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ABSTRACT

EPIDEMIOLOGY AND ONE HEALTH: COLLABORATIVE RESEARCH
INVESTIGATING PUBLIC HEALTH CHALLENGES RELATED TO CANINES IN
RURAL, URBAN, AND REMOTE COMMUNITIES IN CANADA

Danielle Arlaine Julien Advisor(s).
University of Guelph2020 Dr. Jan M. Sargeant
Dr. Sherilee L. HarpefCo-Advisor)

This thesis is an investigation afilpic health challenges related to dagsural and
urban communities in southern Ontario, and in remote Igaluit, Nunavut, Carsat coss
sectional observational studies. First, we conducted a scoping review of canine zaotic
vectorborne research North American countriegategorized by the Inequakgdjusted
Human Development Index (IHRIMostresearctwasconductedimiver y hi gho and
IHDI countries. Second, the prevalenceGsardia spp.andCryptosporidiunspp. were
investigatedn dogs in Igaluit, Nunavut. Usg Ecdealthand One Health approaches, feces were
collected from three dog populations (sled{9), shelterrf=111), and communitglogs
(n=104)). The fecal prevalence of at least one parasite when one sample was chosen at random
for all dogs was 8.16% 896 CI:5.5211.92), and ofsiardia spp., andCryptosporidiumspp.
was 4.42% (95% CR.587.49) and 6.12% (95% CB8.889.53), respectively. We identified
Giardia intestinalis zoonotic assemblage B<2), and speciespecific D a=3) and E (=1);
and 5 seples containin@ryptosporidium canisThird, we explored the prevalence of dog
ownership, canine rabies vaccination, and the incidence efepelfted dog bites in humans;

knowledge of zoonoses; and sources of dogs as pets in southern Ontario usiimgean o



guestionnaire ofi=1,002 rural and 1,004 urbaespondentsThe probability of owning at least

one dog was highenirural householdthan in urban households (OR=1.24, 95%1004-1.48,
p=0.02). Irrespective of dog ownershipe incidence risk of at least one bite victim over aone
year period in rural households (6.09% per year) was less than in urban households (10.76% per
year). Of responderdwned biting dogsl6.67% were unvaccinatedjainst rabiesviany

respondents wer@wvare of canine zoonosgsh.88%)and herewere no differences in awareness
between rural and urban respondents. Finalhgr a seveiyear period, 731 (36.44%)

respondents domestically sourcadd 55 (2.74%) impoet at least one dog, most frequently

from the USA (=29 of 55 (52.73%)). Findings highlight that in three geographically distinct
communities, culturally sensitive and appropriate public health strategies are needed to mitigate
risks of public health chahgeselated to dogand enhance public knowledge of canine

Zoonoses.
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CHAPTER 1

INTRODUCTION, LITERATURE REVIEW, AND THESIS
OBJECTIVES



INTRODUCTION

Companion animals are an integral part of human life across cultures, societies, and
economiegRobertsoret al.2000) Small companion animals include companion dogs (hereafter
referred to as fidogso), which are one of the
dogs within househol ds i n lopmertmndex dountgdsbasand fihi
increased compared to the 1980s and 1988smel 2014, Rowan 2018)he Canadian Animal
Health Institute estimates thiereare close to eight million domestic dogs in Canada, with
approximately 41% of households owning at least ong @agadian Animal Health Institute
2017) Dogs provide companionship, but there is also evidence that dog ownership may be
linked to human healtfWells 2007) as doggrovide a source of physical activity and an overall
sense of welbeing to their human companiof@homel and Sun 2011, Hodgson and Darling
2011) Furthermore, the majority of dog owners regard their dogs as members of the family;
some even consider their dogs to be child@momel and Sun 2011)

Although dog ownership offers benefits, there are alsoada@lmented hazards.

Zoonoses are diseases that are naturally transmissible between vertebrate animals and humans,
and account for over 60% of all human infectious dise@s®dor et d. 2001a, Kareskt al.

2012) A variety of parasitic, bacterial, fungal, and vipathogengan be transmitted to humans

from dogs(Robertsoret al.2000) As there are a substantial number of-d@ging households

in Canada, and a large number of people who share close living environments and relationships
with dogs, itis important to consider the public health implications of dog ownership, including

the potential transmission of canine zoonoses that can occur as a result of the interactions



between humans and dogs. Although canine zoonotic infections are prevalanaoha@nd
around the world, there are few canine zoonoses that result in a high burden ofelipess (
health complications or the loss of life) in either dogs or people, with the exception of rabies.
However, canine zoonoses can lead to public headtheciges; for instance, when there are
increased incidences of rare or previously nonendemic pathaggnghe recent rabies
insurgence in wildlife and some pgt€anadian Food Inspection Agency 201®ading to
adverse health outcomt®at may burdehumans and dogamdpublic heath resources
Additionally, when there are newly suspected and/or confirmed modes of canine zoonotic
infection, thereis potentialcompromisedo the health and welbeing of other animals and
humangChomel 2014)For examplea study identified puppies as a suspected exposure for
acute gastrointestinal illness in humans in Arctic Canada, thus illustrating a route faizoono
pathogen transmission from dogs with the potential to compromise the health of humans
(Goldfarbet al.2013, Igbalket al.2015) Such canine zoonotic challenges are evident within
many geographic locations across Can@din et al. 2009, Procteet al. 2014, Boucharet al.
2015)

The direct and indirect links between human, animal, and environmental health have
been increasingly recognized since the beginning of the&itury, and there is now a greater
focus on emerging and-emerging diseases, including zoonogesnninghamet al.2017) The
philosophy of One Health recognizes the complex interconnedbetween humans, animals,
and their social and ecological environments, and thus the framework promotes integrated

approaches to human and animal health while being cognizant of social and environmental



contextg(Zinsstaget al.2011) Health geography, a sulis# human geographygpnsiders the
outcomes of health, welleing and disease from a holistic perspective that not only encompasses
society and space, but also emphasizes the importance of the role of place, location and physical
geographyDummer 2008)This dissertation focusdsoadly on the prevalence and incidence of
canine zoonoses within the context of health geography. This context regards the interactions of
people and dogs within their shared environments and considers potential contributing factors to
zoonotic disease.

Where possible and appropriate, this dissertation adopts and supports the One Health
research philosophyhe research chapters that contribute to this dissertation focus specifically
on bacterial, parasitic, and viral zoonoses related to dogs and spadlifferent geographical
locations in Canada: rural and urban southern Ontanid remote Igaluit, Nunavutiowever, to
position oneself to understand the importance and implications of canine zoonoses, it is crucial to
understand the historical contéltough which the domestication of dogs arose, the socio
ecological relationships between humans and dogs in modern society, and the epidemiology of
some of the more common and serious canine zoonoses thatb&isbllowing literature
review aims to exaine these crucial topies well aslescriling the benefits of domestic dog
ownership and their importance to humans. The review then examines some of the public health
challenges of dog ownership and hunrtkng interactions, with particular focus on so¢rstory
and culture) and environmental contexts (geography and place). Furthermore, the review

includes a brief history of One Health and its application to the study and control of canine



zoonoses. Finally, the review highlights the current gaps iwlatlge pertaining to canine

zoonoses in domestic dogs and provides rationale for the conduct of the research herein.

LITERATURE REVI EW

The Benefits of Companion Dogs: An Historical and Cultural Perspective

Dogs and humans have-egisted for thousands gears( O6 Hai r e 2&d.0, Mor a
2014) Evidence of the origins of the domestic dog can be traced back to wGiwes (upus
pallipesandCanislupus variabilig - the ancestors of the domestic d¢Qanis familiarig - who
cohabitated with humans over 15,000 years ago as their companions, first as part of nomadic and
hunter/gatherer societies and then within agricultural settlements and poghwésHa i r e 2010,
Macpherson 2012)n the 1970s, archaeologisiiscovered the remains of a human embracing a
puppy in a 12,00§@ear old tomb in modern Isragbavis and Valla 1978)As time progressed in
western society, humans and their dogs formed a true social grouping; that is, humans became
pack leaders, masters, and owners of dagddogs became members of the family unit and/or
providers of services to humagidacpherson 2012)he pack mentality benefitoth dogs and
humans, and exemplifies the crucial hierarchical structure for the successful relationship between
humans and dog#lacpherson 2012)n contrast to the pack leader hierarchy, when the dog is
dominant within the familial structure, or when there is a lack of clarity regarding the roles of
humans and dogs, inappropriate behaviours and negative consequences camckriiog,

human exposure to dog bitddacpherson 2012)



By the middle of the 20century, the concept of dogs as family nibems became more
common(Udell and Wynne 2008, Chomel and Sun 20Rksearch on the benefits of dogs to
human health dates back to the 1980s, and both past and current research promotes the
importance of human attachment to d@geNicholaset al. 2005, Friedmann and Son 2009,
O6bHaire Pl0dO0Oerm AZooeyi ao was developed to
can have on human hea({tdodgson and Darling 2011pogs confer joy, service, a sense of
security and protection, and physiological support to their owners, and research indicates that
dog companionship promotes quality of life, social development, andveasispiration for
humans (Wood et al., 2005; Endenburg et al., 2(Hdr) exampledogs are utilized as service
animals fompersons with disabilities and for the elderly, and evidence suggests that persons with
disabilities experience more social intérac and acceptance from others, including children,
when a service dog is present than when it ifHatt et al. 1987) Dog walking has the
potential to confer health beritsfin humans from increased physical actiitghnsoret al.

2011) Additionally, the emotional bond between owners and dogs can be as crucial to the owner
as relationships between themselves and other humans, and, in some cases, may surpass the
psychological benefits of humdruman relationship@icNicholaset al.2005) Many people

have such strong emotional attachmentfi#ir tdogs that they choose to risk th@in lives to

assure the safety of their do@@able 2013)Futhermore, there is evidence to suggest that dog
ownership can contribute to healthier and happier lives for people of varioudRageset al.

1999) for example, not only is there evidence that children raised with dogs demonstrate

developmental advantages, but children brought up with dogs as pets exemplify better empathy,



social skills, and confidence than children who were not brought up with(Bagswalet al.

2017) Thus, owning and being around dogs confers positive impacts that have a varied and
multidimensional effect on peoplindeed, dogs provide significant and beneficial effects in
those who own them, but also in thoséwwhom they come into conta@xley et al.2018)

The community as a whole can benefit from the presence of a dagirdocgmmunities provide
a sense of safetgnd owners are more likely to be engaged with other members of the
communityascomparedvith nonrdog owners (Wood et al., 2007). Thereftrere are clearly
many benefits to both owning and having dogs withistes societal structurélicNicholaset

al. 2005, Voith 2009, Sable 2013)

In Canada, dogs are highly important to and integral for many Indigenous Peoples and an
historically complex relationship exists between dogs and many Indigenous Peoples in Arctic
Canada. Indigenous Pdep in Canada comprise First NatioMgtis, andinuit. As the majority
of Indigenous Peoples living in Arctic Canada are Iddtez 2010) Inuit will be the focus
herein. I nuit, meaning fAthe peopleo, are I ndi
Ml ands, waters and)({ncieTapirib Kanataimi€014)This geogtaphicp e o p | e
area includes four settled land claim regions in northern Canada: Nunavik, Nunatsiavut,

Inuvialuit, and Nunavut comprising 50 percent of the Canadian coastline and approximately 35
percent of the landmass in Candthauit Tapiriit Kanatami 2018)

Qimmiit (gimmigsing) are Inuit sled dog&ikigtani Inuit Association 2014Rimmiit

accompanied Inuit ancestors, the Thule, to Alaska and settled with humans in Arctic Canada just

over 1,000 years ago. In addition to the 8drehusky, Samoyed, and the Malamute, Inuit sled



dogs comprise one of the four North America Arctic breeds of dog. Historically, Inuit and their
gimmiitlived and hunted together for incalculable generat{@ikigtani Inuit Association
2014) The humardog relationship exhibited in many Inuit populations can contrast with the
humandog bond in western societ@immiithave ben vital to Inuit as companions in their way
of life, in their cultural identity, and as part of their societal beliaEnishaensliret al.2018)
For example, for generatioggmmiit provided many Inuit with their only means of
transportation and protection while out on the landrduthe winter Qimmiit carried packs,
defended Inuit against polar bears, alerted Inuit to seal holes and ice cracks, and led their way
through fog and darkneg®ikigtani Inuit Association 2014)Jntil the late 1960s, for many
Inuit, gimmiitwere a means of access to food, an indication of perceptions of the hunting
abilities and masculinity of Inumen, and were indicative of the graduation afdiboys to Inuk
men(Qikigtani Inuit Association 2014Puppies were given to children to raise, and an Inuk boy
was determnied to be mature and ready to become a man when he could raise and be responsible
for an entire team afimmiit (Qikiqtani Inut Association 2014)In further contrast to western
society, by traditional practicgimmiitwere not perceived as property, but rather were allowed
to roam freely in societfDaveluyet al.2011)

In 1929, the Northwest Territories adop#eal Ordinance Respecting Dogs the
premise of protecting dogs and people from random and unjustified(Banreluyet al.2011)
The Ordinancewhich was modelled on southern Canadian law and developealivith
consultation or advice from Inuit or consideration for the relationship between Inujtranit,

made it illegal for dogs to roam freely in designated areas including the regions of Inuit



Nunanga{Qikigtani Inuit Association 2014)rherefore, as pérhe Ordinanceany freeroaming
dogs in Inuit communities were killed. The demise of dogs in Inuit communities was both
traumatic and profound for many Infi@ikigtani Inuit Association 2014)he deaths ofjimmiit
effectively reduced the ability of many Inuit to hunt and support themselves anththiéies
(Qikigtani Inuit Association 2014 PDespite the complex historgimmiitremain an essential and
central part ofnuit culture and societfAenishaensliret al.2018)

In the conduct of epidemiological research in western and Inuit societies, it is vital to
consider differences in the culture, history, and relationships between dogs and humans in each
respective community. Furthermore, it rsicial to actively and genuinely engage with
community members, including an openness and willingness by researchers to learn, understand,
and respect the connections between people and dogs in the community. Not only can actively
and genuinely engaging thithe community inform and lead the research, these actions have the
potential to provide a foundation from which research findings can be presented, discussed, and
contextualized in a culturally appropriate and sensitive manner. However, it is not émough
simply engage with communities. The Inuit Tapiriit Kanatami (ITK) is a national organization
representing the rights and interests of 65,000 Inuit in Canada, the majority of whom reside in
Inuit Nunangaflnuit Tapiriit Kanatami 2018Accor di ng to | TKéds Nationa
Research, it is imperative that researchers and research institutions respeetfinuit s
determination not only by engaging with communities but, more importantly, by conducting
research ipartnershipwith Inuit to improve value, impact, and effectiveness of rese@ncitt

Tapiriit Kanatami 2018)



Canine Zoonoses with a Focus on Rabies alardia spp.

The role of companion animals, including dogs, in the transmission of zoonotic diseases
has been recognized worldwiffehenet al.2012, Dayet al.2012, Esch and Petersen 2013)

Due to their potential to adversely impact the health of people and animals, some concerning
canine zoonotic pathogens include parasies, Echinococcus mulbcularis, Giardia

intestinalis Leishmania chagasiToxocara canis bacteria €.g, Salmonellaspp.,Leptospira
spp.,Brucellaspp.), and viruse®(g.,rabies virusandinfluenzaspp.)(Chomel 2014,
Ghasemzadeh and Namazi 2Q05)wever, in public healtlthe role of many companianimal
zoonoses is often misunderstood and wmdeognized by pet owners and healthcare providers
(i.e., doctors and veterinarian@ay et al. 2012) In Canadawith the exception of rabies, many
zoonotic pathogens transmitted by dogs are not repoK@blernment of Canada 199@nd
therefore the true contribution of canim@noses aapublic health challenge is largely
unquantified and may be undescognized. Yet, canine zoonoas negatively impact the
health of humans and usurp public health resoyiMespherson 2012)

As human and canine populations continue to increase, living spaces are likely to become
more compact, and the convergen€public health issues related to dogs within the human
social environment may occ(lddell and Wynne 2008)n general, the evolution of the hurman
dog relationship, including the increasingly close contact between humans and dogs, provides
opportunities for the transmission of certain zoonotic patho@asborget al.2016) Dogs can
constitute reservoirs or intermediate hosts of canine zoonoses and can be afspatttogen

transmission through direct contaetd.,licking, petting) or indirectly through canine

10



contamination of domestic environments and f(ddy et al. 2012, Damborget al. 2016)
Despite the potential for zoonotic infection, the surveillance of canine zoonoses is hot mandated
under any international health agency, and globally, canine zoonotic disease surveillance is
minimal (Day et al.2012) With an increasing number of dogs as pets in Canada, evidenced by
the change in national proportion of dog populations from 2014 to @Xr&adian Animal
HealthInstitute (CAHI) 2017)there is the potential for a change in the proportion of canine
zoonoses that can potentially be transmitted from dogs to hu@iadsrsonret al. 2016)

Each year, approximately 55,000 people die ftharabies virus; the fatality rate for
rabies virus in humans is nearly 10Q%orld Health Organizatin 2013) Ninety-nine percent of
people who develop rabies are exposedivimestic dogs(. familiaris) (World Health
Organization 2013, Taylaet al.2017a) As compared to some leimcome countries in Africa
and Asia, deaths as a result of canine rabies are not common in higher income countries, and this
lower relativenumber of deaths has been attributed to mandatory dog leash laws combined with
widespread canine rabies vaccinat{BargosCéacees 2011) Despite differences in global
mortality attributed to rabies, canine rabies in higher income countries still comprises an
important public health challenge, which is exacerbated by publicompliance with canine
rabies vaccination that many countries is required by lg@homel 2014)For instance, since
the 1960s, human rabies cases, via a canine trasismiroute, in Canadeave beemxtremely
rare, due in part to successful rabies vaccination progféindsiieton et al. 2015). However,
after four years ofo cases of rabies being identified due to terrestrial animal stta@ns

emergencef raccoon rabies in southern Ontario Canada has threatened the health of domestic
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pets, including dogs, which posaparticular riskof rabies transmission in dogs not vactaa
against the virugFilejski 2016, Canadian Food Inspection Agency 2017)

Giardia spp. is another important pathogen that may be transmitted to humans via dogs.
Giardia spp. is a common cause of gastrointestinal illness in humans and animals worldwide
(Bouzidet al.2015) and it is considered a pathogen of significant public health importance due
to its high incidence and burden of infecti@ng, diarrhoeal disease) in both leand high
income countriegFeng and Xiao 2011Human infecthns byGiardia are most often the result
of personto-person fecabral transmission or the result of contamination of food and/or water
consumed by humar{Brystajeckyet al.2014) Surveillancesystems foGiardia in Canada do
not collect information on the source of infection; that is, whether infections occur through
personto-person contact, environmental sources, drinking water, or animal cvitaghy et
al. 2016) Giardia is found in a wide range of animal hosts including livestock and dogs, and
there are several species and assages ofsiardia which are hosspecific or can be
transmitted between speci@eng and Xiao 2011)n humans, molecular epidemiology of
giardiasis suggests that generalhly G. intestinalisassemblages A and B are connected with
human infectiongFeng and Xiao 2011 here is evidence to suggest that dogs are implicated in
the transmission afoonotic giardiasis, specificallgiardia intestinalisassemblage B; however,
the magnitude of infectivity in humans via a canine transmission route is neithdmnowih nor
well-understoodBouzidetal. 2015) Thus the human disease burden attributabl&iardia

intestinalisof canine origin is lackingFeng and Xiao 2011)

12



In Canada, there is limited understanding of exposures that might contribute to
gastrointestinal iliness in subsets of the human population thatask,atulnerablepr
resourcerestricted(Majowicz et al.2007, Harpeet al.2011, Thomaegt al.2017) Many
Indigenous Peoples in Canada are disproportionately affected by endemic protozoan zoonoses,
including Giardia, which may be due to the changing climate, landscape, and the introduction of
zoonotic pathogens from temperate geographical locationéintr Canada, which have
subsequently become ender@lenkinset al.2011) Zoonotic and foodborne transmission of
Giardia is also of concern in Arctic Canada, and researchers have postulated that food and water
contamination might occur through contact with wildlife and dagisal et al.2015)

Researchers and community members have expressed concerns regarding the risks to public
health from dogs, particularly within populations in certain geographic regions of Arctic Canada,
including Inuit communities in k@uit, Nunavutlgbal et al.2015) The gaps in knowledge

regarding the number and types of specigSiafdia spp., and the limited understanding of dogs
as potential exposures to gasitestinal iliness residents in Igaluit, Nunavut, warrants an
epidemiological investigation of the prevalence and characterizati@raadia in this region of

Arctic Canada.

