed raw animal product not including raw 
animal treats (dog) 

Any drink from the toilet (cat, dog) 

Any fed in the kitchen (cat, dog) 

Any used for breeding (dog) 

Any used for hunting (dog) 

Any declawed (cat) 

Any ever bitten anyone (cat, dog) 

Any ever scratched anyone (cat) 

Clean litter boxes daily (cat) 

None inappropriately urinate or defecate in 
house (cat, dog) 

Since child diagnosed with this medical 
condition,  

Any had diarrhea (cat, dog) 

Any had skin disease (cat, dog) 

 

Personal hygiene 

Since child diagnosed with diabetes/cancer,  
Child ever cleans-up feces (cat, dog) 

Child wears gloves or uses a scooper 
when cleaning feces (dog) 

Child washes hands after cleaning feces 
(dog) 

Child plays in same area pet goes to the 
bathroom (dog) 

Someone cleans up feces immediately 
(dog) 

Child has access to the litter box (cat) 

Child touches pet (cat, dog) 

Child never washes hands after touching pet 
(cat, dog) 

Pet never sleeps in child’s bed (cat, dog) 
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Pet ever licks child’s face (dog) 

 

Pet attachment 

Household very attached to pet (cat, dog)  Child very attached to pet (cat, dog)  
 

 

Education 

Since child diagnosed, respondent recalled having received information from any source about 
diseases that can be transmitted from pets or precautions to take with pets. 
 

1Children diagnosed with diabetes (referent) compared to children diagnosed with cancer. 

2Receipt of zoonotic disease information defined as recollection of having received information from any 

source about diseases that can be transmitted from pets or precautions to take with pets since child was 

diagnosed. 

3Uncontrolled outdoor access defined as households with one or more outdoor only cats or indoor/outdoor 

cats not placed on a leash when outdoors. 

4Respondant asked if all dogs/cats on flea or endoparastie prevention programs; the specific components 

of the programs were not assessed.  

5Raw animal products defined as raw meat, raw eggs, or raw animal product treats. 
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Table 5.2  Animal species owned by questionnaire respondents having children with diabetes or 

cancer (Ontario, Canada; N=140) 

 

Species 
Diabetes (N=101) Oncology (N=39) 

P-value1 
N (%) N (%) 

Dog 72 (71.3) 29 (74.4) 0.72 
Cat 48 (47.5) 18 (46.2) 0.88 
Fish 15 (14.9) 5 (12.8) 0.76 
Exotic companion animal2 16 (15.8) 3 (7.7) 0.21 
Reptile/amphibian 5 (5.0) 0 0.323 
Bird 3 (3.0) 2 (5.1) 0.623  
Farm animal4 9 (8.9) 3 (7.7) 0.82 

1Pearson χ2 test, unless otherwise stated. 

2Includes rats, chinchillas, hamsters, ferrets, gerbils, guinea pigs and rabbits. 

3Fisher’s exact test. 

4Includes cattle, chickens, ducks, and horses. 
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Table 5.3  Household demographics, pet husbandry, attachment and practices of dog and cat-

owning respondents having children diagnosed with cancer or diabetes (Ontario, Canada) 

 

Variable 

Dog  Cat 

Diabetes (N=72) Cancer (N=29) Diabetes (N=48) Cancer (N=18) 

NR N (%) NR N (%) NR N (%) NR N (%) 

Demographics and Education 
Child’s age (years) 72  29  48  18  
 < 5.0  4 (5.6)  11 (37.9)  2 (4.2)  6 (33.3) 
 5.0-9.9  12 (16.7)  6 (20.7)  9 (18.8)  5 (27.8) 
 ≥ 10.0  56 (77.8)  12 (41.4)  37 (77.1)  7 (38.9) 
Time since child diagnosed  72  29  48    
 (months)         
 < 12.0  7 (9.7)   14 (48.3)  5 (10.4) 18 9 (50.0) 
 12.0-35.9  12 (16.7)  9 (31.0)  7 (14.6)  6 (33.3) 
 ≥ 36.0  53 (73.6)  6 (20.7)  36 (75.0)  3 (16.7) 
Recall previous receipt of pet- 60  21  42  14  
 associated zoonotic disease 

education1 
        

 Yes  9 (15.0)  5 (23.8)  10 (23.8)  5 (35.7) 
 No  51 (85.0)  16 (76.2)  32 (76.2)  9 (64.3) 
          

Animal Husbandry, Attachment and Practices 
Number owned: median  68 1 (1-4) 28 1 (1-3) 48 1 (1-7) 18 2 (1-5) 
 (range)         
All indoor only NA    48 17 (35.4) 17 7 (41.2) 
Any outdoor only 62 6 (9.7) 27 4 (14.8) 48 4 (8.3) 17 2 (11.8) 
Any uncontrolled outdoor  NA    48 16 (33.3) 17 6 (35.3) 
 access2         
Any ever bitten anyone 72 8 (11.1) 29 3 (10.3) 46 14  (30.4) 18 4 (22.2) 
Any ever scratched anyone NA    47 33 (70.2) 18 11 (61.1) 
Any declawed NA    47 11 (23.4) 18 9 (50.0) 
All on flea prevention  70 46 (65.7) 29 17 (58.6) 46 20 (47.8) 16 6 (37.5) 
 program         
All on intestinal parasite 
prevention program 

67 45 (67.2) 27 18 (66.7) 43 14 (32.6) 16 5 (31.3) 

Any drink from toilet bowl 70 18 (25.7) 28 4 (14.3) 47 11 (23.4) 18 1 (5.6) 
Any fed in kitchen 72 42 (58.3) 28 10 (35.7) 48 24 (40.0) 18 5 (27.8) 
Any used for breeding 72 3 (4.2) 29  4 (13.8) 47 1 (2.1) 18 1 (5.6) 
Any used for hunting 72 3 (4.2) 29 1 (3.5) NA     
All have at least annual  70 61 (87.1) 28  24 (85.7) 46 28 (60.9) 17 7 (41.2) 
 veterinary examinations         
Child ever clean-up feces3,4 72 29 (40.3) 29 2 (6.9) 48 22 (45.8) 18  2 (11.1) 
 Wear gloves (or use  29 23 (79.3) 2 2 (100) 22 1 (4.6) 2 0 
  scooper for dogs) when 

cleaning up feces 
        

 Wash hands after cleaning  28 25 (89.3) 2 2 (100) 21 20 (95.2) 2 2 (100) 
  up feces         
Child has access to the litter  NA    47 36 (76.6) 17 9 (52.9) 
 box(es)4         
Child plays in area where the  71 23 (32.4) 29 8 (27.6) NA  NA  
 pet goes to the bathroom4         
 If play in area, feces  19  8      
  removed         
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 Immediately   4 (21.1)  2 (25.0)     
 Daily   5 (26.3)  1 (12.5)     
 Weekly   5 (26.3)  2 (25.0)     
 Greater than weekly   5 (26.3)  3 (37.5)     
Child touches the pet4 72 71 (98.6) 29 28 (96.6) 48 46 (95.8) 18 18 (100) 
Child washes hands after  71  28  45  18  
 touching the pet4         
 Always   5 (7.0)  2 (7.1)  5 (11.1)  2 (11.1) 
 Usually   15 (21.1)  10 (35.7)  6 (13.3)  7 (38.9) 
 Sometimes   38 (53.5)  15 (53.6)  26 (57.8)  9 (50.0) 
 Never  13 (18.3)  1 (3.6)  8 (17.8)  0 
Pet sleeps in the child’s bed4,5 71  28  46  18  
 Always  4 (5.6)  1 (3.6)  5 (10.9)  1 (5.6) 
 Usually  5 (7.0)  4 (14.3)  3 (6.5)  3 (16.7) 
 Sometimes  14 (19.7)  3 (10.7)  14 (30.4)  8 (44.4) 
 Never  48 (67.6)  20 (71.4)  24 (52.2)  6 (33.3) 
Licks the child’s face4,6 71  28  NA  NA  
 Daily  6 (8.5)  1 (3.6)     
 Often  13 (18.3)  4 (14.3)     
 Sometimes  28 (39.4)  11 (39.3)     
 Never  24 (33.8)  12 (42.9)     
When outdoors, how often in  71  26  NA  NA  
 a fenced yard or on leash         
 Always   40 (56.3)  16 (61.5)     
 Sometimes   18 (25.4)  7 (26.9)     
 Never  13 (18.3)  3 (11.5)     
In the past 3 months, have any  72  29  NA  NA  
 been         
 On leash at a dog park  14 (19.4)  4 (13.8)     
 Off leash at a dog park  16 (22.2)  6 (20.7)     
 Doggie daycare or boarding  4 (5.6)  2 (6.9)     
Any inappropriately urinate or  72  29  48  16  
 defecate in the house7         
 Always  1 (1.4)  0  0  0 
 Often  1 (1.4)  0  3 (6.3)  1 (6.3) 
 Sometimes  11 (15.3)  10 (34.5)  7 (14.6)  6 (37.5) 
 Never  59 (81.9)  19 (65.5)  38 (79.2)  9 (56.3) 
Litter box(es) cleaned NA  NA  44  17  
 Daily      17 (38.6)  2 (11.8) 
 Every several days      13 (29.6)  12 (70.6) 
 Weekly      11 (25.0)  3 (17.7) 
 Every 2 weeks or more      3 (6.8)  0 
Fed to any of the pets 69  28  48  18  
 Commercial canned/dry   64 (92.8)  27 (96.4)  43 (90.0)  18 (100)  
  food         
 Raw eggs  4 (5.8)  2 (7.1)  0  0 
 Home cooked pet food  2 (2.9)  1 (3.6)  0  0 
 Raw animal product treats  15 (21.7)  4 (14.3)  0  0 
 Home cooked human food   32 (46.4)  15 (53.6)  11 (22.9)  0 
 Commercial processed pet   40 (58.0)  14 (50.0)  17 (35.4)  6 (33.3) 
  treats         
 Raw meat  8 (11.6)  1 (3.6)  4 (8.3)  0 
Household’s emotional  72  29  47  18  
 attachment to pet         
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 Very attached  63 (87.5)  24 (82.8)  31 (66.0)  10 (55.6) 
 Somewhat attached  9 (12.5)  4 (13.8)  14 (29.8)  7 (38.9) 
 Not very attached  0  0  1 (2.1)  1 (5.6) 
 Not at all attached  0  1 (3.5)  1 (2.1)  0 
Child’s emotional attachment  72  29  48  18  
 to the pet4         
 Very attached  57 (79.2)  21 (72.4)  23 (47.9)  10 (55.6) 
 Somewhat attached  12 (16.7)  5 (17.2)  18 (37.5)  5 (27.8) 
 Not very attached  3 (4.2)  2 (6.9)  5 (10.4)  3 (16.7) 
 Not at all attached  0  1 (3.5)  2 (4.2)  0 
Since child diagnosed, any  72  29  48  18  
 dog/cat had4         
 Diarrhea  16 (22.2)  5 (17.2)  2 (4.2)  3 (16.7) 
 Skin disease  15 (20.8)  8 (27.6)  2 (4.2)  0 

1Respondent recalled having received information from any source about diseases they can get from pets 

or precautions to take with pets to reduce the risk of disease since child diagnosed with diabetes/cancer. 

2Uncontrolled outdoor access defined as households with one or more outdoor only cats or indoor/outdoor 

cats not placed on a leash when outdoors. 

3Cats: Children ever clean the litter box(es); dogs: as written. 

4Child refers to individual diagnosed with cancer or diabetes. 

5Usually (3-6 nights per week), sometimes (less than 3 nights per week). 

6Often (several times per week). 

7Cats: Frequency of urination or defection outside of the litter box in the house; dogs: as written. 

Dogs/cats: Often (at least once per week), sometimes (less than once per week). 

NR: Number responding to question.  Blank and “don’t know” responses were excluded.  