Dog-Associated Challenges Affecting Public Health and Societ#ell-Being

Many companion animaklated public health challenges in western society originate
from or involve dogs in some capac{iMacpherson 2012Dogs are one of the most common
household pets particularly within modern and urbanized sogétymel and Sun 2011pog
associated public health challenges can impact owners, entire households, and neighbourhoods

13



and communities more broadly. Some of the more concerningskmgiated challenges to
public health include human exposure to dog bites and the transmuggianine zoonoses
through humasdog contact and through environmental contamination from canine feces and
urine (Damborget al.2016)

Dog bting incidentscan occur between dogs and other animaalg, (vildlife, livestock,
and other pets), and between dogs and humans. Human exposure to dog bites can result in
emotional and physical trauma foetkictim; subsequent emotive results can include fear of
dogs and fear of being attacked by dogs. In terms of disease transmission, dog bites constitute
one of the main sources of dagman zoonotic bacterial infections, which are caused by
commensal bacta in the mouth of dogs and on the skin of humang, Pasteurella
canis Capnocytophaga canimorsu®amborget al.2016) These infections can lead to
debilitating consequences in humans, dependirtpe anatomical location and type of bite
injury that ensuese(g, wound infections)pathogen(s) involvedvound care and the time within
whichthe wound is addressed, and immune status of the (iD@mmborget al.2016) A more
deleterious outcome of human exposure to dog bitedvesthe potential for the transmission
of rabies. As domestic dogs remain the main reservoly$savirustransmission to humans
outside of Canada and the United Staltesnan exposure to dog bitepresents a serious public
health challenge of global concern because of the potential transmission of\\dH@<t al.
2015) Dog bites can be categorized according to characteristics of the \ectjnage, gendr),
characteristics of the biting dog.¢, age, sex, breed), and/or the context in which the bite occurs

(e.g, residential location, within or outside the household, himaimal interaction preceding
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the bite). Understanding information related tovlaim, the biting dog, and the context of the
bite is essential in developing public health policy, education and strategies relating to the
prevention of victim trauma and zoonotic risks associated with the transmission of dog bite
associated infection®lacpherson 2012)

Dog-associated public health challenges are not restricted solely to western societies and
have been iddified in multiple cultures despite differences in the history and the nature of
humari dog interactiongBinghamet al.2010, Macpherson 2012, Stellal.2015,

Aenishaeslin et al.2018) In Inuit communities in Inuit Nunangad,number of public health
challenges posed by dogs exist; these challenges include human exposures to bites, aggression,
and dogs as potential sources of zoonotic parggiEsishaensliret al.2018, Julieret al.2019)

Rabies is endemic in wildlifa.é., Arctic foxes) in Nunavik and Nunavut, and rabresve dogs

(i.e., unvaccinatd dogs or dogs not up to date on vaccination) may become infected with the
virus if bitten by infected wildlif§ Aenishaensliret al. 2014, Government of Nunavut 2018)
Therefore, dog bites remain a potential source of rabies transmissionaafitmNunavik and
Nunavut(Aenishaensliret al.2014)

The study of dogassociated public health challenges falls under the purview of public
health research, and the complex relationsbgi&/een humadog bonds and disease risks also
constitute important One Health issielslell and Wynne 2008)Thus,investigating and
addressing the complex nature of canine zoonoses, both as a primagsdoted public
health concern and as a One Health challenge, requires coordinated actions by authorities

respomible for human and animal health with significant consideration for culture and context.
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The Importance of Geography in the Distribution of Disease in Epidemiology

In epidemiology, information regarding the rate or risk of diseases in relation tap&ce
critical first step toward understanding dise@dartin et al. 1987) Initial epidemiological
investigations, particularly within geographic locations in which previous research is limited or
nonexistent, help to provide data regarding the frequency and distribution of disease from which
decisions for the prevention andntrol of disease in populations can be bgd&attin et al.

1987) Geography is an important consideration in epidemiology; this is because human and
animalbehaviours, condition(g, climatic, environmental, living), exposures that influence
disease incidence or prevalence, and the ahtants of healtltan and do differ by geographic
location(Lambinet al.2010) The occurrence of, drchange in, risk of disease may be higher or
lower in different geographic areas for various reasons, many of which concern aspects of the
host(e.g, age, sex, level of education, socioeconomic statg)vector €.g, whether the vector

is endemic, nee, or absent within the geographical location), or the agent of disegse (

features of the bacteria, virus, protozoa, fungi, helminths, or features of the agent environment)
(Martin et al.1987) Notwithstanding other determinants of health, research from the disciplines
of epidemiologypublic health, and geography indicate that the location in which people live can
impact human health outcom@unstallet al. 2004, AcevedeNhitehouse and Duffus 2009,
Lacetera 2019)The distribution of differences in health outcomes can range from global
divergences in healthy life expectan@y/orld Health Organization 2019jifferences in the

rates of disease within different regions of the w¢Bdawet al. 2000, Murray and Lopez

2013) variations of withincountry health outcomégrohlichet al.2006) and disparities in
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access to health services and resources within specific I¢éalelson 2005, King 2009,
Jenkinset al.2011, Aenishaensliat al.2018)

As with other types of diseaseletgeographic distribution of zoonoses may be
influenced by both abiotic and biotic factors, including differences in air, soil, water and climate,
as well as differences in the relationships between animals, humans, and the environments they
share(Martin et al. 1987) Assessments of zoonotiliseases by place provide information on the
geographic extent of the zoonotic challenge, and may also provide insights into the identity and
origins of specific pathoger{gsteveGassenet al.2014) To our knowledge, there haween no
studiesconducted tanvestigate public health challenges related to canines specificallyal
and urban communities southern OntaripCanadaKnowledge and awareness of the
proportion of owned pets, and of the dynamics associated wihwedrship, is important for
the planning and implementationmiiblic health strategies regardingonotic disease
awareness, prevention and control infornratend for the promotion of responsible dog
ownership; all of which underscore tragionale for the conduct of this researgbr this
research we engaged in a collaborative epidemiological framework primarily aimed at gaining
better understanding ofnal and urban perspectives. These perspectives may be linked to policy
impacts on public health challenges related to dogs while providing guidance for the conduct of
future studies framing their research within the rural and urban contexts.

In rural andurban southern Ontarigvhich accounts faapproximately 15% of the land
mass of entire province anddsfined at its northern limit bihe union of the Mattawa and

Ottawa rivers below the Quebec border and east of Lake Nipi@sorg et al.2019) and in
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remote NunavutCanada, there exist certain commonalities: in these three regions there are
human and canine populatiotisere is a paucity of research regarding public health challenges
related to canineshere are suspected and confirmed zoonotic pathogemdJryptosporidium
parvum, Giardia intestinalisand the rabies virugJacobset al.2001, Shuklat al.2006,Igbal

et al.2015, Curryet al.2016) and dogs are an important source of societal companionship and
human weHlbeing(Leslieet al. 1994, Qikigtani Inuit Association 2014jowever, there are

distinct differences across these geipic areas, including differences in culture, climate,
densities of human populations, breeds of dogs, and endemicities of canine zoonotic pathogens.
For instance, the human population of southern Ontario is approximately 12.7 million, which
accounts forclose to 95% of the provincial population and about 35% of the national population
(Statistics Canada 2016&) contrast, in 2016 the population of Nunavut was just over 35,000
residentgStatistics Canada 20173)prontg the capital city of the province of Ontario, had a
humanpopulation ofover2.7 millionin 2016(Statistics Canada 2017bh contrast, the human
population of Igaluit, the capital city of the territory of Nunavut, was just over 7,000 residents,
close to 60% of whom identify as Indigenoasdprimarily Inuit (Statistics Canada 2016

rural and urban communities, dog population density is related to the different habitats, cultures,
and socieeconomic structures of human populations, and also to different epidemiological
factors(OrtegaPachecaet al.2007) It is possible that differences inlture, climate, and the
population densities of human and dogs between rural and urban southern Ontario and remote
Igaluit, Nunavut accourit at least in part for the differences in pathogen prevalence, incidence,

and in the potential transmission of g@nzoonoses between human and dog populations in
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those two locations. The study of dog ownership and canine zoonoses of interest in rural and
urban southern Ontario, and in Igaluit, Nunavut, can serve to establish baseline information for
understanding & epidemiology of canine zoonoses. However, distinct differences in geography,
history, and culture must be taken into consideration, especially during the planning and
execution of research investigations, as well as in the implementation of publid@ducat

strategies for canine care, husbandry, and the control of canine zoonotic diseases.

A Brief History of One Health, and its Importance and Application to the Study and
Control of Canine Zoonoses

The importance of the One Health approach in the prereatid control of zoonoses is
evident(Bidaisee and Macpherson 201#icreasingly, the philosophy of One &lth has been
advocated as a means to addmsaplex global health challengasd as an essential paradigm
for the management of global healbay 2011) By definition, theOne Health approach
provides a worldwidstrategy for collaboration and communication across disciplines relating to
animal, human, and environmental health at the local, national, and internation@Ratalzzi
et al.2012) However, the One Health approach is largely unknown outside of health sectors and
institutions focusing on infectious diseases, particularly zoorn(&&@®s0zziet al.2012) This is
not entirely surprising given that the One Health paradigm was predominantly marked by the
work of physicians and veterinarians in then 183, and 2 centurieEvansand Leighton
2014, Takashima and Day 201#) 18th century France, Claude Bourgelat, considered the
father of veterinary education, recommended a comparative approach to human and animal
medical sciencélakashima and Day 2014)uring the 18 century, Canadian physician

William Osler, known as the father of veterinary patholaypressedhterest in the connections
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between thdéealth of humans and animals.the same century, German physician Rudolf

Virchow documented the link between diseases of humans and those of animals, and created the

t er m A z(@dutn2008sSaundeesal.2017) In the 1980sveterinarian and
epidemiologist Calvin Schwabe created and pop
the close reladnship between animal and human health, and to encouvetgrgnary and human

health professional® collaborateon controlling and preventirgponosegSchwabe 1984)

Since tshe bu98@é ng on the definition of AON
Heal t ho,naopw riioGanceh Heal t ho, al s o (Gibbs20ld,por at es ec
DestoumieuxGarzonet al.2018) There is no single One Health framework, but evidence
suggests that since 2010, One Health principles have been incorporated and applied as part of
international frameworks for the control and reduction of infectious diseases at the animal human
ecosystms interfacgGibbs 2014) Such frameworks have soughttacourage transdisciplinary
(regarding more than one field of knowledgeholistic approaches to health challenges, and
to direct multisectoral expertise towards disease mitigébay 2011, Stephen and Karesh
2014, Schureet al.2016)

Central to One Health is the surveillance of infagsialiseases in wild and domestic
animals to detect the emergence of novel zoonoses at the {fammnaatecosystem interface
(Day 2011, Cunninghamt al.2017) However, although there are existing systems in place for
the surveillance of human and production animal diseases at the national and international levels,
there are still major gaps in surveillance of diseases shared between humans and companion

animals(Day 2011) With a growing number of pets worldwide, including dogs, and with close
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interactions between humans and pets, companion animals are meaningful within the global One
Health agendavith regard to their imgct on the health and wdiking of humans and our shared
environmen{Takashima and Day 2014)he benefit of dogs to the healthhefmans is of direct

One Health importance: not only can dogs provide a sense eb&eifor humans, but under

the umbrella of comparative medicine, dogs also provide models for research into certain
neoplastic, allergic, autoimmune, and degeneratiserders that also affect humgfigskashima

and Day 2014)Furthermore, dogs can act as both sources and sentinels of zoonotie idiseas
human populationDay et al.2012) In addtion to humans, the close connection that dogs may
have with wildlife presents opportunities for the direct or indirect exchangewia vectors,
contaminated feces, and urine) of pathog®es 2011) Freeroaming dogs in rural

communities may bmore ofterexposed tavildlife, and the connection and potential for

exchange of zoonoses is also possible for dogs in urban areas where there are wildlife including
raccoons, dxes, and wild rodent speciesd, mice, rats, voles)Day 2011) Humandog and
dogwildlife interactions and exchange of pathogens illustrate one of many existing redsons

a collaborative One Health approachaalth is imperative.

Compared to traditional siloed approaches to health research, the One Health approach
provides benefits including the potential for improved resource efficiency and enhanced
understanding of health impacts and their solut{tiebovetal. 2017) However, in the conduct
of health research, it is imptantthat studies focus on the ways in which One Health approaches
are actually implemented and not simply on how they are defined (Zinsstag et al., 2012; Evans

and Leighton, 2014). Inrie with ths imperative, two major shortcomings of canine zoonotic
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research are clear: first, despite the public health importancarmfaanine zoonoses, studies

that propose the application of the One Health approach and/or its framework to the control and
prevention of canine zoonoses ha@ost exclusivelyocused on rabiesndhave infrequently
examined other zoonotic diseag¥ercautereret al. 2012, Cleavelandt al.2014, Hasler, Hiby,

et al.2014, Fitzpatriclet al. 2016, Lavaret al.2017) Considering the severity of rabies and the
importance of its control at the local, national, and international levels, as well aghesea
evidence suggesting that multidisciplinary approaches to the control and prevention of rabies are
necessary, this makes sefidasler, Hiby.et al.2014) However, the application of One Health

to the surveillance, control, and mitigation of other serious canine zoonoses

including Echinococcus multiloculariand zoonotic viscetdeishmaniasis has been postulated
(Palatnikde-sousa and Day 2011, Kotwehal.2019) Another short coming of past applications

of the OneHealth approach to canine zoonoses is that while canine zoonoses can contribute to
disease in humans, there is limited evidence of the successful application of One Health
philosophies to canine health research witla gniori One Health desig(Schureret al.2016,
Mufozprietoet al.2018) Although the importance of One Health isntiened in studies of

canine zoonoses, the philosophy is not consistently applied to the conduct of the research
(Palatnik-de-sousa and Day 2011, Narretlal.2012, Bidaisee and Macpherson 2014, Hubbard

et al.2018) This highlights a major gap regarding the potential to address complex canine
zoonotic health issues with collaborative efforts. This gap may besfueiplored by an

investigation of the literature that has been conducted regarding canine zoonoses in Canada
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specifically, and across North America broadly, to describe and quantify the number of studies

that include the philosophy of One Health in reskaibjectives and/or methods.

Cross-Sectional Study Designs in Epidemiology

Study designs are classified as either descriptive or analffiohboet al.2010) Of the
analytial or hypothesiesting studies, observational designs differ from experimental designs
in that the subjects (animal or human) are observed without manipulation by the resaacther
are therefore not randomized or allocated to intervention gi@gygeanet al.2014)

Generally, observational studies explore associations between exposures and outcomes but may
not be sufficient to detmine cause and effg@argeanet al.2014) Crosssectional study

designs constitute one of the three major types of observasimuiés (the others being cohort
and caseontrol studies), which differ from other study designs by the way in which the study
population is selecte@ann 2003) The defining feature afrosssectional studies the

sampling is neither based on exposure nor outcome $kdéum 2003) Crosssectional study
designs provide the best design from which to determine prevaléegposures and outcomes
and they can be relatively straightforwaodconduct Furthermore, data from cressctional

studies can provide information regarding new or joesly undescribed emerging diseases and
potential environmental risk factothey are often used to identify preliminary associations that
can be more rigorously investigated using other study designs including cohort or case control
designgMann 2003, Trevejo 2007)n crosssectional studies, information relatectie

exposure and the outcome of interest is collected at a single moment in timejtacahdme

difficult to discern cause and effect from associations in these s{iuhkes 2003) Despite this
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crosssectional studies have been and continue to be frequestifo investigate the
epidemiology and public health importance of canine zoon@eghamet al.2010, Stullet al.
2012, Procteet al.2014, Moraret al.2018)

Questionnaires arenanstrument commonly used in healthcare epidemiology reséarch
collect cata in crosssectional and other types of observational stu@sn 2003, Safdaat al.
2016) In healthcargand other fieldsquestionnaires are commonly delivered in an online format
(Fan and Yan 2ad). Online (or electronic) questionnaires are not only convenient but can have
higher response rates than faodace or phone interview®owling 2005) Online
guestionnaires are devoid of interviewers, which may make participants more willing to share
information, but conversely do not allow for the clarification of questions or subject matter.
Questionnaires constitute a useful information gathering method when no other sources of
information are available, when an efficient means of data collectimecessary, and/or when
large study sizes and greater statistical power are needed than would be available through data
collectionby other method¢Nieuwenhuijsen 2005)The shortcomings of questionnaires,
including the limits of recall and social desirability b{as., data that is systematically
influenced by what the respondent perceivds® t he ficorrecto or)soci al
(Fisher 1993)can be minimized through careful planning, design, and pilot testing of the
guestionnaireQuestions should be clear, concise, and-wejanized, and should relate to the
research question of inter¢Siafdaret al.2016) Pilot testing of any questionnaire is essential to
evaluate the layout, the comprehensibility for participants, and the precision of skip patterns (a

guestion or series of questions pertaining to a conditresponsejBowling 2005) As a
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common means of data collection within crgestional studie@ylann 2003, Bowling 2005)
guestionnairebave been used in many studies regarthegnvestigation of canine zoonoses
(Leslieet al. 1994, Jacobst al.2001, Binghanet al.2010, Leonaret al.2011, Stullet al.

2012, Kruegeet al.2014, Maxwellet al.2017)

THESIS OBJECTIVES

Dogs have been, and continue to be, important to humans across geography and cultures
by providing companionship and a sense of velhg to those who own them and to those with
whom they come into contact. Yet, the role of dogs in the transmissionmdszmois well
evidenced, and canine zoonoses constitutes an important public health issue and One Health
challenge for which epidemiological research is warrarited.public healthmportanceof
many canine zoonoses may be unad®ognized or poorly undsiood by medical and veterinary
health care providers, and by dog owners. Although there are many studies of canine zoonoses,
few have comparepublic health outcome®lated to dogbetween rural and urban
communities. With an increasing number of dogpets in Canada, it is possible that dogs may
play a major role in th#zansmission and/or understandingzobnosesén the future, either by
acting as reservoirs, immediate hosts, or as sentinels of disbasdissertation presents
information about kawn and potential degssociated zoonoses and includes novel canine
zoonotic research in one Inuit community in Inuit Nunangat. Furthermore, this thesis builds on
an existing body of research evidempegtaining to public health challenges related to dogs,
including canine zoonoses, southern Ontario, Canada

The objectives of this dissertation were to:
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Identify and characterize the available literature on canine tiocaaad vectorborne
disease# domestic dogs published within North America since the start of the 21
century, including whether specific collaborative integrated approaches to resegrch (
One Health, Ecosystem Health, and others) were reported in the study objectives or
methals sections;

. Estimate the fecal prevalence@®@iardia spp.andCryptosporidiunspp. in dogs,
investigate potential associations between the type of dog population and the fecal
presence oGiardia spp andCryptosporidiunspp., and describe the molecular
characteristics oGiardia spp andCryptosporidiunspp. in dogs in Igaluit, Nuavut;

. Determine the householdvel incidence of dog bites, as sedported by residents in

rural and urban southern Ontarnitescribe the profile of victims, the profile of biting
dogs, and the proportion of biting dogs nottajlate on rabies vaccinati at the time of
the bite incident in southern Ontarand compare human exposure to dog bites between
rural and urban households in southern Ontario, Canada;

. Describe questionnaire respondent knowledge, awareness, and levels of concern
regarding canineoonosesdescribe the possible pathways of respondent exposure to
canine zoonoses through contartd determine if awareness of canine zoonoses differs
between rural and urban respondents in southern Ontario, Canada; and,

. Describe the proportions of negméicquired dogs that were domestically sourced and
those imported from outside of the country into southern Ontegxribe the

characteristics of dogs that were domestically sourced and those that were imported as
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pets in southern Ontario, includittygar source of origin or importatigrwhether
domestically sourced and imported dogs vaaeompaniedvith health documentation,
and respondent opinions regarding disease risks from canine moyanedetermine
whether urban households acquiring new dagsouthern Ontario, Cangdaere more

likely to import dogs compared to rural households.
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CHAPTER 2

A PROTOCOL FOR A SCOPING REVIEW TO EXAMINE STUDIES
INVESTIGATING ZOONOTIC DISEASES IN CANIS FAMILARIS IN
NORTH AMERICA SINCE THE BEGINNING OF THE 21ST
CENTURY

Julien, D.A., Sargeant J.M., Filejski, C., Versluis, A.M., and Harper S.L. 2018. A Protocol for a
Scoping Review to Examine Studies Investigating Zoonotic Diseas&mis familarisin
North America Since the Beginning of the 21st Centilihys protocol $ archived in the
University of Guelphés institutional
http://hdl.handle.net/10214/130¢4&@nd published online with Systematic Reviews for
Animals and Food (SYREAF) available attp://www.syreaf.org/

36


http://hdl.handle.net/10214/13047
http://www.syreaf.org/

INTRODUCTION
Rationale
While animals, including dogs, provide many health benefits to hu(falesimann and
Son 2009, Hodgson and Darling 201d9gs can harbour zoonotic disea that can be directly
transmitted to humans, resulting in a range of infection from subclinical to serious and
potentially lifethreatening diseag®eplazes and Eckert @0, Lefebvreet al.2006, WHOet al.
2015, Estevat al.2017)
Canine zoonotic diseases are present in many countries across the world but their
endemicity varies on the basis of certain seonomic influences including, but not limited to:
availablity of animal and human health resources, income, and the predominance of closely
shared living environment{$lablesonet al.2014) While dogrelated zoonotic diseases
represent a major public health concern irrespective of cestdatysOtranto et al. 2009, Little
et al.2010, Chomel 2011, Chikwett al.2012) the nature and level of that concern may vary,
depending on local socieconomic influences.
North America compri ses (Hofftmarkefal.20X6) Thehe ear t h
Inequalityadjusted Human De&lopment Index (IHDI), developed by the United Nations
Development Programme (UNDP), describes the average achievements of a country on the basis
of health, education and income, while taking into account the human development cost of
inequalityUnited Nations Development Programme 20Ngrth American comprises
sovereign states and depen chd rgth ot, e rirhii tgdroi, e i meld

human development according to the IKlDhited Nations Development Programme 20H6)d
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within which previous studies have identified canine zoon@ag 2009, Petersen and Barr
2009, Chikweteet al.2013, VelasceVilla et al.2017).

While opportunities for the transmission of zoonoses from animals to humans has been
described as a complex global problem driven largely by a series ofesmriomic factorsi.g.,
biological, ecological, political and soegzonomic), it is also significantly influenced by if,
how, where and when people interact with aninfaisylor et al.2001b, Woldehanna and
Zimicki 2015) The inclusion of integrated collaborative approaches to health reseesdbr{e
Health, EcoHealth) thus provides a mechanism to addremplex global health problems
including those posed by canine zoonoses, while increasing the ability to identify sustainable
health solutions(Conradet al.2013a, Hasler, Hibyet al.2014)

A synthesis of research on canine zoonoses taking into account a standardized indicator
of socieeconomic factors across countries, such as the IHDI, could enhance knowlgédge an
understanding of the health of domestic dogs within a given pandadoncomitantly, the
potential ways in which dogs may be contributing to human disease in this part of the world.

This protocol describes the methods for conducting a scoping review, which will describe
the extent, methodologies, and general characteristics of the literature, including proposed
integrated collaborative approaches to health in studies investigating czaonoses in
domestic dogs in North America.