NA: Not asked 
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  Although the mental and physical benefits of pet ownership are well established,1 pets can also 

transmit pathogens to people (zoonoses).  Select groups, notably children, elderly, pregnant and 

immunocompromised individuals, are at greatest disease risk.  Yet, little is known about the public’s 

knowledge and practices related to pet-associated disease.  It is important to address these knowledge 

gaps so that the healthcare team can utilize resources in an efficient manner, addressing key knowledge 

deficiencies and high-risk practices, to ultimately improve overall human health. 

Through the use of tailored questionnaires, this project gained valuable insight into the 

knowledge, attitudes, and infection control and husbandry practices likely related to pet-associated 

zoonoses for the Canadian public and key high disease-risk groups.  Findings from these studies suggest 

that the vast majority of the public, irrespective of immune-status, has frequent contact with pets.  Over 

75% of respondent households had a member with frequent animal contact with household pets, animals 

outside the home, or both.  Species with which the public reported ownership or contact were primarily 

dogs (68-72%) and cats (~47%); however, other species [(fish (~14%), exotic companion animals (7-

13%), reptiles/amphibians (4-6%), birds (4-6%), farm animals (4-9%)] were reported, again with those at 

higher risk to pet-associated zoonoses revealing similar findings.  Many (10%) non-pet owning 

households were planning to acquire a pet within the following year, including those with a child with 

cancer (17%).   

The type of contact between children and pets was close, with reported face licking (dogs), 

sleeping on beds (cats and dogs), and touching and/or cleaning feces or cages (all species).  Additionally, 

higher risk pet husbandry practices (e.g., feeding raw animal product food/treats, ownership of high-risk 

species, feeding in the kitchen, drinking from the toilet, less than annual veterinary visits) and contact 

with animals at higher-risk settings, such as petting zoos, were reported regardless of the presence of 

higher risk household members.  Most respondents reported the household and children were attached to 

their pets (50-100%), pets were an important part of their family (91-94%), and removal of the pets would 

negatively affect people in the household (92-94%).  Taken together, these findings demonstrate the 

practically universal exposure the public has with pets or other animals, including those at higher risk to 

pet-associated disease, and the potential disease transmission opportunities occurring through pet 

interaction.  Yet, these data also highlight the importance of promoting safe pet ownership, so that, when 

possible, the human-animal bond can be maintained.  Furthermore, given the diverse locations and types 

of contact occurring for those with and without pets, these results underscore the importance of involving 

the entire family healthcare team (i.e., public health personnel, veterinarians, physicians) in addressing 

health concerns associated with animal contact and providing education and counselling on this topic.   
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Veterinarians and physicians are well-positioned to deliver pet-associated disease education to the 

public.  Both professions receive formal zoonotic disease training as part of their schooling and 

interactions with clients/patients allow for such discussions.  However, previous research has noted that 

physicians often rely on veterinarians for advising the public about the potential for zoonotic disease and 

thus discuss this topic with their patients less frequently than veterinarians.2-4  Although physicians 

believe educating patients about pet-associated health hazards is important, time constraints and 

competing health messages are often cited for not doing so.5  Additionally, studies have noted that 

veterinarians have a better understanding of zoonoses and express greater comfort in delivering this 

information to clients, which may also be responsible for physicians’ limited involvement in zoonotic 

disease education.2-4,6  The importance of including physicians in zoonotic disease education must be 

addressed, as without their involvement, there will be many missed educational opportunities.  

A key tool in promoting safe pet ownership is ensuring the public is informed on this topic, 

having an awareness of the risk of pathogens that can be transmitted from pets to people as well as 

knowledge of ways to reduce this risk.  The current project found a relatively low public knowledge base 

concerning the potential for pathogens to be transmitted from pets to people.  This finding was noted 

regardless of the presence of higher-risk household members.  Although statistical differences were noted 

between various groups [e.g., higher knowledge scores for pet owners and those who recalled having 

received education on the topic (as compared to non-pet owners and those who did not recall receiving 

this information)], the scores were minimally altered (e.g., mean: 6.5 vs. 6.2; 6.8 vs. 6.1, respectively on 

an 11-point scale).  These results suggest an important deficiency in education, as awareness of zoonotic 

disease risk is a prerequisite for effective prevention.  It is important to note that this project used an 

empirically derived scoring system to assess knowledge.7  Further research should validate this system for 

the public and medical professionals (e.g., veterinarians and physicians) to ensure it adequately captures 

zoonotic disease knowledge and health risks posed by pets.  

The low knowledge base on pet-associated zoonotic disease was not altogether surprising, given 

the low proportion (31%) of respondents who recalled having ever received zoonotic disease education 

from any source, and a similar proportion (32%) of parents of those at high risk to pet-associated disease 

(children with cancer) who recalled receiving this information since diagnosis.  Thus, even for high risk 

situations, many households are not receiving or recalling having received this information.  Furthermore, 

none of the assessed infection control and husbandry practices were associated with recall of having 

received pet-associated disease education.  Given the high disease-risk present for many of the 

households surveyed in this project, this finding was surprising.  Most alarming was the relatively small 

difference in the recalled receipt of education between parents of children with diabetes and parents of 
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children with cancer receiving medical care at a well-respected tertiary medical center.  It seems 

reasonable to assume that parents of children recently diagnosed with cancer would be very motivated to 

follow recommended precautions to reduce the risk of disease for their children; the low recall of having 

received this information appears to be a large missed educational opportunity.   

The public’s zoonotic disease knowledge deficiencies, limited receipt of education and high-risk 

practices identified by this project highlight several key areas: 1) the need to evaluate the role of 

education in improving pet-associated disease knowledge and altering practices, 2) identifying existing 

barriers to medical professionals providing appropriate zoonotic disease education to clients/patients and 

3) the need for a formal, well-developed, centralized education program on this topic for medical 

professionals and the public.  This project loosely defined pet-associated disease education as recall of 

having received information from any source about diseases that one can get from pets or precautions to 

take with pets to reduce the risk of disease.  It is possible that not knowing when the information was 

given, what information was provided and to confirm that in fact information was/was not provided may 

have masked any true association or benefits.  Future work using longitudinal and intervention study 

designs may be helpful in determining the most effective ways to improve and sustain knowledge and 

infection control/husbandry practices.  For instance, a study using consistent educational materials that 

are delivered via randomized formats (e.g., oral, written, both) with long-term follow-up may provide 

useful insight into memory retention and the ability to change practices. 

An important step in addressing the noted pet-associated disease knowledge gap of the public is 

to determine the existing barriers to medical professionals (e.g., veterinarians and physicians) and public 

health personnel in delivering appropriate information to the public.  Previous studies have noted that the 

majority of veterinarians and physicians do not regularly discuss zoonotic disease risks with 

clients/patients.2-4,6,8  Furthermore, few veterinary (~58%) and physician (4%) practices have educational 

materials on zoonotic diseases available to clients/patients.4,6  This project noted that the zoonotic disease 

knowledge, level of concern for pet-associated disease, infection control practices and recall of physicians 

or their staff having asked if they had pets or had received information on pet-associated diseases, were 

very similar for households with individuals at higher risk to infectious disease and those without these 

individuals.  Similarly, a minority of pet-owning respondents recalled being asked by veterinarians about 

the immune-status of household members (9-14%), or by physicians about pet ownership (6-46%; cancer-

diabetes households), or receiving pet-associated disease information after this information was disclosed 

(veterinarians: 13-30%; physicians: 3-23%).  These results support the need for determining the 

knowledge base of pet-associated disease risks for medical professionals and barriers to informing the 

public of these risks.  Furthermore, establishing what pet-associated disease recommendations medical 
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professionals are currently providing to clients/patients, as well as perceived barriers to providing this 

education to the public (e.g., discomfort with knowledge on the topic, limited time, lack of concern, 

unaware of currently established recommendations, discomfort securing/discussing sensitive, confidential 

information) and the desired resources to assist in delivering this information are needed.  

The results from this project suggest there may be a need for further education of medical 

professionals and the public on pet-associated disease.  Ideally, such an educational effort would be taken 

on by a large, reputable public organization to facilitate high contact with the public and medical 

professionals.  Given the importance of the Internet as reported by respondents in this project for serving 

as a source of information on zoonotic disease (32-38% of those who obtained information about pet-

associated zoonoses did so via the Internet), having a well-developed World Wide Web presence will be 

important.  Easily accessible, simple fact sheets highlighting key pet-associated disease risks and 

prevention strategies could provide a means for passive education if made available in medical waiting 

areas or if directly accessed by the public or medical professionals.  Additional short survey tools to assist 

physicians and veterinarians in obtaining key pet and immune-status information for their patients/clients 

would also be indicated, as most respondents in this study (including those at greater risk to disease) were 

minimally or not at all concerned about this topic (70-80%) and comfortable with their existing level of 

disease knowledge (66-70%); thus, active educational approaches will likely be required.  

Recommendations to physicians and veterinarians regarding promoting their expertise and comfort in 

discussing this topic with their clientele (e.g., handouts, posters, website announcements) may assist in 

encouraging the public to provide pet or immune-status information, or seek information on this topic.  

Finally, it will be important for educational materials to utilize proven concepts in eliciting health 

behaviours, such as providing information and guiding individuals in an internal assessment of the net 

benefits of the behaviour change and any practical and psychological obstacles.9  Future research should 

identify true or perceived obstacles to implementing recommended pet contact and husbandry practices to 

assist in the development of educational materials.  

In order to meet the educational needs of medical professionals, it may be helpful to address the 

topic of pet-associated zoonotic disease through continuing education courses delivered at existing local, 

national and international conferences, as well as through inexpensive, “on-demand” formats such as live 

and archived webinars.  Educational opportunities that seek to include all members of the family 

healthcare team (e.g., physicians, veterinarians, public health personnel) may be especially helpful, as 

previous studies indicate typically poor communication between disciplines and the anticipated benefits 

of fostering these relationships.2,4  In order to assist in distilling key prevention recommendations, it will 

be important for stakeholders to establish a guiding document that synthesizes existing information, with 
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varying recommendations (and level of existing scientific support) dependent on the presence and type of 

immunocompromising condition, or suspected level of immune suppression, in a household.   

Ultimately, the resources that are dedicated to additional research on this topic, as well as training 

and education may be driven by the burden of disease that can be ascribed to pets (e.g., incidence, quality- 

or disability-adjusted life years).  In this project, a low proportion (0-4%) of households reported having 

had a child with diabetes/cancer or family member acquire a disease from a pet.  However, the accuracy 

of this estimate is unclear, since it is prone to recall bias and various other factors that make it difficult to 

determine if an infection was truly acquired from a pet (e.g., additional non-animal potential routes of 

exposure, frequent subclinical animal carriage so that animals may be dismissed as a source, 

immunosuppression-induced reactivation of previous colonization).  Nonetheless, this project noted the 

frequent (27%) occurrence of households reporting one or more cat/dog bites or scratches during the 

preceding 12 months; such injuries have previously been linked to the transmission of zoonotic 

pathogens, painful disfiguring wounds, altered function of the affected area, and rarely death.10,11 

Unfortunately, aside from a few pathogens and pet species (e.g., Salmonella and reptiles) little 

work has been completed to determine the fraction of human disease that is attributable to pets.  Studies 

aimed at quantifying the specific disease risks attributable to pets are needed.  Through observational 

study designs, combined with recently acquired knowledge and testing methods for zoonotic pathogens 

[e.g., polymerase chain reaction (PCR), pulsed-field gel electrophoresis (PFGE), and multi-locus 

molecular typing techniques], such research may also be helpful in identifying risk factors and 

preventative practices for pathogen transmission and disease, guiding and supporting pet contact, 

infection control and husbandry recommendations.   