This review will follow the fr ghkseyandk deve
06 Ma |l | e wnd2ufhererhanced by the Joanna Briggs Institute methodology guidance for

scoping reviewgPeterset al.2015)
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Research Question and Objectives
The broad resear ch quWiatidskoownapauicam ng t he r e
zoonoses in domestic dogs from the existing literature in the continent of North America, and
how does the literature on canine zoonoses vary across the coftigent
The goal of this review will be to: Identify, characterize, and map the availab#iterin
comparison to state/territory ranking on the current Inequatifysted Human Development
Index (IHDI), in order to:
1. Identify the studies related to types of canine zoonoses in domestic dogs that have been
published in North America since the loegng of the 2 century
2. ldentify the main objectives and types of study methodologies reported
3. Identify and characterize the research that has been conduétedenr y hi gho, fAhi
Amedi umod and Al owo huma n codnéigsef Natlp Amercd; Nor t h
and
4. Examine whether collaborative integrated approachgs One Health, EcoHealth and

others) have been described by authors and how they report their inclusion.

METHODS

Review Registration
This protocolisasr chi ved in the University of Guel ph

Atrium) and published online with Systematic Reviews for Animals and Food (SYREAF)

available athttp://www.syreaf.org/
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Eligibility Criteria

Studies will be eligible if they:

T

il
il

Are original scientific reports of research findinge.( primary research studies) of
animatlevel and/or pathogelevel (e.g, studies relating to molecular epidemiology of
pathogens that have been sampled from dogs) outcomes;

Have been published in the English, French or Spanish languages;

Have investigated any of the listed canine zoonoses or their dismasag agent
(Table2.1) in the target population of interest

Have been conducted in one or more North American coujrdinels

Were published between January 1, 2000 and the present

Conference proceedings of less than 500 words and citations for which the full text

docunent in English, French or Spanish is unavailable, will be excluded; all other primary

research study designs relevant to answering the broad research question will be eligible.

Eligible Target Population of Interest

Studies where the population of intsrencludes any breed of dog belongingnis

familiaris, including owned and unowned domestic dogs, or the focus of interest is a-disease

causing agent affecting dogs as a target population, will be eligible.

Eligible Diseases of Interest

Studies invesgating any of the canine zoonoses of known public health significance

listed inTable 2.1, in the target population of interest will be eligible. The list of eligible

diseases was developed on the basis of their relevance to dogs and humans: Faogls plrp
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the scoping review for which this protocol has been developed, relevant canine zoonoses are
defined as diseases of domestic dogs which have potentially serious (morbidity and/or mortality)

dog and human health and economic impacts within the gesitnégions of interest.

Relevant canine zoonoses termalfle 2.1 were aquiredfrom a combination of published
literature and books as well as relevant regipacific organizations including the: Pan
American Health Organization (PAHO); Canadian Fbtspection Agency (CFIA); World
Health Organization (WHO); World Organisation for Animal Health (OIE); Centre for+ood
borne, Environmental and Zoonotic Infections (via the Public Health Agency of Canada

(PHAC); and US Centers for Disease Control and Frtewe (CDC)).

Eligible Countries (including withincountry regions) of Interest

Any country (or region within) listed as part of North Amerieffmanet al. 2016)
including: Anguilla; Antigua and Brbuda; Aruba; The Bahamas; Barbados; Belize; Bermuda,;
Bonaire; British Virgin Islands; Canada; Cayman Islands; Clipperton Island; Costa Rica; Cuba;
Curacao; Dominica; Dominican Republic; El Salvador; Federal Dependencies of Venezuela;
Greenland; Grenad&uadeloupe; Guatemala; Haiti; Honduras; Jamaica; Martinique; Mexico;
Montserrat; Navassa Island; Nicaragua; Nueva Esparta; Panama; Puerto Rico; Saba; San Andres
and Providencia; Saint Barthelemy; Saint Kitts and Nevis; Saint Lucia-MBaitin; Saint Piere
and Miquelon; Saint Vincent and the Grenadines; Sint Eustatius; Sint Maarten; Trinidad and
Tobago; Turks and Caicos Islands; United States; and the United States Virgin Islands.

Identifying Relevant Studies
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An initial broad search of the literaturearie electronic database was conducted by DAJ
in May 2018. A list of the search terms is showiable 2.1 Comprehensive literature searches
will be conducted through the McLaughlin Library, University of Guelph in the following
electronic databases: AGROLAe, CAB Directo, PubMed via NCBle, and the Science
Citation Index Expanded (S XPANDED) E, and Emerging Sources
databases via the Weade2@f Science platfor mE,
Key word searches were developed from the findings ofitialibroad search and will
include combinations of wvariations of the con
with the controlled vocabulary option included where available. The search strategy will be
modified for each database accountingdififerences in syntax, indexing, and functionality
where appropriate.
The literature search will be conducted in May 2018 and limited to English, French or Spanish
language studies published between 2000 and 2017.
Data Management
Search results wilbe uploaded into Mendeleyeference management software and
duplicates removed. Information relating to the number of studies found, duplicates removed,
and the final studies included in the scoping review will be presented in the final report using the
Preferred Reporting Items for Systematic Reviews and Metyses (PRISMAg flowchart
template.

Study Selection
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Level 1andLevel 2screening for eligibility will be completed by DAJ and other

reviewers, working independently. To enhance rigor and iiyabetween reviewers, training
exercises will be conducted, and interrater reliability scored between the two reviewers prior to
commencing screening.
Level 1: Title, abstract, and index terms will be screened for relevance using the following
guestions, with the response options fyeso, A
guestion will be listed where relevant for clarity:

1. Does the title/abstract describe primary research?

2. Does the title/abstract investigate canine zoonoses inithargrtarget population.¢.,

dogs)?

3. Was the study conducted in North America?
Studies wi ll be excluded if both reviewers ag
guestions.
Level 2 Screening will be conducted on full text publications fodstue s t hat meet t he
answer or fiuncl ear o answer to Level 1 screeni
The following questions will be used for Level 2 eligibility screening and data extraction with
answers fAyeso or finoo only. St indgreemsentmi | | be e
answering finoo to any of the following quest:

1. Is the full text publication a journal article or conference proceeding (>500 words)?

2. Is the full text article or conference proceeding (>500 words) describing a primary

research study?
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3. lIsthe full text article available in English, French or Spanish?
4. Has the primary research been published or presemigdcbnference proceedings (>
500 words)) within the period 20G0present?
5. Does the full text research investigate one or more caoioeoses of interest?
6. Has the full text research been conducted in North America?
7. Is the study at the delgvel or pathogen.g., diseasecausing agentjevel?
8. Does the dogevel full text publication identify domestic dogs as the target population?
9. Is the general categorical focus of the pathelgerl full text publication described?
10.Does the full publication list the type(s) of domestic dogs as the target population?
11.Was any type ointegrated collaborative approaltsted as part of the studg.(, in the
objectives or methods)?
12.Was a study approach proposed by authors?
Discrepancies on eligibility between the two reviewers at both levels will be resolved by
consensus and mediated by anotheawthor if consensus cannot be reached.
Please note that Level 2 eligibility screening and data extraction eEmglish article will be
completed by a single reviewer (CF).
Data Extraction Strategy
Full text publications will be acquired and uploaded into the commercial review
management progra®i st i | | er SRE ( Evi denc Dataeatnadianwil s, Ot t
be completedising structuredpre e st ed f or ms created in Distill

General study characteristics
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Publication year; North American country(ies) in which the study was conducted; and,
whether any type dhtegrated collaborative approach (as diésc in the protocol rationale)
was listed included in the studg.g, in the objectives or methods).
Study population
Domestic dogs (owned or unowned); and sample size(s).
Disease(s) investigated
The canine zoonosis(es) investigated in domestic dogs.
Study approach
Preidentified categories of why the study was conducted including:
» Descriptive (1) examining distribution of canine zoonoses in the study population of
interest; (2) looking for pattes of disease occurrence
o Casereports (study describes rare condition or an unusual manifestation of a
more common [canine zoonotic] disease(s) in dogs)
o Caseseries reports (study describes occurrence of or usual clinical presentation of
canine zoonoticondition/ diseasejand
o Descriptive surveys (study estimates frequency and distribution of selected
outcomesi(e., canine zoonoses) in defined canine population)).
= Analytical

0 Experimental hypothesigsting
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»= Challenge trial of intervention forevent {(.e., when an experiment is
conducted in domestic dogs with a deliberate disease induetmn (
vaccination then exposure to an infectious disease agent))

» Challenge trial of intervention to treate(, when an experiment is
conducted irdomestic dogs with a deliberate disease inducgog, (
exposure to an infectious disease agent and after onset of clinical signs,
then treatment))

» Natural disease trial of intervention to preverg.(controlled trial, field
trial or clinical trial} and

» Natural disease trail of intervention to treiat.( controlled trial, field trial
or clinical trial).

0 Observational study hypothegissting

* Intervention to prevent

» Intervention to treat

= Evaluation of risk factors for disease

» Evaluation of mechanissnof disease / virulence

= Diagnostic test development / evaluation

Categorical focus of Pathogehevel Studies
Data will be collected on the premise for conducting the pathisyeh studies including
whether the study, specific to the pathogen, was focoisddolecular biology (proteins; nucleic

acids (DNA; RNA)); phylogeny (molecular epidemiology); whole genome sequencing; virulence
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factors and/or dynamics of transmission to host; development or validation of laboratory
methods and diagnostics; charadation; pathophysiology and immunology of pathogest
interaction.Following data extraction process, thequalityadjusted Human Development
Index (IHDI) will be derived based on the country of publication.
Results Strategy
Charting the Data
Study analysis will include descriptive analysis of study characteristics, target population and
study approach.
Collating, Summarizing and Reporting the Results

A combination of figures and tables will be used to collate, summartzecgort study
results. A figure will be used to depict the scoping review flow chart detailing the process of
study inclusion. Tables will be used to collate, summarize and report the primary level of study
categorization prioritized by publication tygee(, Descriptive- Case reports, Case series,
Descriptive surveys; Analytical experimental; Analytical observational; Conference proceedings;
Study approach unclear).

Secondlydescriptive and analytical studies will be further categorized bgr of
publication; country of origin within the region of interest; resource setting; integrated
collaborative approach(es) proposed; target population (owned/unowned domestic dogs); and

canine zoonoses investigated.
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DISCUSSION
This scoping review W provide a synthesis of primary research investigating canine

zoonoses in domestic dogs that has been conducted in North America during22a80

Results can be used to inform future scientific research studies inclusive of systematic reviews,

govermment policy and public health strategies relating to canine zoonoses in multiple countries

in this part of the world.
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Table 2.1 Initial broad search of the literature of one electronic database

Database: PubMed via NCBI
Search period: 20007 2018
Library: McLaughlin Library, University of Guelph

Date of Search:

Monday May 14, 2018

Limits:

Advanced Search Builder in Title/Abstract
i . I
Publication date (custom date range) 2001 to 201812-31; Species:
Other Animals; Languages: English, French, Spanish;
Text availability: Abstract

Search terms:

Domestic dog descriptor terms:

Adomestic dogo OIRcanba®R ckienOR perrd i

AND

Canine Zoonotic Diseases descriptor terms:

Anapl asma OR Ancyl ostoma OR Bab
procyoni so ORrfiBoroelORaBbucgtobda
OR Campylobacter OR Capnocytophaga OR Corynebacterium OR

ACoxiella burnetiio OR ACryptos
caninumo OR AEchinococcus granu
mul tilocul ari sd OR lHEhgtldlcytiiac aOR
coli 0o OR fiGiardia intestinaliso
ALei shmania chagasi 0 OR ALei shm
AMethicillin resistance staphyl
OR A Onchocer c arellh QRpHAseaudo@dhasfOR Proteus Of
Rabies ORTrfiRiIkekdatstigioa OR Sal mone
ORSpirocercd RSPpor ot hri x schenckii o

OR AToxocara caniso OR AToxopl a
OR ATrypanos dumanagdastenacepha@@RA Vi br i
choleraed OR fAYersinia enteroco

No. of articles:

3,628
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Table 2. 2 Platforms and the electronic databases within which keyword searches will be
conducted of canine zoonosedmestic dogs in North America

Database: Platform:

PubMed NCBI©

CAB Direct CABI©

AGRICOLA ProQuest®

SCIEXPANDED Web of SciencekE
ESCI Web of SciencekE
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CHAPTER 3

UNLEASHING THE LITERATURE: A SCOPING REVIEW OF
CANINE ZOONO TIC AND VECTORBORNE DISEASE RESEARCH
IN CANIS FAMILIARIS IN NORTH AMERICA

Julien, D.A., Sargeant J.M., Filejski, C., Versluis, A.M., and Harper S.L. 20il8ashing the
Literature: A Scoping Review of Canine Zoonoses ResearChanis familiarisin North
America This Chaptewassubmitted for publication t&nimal Health Reseah Review®n

August 31, 201@nd is currently under peegview.
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ABSTRACT

Domestic dog¢Canis familiarig provideimportantbenefits to humans batsocan
transmitzoonotic pathogensnformation on the breadth of canine zoonotic aadtorborne
research in North America is scarce. A scoping review was conduct@drune 1) the number
and type of canine zootio and vectorbornstudies in domestic dog®nducted iNorth
America since the start of thes2dentury 2) the main reseah methods reporte@) the
Inequality-adjusted Human Development Ind@kDI) countries in which research was
conductedand 4) whether collaborative integratedminologywasreportedn research
objectives or methods sectiofistle/abstracscreeningfull text screeningand datacharting
werecompleted by two reviewer®Ve identified 507 publications that evaluated 43 zoonatic
vectorborngathogens in domestic dogshe majority of studiegn=391 of 512 (76.37%)yere
conducted in the USA. THeve most frequently researchpdthogens wer&hrlichia spp.(n=81
of 507 (1598%)), Borrelia burgdorferi(n=64 of 507 (12.62%)),eptospiraspp. (n=54 of 507
(10.65%)) Rabiesvirus (n=42 of 507 (8.28%))andInfluenza viuses(h=41 of 507 (8.09%))
While these pathogemsncause moderate to severe health outcomes in huemnanis dogs
irrespective of IHDI rankingour review highlightsnotableinequitableresearch gaps among

North American countries.

INTRODUCTION

Since their domestication between 30,000 and 15,000 years agoCaogs familiarig
have shared their environments with hum@asson and Bradley 2014, Takashima and Day

2014) These shared environments have evolvgd 6 H a i r. dogs2dwlIe3ijle in homes,
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sometimes sleeping in the same beds as their human companions, may share confined spaces
with humans while traveling in cars, and/or participate in anrasaistedherapies for humans
(Braunet al.2009, Friedmann and Son 2009, Gonzalez Ramirez and Landero Hernandez 2014)
The humaranimal bond describes the shared physiological and psychological benefits that can
exist, including improved health, welfare, and overall wellb€irakashima and Day 201#)r
both species. Not only can dogs contribute to significant improvements in the health of their
owners, they can improve the health of others with whom they come into ddnéagtherson
2012)

However, dogsnay present risks to the health of humans and other(ttayrpherson
2012) Dogs can sharenportant viral, bacterial, and parasitic zoonaligeases with humans
including rabies, leptospirosis, leishmaniaarsd echinococcos{&ckert and Deplazes 2004,
Hodgson and Darling 2011, WHE al.2015,Esteveet al.2017) Furthermore, some
vectorborne diseases can affect both humans and dag®86rrelia burgdorfer) although dogs
are not involved in the transmission to humgdstario Agency for Health Protection and
Promotion (Public Health Ontario) 201 Danine zoonotiand vectorborndiseases exist in
many countries but their endemnicity variespendingon: (1) genetic andiological factors,
such as pathogen adaptation to maara microenvironmental changes along with changes in
host susceptibility to infectiorf2) environmental factors, including land use, climate change,
changes in ecosystems, astthnges in human and animal population dengsfiesting vector
and reservoir distributigrand(3) socioeconomic and political factors, such as increasing
international travel and commerce, social inequality, economic development, poverty, lack of

political governance, araccess to health services and resoufiRabozziet al.2012, Taylor
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2013, Gebreyest al.2014, Woldehanna and Zimicki 201B)og-related zoonotic diseases can
represent a major public health concern irrespective of coatdtys howeverthe scope of this
concern may differ depending on local seeamnomic influenceftrantoet al. 2009, Littleet

al. 2010, Chomel 2011, Chikwetd al.2013)

The sovereign states and dependent territor
largest continent and encompass 16.5% ot h e e ar t(Hofimanel ah2016) Thex s s
Inequality-adjusted Human Development Index (IHDI), developed by the United Nations
Development Programme, is a standardized indicator of cespégific levels of human
development, when accounting for inequafltinited Nations Development Programme 2016)

IHDI country ranking provides a direct relationship regarding inequalities in dimensions of the
Human Development Index (HDI) to the resulting loss in human develoglie¢d Nations
Development Programme 201&gvels of human development are important considerations as
they can help to inform and evaluate policies toward reduction of inequality. Regarding research,
differences in countrgpecific levels of human development may also impact the amount of
country-specific research, which is conducted, including the number of zoonotic research
publications Previous research has identified canine zoonasdyectorborne diseasals
significant public health concern in domestic dogs in many of the sovereign statespandent
territories of North AmericélLealCastellano®t al. 2003, Lefebvrest al.2006, Himsworttet al.
2010, Millienet al.2015) However, a synthesis of the reseageiidence to identify theature,
features, and extent of literatwrenducted irNorth American countries classified BY¥DI has

not been undertaken.
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A recent systematic review of communligvel research utilizing a One Health framework
to investigate zawotic diseases, including canine zoonoses, was conducted in 54 countries across
the world(Schureret al.2016) The transmission of canine zoonoses is driven by biological,
ecological, and political factors, and also significantly influenced by how, where, and when
humans and dogs come into conf@@&ylor et al.2001, Woldehanna and Zimicki 201%Yith
increased recognition that the health of animals, people, arahtirenment is inextricably
linked, integrated collaborative approaches to health reseagiQne Health, Ecosystem
Health, and others) have been proposed as tools to address complex global health challenges,
such as canine zoonoses, while providingarfunities to identify sustainable global health
solutions(Conradet al.2013, Gebreyest al.2014, Hasler, Cornelsoat al.2014, Hasler, Hiby,

et al.2014)

Currently, it is unclear what kind a@fformation is available in the literature that
specifically relates to canine zoonosesl vectorborne diseasessignificant public health
concern in North America, wheththis research varies by IHEranking, and whether any
integrated collaborativepproaches have been included in canine zoonotic research objectives or
methods. For these reasons, we conducted a scoping re\aeldress théroad research
guestionWhat types of canine zoonoaisd vectorborneesearch in domestic dogs has been
condud¢ed in North American countries since the start of thechtury, and how does the

literature vary across its sovereign states and dependent territories?

Our specific objectives were to identify and characterize the available literature by
examining 1Xhe number and type ochnine zoonoseand vectorborne diseastidies in

domestic dogs conducted in North America since the start of thee2tury; 2) the main
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research methods reported; 3) research from North American countries rankedhew)tiadity
adjusted Human Development Index; and 4) whether specific collaborative integrated
approaches to researahd, One Health, Ecosystem Health, and others) were reported in the

study objectives and/or methods sections.

METHODS

Protocol and Regisation
This review followed the framekseylanddev el op
OO0 Ma |l | eandva reporjed using the PRISMA Extension for Scoping Reviews (PRISMA
ScR) reporting guidelinggricco et al.2018) A protocol was developedl priori, and is
archived in the University of Guelphoés instit
http://hdl.handle.net/10214/1304nd published online with Systematicvigavs for Animals
and Food (SYREAF) available dtttp://www.syreaf.org/.
Eligibility Criteria
Studies were eligible for inclusion if they: 1) were original scientific reports of research
findings(i.e., primary research studies) of dt&yel and/or pathgenlevel outcomes; 2) were
published in English, French, or Spanishir8)estigateckligible canine zoonoses vectorborne
diseasesr their diseaseausing agent in the target population of interest; 4) were conducted in
one or more North American countries; and 5) were published between January 1 2000 and May
14 2018 Conference proceedings less than 500 words, dissertations, arahsifor which the
full text document in English, French, or Spanish was unavailable, were excluded

Eligible Population
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http://hdl.handle.net/10214/13047

Studies where the population of interest included any breed of dog belon@agito
familiaris, including owned and unowned domestogs, or was a zoonotic agent affecting dogs,
were eligible.

Eligible Pathogens

Eligible canine zoonotior vectorborngpathogensvere defined as those with the
potential to cause moderate to severe health outcaragesnprbidities and/or mortalitiesh
humans as a result of exposure to infected dogs or sharing an environment with infected dogs.
The list of eligible zoonoses was developed by the authors from a combination of published
literature(Eckert and Deplazes 2004, Lefebeteal. 2006, Chikwetcet al.2012, 2013, Krecek
et al.2012, Chomel 2014, Studt al. 2015, Springeet al.2018) and publicly available online
information from relevant regiespecific organizationfAppendix 2.1).

Eligible Countries (including withincountry regions) of Interest

Any country (or region within) in North Amerig&loffmanet al.2016)was eligible,
including: Anguilla, Antigua and Barbuda, Aruba, The Bahamas, Barbados, Belize, Bermuda,
Bonaire, British Virgin Islands, Canada, Cayman Islands, Clipperton Island, Costa Rica, Cuba,
Curacao, Dominica, Dominican Republic, El Salvador, Féd®pendencies of Venezuela,
Greenland, Grenada, Guadeloupe, Guatemala, Haiti, Honduras, Jamaica, Martinique, Mexico,
Montserrat, Navassa Island, Nicaragua, Nueva Esparta, Panama, Puerto Rico, Saba, San Andres
and Providencia, Saint Barthelemy, Saint Kaitgl Nevis, Saint Lucia, SatMartin, Saint Pierre
and Miquelon, Saint Vincent and the Grenadines, Sint Eustatius, Sint Maarten, Trinidad and
Tobago, Turks and Caicos Islands, United States, and the United States Virgin Islands.