Although this project provided valuable insight into the nature and scope of pet-associated 

zoonoses, the results were obtained from a geographically limited area, and a small number of physician 

practices and hospital clinics.  As such, the findings may reflect the clientele and medical/veterinary 

practices and recommendations at the selected locations, and not be generalizable to other locations or 

practices.  Repeating these studies at other locations will be useful to determine the external validity of 

the findings, as well as increase the sample size (and power) of less frequently reported practices and 

owned species, allowing for further analysis and confidence in the findings. 
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Appendix 2.1 Questionnaire for Households with Pets  
 

 
 
 
 
 
 

 (If you do not currently have pets in your household please notify study recruiter) 
 
 
For the purpose of this survey, “household pets” is loosely defined to include pets that are indoor only, outdoor 
only, and those that spend time both indoor and outdoor. 

 

 
Today’s date (dd/mm/yyyy)_______________ 
 

 
Background 

 
1. Which best describes where you live? (choose one) 
 City or urban [ ]  Suburban [ ]  Town or village [ ]  Rural [ ] 

 
 
2. Town/city in which you live:___________________ 

 
 

3.  List the age and sex of each person that lives in your household and indicate if they live there full-time, part-time, 
or occasionally.  List yourself first. 
 

 

Person’s 
Age 

Sex 
(Male/Female) 

Lives in the house (check one)… 

 
Full-time 

Part-time 
(at least 50% 
of the time) 

Occasionally 
(less than 50% 
of the time) 

You�      

      

      

      

      

      

         
 

4.  If there are children under 16 years of age in your household,  
  

a. What is your relationship to them (parent, guardian, etc)? ____________________ 

 
 b. How concerned are you that they could catch a disease from your pets(s) or from the pets of friends or 
family? 

 
Very  
concerned [ ] 

Concerned [ ] 
 

Somewhat 
concerned [ ] 

 

Minimally 
concerned [ ] 

Not at all  
concerned [ ] 

Children do not 
have contact 

with pets [ ] 
 

5. How concerned are you that you could catch a disease from your pets(s) or from the pets of friends or family? 
 
Very  

concerned [ ] 

Concerned [ ] 

 

Somewhat 

concerned [ ] 
 

Minimally 

concerned [ ] 

Not at all  

concerned [ ] 

I do not have 

contact with 
pets [ ] 

 
 
6.  Please list the disease(s) which are of greatest concern to 

you________________________________________________________ 
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7. To your knowledge, has anyone in your household ever caught a disease from a pet? 
Yes [ ], please list the  disease(s)_____________________________________________________  
No [ ]    

 
Animal Contact and Pet Ownership 

 
8.  During the past 12 months, has anyone in your household been bitten or scratched by ANY dog or cat, where the 
skin was broken?   

Yes [ ]     No [ ]     Don’t know [ ] 
   

a. If Yes, complete the table below 

Age of 
person 

Check all that apply for the past 12 months 

Scratched 
by own 
dog 

Scratched 
by another 
dog 

Bitten 
by own 
dog 

Bitten 
by 
another 
dog 

Scratched 
by own cat 

Scratched 
by another 
cat 

Bitten 
by own 
cat 

Bitten 
by 
another 
cat 

         

         

         

         

 
 
 
9. Does anyone in your household regularly (at least weekly) have physical contact with animals in places outside of 
the home, such as at work, extracurricular activities, a friend’s or school?     

Yes [ ] (if , indicate in table below the types of animals, where contact occurs, and age of household 
member involved.  Two examples are provided.) 
 
No [ ], (if , proceed to question 10)    
 
 

Type of animal 
Where contact 
occurs 

Age of household 
member involved 

turtle school 5 years 

horse riding lessons 35 years 

   

   

   

   

 
 
 
10. Have you taken one or more of your animal(s) to a veterinarian in the past 12 
months?   Yes [ ]       No [ ]     Don’t Remember [ ] 
 

    

 
11.  Have any of your medical doctors or their staff ever asked if you owned any 
pets?     Yes [ ]       No [ ]     Don’t Remember [ ] 
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12. Have any of your medical doctors or their staff ever discussed the possible 
benefits of owning or keeping a pet?  Yes [ ]       No [ ]     Don’t Remember [ ] 
 
 

    

 
13.  Have you ever received information from any source about diseases that you can get from pets or precautions to 
take with pets to reduce the risk of disease? 
Yes [ ] 
(if , proceed to question 14) 

 

No [ ]   
(if , proceed to question 15) 

Don’t remember [ ] 
(if , proceed to question 15) 

  
 
 
 
 
 
 
14.  Please indicate below which of the following sources provided you this information (check all that apply).  For 
each that provided information, indicate if the information was useful or not useful.   
 

 

Provided 
information 
about diseases 
that can occur 
with pet 
contact 

Was this information useful? 
 

Useful Not useful Don’t remember 

Family physician     

Specialist physician     

Nursing staff     

Public health personnel     

Veterinarian     

Pet store     

Animal breeder     

Friends/relatives     

Internet     

Books     

Television/newspaper     

Other (list):      

 
a. Which of the above sources was most useful to you? (choose one)__________________________ 

 
 
 
 
15. Who do you believe should be responsible for providing information about diseases that can occur with pet 
contact? (check all that apply):  

a. Family physician [ ] 
b. Specialist physician [ ] 
c. Nursing staff [ ] 
d. Public health personnel [ ] 
e. Veterinarian [ ] 
f. Other (specify)__________________________________ 
g. None: I’m not concerned about anyone in my household getting diseases from pets [ ] 
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16. Please indicate how strongly you agree with the following statements (check one for each question): 
 

  Strongly 
agree 

Somewhat 
agree 

Somewhat 
disagree 

Strongly 
disagree 

Unsure 

 
a) I feel that pets are an important part 
of the family 

      

 
b) I feel that the benefits of owning a 
pet are greater than any health risks 
that occur with owning a pet  

      

 
c) I feel that removal of one or more of 
my pets would negatively affect people 
in my household 

      

 
d) I am comfortable with my level of 
understanding of possible diseases that 
can occur with pet contact 

      

 
e) I am comfortable with my level of 
understanding of ways to reduce 
diseases that can occur with pet contact 

      

 
 

 
 
 
17. Do you plan on acquiring a new pet in the next year?   Yes [ ]    No [ ] 

 
If Yes, 

a. What type (cat, dog, etc)?  List all:_______________________________ 
b. From where do you plan to acquire it/them (check all that apply) 

Pet store [ ] 
Breeder [ ] 
Shelter [ ] 
Not yet sure [ ] 
Other [ ] ______________________________ 

 
 
 
18.  Please indicate which of the following diseases you think can be transmitted from pets to people? 

       

Rabies [ ] 

Intestinal worms [ ] 

HIV/AIDS [ ] 

Distemper [ ] 

Salmonella [ ] 

Giardia [ ] 

Hepatitis [ ] 

Infectious diarrhea [ ] 

Ringworm [ ] 

Methicillin-resistant Staphylococcus aureus  (MRSA)  [ ] 

Measles [ ] 
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19. Do you have one or more pet cats currently in your household (this includes cats that are indoor only, outdoor 
only, and those that spend time both indoor and outdoor)? Yes [ ] No [ ] 
 
 
20. Do you have one or more pet dogs currently in your household (this includes dogs that are outdoor only and 
those that spend time both indoor and outdoor)?   Yes [ ]  No [ ] 
 
 
21. Do you have one or more reptiles (e.g., snake, lizard, turtle) or amphibians (e.g., frog, toad, salamander) 
currently in your household?    Yes [ ]  No [ ] 
 
 
22. Do you have one or more pet fish currently in your household?  
     Yes [ ]  No [ ] 
 
 
23. Do you have one or more pet rabbits, ferrets, hedgehogs, or rodents (such as gerbils, hamsters, guinea pigs, mice, 
and rats) currently in your household?  Yes [ ]  No [ ] 
 
 
24.  Do you have one or more pet birds currently in your household? 
     Yes [ ]  No [ ] 
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Additional Background 

 
25.  Please indicate if anyone currently in your household has ever been diagnosed with any of the following 
conditions (check all that apply): 

HIV/AIDS [ ]       
Cancer of blood cells (such as leukemia) [ ]     
Cancer of an organ (such as kidney cancer) [ ] 
Other type of cancer [ ]   
Cirrhosis of the liver [  ] 
Diabetes [ ] 
Other cause for immune system to not function properly [ ], please list____________________________ 
 
Don’t know [ ]  
No one in my household has been diagnosed with any of these conditions [ ]  

 
 
26. Before taxes and deductions, what is your total household income (from all household members and sources) 
during the past 12 months? (choose one) 

Less than Can$20,000 [ ] 
Between Can$20,000 and Can$39,999 [ ] 
Between Can$40,000 and Can$79,999 [ ] 
Between Can$80,000 and Can$120,000 [ ] 
More than Can$120,000 [ ] 
 

27.  What is the highest level of education attained by anyone currently living in your household? (check one): 
Elementary school [ ]  
High school certificate, diploma, or equivalent [ ]  
College, trade or other non-university certificate or diploma [ ]  
University certificate, diploma or degree [ ] 
 

28.  Which of the following best describes you (choose only one): 
a. White [ ] 
b. Chinese [ ] 
c. South Asian (e.g., East Indian, Pakistani, Sri Lankan, etc.) [ ] 
d. Black [ ] 
e. Filipino [ ] 
f. Latin American [ ] 
g. Southeast Asian (e.g., Vietnamese, Cambodian, Malaysian, Laotian, etc.) [ ] 
h. Arab[ ] 
i. West Asian (e.g., Iranian, Afghan, etc.) [ ] 
j. Korean [ ] 
k. Japanese [ ] 

l. Other [ ], please specify_____________________________________ 

29.  Were your children, you, or your parents born outside of Canada?   Yes [ ]  No [ ] 
  

If Yes, indicate which individuals were born outside of Canada (check all that apply) 
  One or more children (if applicable) [ ] 

You [ ] 
  One or more of your parents [ ] 
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This is the end of the survey.  Thank you for agreeing to take part in this valuable study.  Please feel free to use the 
space below for any additional comments regarding the survey or information you provided.   
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Appendix 2.2  Questionnaire for Households without Pets 

 

 
  

 (If you currently have pets in your household please notify study recruiter) 
 
 
For the purpose of this survey, “household pets” is loosely defined to include pets that are indoor only, outdoor only, and those that 

spend time both indoor and outdoor. 

 

 

Today’s date (dd/mm/yyyy)_______________ 
 
Background 

 
1. Which best describes where you live? (choose one) 

 City or urban [ ]  Suburban [ ]  Town or village [ ]  Rural [ ] 
 
2.  Town/city in which you live:___________________ 

 
3.  List the age and sex of each person that lives in your household and indicate if they live there full-time, part-time, or occasionally.  
List yourself first. 

 

 

Person’s 
Age 

Sex 
(Male/Female) 

Lives in the house (check one)… 

 

Full-time 

Part-time 

(at least 50% 
of the time) 

Occasionally 

(less than 50% 
of the time) 

You�      

      

      

      

      

      

         
 
4.  If there are children under 16 years of age in your household,  
  

a. What is your relationship to them (parent, guardian, etc)? ____________________ 
 
 b. How concerned are you that they could catch a disease from the pets of friends or family? 
 

Very  
concerned [ ] 

Concerned [ ] 
 

Somewhat 

concerned [ ] 
 

Minimally 
concerned [ ] 

Not at all  
concerned [ ] 

Children do not 

have contact with 
pets [ ] 

 
 
5. How concerned are you that you could catch a disease from the pets of friends or family? 

      
Very  

concerned [ ] 
Concerned [ ] 

 
Somewhat 

concerned [ ] 

 

Minimally 
concerned [ ] 

Not at all  
concerned [ ] 

I do not have 
contact with pets [ ] 

         

 
6. Please list the disease(s) which are of greatest concern to you_________________________________________________________ 
 

 
 
7. To your knowledge, has anyone in your household ever caught a disease from a pet? 

Yes [ ], please list the disease(s)___________________________________________________________________________  
No [ ]    
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Animal Contact  

 
8.  During the past 12 months, has anyone in your household been bitten or scratched by ANY dog or cat, where the skin was broken?   