Information Sources
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Literature searches were conducted through the McLaughlin Library, University of
Guelph in the following electronic databases: AGRICOLA©RIaQuest® CAB Direct®© via
CABI©; MEDLINE® via NCBI©; and the Science Citation Index Expanded ¢(SCI
EXPANDED) E amgd TFomerrcges Citation Index (ESCI)E
Science platfor mE.
Search
Keyword searches were developed from exploring the literature and through consultation
with librarians,andexperts in academia and government familiar with canine zooaases
vectorborne diseasefhe keyword search included combinations of Spanish etk
variations of the concept t e,vattorflochedjseasexrand app
pathogensvith the controlled vocabulary option included where availabie search strategy
was modified for each database accounting for differencgmiax, indexing, and functionality
when appropriate. The full literature search was conducted in five databases on May 14, 2018.
Table 3.1 shows the complete search approach for one datald&de2l(NE® via NCBIO),
which included the following filters: language was limited to English, French, or Spanish
studies; speciessel ecti on (6other animalsd) restricted
datebetween 2000 and 2018.
Reference Management
Citation resuls were uploaded into EndNote® X8larivate Analyticsreference
management software and duplicatese identified and removed. Subsequently, citations were
upl oaded into the commercial review managemen

Ottawa, Gnada) and deduplication was conducted.
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Selection of Sources of Evidence and Data Charting

Title/abstract (level 1) screening was complateduplicateby authors DAJ, JMS, and
VW. The title/abstract screening form was-pested using 750 citations iewed by DAJ, JMS,
and VW. The three reviewers discussed the results, resolved disagreements, and amended the
screening forms prior to beginning the title/abstract review.

Full text screening (level 2) and datharting (level 3) forms were developed inglsh,
and pretested by DAJ and VW using 10 full text publications for each form. Full text screening
(level 2) for eligibility was completed by DAJ and VW for English language texts. French and
Spanish full texts were screened by a single reviewer flnghese languages (CF). Data
charting (level 3) was completed by DAJ and VW for English language publications and by CF

for French and Spanish language publications. Disagreements were resaioeddaysus.

Each reviewer worked independently to exangaeh eligible publication using
structured online forms created in DistillersS
adjustments to the wording presented in the protocol. The explanation and elaboration
(Agui danced) doc ume nuestibns specificaoveach of the tisle/abstractl udi n g
full text, and datacharting forms can be found Appendices2.2, 2.3, and 2.4, respectively.

Data Items

We extracted data detailing the: (1) publication year; (2) North American country(ies)
within which the study was conducted explicitly indicated within full text publicationg3)
zoonoticand vectorbornpathogenstudied (4) focus of studyife., doglevel, pathogetevel,
or both); (5) research approach at the-tbyg! including:descriptive studiesdutbreak

investigations, case reports, case series, and studies estimating proportions, prevalence, incidence
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without comparisons); experiments (challenge trials of interventions to prevent or treat, natural
disease trials of interventions toepent or treat); and observational studies (interventions to
prevent or treat, evaluations of risk factors for disease, evaluations of mechanisms of
diseasel/virulence; and diagnostic test development/evaluappmach netefined or unclegr

(6) reseach approach at the pathogevel (.e.,development or validation of laboratory

methods and diagnostics, identification of virulence factors, molecular biology, pathophysiology
and immunology of pathogemost interaction, phylogeny, whole genome sequenend

approach netlefined or unclear)(7) domestic dog populations investigated.(experimental,
freeroaming, owned, stray, population ra#fined); and (8) type of integrated collaborative
research approach (collaborative approach, commibassed approach, ecosystem approach to
health, one health, participatory epidemiology, systappsoach, approach ndefined or

unclear, no approach listed) described as a component of the study objectives and/or methods
(i.e. the authors explicitly reported that one or a combination of these approaches were
considered as part of the conduct af tesearch studyPyett 2002, Leungt al.2004, Ahnet al.
2006, Taylor 203, Lavanet al.2017)

Following the data extraction process, a single reviewer (DAJ) categorized North
American countries into IHDI rankings created by the United Nations Development Programme
(United Nations Development Programme 20Fe)r studies conducted in more than one North
American country€.g.,Canada and Mexicoas indicated within the full text publican, the
study was categorized into each appropriate level. Therefore, the total number of publications by

IHDI category was higher than the total number of studies.
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A single reviewer (DAJ) categorized the pathogens as bacterial, fungal, parasitic, and
viral. As many studies investigated multiple pathogens, the number of pathogens was higher than
the number of studies. Using the extracted data, DAJ identified the five most freqaerly
zoonoticor vectorborne pathogemgth the potential to cause moderdo severe health
outcomesi(e., morbidities and/or mortalities) in humans and in dogs. Finally;|elogl
approaches were categorized into experimental, analytical observational, and descriptive study

designgSargeanet al.2014)

Synthesis of Results

Data were cleaned and descriptive frequencies performed using statistical software,
STATA Intercooled 1§StataCorp. 201 75tata Statistical Software: Release College Station,
TX: StataCorp LLC)A combination of figures, and tables were used to collate, suzenand
report study characteristics.

To meet objective one, we created a regional map identifying the number of eligible canine
zoonosesnd vectorborndiseasestudies in domestic dogs, tabulated a comprehensive list of
canine zoonotiand vectorbornpathogen types, and created a line graph of the number of
eligible studies conducted in North America since the beginning of theeitury. For
objectives two, three, and four we categorized and tabulated the remaining study chiézacteris
by North American countries ranked as fAvery h

Inequalityadjusted Human Development Index.

RESULTS

Selection of Sources of Evidence
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We adhered to the scoping review protocol waiinor deviations from the protocohade
to clarify the wording irthe broad research question, review objectivessareening formsThe
wording was changed fr om f z@ toavwdtithe petceptionthdt z o o n o
dogs were involved in human transmission of cenaitorborngpathogensSearches of the
selected databases identified 6,969 unique citations after duplicates were removed with 847 full
text articles accessed for eligibility scnégg. Of these, 507 studies were eligible for data
characterization in this reviewig. 3.1.).
Results of Individual Sources of Evidence

The most common type of primary research publications were journal articles (n=506 of
507 (99.80%)) and the massearch was conductedtla¢ doglevel (n=398 of 509 (78.19%)).
The majority of studies were published in English (n=502 of 507 (99.01%l) fiwet
publications in Spanish. Our scoping review did not identify any French language studies
meeting eligibility criteriaOverall, canine zoonotiand vectorbornédisease research in
domestic dogs was conducted in very few North American countriesf @88 (27.08%)) since
the start of the 2dcentury(Fig. 3.2.). Most publications were conducted in the northernmost
countries in North America including the United States of America (USA) (n=391 of 512
(76.37%)), Canada (n=44 of 512 (8.59%)), and Mekical7 of 512 (9.18%)). In the south
central region of North America, the highest number of studies were conducted in Costa Rica
(n=6 of 512 (1.17%)), followed by that from Panama (n=4 of 512 (0.78%)), Nicaragua (n=3 of
512 (0.59%)), and Guatemala (n=1 450.20%)). In the Caribbean, the majority of studies

were conducted in Grenada (n=5 of 512 (0.98%)) and Trinidad and Tobago (n=5 of 512
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(0.98%)), followed by Haiti (n=3 of 512 (0.59%)), and single publications (n=1 of 512 (0.20%))
each conducted in Cubuerto Rico, and Saint Kitts and Nevis.
The number of eligible studies published that were conducted in countries in North
America since the start of thes?2dentury is shown iffigure33. I n Avery higho an
IHDI countries the year inwhich the largest number of publications of canine zoonaiseés
vectorborne diseaséesn domesti ¢ dogs was 2014, and, for 7

was 2017. Our data indicate that there were several years during which there were no

publicatonscaduct ed in fimediumodé and @Al owd | HDI coun
variability in the number of publications <con
(Fig.33) . While there was a predominancoentriesf st udi

under which Canada is ranked, publications appear to be largely conducted in the USA for the

last 17 yearsKig. 3.3.).

The comprehensive list of zoono#ad vectorbornpathogens included in eligible
studies of domestic dogs in North Ameridace the start of the 2dcenturycan be found in
Appendix 2.5.
Of the 507 studies, 409 (80.67%) were specific to the investigation of one pathegsmgle
pathogen studies), and 98 (19.33%) included investigations of multiple pathogensixed
pathogen studies). The majority of pathogen study types were bacterial (n=312 of 534 (58.43%)),
followed by parasitic (=136 of 534 (25.47%)), viral (n=82 of 534 (15.36%), and fungal (n=4 of
534 (0.75%)) Table 3.2). The five most frequently researcheathpgenswvith the potential to
cause moderate to severe health outcomesniorbidities and/or mortalities) in humans and in

dogswereEhrlichia spp.(n=81 of 507 (15.98%)Borrelia burgdorferi(n=64 of 507 (12.62%)),
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Leptospiraspp. (n=54 of 50710.65%)) Rabies virugn=42 of 507 (8.28%)), andfluenza
viruses(n=41 of 507 (8.09%))Publications othe five most frequently pathogeimsdomestic

dogswer e predominantly from count Table3®2). ranked as

Nearly all (39f 43 (90.70%)) of the pathogens included in the literature search string
were identified in one or more research studies. Although included in our search terms, we found
no research publications pertainingdoxiella burnetij Entamoeba histolytica/ibrio cholerae
nor Yersinia enterocolitican domestic dogther study characteristics also were most
predominant in publications f r Dable3i2vhey hi gho
majority of studies were conducted at the-tgel (398 of 50978.19%)). Of these, the most
common study type were analytical observational studies (215 of 398 (54.02%)). The majority of
the 191 pathogelevel studies were related to molecular biology (55 (28.80%able 3.2).
Most studies investigated owned domedbgs (239 of 419 (57.04%)), followed by domestic
dogs bred for use in experiments (72 of 419 (17.18%)). Lastly, of the few studies that were
reported as integrated collaborative approaches (11 of 512 (2.15%)), the One Health approach

was most frequentlyeported in the study objectives and/or methods sections (6 of 512 (1.17%)).

DISCUSSION

Summary of evidence

There is a spectrum chnine zoonoses and vectorborne diseastbshe potential to
causehealth implicationsn humans and animais North America countriefEckert and
Deplazes 2004, Lefebved al.2006, Chikwetcet al. 2012, 2013, Krecekt al.2012, Chomel

2014, Stullet al. 2015, Springeet al.2018) Canine zoonoses may be classified as true
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zoonoses, spread by direct contact between dogs and husr@gnaljies, leptospirosis), vector
transmitted zoonoses for which dogs may act as key sources or resengpiBifylidium
caninum,Ehrlichia canis, and Leishmaniasis infantyrandzooanthroponosedjseases
transmitted from humans to dogsd, methicilin-resistantStaphylococcus aureusfluenza A
virus) (Messengeet al.2014) Within each category, there are pathogens with the potential to
impact themorbidity and/or mortalityf people and animal&ahn 2006) This scoping review
presented a broad summary of canine zoonaséwectorborne diseastudies at the degnd
pathogerevels in North America. Our findings show the historical and currenthlision of
research related to pathogens that have the potential to cause moderate to severe health outcomes
(i.e., morbidities and/or mortalities) in humans as a result of exposure to infected dogs or their
environment, as well as specific characteristics pertaining to the nature of canine zoonotic
research in this part of the world.

Our results indicate an inequitable publication distribution in southern dependent
territories and sovereign states, reflected by the dominance in numbers of publications from the
northernmost North American countries. Previous evidence indicatasutisaission of
zoonoses between humans and animals occurs more frequently anldwiddleincome
countries, as many of these countries are resaugostrainedKareshetal. 2012, Vasco and
Graham 2016, Delahagt al.2018) Historically, the epidemiology of zoonotand vectorborne
pathogens, including thetatus and extent of emerging infectious and parasitic disease in the
central and southern countries of North Aroe including the Caribbean, has been both poorly
researched and understgé@rdeet al.2011) which may explain our findings. It is plausible

that inin less populous ane@searckconstrained settings there may be fewer researchers,
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particularly in countries without veterinary academic institutiéessresearch funding, arttie
availablefundingmay be susceptible to social, economic, and political instabi{fieker

2018) Notably, there was variation in the number of publications fatifour IHDI categories.

While a predominance in research conducted in northernmost countries in North America
may be expected, there was disproportion in the frequency of publications dradaog three
countries. In particular, the frequency of research literature conducted in Canada was more
similar to that conducted in Mexico, a fihigho
Canadads ndvery Mangvariables deferime reseanck of nognotic diseases
generally, and canine zoonoses in particular, including differences in capeirific pathogen
endemicitieschanging political climates and associated research prioritizations, as well as the
availability of and acceds research fundinfNational Research Council 200®)ifferences in
country-specific human and domestic dog populations as well as differences in-dogan
proximity and contact as a result of dog population deassty may explain the disparities in
publications generally, and between the USA, Canada, and Mexico specifically. 22087
National Pet Owners Survey found that within the USA of 126.2 million households, 84.6
million (68%) were pebwning householdéSpringer 2017)0f these, the most popular pets
were dogs, accounting for 48% of all animals in@ehing households, and 40.6 million dogs
nationally(Springer 2017)With a human population of close to 37 millignternational
Monetary Fund 2018}here are 7.6 million dogs in Canada, and approximately 41% of
households owning at least one d@gnadian Animal Health Institute 201¥yhile the
proportion of household dog ownership in Canada is similar to that of the USA, the total number

of dogs in Canada is considerably less than that in the (@T@&Aadian Animal Health Institute
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2017y whi ch may explain the disparitiesHDIn numb
countries. Il n Mexi co, thered@dpprgximately 28 Dilliondogsn k ed c o
(CortezAguirre et al.2018) which provides an important canine population consideration.

However, despite a canine population size larger than that of Canada, there are certain
impediments to researchn Me xi co that are not found i n Ahi
consideredFor instance, while thetis limited data regarding domestic dog population

demographics in Mexic(Kisiel et al.2016) it is estimated that of 23 million dogs, 70% are
categorized as ei t(BatezAduigderab2018)Theosurplus sfstlayay 6 d o g
dogs in Mexico affords more opportunities for elogdog contact and sharddmandog

environments than may exist in Canada, where there is currently no evizhsszbestimate of

the proportion of stray dogs, but stray dogs in dense urban settings are generally extremely rare

as a result of sustained and extensive dog populatgoragement initiatives. Furthermore, high

numbers of stray dogs may enhance the potential for public health challenges including

infectious and zoonotic disease transmission between dogs and people. This is likely a significant
driver behind the conduct bigh numbers of canine zoonotic research studies in Mékian et

al. 2016) However, given disparities in numbers of academic institutionsreadkilable

research funding, while there are more dogs in Mexico than in Canada, the number of canine

zoonoses publications from Mexico is not higher than, but rather similar to that of Canada.

Another driver of published research are the resourcelllaio conduct it. At over
4. 64 billion USD in 2016 (2.74% of Gross Dome
Domestic Research and Development (GDRD) expenditures for scientific research far exceed

that of any other country globally, including Canadd3villion USD, or 1.53% of GDP), and
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Mexico (1.01 billion USD, or 0.49% of GDP). Since 2000, GDRD has remained steady and,

more recently, increased in the United States
decreasing trend from 1.87% GDP in 2@00Gts current valu¢Organisation for Economic

Cooperation and Development (OECD), 2018)e specific reasons for the disproportionality in

the numbers of research studies are unknown; however, our review provides evidence that

indicates the majority of studies of canine zoon@sekvectorborne diseasesdomestic dogs

were conducted in the two most populous North American countries.

For this scoping review we chose to include known canine zoonotic as well as common
vectorborne pathogens and diseases as both can affect theofidéalinans and dog®ntario
Agency for Health Protection and Promotion (Public Health Ontario) 2W& evaluated how
commonly research was conducted on various pathogens relating to human and canine health.
We identified dist of thefive mostfrequently researched canine zotion and vectorborne
pathogensvith the potential to cause moderate to severe health outcomes in humans, which
comprised exclusively viral and bacterial organisigs, Ehrlichia spp.,Borrelia burgdorferj
Leptospiraspp.,Influenza viruses andRabies virus)The number of publications pertaining to
infectious diseases generally, and canine zoonoses specifically, does not necessarily correlate
with the burden of iliness in the country/region. There are other drivers that influence the number
of research publications, including: numbers of academic journals available, funding agency
priorities, countryspecific disease profiles of importance, the financial impazbohoses on a
particular country, available research infrastructure, and numbegsesrch scientis{Stephen
et al.2004, Casciet al.2011, Evan®t al.2014) Certain pathogenmay be overrepresented in

the literature due to their importance in terms of burden of illness in dogs and their high profile
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in public perception, such as canine influenza villsjichia spp., and. burgdorferi.Indeed,

there are some infectious deses and diseasausing pathogens that attract both high and low
research attention, regardless of disease byfelenise 2019)For instancedogs predominantly
carry canine influenza virus subtypes H3N8 and H3N2 and should be carefully considered for
the roles they play as hosts of this vi(uset al.2018) and their potential to act as mixing

vessels for influenza viruses. However, while doagying H3N2 canine influenza virus may
transmit the virus to other species with whonytheme into close and frequent contact,

including humansthere is very limited evidence that H3N2 canine influenza virus is zoonotic
(Kruegeret al.2014, Voorheest al.2017) Fundamentally, there is limited understanding of the
global distribution of infectious diseasg$anet al. 2016} yet, the frequency with which

emerging zoonoses are occurring, emphasizes the need for geographical distribution baseline
data(Hanet al.2016) The gaps innfluenza virus andLeptospiraspp. research conducted in
Amedi umo and Al owd | HDI countries in North
highlight differences irtountryspecific research priorities.

Four pathogens in our search string were unrepresented in the literature. While there is
evidence to suggest dogs may play a role in the epidemiold@gaélla burnetij Entamoeba
histolyticag Vibrio cholerag andYeasinia enterocoliticaand that some of these pathogens may
cause illness in humans as a result of exposure to infected dogs or their envil@iameret al.
2015a; Knobel et al. 2013; Buhariwalla et al. 1996; MerekeYinary Manual)evidence of their
relationship to emerging amtharacterize@oonotic ilinesses is not widely available in North
America(Heddle and Rowley 1975, Alasat al.2015, Ghasemzadeh and Namazi 2015, Mtshali

et al. 2017) Commonly reported pathogens are not necessarily reflective of public health
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importance. The gap may highlight other zoonoses are of higher importance in North America
than outside of this geographic region of the world. Furthermore, thataiconditions to
supportCoxiella burnetij Entamoeba histolyticaVibrio cholerag andYersinia enterocolitica
endemicities in North America may only occur in certain countries. For instance, leptospirosis is
a widespread and prevalent zoonotic disease; however, lnegtyspiraserovars are regionally
distinct, occurring mainly in countries with humid subtropicad &ropical climategPrattet al.

2017) Since the beginning of the 2tentury, there has been increasing focus and advocacy for
enhanced collaboration among various disciplines to address many health challenges of global
significance(Gebreyest al. 2014, Schureet al.2016) Collaborative approachesresearch

provide an holistic and integrated foundation from which to evaluate human, animal, and
environmental health challeng@snholt et al.2012, Lebowet al.2017) Moreover, these
approaches propose a more comprehensive understanding of health challenges and engender
potential solutions than would not be possible with siloed approdéiceksvet al.2017) Our

findings suggest very few researchers in North Amencluded descriptions of specific
collaborative integrated approaches to resea ) One Health, Ecosystem Health, and others)

in study the objectives and/or methods sections. However, as highlighted in our findings, there
was a high frequency of camirzoonoticand vectorborndisease research studies which
comprised experiments and investigationghenpathophysiology and immunology of pathogen
host interactiorand molecular biology, for which an integrated collaborative approach may not
be warrantedFurthermore, for applied research, including analytical observational studies,
which can be supported by an integrated collaborative approach, there are potential barriers

inherent to the success of such approaches generally. Although some guidediriss(émholt
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et al.2012, Hasler, Hibyet al.2014, Daviset al.2017, Lebowt al.2017) there remainmited
guidance available for investigators in the practical design and implementation of context
specific integrated collaborative approaches to res¢bhatiovet al.2017) Indeed, here are

difficulties with data sharing across nations and within institutions; communication within
institutions and across languages may inhibit interseetotidborations; access to applicable

grants anarossdisciplinary funding sourcesnd maintaining momentum across

multidisciplinary teamgSchureret al.2016) Regardless of the reason, our evidence indicates a
distinct gap in the inclusion and application of collaborative approaches in canine health research
in this part of the world.

LIMITATIONS

This scoping review contains a number of limitatidfisstly, we adhered to the scoping
review protocol withminor deviations from the protocohade to clarify the wording ithe broad
research question, review objectives anrkening formsand avoid the perception that dogs
were involved in human transssion of certain pathogerdoreover in our protocolwe did not
explicitly mention that dissertations would roe included in our searcfor this scoping review,
we were interested ioriginal scientific reports of research finding®.( primary research
studies) of animalevel and/or pathogelevel (e.g, studies relating to molecular epidemiology
of pathogens that have been sampled from dogs) outcomesn{nelectronic databases, we
may have missed relevant information in the greydture, including conference proceedings
and dissertation$Secondly we collected primary research information published in English,
Spanish, or French languages, whiektricted our search to articles written in those specific

languagesThirdly, wedeveloped our search string for this scoping review from a combination
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of published literature and publicly available information from regipacific organizations.

Using this method, we could have inadvertently missed published literatated topatlogens

with the potential to cause moderate to sebe@th outcomes in humans and dogs part of

our search string @included the major (i.eCapnocytophagapp.)but not all potential dog bite
pathogens and could therefore have missed publicatiahstiudedKlebsiella, Fusobacterium,
Neisseria and otherskourthly, we focused our review on domestic doGaifis familiarig, and

on relevant studies conducted within a specific time frame. Conference proceedings or journal
articles less than 500 words and published and unpublished dissertations were excluded. Finally,
applying the species filter in tMEDLINE® via NCBI© datdase, may have excluded some
citations that had not yet completed the MEDL®EBdexing processAs such, our findings
provided information specific to the eligibility criteria that we used to conduct this review, and
thus are only generalizable to Engligtiench, or Spanish publications, of canine zoonasds
vectorborne diseas@s domestic dogs, from North American countries since the start of the 21

century.

CONCLUSIONS AND RECOMMENDATIONS

This scoping review mapped the evidence of canine zooaosegectorborne diseasasd
characterized the available literature in relation to the current IHDI country rar{kinged
Nations Development Programme 201&)om a regional perspective, the disparity in research
conducted in Avery highod and fAhigho | HDI coun
IHDI countries is similar to that identified in previous studies regarding the conduct of research
of other zoonoass(World Health Organization 2012, Cleavelastcal.2017, Delahoyet al.

2018) Our findings, and that of others,m&rces the need for improved funding and
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infrastructure development for the conduct of
countries. Through our review of the literature, we identified five pathogens that have been
commonly researched particubarl wi t hin Avery higho | HDI North
start of the 2& century As many of these zoonotic pathogens can pose a direct threat to the

health of human and dog populations, irrespective of country IHDI ranking, it may be beneficial

forf uture applied research, particularly within
supported by integrated collaborative approa¢Besvser and Anderson 2018yhen

appropriate to the research question. This support has the potential to encourage open lines of
communication across diplines and countries in an effort to effectively convey research

findings; inform regional mechanisms to manage new and emerging canine zanbses

vectorborne diseaseand identify sustainable regional and global health solu{Bo#/ser and

Anderson 2018)

REFERENCES

Ahn, A.C., Tewari, M., Poon, C.S., and Phillips, R.S., 2006. The clinical applications of a
systems approacRL0oS Medicing3 (7), 09560960.

Alam, M.A., Magbool, A., Nazir, M.M., Lateef, M., Khan, M.S., anchdisay, D.S., 2015.
Entamoebanfections in different populations of dogs in an endemic area of Lahore,
PakistanVeterinary Parasitology207 (3 4), 216 219.

Anholt, R.M., Stephen, C., and Copes, R., 2012. Strategies for collaboration in the
interdisciplirary field of emerging zoonotic diseasésonoses and Public Healtg9 (4),
229 240.

Arksey, H. and O6Mall ey, L., 2005. Scoping st
International Journal of Social Research Methodology: Theory and Pra&i¢®),19 32.

Bowser, N. and Anderson, N., 2018. Do@ais familiarig as sentinels for human infectious
disease and application to Canadian populations: A Systematic R¥aeinary
Sciences5 (4), 83.

Braun, C., Stangler, T., Narveson, J., and Pettingell, S., 2009. Aagsisted therapy as a pain
relief interventiorfor children.Complementary Therapies in Clinical Practidé® (2), 105
109.

Buhariwalla, F., Cann, B., and Marrie, T.J., 1996. A-delgted outbreak of Q feveClinical

74



i nfectious diseases. : an officialAmenaaB3 i cat i

(4), 753 5.

Canadian Animal Health Institute, 2017. Latest Canadian Pet Population Figures Released
[online]. Available from: https://www.canadianveterinarians.net/documents/caraekan
populationfigurescahi2017 [Accessed 22 Nov 2018].

Cagio, A., Bosilkovski, M., RodrigueMorales, A.J., and Pappas, G., 2011. The secaogy
of zoonotic infectionsClinical Microbiology and Infectionl7 (3), 336342.

Chikweto, A., Bhaiyat, M.I., Tiwari, K.P., de Allie, C., and Sharma, R.N., 2012. Syrosis in
owned and stray dogs in Grenadaterinary Parasitology190 (3 4), 613 616.

Chikweto, A., Tiwari, K., Kumthekar, S., Stone, D., Louison, B., Thomas, D., Sharma, R., and
Hariharan, H., 2013. Serologic detection of antibodidBrtaellaspp. ughg a commercial
ELISA in cattle in Grenada, West Indi@gopical Biomedicing30 (2), 277280.

Chomel, B., 2011. Ticlorne infections in dogan emerging infectious threafeterinary
Parasitology 179 (4), 294301.

Chomel, B.B., 2014. Emerging andemmerging zoonoses of dogs and caisimals 4 (3), 434
445.

Cleaveland, S., Sharp, J., Ab&&der, B., Allan, K.J., Buza, J., Crump, J.A., Davis, A., Del Rio
Vilas, V.J., De Glanville, W.A., Kazwala, R.R., Kibona, T., Lankester, F.J., Lugelo, A.,
MmbagaB.T., Rubach, M.P., Swai, E.S., Waldman, L., Haydon, D.T., Hampson, K., and
Halliday, J.E.B., 2017. One health contributions towards more effective and equitable
approaches to health in le@nd middleincome countrief?hilosophical Transactions of
the Royal Society B: Biological Scienge®72 (1725).

Conrad, P.A., Meek, L.A., and Dumit, J., 2013. Operationalizing a one health approach to global
health challenge€€omparative Immunology, Microbiology and Infectious Disea3eg3),
211 216.

CortezAguirre, G.R., JiméneZoello, M., GutiérreBlanco, E., and OrtegBacheco, A., 2018.
Stray dog population in a city of Southern Mexico and its impact on the contamination of
public areasVeterinary Medicine Internationa018, 16.

Davis, M.F., Rankin, S.CSchurer, J.M., Cole, S., Conti, L., Rabinowitz, P., Gray, G., Kahn, L.,
Machalaba, C., Mazet, J., Pappaioanou, M., Sargeant, J., Thompson, A., Weese, S., and
Zinnstag, J., 2017. Checklist for one health epidemiological reporting of evidence
(COHERE).OneHealth 4 (January), 121.

Delahoy, M.J., Wodnik, B., McAliley, L., Penakalapati, G., Swarthout, J., Freeman, M.C., and
Levy, K., 2018. Pathogens transmitted in animal feces ind&ma middleincome countries.
International Journal of Hygiene and Envinmrental Health221 (4), 661676.

Eckert, J. and Deplazes, P., 2004. Biological, epidemiological, and clinical aspects of
Echinococcosis, a zoonosis of increasing cond@linical Microbiology Reviewsl7 (1),

107 135.

Esteva, L., Vargas, C., and Vargas.@en, C., 2017. The role of asymptomatics and dogs on
leishmaniasis propagatiollathematical Bioscience293, 4655.

Evans, J.A., Shim, J.M., and loannidis, J.P.A., 2014. Attention to local health burden and the
global disparity of health researdPL.oS ONE9 (4).

Forde, M., Morrison, K., Dewalilly, E., Badrie, N., and Robertson, L., 2011. Strengthening
integrated reseah and capacity development within the Caribbean region. (Special Issue:

75



Global health research case studies: lessons from partnerships addressing health inequities.).
BMC International Health and Human Righfisl (Suppl 2).

Friedmann, E. and Son, H., 200%e humarcompanion animal bond: How humans benefit.
Veterinary Clinics of North AmericaSmall Animal Practice39 (2), 298326.

Furuse, Y., 2019. Analysis of research intensity on infectious disease by disease burden reveals
which infectious diseasese neglected by researchd?soceedings of the National
Academy of Sciences of the United States of Amdridéa(2), 478483.

Gebreyes, W.A., Dupou€amet, J., Newport, M.J., Oliveira, C.J.B., Schlesinger, L.S., Saif,

Y.M., Kariuki, S., Saif, L.J., Salle, W., Wittum, T., Hoet, A., Quessy, S., Kazwala, R.,
Tekola, B., Shryock, T., Bisesi, M., Patchanee, P., Boonmar, S., and King, L.J., 2014. The
global one health paradigm: challenges and opportunities for tackling infectious diseases at
the human, animaand environment interface in levesource setting®LoS Neglected

Tropical Diseases3 (11).

Ghasemzadeh, I. and Namazi, S.H., 2015. Review of bacterial and viral zoonotic infections
transmitted by dogslournal of Medicine and Life3 (4), I 5.

Gonzé&éz Ramirez, M.T. and Landero Hernandez, R., 2014. Benefits of dog ownership:
Comparative study of equivalent samplésurnal of Veterinary Behavip® (6), 311315.

Han, B., Kramer, A., and Drake, J., 2016. Global patterns of zoonotic disease in mammals.
Trends Parasitql32 (7), 565577.

Hasler, B., Cornelson, L., Bennani, H., and Rushton, J., 2014. A review of the metrics for one
health benefitsWWHO chronicle in press (2), 453164.

Hasler, B., Hiby, E., Gilbert, W., Obeyesekere, N., Bennani, H., asttbu, J., 2014. A one
health framework for the evaluation of rabies control programmes: a case study from
Colombo City, Sri LankaPLoS Neglected Tropical Diseas&s(10).

Heddle, R.. and Rowley, D., 1975. The antibacterial properties of dog IgA, Igh4@nd
antibodies tovibrio cholerae Immunologic Researcl29, 197 207.

Himsworth, C.G., Jenkins, E., Hill, J.E., Nsungu, M., Ndao, M., Thompson, R.C.A., Covacin, C.,
Ash, A., Wagner, B.A., McConnell, A., Leighton, F.A., and Skinner, S., 2010. Short report:
Emergence of sylvatiechinococcus granulosas a parasitic zoonos$ public health
concern in an indigenous community in Canataerican Journal of Tropical Medicine
and Hygieng82 (4), 648645.

Hodgson, K. and Darling, M., 2011. Zheoeyi a:
Canadian Veterinary Journab2 (2),189 191.

Hoffman, P.F., Schaetzl, R.J., Wreford Watson, J., and Zelinsky, W., 2016. North America |
Countries, Regions, &amp; Facts | Britannica.com [onliaetyclopaedia Britannica, inc.
Available from: https://www.britannica.com/place/Ncealmerica [Acessed 15 Apr 2018].

International Monetary Fund, 2018. World Economic Outlook (October 2(R@8pulation
Mexico [online].web pageAvailable from:
https://www.imf.org/external/datamapper/LP@WEO/OEMDC/ADVEC/WEOWORLD
[Accessed 15 Jan 2019].

Jones, E.H., Hiickley, A.F., Hook, S.A., Meek, J.l., Backenson, B., Kugeler, K.J., and Feldman,
K.A., 2018. Pet ownership increases human risk of encounteringZickaoses and Public
Health 65 (1), 7479.

Kahn, L.H., 2006. Confronting zoonoses, linking human andivety medicineEmerging

7€



Infectious Diseased?2 (4), 556561.

Karesh, W.B., Dobson, A., Lloydmith, J.O., Lubroth, J., Dixon, M.A., Bennett, M., Aldrich, S.,
Harrington, T., Formenty, P., Loh, E.H., Machalaba, C.C., Thomas, M.J., and Heymann,
D.L.,2012 Ecol ogy of zoonoses :ThehnantetB804957)and unn
1936 1945.

Kisiel, L.M., JonesBitton, A., Sargeant, J.M., Coe, J.B., Flockhart, D.T.T., Reynoso Palomar,

A., Canales Vargas, E.J., and Greer, A.L., 2016. Owned dog ecoldglearography in
Villa de Tezontepec, Hidalgo, MexicBreventive Veterinary Medicin&35, 37 46.

Knobel, D.L., Maina, A.N., Cutler, S.J., Ogola, E., Feikin, D.R., Junghae, M., Halliday, J.E.B.,
Richards, A.L., Breiman, R.F., Cleaveland, S., and Njeng,,M013.Coxiella burnetiiin
humans, domestic ruminants, and ticks in rural Western Kémgarican Journal of
Tropical Medicine and Hygien&8 (3), 518518.

Krecek, R., Drebot, M., Wood, H., Morrison, K., Forde, M., and Dewallly, E., 20d.alence
of Zoonotic Infections in the CARICOM Region: Regional Report for CARICOM

Krueger, W.S., Heil, G.L., Yoon, K.J., and Gray, G.C., 2014. No evidence for zoonotic
transmission of H3N8 canine influenza virus among US adults occupationally exposed to
dogs.Influenza and other Respiratory Virus@&s(1), 99 106.

Larson, G. and Bradley, D.G., 2014. How much is that in dog years? The advent of canine
population genomic$2LoS GeneticslO (1), 13.

Lavan, R.P., King, A.l.M., Sutton, D.J., and Tunceli, K., 2017. Rationale and support for a One
Health program for canine vaccination as the mostefbsttive means of controlling
zoonotic rabies in endemic settinisccine 35, 1668 1674.

LealCastellanos, C.B., Gareluarez, R., Gonzalddgueroa, E., Fuentesllen, J.L., and
EscobedeDe La Pena, J., 2003. Risk factors and the prevalence of leptospirosis infection in
a rural community of Chiapas, Mexidépidemiology and liection 131 (3),
S0950268803001201.

Lebov, J., Grieger, K., Womack, D., Zaccaro, D., Whitehead, N., Kowalcyk, B., and MacDonald,
P.D.M., 2017. A framework for one health reseaf@he Health 3, 44 50.

Lefebvre, S.L., Waltnefoews, D., Peregrine, A.S.elR-Smith, R., Hodge, L., Arroyo, L.G.,
and Weese, J.S., 2006. Prevalence of zoonotic agents in dogs visiting hospitalized people in
Ontario: Implications for infection contralournal of Hospital Infection62 (4), 458466.

Leung, M.W., Yen, |.H., and Mkler, M., 2004. Communitpased participatory research: A
promising approach for increasing epidemiol
International Journal of Epidemiolog33 (3), 499506.

Li, G., Wang, R., Zhang, C., Wang, S., He, W., Zhang, J,,L.j\Cai, Y., Zhou, J., and Su, S.,
2018. Genetic and evolutionary analysis of emerging H3N2 canine influenza virus article.
Emerging Microbes and Infections (1).

Little, S.E., Heise, S.R., Blagburn, B.L., Callister, S.M., and Mead, P.S., 2010. Lyre&dsis
in dogs and humans in the USHrends in Parasitology26 (4), 218218.

Macpherson, C.N., 201P2ogs, Zoonoses and Public Heal#nd ed. CABI.

Merck Veterinary Manual, 2019. Zoonotic Diseas@siblic Health [online]. Available from:
https://mwwmerckvetmanual.com/publizealth/zoonoses/zoonotitiseases [Accessed 15
Jan 2019].

Messenger, A.M., Barnes, A.N., and Gray, G.C., 2014. Reverse zoonotic disease transmission

77



(Zooanthroponosis): A systematic review of selddocumented human biologicakéats
to animalsPL0oS ONE9 (2), 1 9.

Millien, M.F., PierreLouis, J.B., Wallace, R., Caldas, E., Rwangabgoba, J.M., Poncelet, J.L.,
Cosivi, O., and Del Rio Vilas, V.J., 2015. Control of dog mediated human rabies in Haiti:
No time to spareé?LoS Neglect Tropical Disease® (6), 1 10.

Mtshali, K., Nakao, R., Sugimoto, C., and Thekisoe, O., 2017. Occurrexmlla burnetij
Ehrlichia canis Rickettsiaspecies andnaplasma phagocytophilutike bacterium in ticks
collected from dogs and cats in Soéthica. Journal of the South African Veterinary
Association 1i 6.

National Research Council, 200ustaining global surveillance and response to emerging
zoonotic disease$Vashington, DC: The National Academies Press.

O6Haire, M. , 2 0 1s(and h@ramheatn Beoediits, ahallenges,| and the road
aheadJournal of Veterinary Behavior: Clinical Applications and Reseafc(b), 226234.

Ontario Agency for Health Protection and Promotion (Public Health Ontario), @@h7panion
animals and tickborne diseases: A systematic revi€ystematic Review. Toronto,
Ontario: Queendbs Printer for Ontario.

Organisation for Economic Cooperation and Development (OECD), 2018. Gross domestic
spending on R&D [online]. Available fronmttps://data.oecd.org/rd/gredemestie
spendingonr-d.htm [Accessed 22 Nov 2018].

Otranto, D., Danta3orres, F., and Breitschwerdt, E.B., 2009. Managing canine vieotoe
diseases of zoonotic concern: part tWoends in Parasitology25 (5), 228235.

Pratt, N., Conan, A., and Rajeev, S., 2017. Leptospira seroprevalence in domestic dogs and cats
on the Caribbean island of Saint Kittéeterinary Medicine Internationa017, Article ID
5904757.

Pyett, P., 2002. Working together to reduce health ingmsalReflections on a collaborative
participatory approach to health reseavbstralian and New Zealand Journal of Public
Health 26 (4), 332336.

Rabozzi, G., Bonizzi, L., Crespi, E., Somaruga, C., Sokooti, M., Tabibi, R., Vellere, F.,

Brambilla, G;and Col osi o, c. , 201 2. Emer giSafgly zoono
and health at work3 (1), 77 83.
Sargeant , J. M., Kel t on, D. F. , and O6Connor , A

of interventions: Building evidence across study giesiZoonoses and Public HealtG1
(SUPPL1), 1017.

Schurer, J.M., Mosites, E., Li, C., Meschke, S., and Rabinowitz, P., 2016. Cominasety
surveillance of zoonotic parasitedmein a 060n
Health 2, 166 174.

Springe, A., Montenegro, V.M., Schicht, S., Pantchev, N., and Strube, C., 2018. Seroprevalence
and current infections of canine vectmrne diseases in Nicaraglrarasites & vectorsll
(1), 585.

Springer, J., 2017. The 20PD18 APPA National Pet Owners SuyMeebut.

StataCorp. 2017. Stata Statistical Software: Release 15. College Station, T.S.L., 2017. Stata
Statistical Software: Release 15 College Station, TX: StataCorp LLC [orRiDE].

Available from: https://www.stata.com/ [Accessed 15 Nov 2017].
Stepha, C., Artsob, H., Bowie, W.R., Drebot, M., Fraser, E., Leighton, T., Morshed, M., Ong,

78



C., and Patrick, D., 2004. Perspectives on emerging zoonotic disease research and capacity
building in CanadaCanadian Journal of Infectious Diseasé&$ (6), 339344.

Stull, J.W., Brophy, J., and Weese, J.S., 2015. Reducing the riskadgmtiated zoonotic
infections.Canadian Medical Association Journdl87 (10), 736743.

Takashima, G.K. and Day, M.J., 2014. Setting the one health agenda and thecbupanion
anmal bond.International Journal of Environmental Research and Public Hedlth(11),
11110'11120.

Taylor, L., 2013. Eliminating canine rabies: The role of piilplitczate partnershipg\ntiviral
Research98 (2), 314318.

Taylor, L.H., Latham, S.M., and ¥élhouse, M.E.J., 2001. Risk factors for human disease
emergencePhilosophical Transactions of the Royal Society B: Biological ScieB8&€s
(1411), 988989.

Tricco, A. C. , Lillie, E. , Zarin, W. , O6Bri en,
M.D.J., Horsley, T., Weeks, L., Hempel, S., Akl, E.A., Chang, C., McGowan, J., Stewart,
L., Hartling, L., Aldcroft, A., Wilson, M.G., Gatrritty, C., Lewin, S., Godfrey, C.M.,
Macdonald, M.T., Langlois, E. V., Soarégeiser, K., Moriarty, J., Clifford, T., Uncalp,

O., and Straus, S.E., 2018. PRISMA extension for scoping reviews (PRERRX
checklist and explanatioAnnals of Internal Medicine

United Nations Development Programme, 2@16man development report 2Q16nited
Nations Development Programme.

Vasco, K. and Graham, J.P., 2016. Detection of zoonotic enteropathogens in children and
domestic animals in a semirural community in Ecuador, 82 (14),14274.

VelasceVilla, A., Mauldin, M.R., Shi, M., Escobar, L.E., GallariRomero, N.F., Damon, I.,
Olson, V.A., Streicker, D.G., and Emerson, G., 2017. The history of rabies in the Western
HemisphereAntiviral Researchl146, 221232.

Voorhees, |.LE.H., Glaser, A.L., Tooh&urth, K., Newbury, S., Dalziel, B.D., Dubovi, E.J.,
Poulsen, K., Leutenegger, @Villgert, K.J.E., Brisban&€ohen, L., Richardsehopez, J.,
Holmes, E.C., and Parrish, C.R., 2017. Spread of canine influenza a(H3N2) virus, United
StatesEmerging Infectious Disease®3 (12), 19501957.

White, A.M., Zambrand orrelio, C., Allen, T., Rasl, M.K., Wright, A.K., Ball, E.C., Daszak,

P., and Karesh, W.B., 2017. Hotspots of canine leptospirosis in the United States of
America.Veterinary Journgl222, 29 35.

WHO, FAO, and OIE, 2015. Rationale for investing in the global elimination chuedated
human rabiesWHO Press 20 Avenue Appia 1211 Geneva 27 SwitzeGahd.

Woldehanna, S. and Zimicki, S., 2015. An expanded One Health model: Integrating social
science and One Health to inform study of the hwanra@imal interfaceSocial Science and
Medicing 129, 8795.

World Health Organization, 201Research priorities for zoonoses and marginalized infections
World Health Organization technical report series.

Zicker, F., 2018. Promoting high quality research into priority health neeggimAmerica and
Caribbean, 13.