Yes [ ]     No [ ]     Don’t know [ ] 

   

a. If Yes, complete the table below 

Age of 
person 

Check all that apply for the past 12 months 

Scratched 
by own dog 

Scratched 

by another 
dog 

Bitten 
by own dog 

Bitten 

by another 
dog 

Scratched 
by own cat 

Scratched 

by another 
cat 

Bitten 
by own cat 

Bitten 

by another 
cat 

         

         

         

         

 
 
 

9. Does anyone in your household regularly (at least weekly) have physical contact with animals in places outside of the home, such as 
at work, extracurricular activities, a friend’s or school?     

Yes [ ]  (if , indicate in table below the types of animals, where contact occurs, and age of household member involved.  
Two examples are provided.) 
No [ ], (if , proceed to question 10)    

 
 

Type of animal 
Where contact 

occurs 
Age of household 
member involved 

turtle school 5 years 

horse riding lessons 35 years 

   

   

   

   

 
 

 
10.  Have any of your medical doctors or their staff ever asked if you owned any 
pets? 

  
Yes [ ] 

 
No [ ] 

 
Don’t Remember [ ] 

 
 
 
11. Have any of your medical doctors or their staff ever discussed the possible 
benefits of owning or keeping a pet?  

 

  
 
 

Yes [ ] 

 
 
 

No [ ] 

 
 
 

Don’t Remember [ ] 

 
 

12.  Have you ever received information from any source about diseases that you can get from pets or precautions to take with pets to 
reduce the risk of disease? 

Yes [ ] 

(if , proceed to question 13) 
 

No [ ]   

(if , proceed to question 14) 

Don’t remember [ ] 

(if , proceed to question 14) 
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13.  Please indicate below which of the following sources provided you this information (check all that apply).  For each that provided 
information, indicate if the information was useful or not useful.   

 

Provided 
information 

about diseases 
that can occur 

with pet 
contact 

Was this information useful? 
 

Useful Not useful Don’t remember 

Family physician     

Specialist physician     

Nursing staff     

Public health personnel     

Veterinarian     

Pet store     

Animal breeder     

Friends/relatives     

Internet     

Books     

Television/newspaper     

Other (list):      

 

a. Which of the above sources was most useful to you? (choose one)__________________________ 
 

 
 
14. Who do you believe should be responsible for providing information about diseases that can occur with pet contact? (check all that 

apply):  
a. Family physician [ ] 
b. Specialist physician [ ] 
c. Nursing staff [ ] 

d. Public health personnel [ ] 
e. Veterinarian [ ] 
f. Other (specify)__________________________________ 

g. None: I’m not concerned about anyone in my household getting diseases from pets [ ] 
 

 
 
 

15. Please indicate how strongly you agree with the following statements (check one for each question): 
 

  Strongly 
agree 

Somewhat 
agree 

Somewhat 
disagree 

Strongly 
disagree 

Unsure 

 

a) I feel that pets are an important part of the family 

      

 
b) I feel that the benefits of owning a pet are greater than any 
health risks that occur with owning a pet  

      

 

c) I am comfortable with my level of understanding of possible 
diseases that can occur with pet contact 

      

 
d) I am comfortable with my level of understanding of ways to 

reduce diseases that can occur with pet contact 
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16. Do you plan on acquiring a pet in the next year?   Yes [ ]    No [ ] 
If Yes, 

a. What type (cat, dog, etc)?  List all:_______________________________ 
b. From where do you plan to acquire it/them (check all that apply) 

Pet store [ ] 
Breeder [ ] 
Shelter [ ] 
Not yet sure [ ] 
Other [ ] ______________________________ 

 
 
17.  Please indicate which of the following diseases you think can be transmitted from pets to people? 

       

Rabies [ ] 

Intestinal worms [ ] 

HIV/AIDS [ ] 

Distemper [ ] 

Salmonella [ ] 

Giardia [ ] 

Hepatitis [ ] 

Infectious diarrhea [ ] 

Ringworm [ ] 

Methicillin-resistant Staphylococcus aureus  (MRSA)  [ ] 

Measles [ ] 
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Additional Background 

 
18.  Please indicate if anyone currently in your household has ever been diagnosed with any of the following conditions (check all that 
apply): 

HIV/AIDS [ ]       
Cancer of blood cells (such as leukemia) [ ]     
Cancer of an organ (such as kidney cancer) [ ] 

Other type of cancer [ ]   
Cirrhosis of the liver [  ] 
Diabetes [ ] 
Other cause for immune system to not function properly [ ], please list____________________________ 
 

Don’t know [ ]  
No one in my household has been diagnosed with any of these conditions [ ]  

 
19. Before taxes and deductions, what is your total household income (from all household members and sources) during the past 12 
months? (choose one) 

Less than Can$20,000 [ ] 
Between Can$20,000 and Can$39,999 [ ] 
Between Can$40,000 and Can$79,999 [ ] 
Between Can$80,000 and Can$120,000 [ ] 
More than Can$120,000 [ ] 
 

20.  What is the highest level of education attained by anyone currently living in your household? (check one): 
Elementary school [ ]  
High school certificate, diploma, or equivalent [ ]  
College, trade or other non-university certificate or diploma [ ]  
University certificate, diploma or degree [ ] 
 

21.  Which of the following best describes you (choose only one): 
a. White [ ] 

b. Chinese [ ] 
c. South Asian (e.g., East Indian, Pakistani, Sri Lankan, etc.) [ ] 
d. Black [ ] 
e. Filipino [ ] 

f. Latin American [ ] 
g. Southeast Asian (e.g., Vietnamese, Cambodian, Malaysian, Laotian, etc.) [ ] 
h. Arab[ ] 
i. West Asian (e.g., Iranian, Afghan, etc.) [ ] 
j. Korean [ ] 

k. Japanese [ ] 

l. Other [ ], please specify_____________________________________ 

22.  Were your children, you, or your parents born outside of Canada?   Yes [ ]  No [ ] 
  

If Yes, indicate which individuals were born outside of Canada (check all that apply) 

  One or more children (if applicable) [ ] 
You [ ] 

  One or more of your parents [ ] 
   

 
This is the end of the survey.  Thank you for agreeing to take part in this valuable study.  Please feel free to use the space below for 
any additional comments regarding the survey or information you provided.   
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Appendix 3.1  Supplemental Questionnaire for Households with Pets 

 

 
 

 
 
 
 

 

(If you do not currently have pets in your household please notify study recruiter) 
 
 
For the purpose of this survey, “household pets” is loosely defined to include pets that are indoor only, outdoor only, and those that 
spend time both indoor and outdoor. 

 

 
 

 
 
 
 
 
 
 

Questionnaire begins on the following page.



  161  

 

 

 
  

1. Do you have one or more pet cats currently in your household (this includes cats that are indoor only, outdoor only, and 

those that spend time both indoor and outdoor)? Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 
a. How many household cats do you currently have?_________ 

# indoor only____ # outdoor only___ # spend time both indoor and outdoor___  (on a leash outdoors?  Yes [ ]  No [ ]) 
 

  Yes No Don’t 
Know 

b. Are any of the cats declawed?   Y N DK 

c. Have any of the cats ever bitten anyone?   Y N DK 

d. Have any of the cats ever scratched anyone?   Y N DK 

e. Are all the cats on a flea prevention program?   Y N DK 

f. Are all the cats on an intestinal parasite (worm) prevention program?   Y N DK 

g. Do any of the cats drink from the toilet bowl?  Y N DK 

h. Are any of the cats fed in the kitchen?  Y N DK 

i. Are any of the cats used for breeding?  Y N DK 

j.  Do all the cats visit the veterinarian at least once per year?    Y N DK 

 
k.  How often do any of the cats go to the bathroom outside of the litter box in the house? 

    

Always [ ] 
 

Often [ ]  
(at least once per week) 

 

Sometimes [ ]  
(less than once per week) 

Never [ ] 

 
l. How often are the litter boxes cleaned, on average? 

Daily [ ]    

   

Every several  

days [ ] 

Weekly [ ] Every 2  

weeks [ ] 

Greater than every  

2 weeks [ ] 
   

m. Please indicate which items are fed to any of the cats (check all that apply): 
Commercial canned/dry food [ ]    Raw eggs [ ] 
Home cooked pet food [ ]     Raw animal product treats [ ] 
Home cooked human food (table scraps) [ ]   Commercial processed pet treats [ ] 
Raw meat [ ]       

 
n. How would you describe your household’s emotional attachment to the cat(s)? 

Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

 
 

o. If there are children under 16 years of age in your household, please answer the following questions: 
 

   Yes No Don’t 
Know 

1. Do any of the children ever clean the litter box(es)?  Y N DK 

 If Yes,      

 a. Do the children wear gloves when cleaning the litter box(es)?  Y N DK 

 b. Do the children wash their hands after cleaning the litter box(es)?  Y N DK 

2. Do any of the children have access to the litter box(es)?  Y N DK 

3. Do any of the children touch one or more of the cat(s)?    Y N DK 

 If Yes,  

 a. How often do any of the cats sleep in one of the children’s beds?  
 Always [ ] 

 

Usually []  

(3-6 nights/week) 
 

Sometimes [ ]  

(less than 3 nights/week) 

Never [ ] 

 b. Do the children wash their hands after touching the cat(s)?  

 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

 

4. How would you describe the children’s emotional attachment to the cat(s)?  (If more than one child, how attached is the child 
with the closest relationship to the cat(s)?) 

Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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2. Do you have one or more pet dogs currently in your household (this includes dogs that are outdoor only and those that 

spend time both indoor and outdoor)? Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 

a. How many household dogs do you currently have?_________ 

             # outdoor only___                          # spend time both indoor and outdoor___  Yes No Don’t 
Know 

b. Have any of the dogs ever bitten anyone?    Y N DK 

c. Are all the dogs on an intestinal parasite (worm) prevention program?    Y N DK 

d. Are all the dogs on a flea prevention program?  Y N DK 

e. Are any of the dogs used for hunting?    Y N DK 

f. Do any of the dogs drink from the toilet bowl?  Y N DK 

g. Are any of the dogs fed in the kitchen?  Y N DK 

h. Are any of the dogs used for breeding?  Y N DK 

i. Do all the dogs visit the veterinarian at least once per year?  Y N DK 

j. Within the past 3 months, have any of your dogs been to any of the following places (check all that apply)? 
On leash at  

a dog park [ ] 

Off leash at  

a dog park [ ] 

Doggie daycare  

or boarding [ ] 

Dog sporting event  

(e.g., flyball) [ ] 

 

k. When outdoors, how often are the dogs either in a fenced yard or on a leash?  

 

Always [ ] Sometimes [ ] Never [ ] 

 
l. Please indicate which items are fed to any of the dogs (check all that apply): 

Commercial canned/dry food [ ] 
Home cooked pet food [ ] 
Home cooked human food (table scraps) [ ] 
Raw meat [ ] 

Raw eggs [ ] 
Raw animal product treats, such as pig’s ears or rawhides [ ] 
Commercial processed pet treats [ ] 
 

 

m. How would you describe your household’s emotional attachment to the dog(s)? 
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

 
n. How often do any of the dogs inappropriately go to the bathroom in the house? 