79



Table 3.1 Final search strategy for the conduct of title/abstract screening in MEDLINE® via
NCBI® to identify literature oncanine zoonoseand vectorborne diseasesearch inCanis
familiaris in North America since the start of thesentuy

Database: MEDLINE® via NCBI©

Search period: 200071 2018

Library: McLaughlin Library, University of Guelph
Limits:

Advanced Search Builder in Title/Abstract
i . I
Publication date (custom date range) 2001 to 201805-14; Species:
OtherAnimals
Languages: English, French, Spanish
Text availability: Abstract

Search terms:

Domestic dog descriptor terms:

Adomestic dogo OFRcanba@R ckienOR peird i
AND

Caninezoonotic and vectorborne pathog#gscriptor terms:

AAnaplasma OR Ancylostoma ORBabesicOR Bacillus OR
iBaylisascariMBopredyanibud g@Rr i e
Acanine zoono*0 OR Campyl obacte
Corynebacterium OR ACoxiella bu
OR ADi pyl udmiou®@Rc @&lkEichi nococcus ¢
iEchinococcus wWEHrtliilohciud a®R sME rot
OR fiEscherichia colio OR AGiard
I nfl uenza OR Lei shmania chagas
LeptospiraORi Met hi ci Il Il in resistance s
AMIi crosporum ani so OR AOnchoce
Pseudomonas OR Pr dRiealse tOiRs iRa bi ie
Sal monel |l a OR i S &pirccergea® R Sporatheia b i e
schenckii o

OR ATerxawmccani so0 OR AToxopl asma ¢
OR A Trypanos dumanagarstanodeghatl®O®R A Vi br
choleraed OR fAYersinia enteroco

fi
i
c

APlease notéhis tick-borne pathogen does not constitut&aaine zoonotic pathogéie., there is no direct or
indirect transmission from dogs humany However, we have includedlibur search string as it & public health
concern in somsovereign states and dependent territories in North America and carttedfbetlth oboth

humans and dogs.
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Table 3.2 Characteristics relating to publication year, pathogens, daw#y, research methods

at the dog and pathogéevel, domestic dogs, and whether integrated approaches were described
for studies conducted in NorthhAmefihc¢agmocodme!
and Al owo o radjusteccHurham Bayeloprhenttingex

Inequality -adjusted Human

Development North American H\qerr]y ~ Higho Mediumc Lowd TSt(;\IZ
Country Index gha A ©

Pathogen Categories for
Comprehensive List of all Pathogens
Bacterial 272 36 3 1 312
Fungal 4 0 0 0 4
Parasitic 103 32 0 1 136
Viral 72 7 1 2 82
Column Totals 451 75 4 4 534
Five most Frequently Researched
Zoonotic and Vectorborne
Pathogens in Domestic Dogs
Borrelia burgdorferi 58 4 1 1 64
Ehrlichia spp. 64 14 2 1 81
Influenza viruses 40 1 0 0 41
Leptospiraspp. 42 10 2 0 54
Rabies virus 33 6 1 2 42
Column Totals 237 35 6 4 282
Study-Level
Dog-level 296 55 3 3 357
Pathogerevel 102 9 0 0 111
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Dog and pathogetevel 35 5

Column Totals 433 69

41

509

Main Research Methods at the Dog.evel

Experimental Studies 69 6
Analytical Observational Studies 174 37
Descriptive Studies 88 17
Column Totals 331 60

75

215

108

398

Main Research Methods at the Pathogeihevel

Development or validation of

laboratory methods and diagnostics 29 0
Identification of virulence factors 14 1
Molecular biology 48 6
Pathophysiology and immunology of

pathogerhost interaction 45 4
Phylogeny 31 7
Whole genome sequencing 5 0
Column Totals 172 18

29

15

55

49

38

191

Types ofDomestic Dogs Included in Studies

Domestic dogs bred for use in

. 71 1
experiments
Freeroaming domestic dogs 4 5
Owned domestic dogs 194 40
Population iltdefined or unclear 55 5

72

11

239

62
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Stray domestic dogs 14 21 0 0 35

Column Totals 338 72 5 4 419

Integrated Collaborative Approaches
Listed as Part of Study

Approach unclear or Htlefined 0 1 0 0 1
Collaborative approach 1 0 0 0 1
Communitybased approach 0 3 0 0 3
Ecosystem approach to health 0 1 0 0 1
Onehealth 3 3 0 0 6
Participatory epidemiology 0 0 0 0 0
Systems approach 0 0 0 0 0
No approach listed 429 64 4 3 500
Column Totals 433 72 4 3 512
aUnited States of America (USA) and Canadzosta Rica, Cuba, Grenada, Mexico, Panama, Saint Kitts and Nevis,
Trinidad and TobageGuatemala and Nicaragudda i t i APuerto Rico is not | isted o

as an unincorporated U.S. territory data pertaining to this country werdedchith the USA.

eFor studies conducted in more than one North American country, (e.g., Canada and Mexico), the study was
categorized twice. That is, for the above example, onc
IHDI. Therefore, thedtal number of studies categorized by IHDI was higher than the total number of studies

considered eligible for data characterization.

iAs of May 14, 2018
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Records identified through Additional records identified
database searching through other sources
(N =10102) (N=0)

v Y

Records after duplicates removed

(N = 6969)
Records screened | Records excluded as not relevant
(N = 6969) i (N =6122)
] Full-text articles excluded (N = 340)
Full-text amcles 1) Unable toretrieve full text publication (n=9)
assessed for eligibility > 2) Duplicates (n=8)
(N = 847) 3) Not >500 words (n=13)

4) Did not describe primary research (n=30)

5) Did not investigate one or more canine zoonoses of
interest (n=25)

6) Was not published from North American country
(n=204)

7) Was not at the dog- or pathogen-level (n=20)

8) Domestic dogs were not the target population (n=31)

Studies included in
quantitative synthesis

(N = 507)

Figure 3. 1 PRISMAO® flow chart detailing the number ditle/abstract citations identified,
duplicates removed, full texts included and excluded, and the reasons for their exclusion
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Figure 3.2 Map showing the number of eligible canine zoon@sesvectorborne diseastidies
of domestic dogs conducted in the sovereign states and dependent territories of North America
between 2000 and 2018
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CHAPTER 4

PREVALENCE AND GENETIC CHARACTERIZATION OF GIARDIA
SPP. ANDCRYPTOSPORIDIUMSPP. IN DOGS IN IQALUIT,
NUNAVUT, CANADA

Danielle A. Julien, Jan M. Sargeant, Rebecca A. ®ayen ShapirpRachel K. ImaiAnna
Bunce, Enooyaq SudlovenicBhu ChenJipingLi, and Sherilee L. Harpefhis Chaptexas
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ABSTRACT

There are few epidemiologic studies on the role of dogs in zoonotic parasitic transmission
in the Circumpolar North. The objectives of this study werél) estimate the fecal prevalence
of Giardia spp.andCryptosporidiunmspp. in dogs; (2) investigate potential associations between
the type of dog population and the fecal presencgiafdia spp andCryptosporidiunmspp.; and
(3) describe the moleculaharacteristics abiardia spp andCryptosporidiunspp. in dogs in
Igaluit, Nunavut. We conducted two cresactional studies in July and September 2016uly,
the research team collected daily fecal samples for 3 days from each of 20 sled dogs. In
September, the team collected three fecal samples from each of 59 sled dogs, 111 samples from
shelter dogs, and 104 from community dogs. We analyzed fecal samples for the presence of
Giardia spp., andCryptosporidiunmspp. using rapid immunoassay and flotatiechniques.
Polymerase chain reaction (PCR) and sequencing of target genes were performed on positive
fecal sampleOverall, the fecal prevalence of at least one of the target parasites, when one fecal
sample was chosen at random for all dogs, was 8(96%Cl: 5.5211.92), and foGiardia
spp. andCryptosporidiumspp. prevalence was 4.42%5600Cl: 2.587.49) and 6.12%06%CI:
3.889.53), respectively. The odds of feGihrdia spp. in sled dogs were significantly higher
than in shelter and communitpgs (OR 10.19 (CI1.16:89.35)). Sequence analysis revealed
that 6 fecal samples we@ardia intestinalis zoonotic assemblage B<2), and speciespecific
assemblages €3), and E (=1), and 5 fecal samples we@gyptosporidium canisGiardia
intestinalisis a known zoonotic genus; howeveryptosporidium caniss rare in humans and,
when present, usually occurs in immunosuppressed individuals. Dogs may be a potential source

of zoonoticGiardia intestinalisassemblage B infections in residemmtsgaluit, Nunavut, Canada;
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however, the direction of transmission is unclear.
IMPACTS
= Qur results provide important baseline data estimating the fecal prevaldaadia
spp. andCryptosporidiunmspp. in dogs, which is intended to inform entericalis
surveillance activities in Nunavut.
= Canine feces collected in Igaluit, Nunavut contained a zoonotic parasitic organism
Giardia intestinalisassemblage BOther organisms identified were protozoan parasites
Cryptosporidium caniandGiardia intestinais assemblages D and E.
» The direction ofGiardia intestinalisassemblage B transmission between dogs and
humans is uncleadogs may be a potential sourceGifrdia infection in people, or dogs
may also acquir&iardia from humans in Igaluit, Nunavut.

INTRODUCTION

Enteric illness is an important cause of morbidity and mortality causing substantial
economic, human, and animal health impacts worldwith@ihas et al., 2017Enteric iliness is
characterized by vomiting and/or diarrhea and aaadcompanied by fever, abdominal pain,
and anorexigMajowicz et al., 2008)Although symptoms argpically mild and seHimiting in
high income countries, complications associated with enteric illness can b&tedp(Thomas
et al.2006)

Many pathogens can cause enteric iliness, including bactagiaSalmonellaspp.,
Campylobactespp., and/ibrio spp.), virusesd.g, Norovirus and Rotavirus), and protozoan
parasitesd€.g, Giardia spp. andCryptosporidiunmspp) (World Health Organization 2015)

Giardia spp. andCryptosporidiumspp. are among the most common protozoal parasites
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implicated in enteric illness in humans and many species of mammals, includin@-doigs
Forsteret al.2010, Fletcheet al.2012) Furthermore, these parasites are the cause of
considerable morbidities and mortalities globd&fetcher et al., 2012; Snel et al., 2009yman
exposure tdsiardia spp. andCryptosporidiunspp. can occur throughany transmission

pathways, including contact with infected people or animals, and the ingestion of water or food
contaminated with human or animal fecal matk¢acpherson 2005pets, including dogs, are a
known animal source d@biardia spp.andCryptosporidiumspp. in humangéTraubet al. 2004,

Xiao et al.2007) Given the many ways in which people can be exposed, it is often difficult to
determine the specific sources of parasitic infect{®wgio-Forster et al., 2010)

Globally, one of the highst incidences of selfieported enteric illness was reported in
populations in Inuit Nunangat, including lgaluit, Nunagidarperet al. 2015) Furthermore,
research identified high prevalences of two paras@emdia spp. andCryptosporidiunspp.,in
the stools ohuman patients with diarrhea from the Qikigtani Region of Nundgbtl et al.

2015) Molecular analysis and characterization of these parasites suggestedhwmaamor,

more likely, zoonotidransmissior{lgbal et al.2015) Therefore, similar to other regions in

Canada, it is plausible that domestic animals, such as dogs, may be a potential source of human
exposure to enteric pasites in Arctic Canada.

Inuit have a long and meaningful history of living in close contact with (Qdsgtani
Inuit Assocation 2014) Historically, dogs were an integral part of Inuit life, and they continue to
play crucial roles in the lives and culture for many Inuit, such as providing transportation,
accompanying people when they travel on the land, as well as pypiditection and

companionshigBrook et al.2010, Daveluyet al.2011, Qikigtani Inuit Association 2014,
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Aenishaensliret al.2018) However, similar to other locations around the world, dogs may put
people at risk of exposure to enteric pathog&wyette et al, 20141otez, 2010; Salb et al.,
2008) includingparasitic zoonosg®ixon et al.2008, Thiviergeet al.2016)

In First Nation populations in southern locales in Canada, studies have identified dogs as
hosts of many genera of zoonotic parasitecludingGiardia andCryptosporidium(Himsworth
et al., 2010; Jenkins et al., 2013; 8, Hill, Fernando, and Jenkins, 2012)some of these
more southern Indigenous communities, there is an increased risk of zoonotic infection due in
part to a combination of factors, including fre@ming dog populationSchureret al.2012)
and limited access to health services and resources in some comn{Aaigisen 2005, King
2009) However, similar studies examining the potential role of dogs in zoonoses in Inuit
communities are lacking, presenting a challenge in understanding the role these animals may
play in the transmission @iardia spp. ad Cryptosporidiunspp.in the Circumpolar North
(Kutz et al., 2009)Therefore, the goal of this research was to investigate dogs as a potential
source ofGiardia spp.andCryptosporidiumspp.infections in residents in Iqaluit, Nunavut. The
objectives of this study were:t(1) estimate the fecal prevalenceGérdia spp. and
Cryptosporidiunmspp. in dogs; (2) investigate potential associations between the type of dog
population and the fecal presenceézpérdia spp andCryptosporidiunspp.; and (3) describe the
molecular characteristics fiardia spp andCryptosporidumspp. in dogs in Igaluit, Nunavut.

MATERIALS AND METHODS

Study Approach
The People, Animals, Water, and Sustenance (PAWS) project was developed to better

understand which exposures might contribute to the burden of enteric iliness in Igaluit. This
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project was a collaboration between researchers in the Arctiqgongrnmental organizations,
government stakeholders, and researchers at universities. Through extensive engagement and
consultation, Nunavtibased partners identified untreated drinking wgittasinaet al.2019)
clams(Manore 2018)and dogs as impa@nt potential sources of enteric illness in humans, and
identified Cryptosporidiumspp.andGiardia spp.as enteric pathogens of top concern. This

formed the research focus of the PAWS project.

The project used EcoHealth and One Health approdZimesstaget al. 2011, Rabinowitz
and Conti 2013)which were critical to understanding the unique context of enteric illness in
Igaluit, Nunavut and improving scientific knowledge of the interaction between water, food, and
dogs in an Arctic setting. A central component of the PAWS project involvedsiadding
Inuit relationship to each of the water, food, and dog study components; this not only informed
the conduct of the research but also provided a foundation from which to communicate research
findings in culturally appropriate and locally relevaminners. The research described herein is
a component of the PAWS project and is specif
project.

The Nunavutnnovation andResearch Institute approved the involvement of dogs in this
study (Scientific Resednd.icense #010311614). We did not require ethical approval from the
University of Guelph Research Ethics Board as this study did not involve human participants nor
direct contact with animals.

Research Setting
We conducted crossectional studies in Juand September 2016 in Igaluit, the capital

city and largest of 26 communities in the territory of Nunavut in INutangatLocated on
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Baffin Island, over 7,700 people reside in Igaluit, 58.5% of whom identify as Indigenous,
primarily Inuit(Statistics Canada 2016()igure 1.).
Sampling Framework

The number of dogs needed to estimate a true prevale@iardia spp.and
Cryptosporidiunmspp.with an imperfect test was calculateith 95% confidence and 5%
precision, using an assumed sensitivity of 89(IX&XX Veterinary Diagnostics, Westbrook
2016) In the absence of previous studies reporting the prevalence of parasites in dogs in the
Arctic, an assumed true prevalence of 20% was applied based on previous studies investigating
parasites in dogs in the provincial north and southern Northwest Tesit@anadéouzid,
Halai, Jeffreys, and Hunter, 2015; Salb et al., 2008; Schurer et al., 2012; Villeneuve et al., 2015)
and on studies in the Arctic investigating the prevalencgiaidia spp.andCryptosporidium
spp. in diarhoeic human patients of Baffin Island, Nunavut, Can{&itddfarbet al 2013, Igbal
et al.2015) We used the sample size calculation to guide our decisions on sample size and the
scope of the project. The calculated sample size was 284 dogs.
Dog Populations

We coll ected fecal s amppbpelation§:Bledalogp sheltero) f r o
dogs temporarily housed at the Il galuit- Humane
roaming dogs ( AlrJoly?dlswie tollected deges ojn sled dogs, and in
September 2016 we collected feces frona stemmunity, and shelter dog.
Sled Dogs: July and September 2016

From July 2631, 2016, we conducted an initial cresectional study using a convenience

population of sled dogs. The teams of every sled dog team owner in the community during the
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July stug period were eligible to participate. From SeptembeP222016, we attempted a
census study of sled dogs including the teams we researched in July. In both July and September,
we collected fecal samples daily from each dog for three @mta.were coicted pertaining to
the team to which each sl ed dog belonged (Aite
sizeo), and the number of fecal samples (fisam
that we researched in July and September.
Shelter Dogs: September 2016

The Humane Society in Igaluit is the only animal shelter in Nunavut. The length of stay
of any dog at the shelter is highly variable. Shelter dogs may be returned to their owner, rehomed
in lgaluit, or relocated via intgerovincial adoption through the Society for the Prevention of
Cruelty to Animals (SPCA) in Western Quebec and throughamescues in Ottawa at various
intervals. From September-P2, 2016, Humane Society staff and volunteers collected and
packaged fresh fecal samples from shelter dogs for the research team to collect daily.
Community Dogs: September 2016

We conducted aonvenience collection oétal deposits public access areas from
September 121, 2016. Similar to other studigslimsworth, Skinneret al.2010, Schureet al.
2013) deposits were assumed to be cardewes, specifically that of community dogs in Igaluit.
Fecal samplewere collected by the research team using transect walk methods, modified from
the World Society for the Protection of Animals guideli(M&SPA 2012) The research team
conductedraining sessions with local Inuit researchers to ensure general safety around free
roaming dogs and methods for accurate fecal sample collettierdividedgeographicaimaps

obtained from the City of Igaluit into multiple contiguous quadrants (750m length x 500m
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width). The research team collected fecal samiptas randomly selected quadtann public
areas including parks, playgrounds, school properties, major roadways and thoroughfares, and
open tundra
Fecal Sample Collection, Storage, and Shipment

We aimed to collect the maximum feasible number of fecal samples from dogs up to the
cakculated sample size. Dog feces that were as fresh as possible were collected; feces that were
dry and/or overly grey or white (an indication of age and desiccation) were rejected as per a
previous study of environmental fecal sampl{8ghureret al.2013) We were unable to
formerly collect any information on deworming and/or other medical treatments of any dogs in
this study For each canine populatidiecal sampling was from that deposited by dogs and
collected in their environment, not rectalye assurad that each fecal sample collected via
environmental transect walks and from shelter dogs originated from one dog; therefore, in
contrast to sled dogs, we collected only one fecal sample per shelter and community dog. We
used previously unopened glovestidlect each fecal sample in asealable plastic bag. Fecal
samples were divided for parasite detection by rapid immunoassay and microscopy and were
maintained between&C prior to and during shipping when possible. At the end of the study
period in dily, one researcher travelled by plane with fecal samples transported on ice from
Igaluit, Nunavut to Guelph, Ontario. In September, fecal samples were transported on ice at
regular intervals from Igaluit, Nunavut to Guelph, Ontario using one of two tdased
shipping companies.

Parasite Detection
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To explore opportunities to increase diagnostic capacities in this remote Arctic
community, ando maximize the likelihood of identifyinGiardia spp. andCryptosporidium
spp., the authors chose to use alom@tion of microscopy and rapid immunoassay tests. In
Guelph, Ontario, each fecal sample was testeGfardia- andCryptosporidiursspecific
antigens by one researcher using two rapid immunoassay tests: 1) IDEXX SBliARI& test
for the detection of &iardia-antigen,validated for use in dogs and cBEXX Veterinary
Diagnostics, Westbrook 2016) a n d 2 BiarapCeyptasgporidiuntest for the
simultaneous detection &iardia and/orCryptosporidiumantigens, validated for use in humans
(ThermoFisher Scientific, 201dpetection ofGiardia andCryptosporidiumantigens in fecal
samples was presumed to indicate that the animaGierdia trophozoites or cysts and/or
Cryptosporidiumendogenous stages in the intestine or oocysts in the fedd$erent
researcher conductedicrose wet mounts to detect cyst&adrdia spp. or oocysts of
Cryptosporidiunmspecies present in the feces.
Rapid Immunoassay Tests

The IDEXX SNAP®Giardia (for the detection of an§iardiaa nt i gen) and Xpec
Giardia/Cryptosporidiunfor the detection oGiardia intestinalis (G. intestalis) and
Cryptosporidium parvurmantigens) tests were carried out as per manufacturer recommendations
(IDEXX Veterinary Diagnostics, Westbrook 2016, Thermofisher Scier2’16) Deviations
from the product inserts included an increased length of time between fecal sample collection
and analysisn=4 weeks in July and=2 weeks in September), as well as periodically

substandard storage of fecal samples. We refrigerated fecal samples immediately after collection,
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but some fecal samples might have been subject to periods of ambient temperature during
transport given the giance from Nunavut to southern Ontario.
Sucrose Wet Mount Microscopy

The Ontario Veterinary College puddle technique was used to test fecal samples for
Cryptosporidiunmspp. oocysts an@iardia spp. cystgTrotz-Williams et al. 2005) Briefly, after
thorough mechanical mixing of each fesample, a small amount of fecal material
(approximately 40 mg) was added to a drop of sucrose solution (specific gravity 1.32) on a
microscope slide. The sucrose and fecal material were mixed using a fresh applicator stick on the
slide and a coverslip aped (Trotz-Williams et al.2005) The entire coverslip was examined
immediately for the presence Giardia spp. cysts an@ryptosporidiunmspp. oocysts. A fecal
sample was considered positive iardia andCryptosporidiumif at least one (oo)cyst was
detected on a 22migoverslip examiad at 400x magnification. Fecal samples may have been
exposed to periods of freeze/thaw due the climate in September in Igaluit, Nunavut. The typical
sensitivity of this method is estimated to be approximately 50 oocysts/cysts per gram feces when
examiningundiluted, fresh feces.
Molecular Analyses
DNA Extraction

Samples that tested positive ferardia or Cryptosporidiumusing immunoassays or
microscopy were further processed BIXA extraction andnolecular analysis at the
Agricultural and Food Laboratgr University of Guelph, Ontario, Canada. The laboratory was
blind to the results of the two immunoassay tests and the microsco@G&stvas conducted to

detect the presence of both parasites on each sample regardless of whether samples were positive
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for eitherGiardia spp.,Cryptosporidiumspp., or both on the parasitological tests.