Always [ ] 

 

Often [ ]  

(at least once per week) 

Sometimes [ ]  

(less than once per week) 

Never [ ] 

 
o. If there are children under 16 years of age in your household, please answer the following questions: 

 Yes No Don’t 

Know 

1. Do any of the children ever clean-up the dog’s feces? Y N DK 

 If Yes,     

 a. Do the children wear gloves or use a scooper? Y N DK 

 b. Do the children wash their hands after cleaning-up the dog’s feces? Y N DK 

2. Do any of the children play in the same area as where the dog(s) go to the bathroom Y N DK 

 a. If Yes, how often are feces removed?    
 Immediately [ ] Daily [ ] Weekly [ ] Greater than weekly [ ]  

3. Do any of the children touch one or more of the dog(s)   Y N DK 

 If Yes,   

 a. How often do any of the dogs sleep in one of the children’s beds? 
 Always [ ] 

 
Usually [ ]  

(3-6 nights/week) 

 

Sometimes [ ]  
(less than 3 nights/week) 

Never [ ] 

 b. Do the children wash their hands after touching the dog(s)?  

 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 
 

 c. How often do any of the dogs lick one of the children’s faces? 

 Daily [ ] Often [ ] 
(several times per week) 

Sometimes [ ] Never [ ] 
 

4. How would you describe the children’s emotional attachment to the dog(s)? (If more than one child, how attached is the child with 
the closest relationship to the dog(s)?) 

Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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3. Do you have one or more reptiles (e.g., snake, lizard, turtle) or amphibians (e.g., frog, toad, salamander) currently in your 

household?   Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 
 
a. Indicate what type(s) and number of reptiles and amphibians are currently in your household: 

 

Species Number 

Lizard  

Turtle  

Snake  

Frog/toad  

Salamander  

Other (please list):  

 

 

 

 

 Yes No Don’t 

Know 

1. Are any of the animals allowed to roam freely through the house?   Y N DK 

2. Are any of the animals allowed to roam in the kitchen?  Y N DK 

3. Are any of the cages or animals washed in the kitchen sink?   Y N DK 

4. Are any of the cages or animals washed in the bathtub or bathroom sink?   Y N DK 

5. How often is the cage cleaned, on average (choose one)?     
Daily [ ] 

 
Every several 

days [ ] 
Weekly [ ] Every 2 

weeks [ ] 
Greater than every 

2 weeks [ ] 

6. How would you describe your household’s emotional attachment to the reptile(s)/amphibian(s)?     
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

 
 

 
 
7.  If there are children under 16 years of age in your household, please answer the following questions: 

 

   

 

 

Yes No Don’t 

Know 

a. Do any of the children ever clean the animal’s cage?   Y N DK 

If Yes,      

1. Do the children wear gloves?  Y N DK 

2. Do the children wash their hands after cleaning the animal’s cage?  Y N DK 

b. Are any of the animals allowed to roam in the children’s room?  Y N DK 

c. Do any of the children touch any of these animal(s)?   Y N DK 

 If Yes, do the children wash their hands after touching the animals?   
 Always [ ]  Usually [ ]  Sometimes [ ] Never [ ] 

 d. How would you describe the children’s emotional attachment to the reptile(s)/amphibian(s)? (If more than one child, how 
attached is the child with the closest relationship to the reptile(s)/amphibian(s)?) 

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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4. Do you have one or more pet fish currently in your household?  
Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 

 

a. How many fish do you have in your household?________ 

 

  

b. How often is the aquarium cleaned, on average?   
 Daily [ ] 

 

Every several  

days [ ] 

Weekly [ ] Every  

2 weeks [ ] 

Greater than every 2 

weeks [ ] 

c. Where do you dump aquarium water (check all that apply)?    

Toilet [ ] 
 

Bathtub or  
shower [ ] 

Kitchen  
Sink [ ] 

Bathroom  
Sink [ ] 

Outside [ ] Other [ ] 

d. How would you describe your household’s emotional attachment to the fish?   
 Very attached [ ] 

 
Somewhat attached [ ] Not very attached [ ] 

 
Not at all attached [ ] 

 
 

 
 
e. If there are children in your household under 16 years of age, please answer the following questions: 

   

 Yes No Don’t 
Know 

 1. Do any of the children ever clean the aquarium?   Y N DK 

 If Yes,      

 a. Do the children wear gloves?  Y N DK 

 b. Do the children wash their hands after cleaning the aquarium?  Y N DK 

 2. Do any of the children ever touch the fish or aquarium water?   Y N DK 

 If Yes, do the children wash their hands after touching the fish or aquarium water?   
 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

 3. How would you describe the children’s emotional attachment to the fish? (If more than one child, how attached is the child with 
the closest relationship to the fish?) 

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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5. Do you have one or more pet birds, rabbits, ferrets, hedgehogs, or rodents (such as gerbils, hamsters, guinea pigs, mice, and 

rats) currently in your household? Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 
a. Indicate below what type(s) and number of birds, rabbits, ferrets, hedgehogs, or rodents are currently in your household: 

Species Number 

Bird (indicate species):  

Rabbit  

Ferret  

Hedgehog  

Gerbil  

Hamster  

Guinea Pig  

Rat/mouse  

Other (please list):  

 

  
b. If birds are currently in your household, please answer the following questions:     

1. How often is the cage cleaned, on average?   
 Daily [ ] 

 
Every several  

days [ ] 
Weekly [ ] Every 2  

weeks [ ] 
Greater than every  

2 weeks [ ] 

2. How would you describe your household’s emotional attachment to the birds?   
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

 
3. If there are children in your household under 16 years of age, please answer the following questions: 

 
Yes 

 
No 

 
Don’t 
Know 

 a. Do any of the children ever clean the bird’s cage?   Y N DK 

 If Yes,      

 1. Do the children wear gloves?  Y N DK 

 2. Do the children wash their hands after cleaning the bird’s cage?  Y N DK 

 b. Do any of the children touch any of the birds?   Y N DK 

 If Yes,   

 1. Do the children wash their hands after touching the birds?    
 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

 c. How would you describe the children’s emotional attachment to the birds? (If more than one child, how attached is the child 
with the closest relationship to the bird(s)?) 

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

 
 

c. If rabbits, ferrets, hedgehogs, or rodents (such as gerbils, hamsters, guinea pigs, mice, and rats) are currently in your household, 
please answer the following questions: 
     

1. How often is the cage cleaned, on average?   
 Daily [ ] 

 

Every several  

days [ ] 

Weekly [ ] Every 2  

weeks [ ] 

Greater than every  

2 weeks [ ] 

2. How would you describe your household’s emotional attachment to these animals?   

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

 

3. If there are children in your household under 16 years of age, please answer the following questions: 

 

Yes 

 

No 

 

Don’t 
Know 

 a. Do any of the children ever clean the animal’s cage?   Y N DK 

 If Yes,      

 1. Do the children wear gloves?  Y N DK 

 2. Do the children wash their hands after cleaning the cage?  Y N DK 

 b. Do any of the children touch any of these animals?   Y N DK 

 If Yes, do the children wash their hands after touching these animals?   
 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

 c. How would you describe the children’s emotional attachment to these animals? (If more than one child, how attached is the 
child with the closest relationship to these animals?) 

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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6.  Do you currently live on a farm (e.g., have livestock, horses, or poultry on your property)?  
Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 
 

 
a. Please indicate the types of animals and number currently present: 
 

Type of animal Number 

Horse(s)  

Cattle (beef)  

Cattle (dairy)  

Pig(s)  

Chicken(s)  

Duck(s)/turkey(s)  

Goat(s)  

Sheep  

Alpaca(s)/ llama(s)  

Other (list):  

Other (list):  

 

 
 

b. If there are children in your household under 16 years of age, please answer the following questions: 
 

1. How often do any of the children help feed any of the animals?   
Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

2. How often do any of the children help clean-up the animal(s) or their stalls/pens?    
Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

3. If the children touch one or more of the farm animals or its stall/pen, do they wash their hands afterwards?  
Always [ ] Usually [ ] Sometimes [ ] Never [ ] 
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Appendix 4.1  Questionnaire for pet owning households having children with diabetes or cancer 

 
 

  

(If you have not had pets in your household at any time since the child was diagnosed please notify study recruiter) 
 
 

For the purpose of this survey, 

• “the child” refers to your child diagnosed with [insert] 

• “household pets” is loosely defined to include pets that are indoor only, outdoor only, and those that spend time 
both indoor and outdoor. 

 

 
Today’s date (dd/mm/yyyy)_______________ 
 
Background 

 
1. Which best describes where you live? (choose one) 
 City or urban [ ]  Suburban [ ]  Town or village [ ]  Rural [ ] 
 
2. Town/city in which you live:___________________ 

 
3. Please provide the following information for the child.   

a. Child’s current age_______________ 
b. Child’s sex:  Male [ ] Female [ ] 
c. Date first diagnosed with [insert] (month/year)________________ 

 
4.  Your relationship to the child identified above (parent, guardian, etc):_________________ 

   Yes No Don’t 
Know 

5.  Does the child live in more than one household?    Y N DK 

     If Yes,     

 a. Are there pets at any of the other households?  Y N DK 

 b. When not in the hospital, approximately what percentage of the time does the child live in your household?             % 

6. How concerned are you that the child could catch a disease from your pets(s) or from the pets of friends or family? 
Very  

concerned [ ] 
Concerned [ ] 

 
Somewhat 

concerned [ ] 
 

Minimally 
concerned [ ] 

 

Not at all 
concerned [ ] 

The child does not 
have contact with 

pets [ ] 

 

 Please list the disease(s) from pets which are of greatest concern to you: 
 

7.  To your knowledge, since diagnosed with this condition has the child caught a disease from a pet? Y N DK 

      If Yes, list the disease(s):     
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Pet Contact Recommendations and Practices 

 

8. Did you have a pet immediately prior to when the child was first diagnosed with this condition?  
Yes [ ] (if , complete tables below) 
No [ ]  (if , proceed to question 9) 
 

a. For each pet that you had immediately prior to when the child was first diagnosed, list the type of pet, age of the pet when the 
child was first diagnosed with this condition, if the pet was present in the household when the child was first diagnosed with 
this condition, and if the animal is currently in the household.    Two examples are provided. 

 

Type of pet 
Age of pet when 

child diagnosed 

Was pet present in the 
household when child was 

diagnosed? 

Is pet currently 
in the 

household? 

dog 4 years Yes No 

several fish unknown Yes Yes 

    

    

    

    

    

    

    

    

    

 
b. For each pet above that is no longer in the household, indicate what happened to it and why.  One example is provided.   

 

Type of pet 

What happened to it? (check one) Why? (check all that apply) 

Placed in a 
temporary 

home 

Placed in a 
new 

permanent 
home 

Euthanized 
(put to 
sleep) 

Died 

We 
didn’t 
have 
time 

Pet was 
sick 

Worried about 
child getting a 
disease from 

the pet 

Other (list) 

dog  X   X    

         

         

         

         

 
9. Did you get any pets since the child was diagnosed with this condition?  

Yes [ ] (if , complete table below) 
No [ ]  (if , proceed to question 10) 

 
a. For each pet you got since the child was diagnosed, list the type of pet, age of the pet when acquired, source of the pet 

(breeder, pet store, friend, shelter, local stray), and if the animal is currently in the household.    Two examples are provided. 
 

Type of pet When acquired 
Age of pet when 

acquired 
Source of pet 

Is pet currently in 
the household? 

turtle Jan 2007 unknown pet store Yes 

rabbit March 2009 3 years old friend No 
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10.  Have you changed how the child is allowed to interact with one or more pets because of the child’s health? 