Fecal samples (1.0 g) were suspended in 4.5 mL TAR&$and subjected sucrose
gradient floatation and centrifugatiom captureCryptosporidiunoocysts andiardia cysts.
(Oo)cysts suspended in lysis buffer were subjected to freeze/thaw lysis and DNA was purified
using two rounds of chloroform/isoamyl alcohol extraction prior to further purification using the
DNeasy Blood and TissiieKit (Qiagen). To maximize analytical sensitivity of detection, we
also extracted total genomic DNA directly from fecal samples (0.2 g) using a PowelSidii
Isolation Kit (MO BIO Laboratories, QIAGEN Inc., Valencia, CA) with modifications
(Appendix 4.1).

Nested PCR

Gene targets for the detection@dyptosporidiumspp. wereCryptosporidiumsmall
subunit ribosomal (SSU) rRNAL89 andCryptosporidiunt0 kDa glycoproteirfgp60) Gene
targets foiGiardia spp. werebetagiardin (g), glutamate dehydrogenagglh), triose phosphate
isomerasetpi), andGiardia 18s ribosomal RNA gend@he gene targets, primers, and cycling
conditions used for the molecular analyses are presentggpendix 4.1. Target genes were
amplified using a twestep nested PCR procedure, as describéghpendix 4.1
Sequencing

PCR amplification fragments from P@dsitive fecal samples identified by gel
electrophoresis were purified using NucleoFast® 96 PCR -tlpdit according to the
manuf actur er 6s -NagebDucer, Gérmahy) Buwiffeé RCR yragments were
sequenced at the Agriculture and Food Laboratory, University of Guelph, using an ABI 3730

Genetic Analyzer (Applied Biosystems). The raw sequences walgzad using ABI Prisnmu
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Sequencing Analysis software {Bpplied Biosystems 200@p obtain a higkguality consensus
sequence for each fecal sample (Q>20). The consensus sequences were queried against NCBI
GenBank® using the Basic Logidignment Search Tool (BLASTAltschupet al. 1990)to
compare with publicly available sequences. Species and/or genotype identification was
determined based on the highest pairwise similarities.
Statistical Analysis
Statistical analyses were performed using the statistical softw#€&/Shtercooled 15
(StataCorp. 201 7Stata Statistical Software: Release College Station, TX: StataCorp LLC)
We evaluatedtatistical significance with a cpbint for statistical significance @k0.05. We
conductedhe following analyses with 95% confidence intervals (CI):
» The fecal prevalence of eith@&iardia spp.,Cryptosporidiumspp., or both parasites using
a parallel interpretation.€., we interpreted a test positive fecal sample to be that which
tested positive on at least one of the theg@rdia-specific tests, on at least one of the two
Cryptosporidiumspecifc tests, or on at least one of all five parasite tests) across alll
microscopy and immunoassay tests for the following populations:
» the aggregated dog level for sled dogs, where a positive dog is one with at least one
positive fecal sample (any parasitetf@snong the three fecal samples;
» the fecal sample level when one sample was chosen at random for sled dogs;
» the fecal sample level for community;
» the fecal sample level for shelter dogs; and
» the overall prevalence of at least one parasite in all fengdlsa, when one sample was

chosen at random for sled dogs.
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To determine if there was variation in the fecal prevalen€&afdia spp. andCryptosporidium
spp. among parasitological tests, analyses were conducted separately for each test for:

» the aggregad dog level for sled dogs;

» the fecal sample level for community dogs; and

» the fecal sample level for shelter dogs.
We used univariable logistic regression models to asksessssociation between dog
populations and the fecal presencé&adrdia spp andCryptosporidiunmspp. The binary
dependent variablesgere the presence Giiardia spp. and/oCryptosporidiunmspp based on
parallel interpretation across parasitological tests. The independent variables were the type of
dog populations researched in September §led, shelter, and community dogs). We made
fecal samples from the sled dog population comparablestother populations of dogs by
randomly choosing one out of the three collected fecal samples for each sled dog.

We performed descriptive statistics on the team size. The linearity of the variable team
size was assessed by plotting toatinuous variable against the fodds of the outcome using
lowess curvesi.g., locally weighted regression for smoothed scatterpbs) by examining the
significance of a quadratic term and its main effect in each of two-fauéil modelsTo
accoun for the norindependence of the sled dog data in alswel hierarchical structure,
mixed effects logistic regression models were attempted as individual fecal samples were nested
within dogs and dogs within teamiEhere were too few data, however, itanfiixed effects
logistic regression model$herefore, wditted univariable logistic regression models to
investigate the association between team size and the preséieedid spp. and/or

Cryptosporidiunspp. in sled dog feces sampled in Septemb#62Again, we used one
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randomly selected fecal sample per sled dog.
RESULTS

We collected 452 fecal samples from 294 dogs in July and September 2016: 60 samples
from 20 sled dogs in July; 177 samples from 59 sled dogs in September; 104 from community
dogs in September; and 111 from shelter dogs in September. Sled dogs belorigekdstmet
teams ranging in size from 6 to 16 dogs per team, with a team average of 10.9 dogs fdreeam.
range ofGiardia spp. andCryptosporidiumspp. prevalence across sled dog teams was 0.00% to
14.58% and 0.00% to 13.79%, respectivelyhe fecal pevalence ofGiardia spp. and
Cryptosporidiumspp. in each dog population, and tariation in fecal prevalence of these
parasites among parasitological test® shown imables 4.1and4.2 Although at least one dog
in each population had at least orexdl sample that tested positive for eitli@ardia or
Cryptosporidiumon at least one of the parasitological tests, there was variability among tests.
Overall, the total fecal prevalence at the sample level of at least one parasite across all dog
populatons in Igaluit, when one sample was chosen at random, was 8®B68€(: 5.5211.92),
of Giardia spp. was 4.42%06% Cl: 2.587.49), and ofCryptosporidiumspp. was 6.12%096%

Cl: 3.889.53)Dog population typavas significantly associated witBiardia spp. presencept
value= 0.04, but not with the presence Gfyptosporidiunspp. p-value= 0.81). Specifically, ta
odds ofGiardia spp. based on one random fecal sample per sled dog (OR 26%<(: 1.16
89.35)) was higher than the oddsGiairdia spp. in shelter dogg éble 4.3. For sled dogs, there
was no significant association between team size and the fecal prese@@dih spp. nor

Cryptosporidiunmspp. Table 4.4.
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Summaries of theesuls of the parasitology tests and PCR analyses are sholvables
4.5and4.6. A fecal sample that tested positive @iardia spp. but noCryptosporidiunspp. on
one or more of the parasitological tests would be tested for both parasites using PCR; PCR could
identify Giardia DNA, confirming the results of the parasitological tests, but it could also
amplify CryptosporidiumDNA, indicating a falsenegative esult on the initial parasitological
tests.Of the 25 samples for whidBiardia spp. tested positive by immunoassays, analysis by
PCR, yielded 13 (52%) samples wihmplification of the targeted amplicons f8rardia spp.
(Table 4.5. Sequence analysis six of these 13 PCR amplicons confirmgakcificG.
intestinalisassemblage: three fecal samples were assemblage D, one fecal sample was
assemblage E, and two fecal samples were zoonotic assemblagel®4.6. Results of the
amplification of the genesabagiardin(bg) and the speciespecific markeglutamate
dehydrogenasgdh)following nested PCR indicated similar numbers of amplicons compared to
the amplification of genes at the other markgrsand18Sgene markers). However, seven out
of the 13amplicons were detected at Bérdia 18S rRNA (183)ene, more than half of which
were not detected at the other gene ldale 4.6. The discrepancyi.e.,N=13 amplicons and
only n=6 genotyped samples) was due to:Gigrdia spp. could not be identified because of
unreadable sequence data; or (2) the PCR amplicons showed no genetic relatidbistnghao
spp.

Following nested PCR @ryptosporidiungene targets, 22 amplicons weldained
from thel8Sgene only. Sequence analysis revealed that DNA amplicons from five fecal samples
belonged to the specispecific groupCryptosporidium canigXiao et al. 1999) (Table 4.6.

The discrepancyi.e.,N=22 amplicons and only=5 genotyped samples) was due to: (1)
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Cryptosporidiunmspp. could not be identified because of unreadable sequence data; or (2) the
PCR amplicons showed no genetic relationshiprigptosporidiumspp Not surprisingly, the
gp60gene target did not amplify DNA in tl@&yptosporidium canipositive samples abe

PCR primers targeting this highly polymorphic gene are specifiryptosporidium parvurand

Cryptosporidium hominis

DISCUSSION

The results of this study showed that a small number of feces collected from dogs in
Igaluit, Nunavut, contained a zooimparasitic organisreiardia intestinalisassemblages B.
Other organisms identified were protozoan parasitgptosporidium caniandGiardia
intestinalisassemblages D and E. Assemblage D, is transmissible between domestic and wild
canids, foxes, cattle, chinchillas, and kangaifétesyworth 2016) Assemblage E has been found
predominantly in clovefoofed domestic mammals such as cattle, water buffaloes, sheep, goats,
and pigs, but not in dod¥aoyu and Xiao 2011)Although the majority of the parasites we
identified typically infect dogs and other animals rathen humansG. intestinalisassemblage
B (Giardia enterica(Jenkinset al.2013)) is a recognized zoonotic pathogen of public health
significance, and has been implicated in diarrheal diseases in bothmdblggraangTraub et al.,
2003; Tysnes, Skancke, and Robertson, 2014; Yaoyu and Xiao, P@é\ipus epidemiologi
studies orGiardia spp.and/orCryptosporidiumspp.in dogs in more southern Indigenous
communities in notArctic locations have been conducted primarily in the western Canadian
provinces and the Northwest Territor{&albet al.2008, Himsworth, Skinnegt al.2010,

Bryanet al.2011, Schureet al.2012, 2013)as such, our study was the first to investighaée

presence of these parasites in the feces of dogs in Inuit Nunangat.
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The prevalence dfryptosporidiunspp. was higher tha@iardia spp. in September. This
finding differs from previous studies on dogs in other communities across Canada (Bryan et al.,
2011;Himsworth et al., 2010b; Schurer et al., 2012). In previous studies conducted in more
southern, notArctic regions of Canada, the prevalenc&ofptosporidiunspp. was generally
low and the prevalence &fiardia spp. was higher than that Gfyptosporidumspp. in dogs
(Himsworth et al., 2010; McDowall et al., 2011a; Schurer et al., 20dByever, despite the
research conducted to date in more southernAmrotic regions of Canada, the epidemiology of
cryptosporidiosis in animalgcluding dogs, is largely unknow{denkinset al.2013) and does
not currently exist for dogs in Inuit Nunandahiviergeet al.2016) In immune competent
dogs,Cryptospordiuminfections are usually selimiting and do not require treatmef@owman
and LucieForster 201Q)Therefore, despite a clear understanding of the epidemiology of
Cryptosporidiumspp. in dogsour study does not provide evidence to suggestibgd in
Igaluit, Nunavut may be at an increased risk of diarrheal disease&Cingmosporidium canis
infection.

The overall prevalence @iardia spp. was lower than the majority of publications in
which similar research methods were employed inAartic Indigenous communities in the
Northwest Territories, remote Northern Saskatchewan, and in rural or reonoteuaities in
Saskatchewan and Albelf8albet al. 2008, Himsworth, Skinnegt al. 2010, Schureet al.

2012, 2013)The variatiom in the prevalence @iardia spp. in more southern, n@rctic
regions of Canada as compared to that found in the Inuit Nunangat may be due to differences in
geography, ecology, the number and types of dog populations, culture, governance, and colonial

history. Furthermore, irrespective of the region in which fecal samples were collected, detection
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of parasite presence in canine samples can be affected by poor sample integrity or test
sensitivities, variation in canine dietary composition, and the intimbishedding oGiardia

cysts in feces, which is a particular limitation to quantifying an accurate prevalence estimate
(Yaoyu and Xiao 2011)rherefore, the measured prevalences may be subject to some
uncertainty.

While parallel interpretation and multiday fecal sampling increased diagnostic sensitivity,
there are some reasons to suggest that our results undatestimtrue prevalence of these
parasites in Igaluit. First, there were delays in the shipment and storage of samples because of the
remote geographic location in which our study took place. Although (oo)cysts are capable of
surviving environmental stresiss (Lemoset al.2005) both rapid immunoassay tests protocols
recommend that fecal samples be stored &i2or frozen prior to testin DEXX Veterinary
Diagnostics, Westbrook 2016, Thermofisher Scientific 2@b@)) this was not always possible
with our samplesSecond, weollected and analyzed single rather than multiday samples from
community and shelter dogs. Although this method is commonly employed in other canine
studies in more southern, néuctic regions of Canad@imsworth, Skinneret al. 2010,

Schureret al.2012, 2013)Giardia spp. trophozoites and cysts may not be shed in the feces of
infected dogs. Consequentihe Companion Animal Parasite Council recommends testing
multiple samples from intermittently or consistently diaic dogs foGiardia spp. to increase

the likelihood of visualizing its presence in fe¢(€APC Vet, 2017)The fecal immunoassays
would be expected to detecGaardia spp. infection despite the lack of shedding of intact
parasitegOlsonet al.2010) Finally, there wer@aumerical differenceamong parasitological

tests and discordance between parasitological test results and PCR results. Certainly, some of
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these discrepancies could be explained by less than optimal sample conditions; both exposure to
freezing temperaturdsefore collection and unavoidable periods at room temperature during
transport may result in degraded antigens, damaged cyst/oocyst walls affecting flotation and,
perhaps, impact integrity of any isolated DNA from these samples.

Given the fecabral roue of transmission dbiardia spp. andCryptosporidiumspp., we
hypothesized that higher densities of dogs would create an environment conducivetsr dog
dog transmission of (oo)cysts. While other research supports this hypdisetisand Petersen,
2013; Kostopoulou et al., 201 ye did not find a significant association between dog team size
and fecal presence of either parasite in sled dogspossible that our findings represent the true
relationship in Igaluit, or that fecal parasite presence may be dependent on oéntinod
factors not assessed as part of this study. These could include variations in sled dog team
management practices.g.,treatments, diets) and demographic datg.(sex, age)the effects
of which may be tearaariant. Further studies should examimanagement practices and
demographic data in dogs in Igaluit to determine the association of such factors with the fecal
presence of enteric parasites.

The overall sample leveldds ofGiardia spp. in feces collected from sled dogs was
higher than thedds ofGiardia spp. in shelter dogdhis could be the result of differences in the
prevalence ofhis parasiteamong the different canid populatiof@@aereboutt al.2009, Bouzid
et al.2015, Pallanet al.2015) or could have been influenced by our assumption that each stool
sample ciected from the Igaluit Humane Society represented one dog. Furthermore, clustering
of dogs within sled dog teams and within the shelter could have had an effect on prevalence;

however, whenve evaluated team as a random effect it was not statistioglifisant (<0.05)
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and the associated variance components were extremely small (< 2)0R[E2l dogs are
managed and kept in separate teams away from the residential areas of the city, such that there is
little contact with both the public and other daghin this Arctic region of Canada. Therefore,
there may be fewer opportunities for parasite transmission to or from other populations of dogs
and humangFeng and Xiao 2011)
The prevalence estimates®fardia spp. andCryptosporidiunspp. varied broadly across
parasitological tests. Thibagnosis ofGiardia spp.using fecal flotation can be difficult as cysts
are small and similar in appearance to many pseudoparasites such as yeast, which can result in an
underestimation or overestinm@ of prevalenc€Olsonet al.2010) For the rapid
immunoassays, botihanufacturerseport high sensitivities and specificities: tBEXX
SNAP®Giardiat est boasts 89. 2% sensitivity and 100%
Giardia/Cryptosporidiuntest has 95:86.4% sensitivity an88.5% specificitIDEXX
Veterinary Diagnostics, Westbrook 2016, Thermofisher Scientific 264@)ever, theX p e c t E
Giardia/Cryptosporidiuntestwas developed to dete@Gt intestinalisandC. parvumantigens,
which could explain the discordance between negative parasitol@yigatbsporidiumspp.tests
and positive molecular tests, which isola@dcanisDNA. The reason for the higher prevalence
of Giardia spp. identified by th&X p e cGiddia/Cryptosporidiuntest as compared to the
IDEXX SNAP® Giardia testis unknown. However, plausible explanations for test variation
include different tesspecific antigens and sample integi4an den Bosschet al.2015)
Future studies validating the useXop e cGiadia/Cryptosporidiuntests for the detection of
these parasites in canine feces would be beneficial for increasing rapid immunoassay test

capacities in remote communities such as Igaluit, Nunavut.
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In our study, there was discordance between the parasitological and molecular findings.
In this study, DNA was amplified by PCR for one of the parasites even if the preceding
parasitological tests were negative for that parasite. Other researchers chwéerbthat
discordance among testing modalities is comifizecock, Cadiergues, Larcher, Vermot, and
Franc, 2003; Dryden et al., 2006; Geurden.e808; Leonhard et al., 2007; McDowall et al.,
2011a; Olson et al., 201,3nd that identifying and genotypiy intestinaliscan be challenging
(Lebbad et al., 2010; Leonhard et al., 2007; McDowall et al., 2Qalla)f which may indicate
that our prevalence estimates are likely underestimates. Our study highlights some distite rea
challenges that exist with collecting fecal samples in a remote Arctic locale, maintaining correct

sample storage conditions, and facilitating rapid analysis at a centralized southern laboratory.

LIMITATIONS

There are some limitations to our stu@ur sample size was based on the assumption of
random sampling and we carried out convenience sampling. However, the sample size was used
as a guide to inform project scope, and not as an absolute number. As feces were collected by

convenience samplinghese data may not be representative of all dogs in Igaluit, Nunavut.

CONCLUSION

Dogs represent an integral part of Inuit life in the Canadian Ai@ikigtani Inuit
Association 2014)Through multidisciplinary research collaboration, we have increased our
understanding of zoonotic parasitic infections at the hudwgrenvironment interfacéVe
presented baseline data that indicate I@#rdia spp. andCryptosporidiunspp. were present in
at least one canine fecal sample in each dog population in this Aegion of CanadaGiardia

spp. were less prevalent than previously identified in dogs in other more southern Indigenous
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communities in CanadaVe confirmedhe presence dbiardia intestinalis zoonotic assemblage

B (n=2), and speciespecific assemblag D =3), and E (=1), and specie€ryptosporidium
canis(n=5) in the Arctic.Although Cryptosporidium canisnay infect humans, this occurs rarely
(Bowman & LucieForster, 2010and usually only in immunocompromised individu@i$ao et

al. 2007) Dogsmay acquire these parasites from food sources, other dogs, or humans, and in
turn dogsmay be a source @. intestinalisassemblage B exposure to other dogs or to humans,
potentially causing enteric illnedRegardless of geographic locatitiyman ontact with the

feces of dogsi.e.,touching feces or its ingestion) can pose health risks betezesemay

contain microorganisms, including parasites, that are pathogenic to h(iduassvorth,

Skinner,et al.2010, Hotez 2010, Schuret al.2012, 2013)
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Figure 4.1 A map indicating the country Canada (outlined in black), the territory of Nunavut
(darker green), and the study location, the territorial capital Igaluit
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Table 4.1 Fecal prevalence (%) and 95% confidence intervals (95%CG@jartlia spp. andCryptosporidiumspp. at the: aggregated
dog level for sled dogs, sample level when one sample was chosen at random for sled dogs, and sample level for corsheitaty and
dogs in Igaluit, Nunavut in July, and September 2016

Dog population No. of No. of Parasite Prevalence (%) Analysis
dogs samples (95% CI) type
Sled dogs July 20 60 Giardia and 25.00 (9.9150.26) AAggregate
Cryptosporidium d dog level
Giardia or 35.00 (16.4459.57)
Cryptosporidium
Giardia 30.00 (13.0455.00)
Cryptosporidium 30.00 (13.0¥55.00)
Sled dogs 59 177 Giardia and 11.86 (5.6423.28) AAggregate
September Cryptosporidium d dog level
Giardia or 27.12 (17.0840.19)
Cryptosporidium
Giardia positive 16.95 (9.2629.14)
Cryptosporidium 22.03 (13.0434.76)
positive
Sled dogs July 20 20 Giardia and 15.00 (4.4040.38) yFecal
Cryptosporidium sample
Giardia or 20.00 (7.0€45.37) leveli.e.,
Cryptosporidium one sample
Giardia positive 15.00 (4.4040.38) chosen at
Cryptosporidium 20.00 (7.0€45.37) random for
positive sled dogs
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Sled dogs 59 59 Giardia and 3.39 (0.8113.04) yFecal
September Cryptosporidium sample
Giardia or 11.86 (5.6423.28) leveli.e.,
Cryptosporidium one sample
Giardia positive 8.47 (3.4819.22) chosen at
Cryptosporidium 6.78 (2.4917.14) random for
positive sled dogs
Community 104 104 Giardia and 1.92 (0.477.52) sFecal
dogs in Cryptosporidium sample
September level
Giardia or 6.73 (3.2013.60)
Cryptosporidium
Giardia positive 3.85 (1.439.95)
Cryptosporidium 4.81 (1.9911.18)
positive
Shelter dogs in 111 111 Giardia and 0.00 (0.060.00) gFecal
September Cryptosporidium sample
Giardia or 5.41 (2.4211.64) level
Cryptosporidium
Giardia positive 0.90 (0.126.29)
Cryptosporidium 4.50 (1.8610.50)
positive

AFecal p r Giavdaa bpp. mrad@yptosporidiunspp. at the aggregated dog leve; dogs were considered paragisitive if at least one fecal sample
was positive on at least one parasipecific test.

yFecal p r Giavda bpe. mrdd@yptosporidiunspp. at the fecal samplevel, when one sample out of three was chosen at random using an online
random number generator.

8 Fecal prevalence @iardia spp. andCryptosporidiunspp. at the sample levéle., samples were considered paragitssitive if positve on at least one
parasitespecific test.