Yes [ ], please list how_____________________________________________________________________________ 
No [ ] 

 
11. Have you taken one or more of your animal(s) to a veterinarian in the past 12 
months? 

 Yes [ ] No [ ] Don’t Remember [ ] 

     
12. Have you taken one or more of your animal(s) to a veterinarian since the child was diagnosed with this condition? 

Yes [ ]  (if , proceed to next question) No [ ]  (if , proceed to question 15) 
   
13.  Is your veterinarian aware of the child’s medical condition (check one)? 

• Yes, the veterinarian asked and we told him/her about the child’s medical condition [ ] (if , proceed to next question) 
 
• Yes, although the veterinarian did not ask, we told him/her about the child’s medical condition [ ] (if , proceed to next 

question) 
 
• No, the veterinarian asked, but we did not tell him/her about the child’s medical condition [ ] (if , proceed to question 15) 
 
• No, the veterinarian did not ask and we did not tell him/her about the child’s medical condition [ ] (if , proceed to question 

15) 
 

14.  After being told about the child’s medical condition, did your veterinarian… (check all that apply) 
Discuss possible human diseases that can occur with pet contact? [ ] 
Recommend one or more pets be removed from the household? [ ] 
Recommend one or more pets be euthanized (put to sleep)? [ ] 
Recommend getting a new pet? [ ] 

Recommend you speak to your child’s doctor about possible human diseases that can occur with pet contact? [ ] 
Made no specific comments about the pet(s) and the child’s medical condition [ ] 

 
15. Does the child regularly (at least weekly) have physical contact with animals in places outside of the home, such as at 
extracurricular activities, a friend’s or school?    

Yes [ ]  (if , please indicate in table below which types of animals and where contact occurs.  Two examples are provided.) 

No [ ], (if , proceed to question 16)    
 

Type of animal 
Where contact 

occurs 

turtle school 

horse riding lessons 

  

  

  

  

 
16.  During the past 12 months, has the child been bitten or scratched by ANY dog or cat, where the skin was broken?   

Yes [ ]     No [ ]     Don’t know [ ] 

   

a. If Yes, check all that apply for the past 12 months 

Scratched 

by own dog 

Scratched 
by another 

dog 

Bitten 
by own 

dog 

Bitten 
by another 

dog 

Scratched 

by own cat 

Scratched 
by another 

cat 

Bitten 

by own cat 

Bitten 
by another 

cat 
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17. Since being diagnosed with their medical condition, please indicate if the child has done any of the following: 

 

   Yes No Don’t 
Know 

a. Eaten or drunk raw (unpasteurized) milk products, such as cheese or milk    Y N DK 

b. Eaten raw egg products, such as raw cookie dough or cake batter  Y N DK 

c. Drunk unpasteurized fruit juices  Y N DK 

d. Played in an outdoor sandbox that is not covered between uses  Y N DK 

e. Visited a petting zoo or farm  Y N DK 

 i. If they visited a petting zoo or farm, did they touch the animals?  Y N DK 

 ii. If they touched the animals, did they wash their hands after touching the animals?  Y N DK 

 
18.  After the child was diagnosed with this condition,     
 a. Did any of your medical doctors or their staff ask if you currently owned any 

pets? 
 

 Yes [ ] No [ ] Don’t Remember [ ] 

 b. Did any of your medical doctors or their staff discuss the possible benefits of 

owning or keeping a pet? 
 

 Yes [ ] No [ ] Don’t Remember [ ] 

 c. Did you receive information from any source about diseases that you can get from pets or precautions to take with pets to 
reduce the risk of disease? 

 Yes [ ]  
(if , proceed to question 19) 

No [ ] 
(if , proceed to question 20) 

Don’t remember [ ] 
(if , proceed to question 20) 

 
19.  Please indicate below which of the following sources provided you this information (check all that apply).  For each that provided 

information, indicate if the information was useful or not useful.   
 

 

Provided 

information 
about diseases 
that can occur 

with pet 

contact 

Was this information useful? 

 

Useful Not useful Don’t remember 

Family physician     

Specialist physician     

Nursing staff     

Public health personnel     

Veterinarian     

Pet store     

Animal breeder     

Friends/relatives     

Internet     

Books     

Television/newspaper     

Other (list):      

 

a. Which of the above sources was most useful to you? (chose one)__________________________ 
 

b. If your doctors or their staff discussed precautions to take with owning pets or contact with pets outside of your home, please 
indicate which of the following recommendations were discussed with you? (check all that apply) 

i. Remove all pets from the household [ ] 
ii. Remove select pets from the household such as reptiles [ ] 

iii. Euthanize (put to sleep) some or all pets [ ] 
iv. Ensure the child washes hands after touching pets [ ] 
v. Have the child avoid touching pet’s feces [ ] 

vi. Have the child avoid touching any pet with diarrhea [ ] 
vii. Immediately wash any animal bites or scratches that occur to the child [ ] 

viii. Only feed commercial pet food to your pets [ ] 
ix. Keep dogs confined when outdoors (in a fenced yard or on leash) [ ] 

x. Keep cats indoors [ ] 
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i. Have pets seen by a veterinarian each year [ ] 
ii. Do not get a new pet [ ] 

iii. When getting a new pet, healthy adult animals are preferred [ ] 
iv. New pets should be immediately examined by a veterinarian [ ] 

 
 
 

20. Who do you believe should be responsible for providing information about diseases that can occur with pet contact? (check all that 
apply):  

a. Family physician [ ] 

b. Specialist physician [ ] 
c. Nursing staff [ ] 
d. Public health personnel [ ] 

e. Veterinarian [ ] 
f. Other (specify)__________________________________ 
g. None: I’m not concerned about the child getting diseases from pets [ ] 

 
 
 
 

21. Please indicate how strongly you agree with the following statements (check one for each question): 
 

  Strongly 
agree 

Somewhat 
agree 

Somewhat 
disagree 

Strongly 
disagree 

Unsure 

 
a) I feel that pets are an important part of the family 

      

 
b) I feel that the benefits of owning a pet are greater than any 
health risks that occur with owning a pet  

      

 
c) I feel that removal of one or more of my pets would 

negatively affect the child 

      

 

d) I am comfortable with my level of understanding of possible 
diseases that can occur with pet contact 

      

 
e) I am comfortable with my level of understanding of ways to 
reduce diseases that can occur with pet contact 

      

 
 

 
22. Do you plan on acquiring a new pet in the next year?   Yes [ ]    No [ ] 

If Yes, 
a. What type (cat, dog, etc)?  List all:_______________________________ 
b. From where do you plan to acquire it/them (check all that apply) 

Pet store [ ] 
Breeder [ ] 

Shelter [ ] 
Not yet sure [ ] 
Other [ ] ______________________________ 
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23.  Please indicate which of the following diseases you think can be transmitted from pets to people? 
       

Rabies [ ] 

Intestinal worms [ ] 

HIV/AIDS [ ] 

Distemper [ ] 

Salmonella [ ] 

Giardia [ ] 

Hepatitis [ ] 

Infectious diarrhea [ ] 

Ringworm [ ] 

Methicillin-resistant Staphylococcus aureus  (MRSA)  [ ] 

Measles [ ] 

None of the above [ ] 

 
 
 
24. Do you have one or more pet cats currently in your household (this includes cats that are indoor only, outdoor only, and those that 

spend time both indoor and outdoor)? Yes [ ] No [ ] 
 
 
 
25. Do you have one or more pet dogs currently in your household (this includes dogs that are outdoor only and those that spend time 

both indoor and outdoor)?   Yes [ ]  No [ ] 
 
 

 
26. Do you have one or more pet reptiles (e.g., snake, lizard, turtle) or amphibians (e.g., frog, toad, salamander) currently in your 

household?    Yes [ ]  No [ ] 
 
 

 
27. Do you have one or more pet fish currently in your household?  
     Yes [ ]  No [ ] 
 
 

28. Do you have one or more pet rabbits, ferrets, hedgehogs, or rodents (such as gerbils, hamsters, guinea pigs, mice, and rats) 
currently in your household?  Yes [ ]  No [ ] 
 
 
 

29.  Do you have one or more pet birds currently in your household? 
     Yes [ ]  No [ ] 
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Additional Background 

 
30. Before taxes and deductions, what is your total household income (from all household members and sources) during the past 12 
months? (choose one) 

Less than Can$20,000 [ ] 
Between Can$20,000 and Can$39,999 [ ] 
Between Can$40,000 and Can$79,999 [ ] 

Between Can$80,000 and Can$120,000 [ ] 
More than Can$120,000 [ ] 
 

31.  What is the highest level of education attained by anyone currently living in your household? (check one): 
Elementary school [ ]  
High school certificate, diploma, or equivalent [ ]  
College, trade or other non-university certificate or diploma [ ]  
University certificate, diploma or degree [ ] 
 

32.  Which of the following best describes the child (choose only one): 

a. White [ ] 
b. Chinese [ ] 
c. South Asian (e.g., East Indian, Pakistani, Sri Lankan, etc.) [ ] 
d. Black [ ] 
e. Filipino [ ] 
f. Latin American [ ] 
g. Southeast Asian (e.g., Vietnamese, Cambodian, Malaysian, Laotian, etc.) [ ] 
h. Arab[ ] 
i. West Asian (e.g., Iranian, Afghan, etc.) [ ] 
j. Korean [ ] 
k. Japanese [ ] 

l. Other [ ], please specify_____________________________________ 

33.  Was the child, you, or your parents born outside of Canada?   Yes [ ]  No [ ] 
 If Yes, indicate which individuals were born outside of Canada (check all that apply) 
  Child [ ]   

You [ ] 
  One or more of your parents [ ] 
 
 
 
 
 
 
 

This is the end of the survey.  Thank you for agreeing to take part in this valuable study.  Please feel free to use the space below for 
any additional comments regarding the survey or information you provided.   
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Appendix 4.2  Questionnaire for non-pet owning households having children  

with diabetes or cancer 

 
  

(If you have had pets in your household at any time since the child was diagnosed please notify study recruiter) 
 

 
For the purpose of this survey, 

• “the child” refers to your child diagnosed with [insert] 

• “household pets” is loosely defined to include pets that are indoor only, outdoor only, and those that spend time 
both indoor and outdoor. 

 

 
Today’s date (dd/mm/yyyy)_______________ 
 
Background 

 

1. Which best describes where you live? (choose one) 
 City or urban [ ]  Suburban [ ]  Town or village [ ]  Rural [ ] 
 
2.  Town/city in which you live:___________________ 
 
3. Please provide the following information for the child.   

a. Child’s current age_______________ 

b. Child’s sex:  Male [ ] Female [ ] 
c. Date first diagnosed with [insert] (month/year)________________ 

 
4.  Your relationship to the child identified above (parent, guardian, etc):_________________ 

   Yes No Don’t 
Know 

5.  Does the child live in more than one household?    Y N DK 

     If Yes,     

 a. Are there pets at any of the other households?  Y N DK 

 b. When not in the hospital, approximately what percentage of the time does the child live in your household?             % 

6. How concerned are you that the child could catch a disease from the pets of friends or family? 
Very  

concerned [ ] 
Concerned [ ] 

 
Somewhat 

concerned [ ] 
 

Minimally 
concerned [ ] 

 

Not at all 
concerned [ ] 

The child does not 
have contact with 

pets [ ] 

 

 Please list the disease(s) from pets which are of greatest concern to you: 

 

7.  To your knowledge, since diagnosed with this condition has the child caught a disease from a pet? Y N DK 

      If Yes, list the disease(s):     

 
 
 
 

Pet Contact Recommendations and Practices 

 
8.  Have you changed how the child is allowed to interact with pets because of the child’s health? 

Yes [ ], please list how_____________________________________________________________________________ 

No [ ] 
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9. Does the child regularly (at least weekly) have physical contact with animals in places outside of the home, such as at 

extracurricular activities, a friend’s or school?    
Yes [ ]  (if , please indicate in table below which types of animals and where contact occurs.  Two examples are provided.) 
No [ ], (if , proceed to question 10)    
 

Type of animal 
Where contact 

occurs 

turtle school 

horse riding lessons 

  

  

  

  

 
 
10.  During the past 12 months, has the child been bitten or scratched by ANY dog or cat, where the skin was broken?   

Yes [ ]     No [ ]     Don’t know [ ] 

   

a. If Yes, check all that apply for the past 12 months 

Scratched 
by own dog 

Scratched 
by another 

dog 

Bitten 
by own 

dog 

Bitten 
by another 

dog 

Scratched 
by own cat 

Scratched 
by another 

cat 

Bitten 
by own cat 

Bitten 
by another 

cat 

        
 

   

 
 
 

11. Since being diagnosed with their medical condition, please indicate if the child has done any of the following: 
 

   Yes No Don’t 

Know 

a. Eaten or drunk raw (unpasteurized) milk products, such as cheese or milk    Y N DK 

b. Eaten raw egg products, such as raw cookie dough or cake batter  Y N DK 

c. Drunk unpasteurized fruit juices  Y N DK 

d. Played in an outdoor sandbox that is not covered between uses  Y N DK 

e. Visited a petting zoo or farm  Y N DK 

 i. If they visited a petting zoo or farm, did they touch the animals?  Y N DK 

 ii. If they touched the animals, did they wash their hands after touching the animals?  Y N DK 

 
 
 

12.  After the child was diagnosed with this condition,     
 a. Did any of your medical doctors or their staff ask if you currently owned any 

pets? 
 

 Yes [ ] No [ ] Don’t Remember [ ] 

 b. Did any of your medical doctors or their staff discuss the possible benefits of 

owning or keeping a pet? 
 

 Yes [ ] No [ ] Don’t Remember [ ] 

 c. Did you receive information from any source about diseases that you can get from pets or precautions to take with pets to 
reduce the risk of disease? 

 Yes [ ]  

(if , proceed to question 13) 

No [ ] 

(if , proceed to question 14) 

Don’t remember [ ] 

(if , proceed to question 14) 
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13.  Please indicate below which of the following sources provided you this information (check all that apply).  For each that provided 
information, indicate if the information was useful or not useful.   
 

 

Provided 
information 

about diseases 

that can occur 
with pet 
contact 

Was this information useful? 
 

Useful Not useful Don’t remember 

Family physician     

Specialist physician     

Nursing staff     

Public health personnel     

Veterinarian     

Pet store     

Animal breeder     

Friends/relatives     

Internet     

Books     

Television/newspaper     

Other (list):      

 
a. Which of the above sources was most useful to you? (chose one)__________________________ 

 
b. If your doctors or their staff discussed precautions to take with owning pets or contact with pets outside of your home, please 

indicate which of the following recommendations were discussed with you? (check all that apply) 
i. Remove all pets from the household [ ] 

ii. Remove select pets from the household such as reptiles [ ] 
iii. Euthanize (put to sleep) some or all pets [ ] 
iv. Ensure the child washes hands after touching pets [ ] 

v. Have the child avoid touching pet’s feces [ ] 
vi. Have the child avoid touching any pet with diarrhea [ ] 

vii. Immediately wash any animal bites or scratches that occur to the child [ ] 
viii. Only feed commercial pet food to your pets [ ] 

ix. Keep dogs confined when outdoors (in a fenced yard or on leash) [ ] 
x. Keep cats indoors [ ] 

xi. Have pets seen by a veterinarian each year [ ] 

xii. Do not get a new pet [ ] 
xiii. When getting a new pet, healthy adult animals are preferred [ ] 
xiv. New pets should be immediately examined by a veterinarian [ ] 

 
14. Who do you believe should be responsible for providing information about diseases that can occur with pet contact? (check all that 
apply):  

a. Family physician [ ] 

b. Specialist physician [ ] 
c. Nursing staff [ ] 
d. Public health personnel [ ] 

e. Veterinarian [ ] 
f. Other (specify)__________________________________ 
g. None: I’m not concerned about the child getting diseases from pets [ ] 
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15. Please indicate how strongly you agree with the following statements (check one for each question): 
 

  Strongly 
agree 

Somewhat 
agree 

Somewhat 
disagree 

Strongly 
disagree 

Unsure 

 
a) I feel that pets are an important part of the family 

      

 
b) I feel that the benefits of owning a pet are greater than any 
health risks that occur with owning a pet  

      

 
c) I am comfortable with my level of understanding of possible 
diseases that can occur with pet contact 

      

 
d) I am comfortable with my level of understanding of ways to 
reduce diseases that can occur with pet contact 

      

 
 
16. Do you plan on acquiring a new pet in the next year?   Yes [ ]    No [ ] 

If Yes, 

a. What type (cat, dog, etc)?  List all:_______________________________ 
b. From where do you plan to acquire it/them (check all that apply) 

Pet store [ ] 

Breeder [ ] 
Shelter [ ] 
Not yet sure [ ] 

Other [ ] ______________________________ 
 
 

17.  Please indicate which of the following diseases you think can be transmitted from pets to people? 
       

Rabies [ ] 

Intestinal worms [ ] 

HIV/AIDS [ ] 

Distemper [ ] 

Salmonella [ ] 

Giardia [ ] 

Hepatitis [ ] 

Infectious diarrhea [ ] 

Ringworm [ ] 

Methicillin-resistant Staphylococcus aureus  (MRSA)  [ ] 

Measles [ ] 

None of the above [ ] 
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18. Do you currently live on a farm (e.g., have livestock, horses, or poultry on your property)?  

Yes [ ] (if , please answer questions below on this page) 
No [ ] (if , please proceed to next page) 

 
 
a. Please indicate the types of animals, number currently present, and amount the child touches the animal or its stall/pen: 

 

Type of animal Number 

How often does the child touch the 
animal or its stall/pen 

Never Sometimes Often 

Horse(s)     

Cattle (beef)     

Cattle (dairy)     

Pig(s)     

Chicken(s)     

Duck(s)/turkey(s)     

Goat(s)     

Sheep     

Alpaca(s)/ llama(s)     

Other (list):     

Other (list):     

 
b. How often does the child help feed any of the animals?   

Always [ ] Usually [ ] Sometimes [ ] Never [ ] 
 

c. How often does the child help clean-up the animal(s) or their stalls/pens?   
Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

 
d. If the child touches one or more of the farm animals or its stall/pen, does the child wash their hands afterwards?  

Always [ ] Usually [ ] Sometimes [ ] Never [ ] 
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Additional Background 

 
19. Before taxes and deductions, what is your total household income (from all household members and sources) during the past 12 
months? (choose one) 

Less than Can$20,000 [ ] 
Between Can$20,000 and Can$39,999 [ ] 
Between Can$40,000 and Can$79,999 [ ] 
Between Can$80,000 and Can$120,000 [ ] 
More than Can$120,000 [ ] 
 

20.  What is the highest level of education attained by anyone currently living in your household? (check one): 
Elementary school [ ]  
High school certificate, diploma, or equivalent [ ]  
College, trade or other non-university certificate or diploma [ ]  
University certificate, diploma or degree [ ] 
 

21.  Which of the following best describes the child (choose only one): 
a. White [ ] 
b. Chinese [ ] 
c. South Asian (e.g., East Indian, Pakistani, Sri Lankan, etc.) [ ] 
d. Black [ ] 
e. Filipino [ ] 
f. Latin American [ ] 
g. Southeast Asian (e.g., Vietnamese, Cambodian, Malaysian, Laotian, etc.) [ ] 
h. Arab[ ] 
i. West Asian (e.g., Iranian, Afghan, etc.) [ ] 
j. Korean [ ] 

k. Japanese [ ] 
l. Other [ ], please specify_____________________________________ 

22.  Was the child, you, or your parents born outside of Canada?   Yes [ ]  No [ ] 
 If Yes, indicate which individuals were born outside of Canada (check all that apply) 
  Child [ ]   

You [ ] 
  One or more of your parents [ ] 
 
 
 
 
 
 
 
This is the end of the survey.  Thank you for agreeing to take part in this valuable study.  Please feel free to use the space below for 
any additional comments regarding the survey or information you provided.   
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Appendix 5.1 Supplemental questionnaire for pet owning households having children 

with diabetes or cancer 

 
 
 

  

(If you have not had pets in your household at any time since the child was diagnosed please notify study recruiter) 
 
 
For the purpose of this survey, 

• “the child” refers to your child diagnosed with [insert] 

• “household pets” is loosely defined to include pets that are indoor only, outdoor only, and those that spend time 
both indoor and outdoor. 

 

 
 
 
 
 
Questionnaire begins on the following page.
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1. Do you have one or more pet cats currently in your household (this includes cats that are indoor only, outdoor only, and 

those that spend time both indoor and outdoor)? Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 

a. How many household cats do you currently have?_________ 
# indoor only____ # outdoor only___ # spend time both indoor and outdoor___  (on a leash outdoors?  Yes [ ]  No [ ]) 
 

  Yes No Don’t 
Know 

b. Are any of the cats declawed?   Y N DK 

c. Have any of the cats ever bitten anyone?   Y N DK 

d. Have any of the cats ever scratched anyone?   Y N DK 

e. Are all the cats on a flea prevention program?   Y N DK 

f. Are all the cats on an intestinal parasite (worm) prevention program?   Y N DK 

g. Do any of the cats drink from the toilet bowl?  Y N DK 

h. Are any of the cats fed in the kitchen?  Y N DK 

i. Are any of the cats used for breeding?  Y N DK 

j.  Do all the cats visit the veterinarian at least once per year?    Y N DK 

k. Since diagnosed with this medical condition…   

 1. Does the child ever clean the litter box(es)?  Y N DK 

 If Yes,      

 a. Does the child wear gloves when cleaning the litter box(es)?  Y N DK 

 b. Does the child wash their hands after cleaning the litter box(es)?  Y N DK 

 2. Does the child have access to the litter box(es)?  Y N DK 

 3. Does the child touch one or more of the cat(s)?    Y N DK 

 a. If No, indicate why child does not touch the cat(s) (check all that apply): 
 Concern for possible diseases that can occur with pet contact [ ] 

Medical reasons not related to concern for possible diseases [ ] 
Other [ ], (please list):___________________________________________________________________________ 

 b. If Yes,    

 1. How often do any of the cats sleep in the child’s bed?    
 Always [ ] 

 
Usually [ ]  

(3-6 nights/week) 
 

Sometimes [ ]  
(less than 3 nights/week) 

Never [ ] 

 2. Does the child wash their hands after touching the cat(s)?    
 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

l. How often do any of the cats go to the bathroom outside of the litter box in the house?    

Always [ ] Often [ ] 
(at least once per week) 

Sometimes [ ] 
(less than once per week) 

Never [ ] 

m. How often are the litter boxes cleaned, on average?     
Daily [ ]    
   

Every several  
days [ ] 

Weekly [ ] Every 2  
weeks [ ] 

Greater than every  
2 weeks [ ] 

n. Please indicate which items are fed to any of the cats (check all that apply):     
 Commercial canned/dry food [ ] 

Home cooked pet food [ ] 
Home cooked human food (table scraps) [ ] 

Raw meat [ ] 

Raw eggs [ ] 
Raw animal product treats [ ] 
Commercial processed pet treats [ ] 

Raw (unpasteurized) dairy products, such as milk or cheese [ ] 

o. How would you describe your household’s emotional attachment to the cat(s)?     
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

p. How would you describe your child’s emotional attachment to the cat(s)?     
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

q. Since the child was diagnosed with this medical condition, have any of the cats had the following?  (check all that apply) 
 

Diarrhea [ ] 
Skin disease [ ] 

(such as itching or open wounds) 
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2. Do you have one or more pet dogs currently in your household (this includes dogs that are outdoor only and those that 

spend time both indoor and outdoor)?  Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 
a. How many household dogs do you currently have?_________ 

                             # outdoor only___ # spend time both indoor and outdoor___  Yes No Don’t 
Know 

b. Have any of the dogs ever bitten anyone?   Y N DK 

c. Are all the dogs on a flea prevention program?   Y N DK 

d. Are all the dogs on an intestinal parasite (worm) prevention program?   Y N DK 

e. Do any of the dogs drink from the toilet bowl?  Y N DK 

f. Are any of the dogs fed in the kitchen?  Y N DK 

g. Are any of the dogs used for breeding?  Y N DK 

h. Are any of the dogs used for hunting?  Y N DK 

i. Do all the dogs visit the veterinarian at least once per year?    Y N DK 

j. Since diagnosed with this medical condition,     

 1. Does the child ever clean-up the dog’s feces?  Y N DK 

  If Yes,      

 a. Does the child wear gloves or use a scooper?  Y N DK 

 b. Does the child wash their hands after cleaning-up the dog’s feces?  Y N DK 

 2. Does the child play in the same area as where the dog(s) go to the bathroom?   Y N DK 

 If Yes, how often are feces removed? 

 Immediately [ ] Daily [ ] Weekly [ ] Greater than weekly [ ] 

 3. Does the child touch one or more of the dogs?     Y N DK 

 a. If No, indicate why child does not touch the dogs (check all that apply): 
 Concern for possible diseases that can occur with pet contact [ ] 

Medical reasons not related to concern for possible diseases [ ] 
Other [ ], (please list):___________________________________________________________________________ 

 b. If Yes,    
 1. How often do any of the dogs sleep in the child’s bed?    
 Always [ ] 

 

Usually [ ]  

(3-6 nights/week) 

Sometimes [ ]  

(less than 3 nights/week) 

Never [ ] 

 2. How often do any of the dogs lick the child’s face?    
 Daily [ ] Often [ ] 

(several times per week) 
Sometimes [ ] Never [ ] 

 3. Does the child wash their hands after touching the dog(s)?    
 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

k. When outdoors, how often are the dogs either in a fenced yard or on a leash?    
Always [ ] Sometimes [ ] Never [ ] 

l. Within the past 3 months, have any of your dogs been to any of the following places (check all that apply)? 
On leash at  

a dog park [ ] 
Off leash at  

a dog park [ ] 
Doggie daycare  
or boarding [ ] 

Dog sporting event  
(e.g., flyball) [ ] 

m. Please indicate which items are fed to any of the dogs (check all that apply):     
 Commercial canned/dry food [ ] 

Home cooked pet food [ ] 
Home cooked human food (table scraps) [ ] 
Raw meat [ ] 

Raw eggs [ ] 
Raw animal product treats, such as pig’s ears or rawhides [ ] 
Commercial processed pet treats [ ] 
Raw (unpasteurized) dairy products, such as milk or cheese [ ] 

n. How often do any of the dogs inappropriately go to the bathroom in the house?     
Always [ ] 

 
Often [ ]  

(at least once per week) 
Sometimes [ ]  

(less than once per week) 
Never [ ] 

o. How would you describe your household’s emotional attachment to the dog(s)?     
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

p. How would you describe the child’s emotional attachment to the dog(s)?     
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

q. Since the child was diagnosed with this medical condition, have any of the dogs had the following?  (check all that apply) 

 
Diarrhea [ ] 

Skin disease [ ] 
(such as itching or open wounds) 
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3. Do you have one or more pet reptiles (e.g., snake, lizard, turtle) or amphibians (e.g., frog, toad, salamander) currently in 

your household?    
Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 

 

 
a. Indicate what type(s) and number of reptiles or amphibians are currently in your household: 
 

Species Number 

Lizard  

Turtle  

Snake  

Frog/toad  

Salamander  

Other (please list):  

Other (please list):  

 

 
 

 
 

 Yes No Don’t 
Know 

b. Are any of the animals allowed to roam freely through the house?   Y N DK 

c. Are any of the animals allowed to roam in the kitchen?  Y N DK 

d. Are any of the cages or animals washed in the kitchen sink?   Y N DK 

e. Are any of the cages or animals washed in the bathtub or bathroom sink?   Y N DK 

f. Are any of the animals allowed to roam in the child’s room?  Y N DK 

g. Since diagnosed with this medical condition…  

 1. Does the child ever clean the animal’s cage?   Y N DK 

       If Yes,      

 a. Does the child wear gloves?  Y N DK 

 b. Does the child wash their hands after cleaning the animal’s cage?  Y N DK 

 2. Does the child touch any of these animal(s)?  Y N DK 

 a. If No, indicate why the child does not touch the animal(s) (check all that apply): 
 Concern for possible diseases that can occur with pet contact [ ] 

Medical reasons not related to concern for possible diseases [ ] 
Other [ ], (please list): 

 b. If Yes, does the child wash their hands after touching the animals?  
Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

h. How often is the cage cleaned, on average (choose one)?     

Daily [ ] Every  
several days [ ] 

Weekly [ ] Every  
2 weeks [ ] 

Greater than every  
2 weeks [ ] 

i. How would you describe your household’s emotional attachment to the reptile(s)/amphibian(s)?     
Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

j. How would you describe the child’s emotional attachment to the reptile(s)/amphibian(s)?   

Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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4. Do you have one or more pet rabbits, ferrets, hedgehogs, or rodents (such as gerbils, hamsters, guinea pigs, mice, and rats) 

currently in your household?   
Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 
 

 
 

a. Indicate below what type(s) and number of rabbits, ferrets, hedgehogs, or rodents are currently in your household: 
 

Species Number 

Rabbit  

Ferret  

Hedgehog  

Gerbil  

Hamster  

Guinea Pig  

Rat/mouse  

Other (please list):  

 
  
 

 Yes No Don’t 

Know 

b. Since diagnosed with this medical condition,   

 1. Does the child ever clean the animal’s cage?  Y N DK 

 If Yes,       

 a. Does the child wear gloves?  Y N DK 

 b. Does the child wash their hands after cleaning the animal’s cage?  Y N DK 

 2. Does the child ever touch any of these animals?    Y N DK 

 a. If No, indicate why child does not touch these animals (check all that apply):  
 Concern for possible diseases that can occur with pet contact [ ] 

Medical reasons not related to concern for possible diseases [ ] 
Other [ ], (please list): 

 b. If Yes, does the child wash their hands after touching these animals?    
 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

c. How often is the animal’s cage cleaned, on average?   
Daily [ ] 

 
Every several  

days [ ] 
Weekly [ ] Every 2  

weeks [ ] 
Greater than every  

2 weeks [ ] 

d. How would you describe your household’s emotional attachment to these animals?   
 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

e. How would you describe the child’s emotional attachment to these animals?   
 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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5. Do you have one or more pet birds?  
Yes [ ] (if , please answer questions on this page) 
No [ ] (if , please proceed to next page) 
 

 
a. Indicate below what type(s) and number of birds are currently in your household: 

 

Species Number 

Bird (indicate species):  

Bird (indicate species):  

Bird (indicate species):  

 

 

 Yes No Don’t 

Know 

b. Since diagnosed with this medical condition,   

 1. Does the child ever clean the bird’s cage?  Y N DK 

 If Yes,      

 a. Does the child wear gloves?   Y N DK 

 b. Does the child wash their hands after cleaning the bird’s cage?  Y N DK 

 2. Does the child ever touch any of the birds?    Y N DK 

 a. If No, indicate why child does not touch the birds (check all that apply):  
 Concern for possible diseases that can occur with pet contact [ ] 

Medical reasons not related to concern for possible diseases [ ] 
Other [ ], (please list): 

 b. If Yes, does the child wash their hands after touching the birds?    
 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

c. How often is the cage cleaned, on average?   

Daily [ ] 
 

Every several  
days [ ] 

Weekly [ ] Every 2  
weeks [ ] 

Greater than every  
2 weeks [ ] 

d. How would you describe your household’s emotional attachment to the birds?   
 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

e. How would you describe the child’s emotional attachment to the birds?   

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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6. Do you have one or more pet fish currently in your household?    
Yes [ ] (if , please answer questions below on this page) 
No [ ] (if , please proceed to next page) 
 

 
a. How many fish do you have in your household?________  

 Yes No Don’t 

Know 

b. Since diagnosed with this medical condition,   

 1. Does the child ever clean the aquarium?  Y N DK 

 If Yes,      

 a. Does the child wear gloves?   Y N DK 

 b. Does the child wash their hands after cleaning the aquarium?  Y N DK 

 2. Does the child ever touch the fish or aquarium water?    Y N DK 

 a. If No, indicate why child does not touch the fish or water (check all that apply):  
 Concern for possible diseases that can occur with pet contact [ ] 

Medical reasons not related to concern for possible diseases [ ] 
Other [ ], (please list): 

 b. If Yes, does the child wash their hands after touching the fish or aquarium water?    

 Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

c. How often is the aquarium cleaned, on average?   
Daily [ ] 

 

Every several  

days [ ] 

Weekly [ ] Every 2 weeks [ ] Greater than every  

2 weeks [ ] 

d. Where do you dump aquarium water?  (check all that apply)    
Toilet [ ] 

 
Bathtub or  
shower [ ] 

Kitchen  
sink [ ] 

Bathroom  
sink [ ] 

Outside [ ] Other [ ] 

e. How would you describe your household’s emotional attachment to the fish?   

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 

f. How would you describe the child’s emotional attachment to the fish?   

 Very attached [ ] Somewhat attached [ ] Not very attached [ ] Not at all attached [ ] 
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7. Do you currently live on a farm (e.g., have livestock, horses, or poultry on your property)?  
Yes [ ] (if , please answer questions below on this page) 
No [ ] (if , please proceed to next page) 

 

 
a. Please indicate the types of animals, number currently present, and amount the child touches the animal or its stall/pen: 
 

Type of animal Number 

How often does the child touch the 
animal or its stall/pen 

Never Sometimes Often 

Horse(s)     

Cattle (beef)     

Cattle (dairy)     

Pig(s)     

Chicken(s)     

Duck(s)/turkey(s)     

Goat(s)     

Sheep     

Alpaca(s)/ llama(s)     

Other (list):     

Other (list):     

 
b. How often does the child help feed any of the animals?   

Always [ ] Usually [ ] Sometimes [ ] Never [ ] 

 
c. How often does the child help clean-up the animal(s) or their stalls/pens?   

Always [ ] Usually [ ] Sometimes [ ] Never [ ] 
 

d. If the child touches one or more of the farm animals or its stall/pen, does the child wash their hands afterwards?  
Always [ ] Usually [ ] Sometimes [ ] Never [ ] 
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Additional Background 

 
8. Before taxes and deductions, what is your total household income (from all household members and sources) during the past 12 
months? (choose one) 

Less than Can$20,000 [ ] 
Between Can$20,000 and Can$39,999 [ ] 
Between Can$40,000 and Can$79,999 [ ] 

Between Can$80,000 and Can$120,000 [ ] 
More than Can$120,000 [ ] 
 

9.  What is the highest level of education attained by anyone currently living in your household? (check one): 
Elementary school [ ]  
High school certificate, diploma, or equivalent [ ]  
College, trade or other non-university certificate or diploma [ ]  
University certificate, diploma or degree [ ] 
 

10.  Which of the following best describes the child (choose only one): 

a. White [ ] 
b. Chinese [ ] 
c. South Asian (e.g., East Indian, Pakistani, Sri Lankan, etc.) [ ] 
d. Black [ ] 
e. Filipino [ ] 
f. Latin American [ ] 
g. Southeast Asian (e.g., Vietnamese, Cambodian, Malaysian, Laotian, etc.) [ ] 
h. Arab[ ] 
i. West Asian (e.g., Iranian, Afghan, etc.) [ ] 
j. Korean [ ] 
k. Japanese [ ] 

l. Other [ ], please specify_____________________________________ 

11.  Was the child, you, or your parents born outside of Canada?   Yes [ ]  No [ ] 
 If Yes, indicate which individuals were born outside of Canada (check all that apply) 
  Child [ ]   

You [ ] 
  One or more of your parents [ ] 
 
 
 
 
 
 
 

This is the end of the survey.  Thank you for agreeing to take part in this valuable study.  Please feel free to use the space below for 
any additional comments regarding the survey or information you provided.   
 
 

 

 

 

 

 

 

 

 

 