Table 4.2 Fecal prevalence (%) and 95% confidence intervals (95% Clpiarfdia spp. and
Cryptosporidiumspp. detected by each parasitological test and calculated at the aggregated dog
level for sled dogs, and at the sample level for community dogs, and shelter dogs in lgaluit,

Nunavut in July, and September 2016

IDEXX X p e ct I Microscopy XpectE Microscopy
Giardia Giardia Giardia Cryptosporidium  Cryptosporidium
Sled dogs
JulyA
% (95%CI) 15.00 30.00 5.00 25.00 5.00
n=20 (3.21:37.89) (11.8954.28) (0.1224.87) (8.66-49.10) (0.1224.87)
Sled dogs
Septembei 3.39 13.56 3.39 10.17 13.56
% (95%CI) (0.42:11.71) (6.0424.98) (0.41-11.71) (3.8220.83) (6.0424.98)
n=59
Shelter
dogy % 0.00 0.00 0.90 3.60 0.90
(95%Cl) (0.003.27)  (0.003.27) (0.024.92) (0.998.97) (0.024.92)
n=111
Community
dogy 0.00 1.92 1.92 1.92 2.88
% (95%CI) (0.003.48) (0.236.77) (0.236.77) (0.236.77) (0.608.20)

n=104

AFecal p r Giavda bpe. mrdd@yptosporidiumspp. at the aggregated dog leved; dogs were considered
parasitepositive if at least one fecal sample was positive parapieific tests.
yFecal p r Giavda bpe. mrdd@yptosporidiunspp. at the sample levele., samples were considered

parasitepositive if positive on par@e-specific tests.
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Table 4. 3 Pairwise comparisons from final logistic regression models examining the dog level
(N=274) associations of dog populatiore{ community dogsr=104), shelter dogs$¥111), and

sled dogsr{=59)) with the odds of fecal presence@érdia spp. andCryptosporidiunmspp. in dog
feces from Igaluit, Nunavut, in September 2016

Model N Variable ~ varable Estimate g, 0dds g5, o
ref (b) (eb
Giardia sppA 274 Community  Shelter 1.48 1.13 0.19 4.40 0.4940.03
dogs dogs
Sled dogs Shelter 2.32 1.11 0.04 10.19 1.1689.35
dogs
Community Sled -0.84 0.69 0.23 043 0.11-1.68
dogs dogs
Cryptosporidium 274 Community  Shelter 0.07 0.65 0.92 1.07 0.303.81
spp.y dogs dogs
Sleddogs Shelter 0.43 0.69 0.53 154 0.405.97
dogs
Community Sled -0.36 0.69 0.20 0.69 0.182.69
dogs dogs

AMlodel 1 with dependent variab@iardia spp.

yModel 2 with GCrgpposgparidiespp. vari abl e

80ne sample out of three chosemaatdom for sled dog September dog population
* Wa | pvalee of the odds ratio



Table 4.4 Univariable logistic regression models examining the dog l&N=b9) association of
the continuous variable team size on the odds ratio (OR) of fecal prese@G@dif spp. and
Cryptosporidiunmspp. in sled dogs in Igaluit, Nunavut, in September 2016

Model n Variable Es?mbat)e SE p* OR( e 95% CI
Giardia spp.A 177 Teamsize 0.25 0.14 0.08 1.29 0.971.70

Cryptosporidiumspp. 177 Teamsize 0.04 0.15 0.80 1.04 0.781.39
y

AModel 1 with dependent variab@iardia spp.

yModel 2 with Grgpposparidiemspp. vari abl e

80ne sample out dhree chosen at random for sled dog September dog population
* Wa | pdvalige of the odds ratio
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Table 4.5 Results of PCR for amplification of parasite DNA in dog fecal samples that were
positive onGiardia- or Cryptosporidiurmespecific parasite tests, collected in Igaluit, Nunavut in
July and September 2016

Rapid . .
Sfirrnggizstﬁied Immunoassay/Fecal PCR Numerg::tlv\(lj;féﬁrences
(n=42Asamples) Float Ig.eeé,ulrtgrasn) Positive PCR/Parasit Results
Giardia son.s +ve =25 7 7/25 (28.00%)
PPy ve =17 6 6/17 (35.29%)
Crvptosooridiunms +ve = 33 19 19/33 (57.58%)
yprosp PP ve=9 3% 3/9 (33.33%)

A42 fecal samples were positive for eitk@&ardia spp.,Cryptosporidiunspp., or both on parasitological tests. The overall
prevalence of parasite presence in canine feces for the four populations of dogs was 9.29%65(93%Z B5)

y One of theGiardia (betagiardin) positives was obtained on the PCR assay of Goulden EK (thesis 2003)
(Appendix 4.1)

§ Discordant results between parasitological test results and targeted amplicons identified by PCR
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Table 4.6 The number ) of Cryptosporidiumspp. andGiardia spp. PCR ampliconfor dog
fecal samples fronigaluit, Nunava in July, and September 2016. The numb®rof C. canis
species and the number and typ&ointestinalisassemblages sequenced from amplicons at each
gene locus are also presented

PCR amplicons

(N)
Giardia spp. Giardia assemblages sequencedyahe loci (n)
bgA 18S rRNA: tpig gdhy
N=13 Assemblage B Assemblage B Assemblage B Assemblage B
n=1 n=1 n=0 n=0
Assemblage D Assemblage D Assemblage D Assemblage D
n=0 n=3 n=0 n=0
Assemblage E Assemblage E Assemblage E Assemblage E
n=0 n=1 n=0 n=0
Cryptosporidium Cryptosporidium species sequenced at gene loci (n)
spp.
gp60« 18S rRNA
N=22 C. canisn=0 C. canisn=5

aOnly 6 of 13 samples for which assemblage information was available. That is, sequeisngliafintestinalis
was not conclusive for the other 7 samples

b Only 5 of 22 samples for which assemblage information was available. That is, seque@riypfasporidium
spp. was not conclusive for the other 17 samples

ABetagiardin (g) gene locus

y Giardia 18s ribosomal RNA18S gene locus

8 Triose phosphate isomeraspi) gene locus

1 Glutamate dehydrogenasgdf) gene locus

¥ Cryptogoridium60 kDaglycoprotein(gp60)gene locus

«Cryptosporidiunsmall subunit ribosomal (SSU) rRNA&S gene locus
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CHAPTER 5

OUCH! A CROSSSECTIONAL STUDY INVESTIGATING SELF -
REPORTED HUMAN EXPOSURE TO DOG BITES IN RURAL AND
URBAN HOUSEHOLDS IN SOUTHERN ONTARIO, CANADA

Danielle A. Julien, Jan M. Sargeant, Catherine Filejski, and Sherilee L. HanieChapter was
published May 17, 2020 iioonoses and Public Heallitps://DOI: 10.1111/zph.12719
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ABSTRACT

This studyinvestigaédself-reporteddog bites in humans in rural and urban households
in southern Ontario, Canadaur objectives were tdetermineand comparehe incidence of
dog bites in rural and urban househobits] todescribe the profile of bite victims, biting dogs,
and the proportion of biting dodisat respondentself-reported as beingot upto date on rabies
vaccination We conducted a crosectinal observational studysing an online questionnaire.
The 2006 respondentgach representing one househoidluded 1002 rural and ;004 urban
residencesThe incidenceisk of at least one person the householtdeing bitterover the
previous yeamn rural households (69% per year) was less than in urban households (10.76%
per year)ln 53.20% of householdsom which at least one person had been bitten within the
past year, only a single person had been bikflstly, victims were 25 to 34 yeawdd
(21.67%), male (54.19%), and playing with or interacting with the biting dog at the time of the
incident (59.11%)Most biting dogs were 3 to 5 years dBR.02%) males $3.6%6), and
unleashed?76.83%). Based on selfeporting byrespondents33.33% of respondefwned
biting dogs were vaccinated against rabies at the time of the biting indidesgpective of dog
ownership, the odds ain individual in a rural householeting bitten by a dogrere 0.5395%
Cl: 0.381 0.73 the alds for an individual imn urbarhouseholdDog bites constitute asous
yet preventable, public healtioncernthat requires targeted, communggecific effortsPublic
health organizations could consider findings in developing messaging, panyiasave

highlight biting dogs reported by their owners as not up to date on rabies vaccination.

IMPACTS

» Individuals in both rural and urban househaieisorted that household members had
124



experiencedlog bites. However, irrespective of dog ownershipividdals in urban
households were more likely to be bitten than individuals in rural households.

» Results highlight characteristics of bite victims includingfim age and gender, and the
anatomical location of the bite; and biting dog age, sex, rabaesnadion status, and
circumstances surrounding the bite, as-ssibrted by respondents.

» Despiteprovincial legal requirements for canine rabies vaccination in Canada, there were
dogs reported by their owners as not up to date on rabies vaccinatidightiigdp a

potentially rabies/ulnerable subset of the canine population in southern Ontario, Canada.

INTRODUCTION

Human exposure to dog bites represamsmportanpublic healthconcernthat is often
underreported(Bottoms et al., 2014; Clarke and Fraser, 2013a; Macpherson,. Bui3¢ of the
more important concerns surrounding dog bites are the tegsoas of physical and emotional
trauma experienced by bite victims, and less commadmbyigh no less importantlyhe potential
risk of transmission of certain zoonotic pathogens, includiagnocytophagapp.,Pasteurella
spp, Methicillin-resistant Siphylococcus aureus, Clostridium tetaas wellasrabies(Centers
for Disease Control and Prevention, 2017; Macpherson, 2Ba&hermorebiting incidents also
constitute an important One Health issue due to the interdependence of human and animal health
in complex sociakecological interactions, as well as the need for collaborative coordination with
regard to their preventiofiRock et al., 2017)

Rabies is an infectious and zoonotic disease causedysgavirusvariant(Wunner &
Briggs, 2010) Transmission of the virus to humaascurs through salivg contamination of

breaks in the skin, most commonly as a result of bites inflictaéafegted animals, including dogs
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(Hampson et al., 2015)nfectionis almost always fatal following the onset of clinical symptoms
(WHO et al., 2015) Globally, domesticdogs remain the main reservoir and vector of rabies
transmission to humar{Macpherson, 2012; Wunner & Briggs, 201dpwever,there hae been

no reported human casesulting from dog bite exposures occurrin@intariq Canadaince the
1960s(Middleton et al., 2015)Despite the public health significance of rabies, and the potential
for its preventionthrough vaccinationthere aregaps inpublic knowledge regardingabies
awarenessthe importance of avoidingnimal bites, and appropriate heateking behaviours
(Franka et al., 2013; Herbert et al., 2012; Taylor et al., 2017)

An estimated 4.7 million people aretbit by dogs in the United States of America
(USA) each yea(Matthias et al., 2015)0f these, approximately 20% require medical attention,
with 20 to 30 deatheach yeatMatthias et al., 2015; Jeffrey J. Sacks et al., 20@00Fanada, on
average, one to two human deaths result from dog bites an(Rafiipavan, 2008Although
dog bites are public healthconcernand mechanism for the transmission of zoonoses, there have
been few studies evaluating the incidence of dog bit€anadgBottoms et al., 2014;

Raghavan et al., 2014; Szpakowski et al., 1988¢ordingly, theras a need for information
detailing Canadian dog ket between and within communitié€Raghavan, 2008)

Among a human population of approximately 36 millpople over7 million dogsare
owned in Canadwith approximately 41% of households/ningat least one dog as a pet
(Canadian Animal Health Institute &Eil), 2017). Non-dog owning individuals may also be
contact with dogshrough contact with the pets of friends or neighb@Wsstgarth et al., 2007)
While dogs contribute to socialpetional and physical welbeing(Hodgson & Darling, 2011)

the high number of dogs sharing close space with humans can also result in the potential for dog
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bite incidents(Shuler et al., 2008 Determiningthefactors that contribute to dog bites can be
challenging as they are often complex and multifactarigblving characteristics specific to the
victim (e.g.,age,gender, and injuries), the biting dagd.,age,sex circumstance, and health
status), and the context within which the bite occarg.(geographic location, degwning or
dogfreehouseholdand humaranimal interactionfOxley et al., 2018; Shuler et al., 2008)
Identifyingfactors that determine the occurrence of dog lsteseful to those interested in
human and animal health, public health polexygdveterinary and medical servic@diddleton

et al., 2015)

Assessing zoonotic disease risk is a prerequisite for tredapauent of effective public
healthpolicy, programsand zoonotic disease preventstnategiegDay et al., 2012 and Stull et
al., 2012).In Ontario, dog bites are reportable by law and follow up of dog bite incidents
includes investigation and documerda of the rabies vaccination status of the animal by local
public health unit§Ontario Ministry of Health and Lon@erm Care, 2019Dataregarding
human exposures to dog bitiasis provideuseful indicators focompliance withcanine rabies
vaccinationrequirementsas well apotentialhuman exposure to certain canine zoonoses

Dog ownershipandthe interactions between humans and dogsiialhouseholds may
differ from those inurbanhouseholdsNevertheless, the majority of studiesdate have focused
on urban or semiural environmentgBottoms et al., 2014; Lang and Klassen, 2005; Raghavan,
2008; Shuler et al., 2008; Szpakowski et al., 1989; Westgarth et al., 20687 ew have
compared human exposuregitng bites between rural and urlr@sidentsThis presents a gap
in our knowledge of thi®©ne Healthissue, particularly regarding the varied contexts within

which dog bite incidents occur.



Therefore, ar study objectives were t¢a) determine théncidence of dog bites, at the
householdevel, as selfeported by rggondens in rural and urban southern Ontafio)
describe the profile of victims, profile of biting dogs, and the proportion of biting dogs mot up
date on rabies vaccination at timae of the bite incidentind(c) compare the incidence dbg

bites between rural and urban households in southern Ontario, Canada.
METHODS

Study Design, Questionnaire Development, Validation and Administration

We conducted@ crosssectional observainal study An online questionnaire was
constructed to obtain information regardiohgg ownershipgdog bitesandd o grabi@s
vaccinationstatus A copy of the questionnaire can be requested from the first a@dbestions
were developeth consultatiorwith stakeholderfrom academia and one public health
government organizatian Ontario, Canadalrhe questionnaire was pretested on two occasions.
The firstpre-testwas conducted in July 201dtwhichtime the questionnaire was emailed to
individualsknown to the authors witharying educational backgrousdocation of residence
(rural and urbamousehold$n southerrOntario), and dog@wnershipstatus(n=12 individuals
invited; 12 participated). Individimwere asked to complete the questionnaire and provide
feedback on layout, length and general organization, level of difficulty in understanding
guestions including use of language and grammar, and flow, includingakgunsThe second
pre-test,utilizing the onlineaccessible questionnaire, was conducted in August 2014 and
included individuals with various demographics (n= 15 individuals invited; 7 participated).

Similarly, individuals were asked to provide feedback on layout, length and generatatigan
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and skip patterng hefinal questionnaire was available online from August 21 to September 4,
2014.

The current study comprises a subset of data &dangerstudyutilizing the
guestionnaire resultslerein, wereport householdevel data intuding dog ownership,
characteristics of respondemivned dogshuman exposure to dog bitdgring the previous year
characteristics of the victims and biting dagsluding canine rabies vaccination status as self
reported by respondentmd demographgc
Location of Study

Located in eastentral Canada, Ontario is the second largest and most populous province
in Canada, with a population of 13.4 million people in 2016, which accounts for 38.3% of the
Canadian populatio(Statistics Canada, 201 Rural households account for 14.10% of the
provincialhousehold populatio(Statistcs Canada, 2012b$outhern Ontario is the most
densely populated region of the provir{dacinnes et al., 2001pouthern Ontario was chosen
asthere arelog-owning and dogree households irural and urbamommunitiesand previous
research pertainintp canine zoonoses has been conductehliis region(Stull et al., 2012,
2013)
Study Population

This study was approved liye Research Ethics Boardthe University of Guelph
(REB# 14JNO028 The target study population werglividuals indog-owning and dogree
households in rural and urban communities in Ontario, CaRadal and urban communities
were defined as per the Population Centre (POPCTR3ZeDictionaryStatistics Canada,

2012a). An online sirvey agencydcated in Toronto, Ontari® y n a {farnkerly
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Re s e ar ¢ hwdoenlit¢d)to recruit individuats email stratified by their rural and urban
residential status. This ageniegts beemisedpreviouslyfor healthrelated studieéNg &
Sargeant, 2012, 2013)Jsing the services of this company allowed the astioostructure
sampling to obtain equal numbers of respondents from rural and hwhaahold$n southern
Ontario using prespecified quota fielddRespondents for the current sguglere randomly
recruited from a database of 118,4D§ n a pamdlists in southern Ontario. Provincial data
indicates that close to ninety percent of residents in Ontario have Digital Subscriber Line (DSL)
broadband internet acceg€sovernment of Canada, 201A) financial incentive (10 Air Miles
points) was given to respondents. No more than one adult per household was sampled, without
replacement.
Sample Size

Sample sizealculationsvere performed to determine a study sample of sufficient power
to detect a ififerencein the number of dogwning and dogree households in rural and urban
household$n southernOntario.Using estimatesf urban household dog ownership at 50%
(Perrin, 2009; Stull et al., 2012nd a slightly higer dog ownership in rural communities (60%),
with aconfidence of 95% and power of 80%e sample size per group was calculated as 408
dogowning and 408 dofree households, for a total of 816 respondents in each residential
location Recruitment involed individualsenrolled withthe surveyagency sampling fram&ho
metthe following inclusion criteria: 18 years of age or ol@dxe to read gglish,andhad
resided in Ontario for at least 12 mongu®r to the start of the study

Statistical Methods
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We performed descriptive statistics and logistic regression analysesSIEATA
Intercooled 19StataCorp. 201 7Stata Statistical Software: Release Cbllege Station, TX:
StataCorp LLC)We excl uded mi s s |pnefernottofatswemart @ spmo rasnas Af r
analyses
SurveyRespondents an®og Ownership: DescriptiveStatistics

Respondenlevel variables were described for all respondents and included: residential
location (i.e. urbawr rural), age, gender, whether there was at least one respeswlieatl dog
in the householdhe total number of household occupants including dependents (i.e. persons
under the age of 18 yearsndgross household income. The proportion of-daging
households out of the total number of households was estimated for each residential location.

Dog-level variables were described for owned dogs byameging respondents only, and
included the omber of responderdwned dogs in households as well as their: age psegd
spay or neuter statugbies vaccination statustwin the three years on to the start of the
guestionnaire (i.e. (1) yes, the dog had been vaccinated, (2) no, the dog had not been vaccinated,
or (3) the respondent was unsure whether the dog had been vaccinated against rabies within the
three years prior to the questionnaji@)d the most recent year of vaccination, asrsglbrted
by respondents. For age ranges, the-paitht of the age range was calculated by subtracting the
lower number of the range from the greater number and halving this result. This result was then
adced to the lower number of the range. For all descriptive gdatagntages were reported.
Measuresof Dog Bite Frequency: Descriptive Statistics

For the purposes of this study, a bite was defined as any cut, woundntiarbreaking

oftheskincause by t he.TcheegbGsertmneedtimci dent 6 was used t
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at | east one occupant of a byagdoo(theldegot 6 s house

someone el seds) Theincidentgrisk ohhemap exgosureytoedags in rural
and urban households was calculatgdlividing the total number of households in which at
least one household member had been bitten by angludoyy the one/ear periodby thetotal
number of households surveyétis was completed foitldnouseholds and for each residential
location (i.e. urban and rural groups of householag€jdence was assumed despiteditess
sectional approach sampling because of the peracute nature of dog bites.

Additionally, we described the profile of dlite victims and all biting dogsertaining to
whether the biting dog was owned by the housefi@dresponderdwned)or not. The biting
incident could have occurred within or outside of the household. VVletiel variables, at the
individuallevel, included the number of household members bitten, their age (in years) and
gender, whether or not victims were playing or interacting with the dog at the time of the
incident, and the anatomliacationof the dog bite. Respondents were able to choose as many
anatomic locations as were relevant to the bite in quesbama predetermined lisEinally, we
describedhe profile of all biting dogs including: the age and sex of the biting dog, the
proportion of biting dogs not up to date on rabies vaccinaisself-reporedby respondents
and whether the dog was on or off leash at the time of the incident.

Measures of Association

We usedccurrence of a dog bite at the household level (i.e. one or more bites within the
household during the past yeag) the dependewmtriable and dog ownershipg. one or more
dogs owned by householdhd residential location.€. urbanandrural groups of househol)isis

independent variable§Ve performedwo univariablelogistic regressions to calculate odds r&tio
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(OR) and 95% confidence intervaB506Cl) to determine whether a significant difference in
dog bites existed between (1) rural and urban households in southern Ontario, and (2) between
dog-owning and dogree householdsAdditionally, we used a multiveable model to examine
the effect of income and number of household occupants on the association of being bitten with
residential locationWe assessed model fit using the Hosinemeshow goodness-fit test
(Hosmer & Lemeshow, 1980)
Effect Modification

We investigated whether the effect of residential location on human exposure to dog bites
differed depending on the presence or absence of dog ownatshghousehold levelve
constructed a multivariable logistic regression model edkpendent variablef incidents of
dog bites, independent variablgfsesidential location and dog ownership, and with an
interaction term between residential location and dog ownershigniéraction term was
retained in the model if statistically significattp<0.05 and reported with the ORs of main
effects.Otherwisepnly the ORs of main effects in the model, with 95% CI, were reported.

RESULTS

Survey Respondentnd Dog Ownership: [@scriptive Statistics

A total of 2006 respondents were recruitedrtolude 1,002 rural and Q4 urban
respondents from a random sample of 118,400 survey agency panea@ithiarnOntario.
Respondentiemographic information isresented imTable 5.1. Demographics were similar to
reported statistics for the province, with numerically more fen(al@g0%)represented than
males 48.80%),and varied fronOntariocensus datwith respect to the following elements

average (mean) lisehold size of 2.52 individualls our studycompared t®.60in the census,
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and melian category for annual household incobetween $40,000 and $79,98AD (30.96)
in our gudy compared tonedian household total income of $66,3881e cersus(Statistics

Canada, 2012cPur agedistribution could not be compared to census data as the census

includes all age ranges beginning from birth onwards and our study respondents were restricted

to adults (18 years old and aboy&able 5.1). Overall, 48.60% of all respondents owned attleas
one dogOf the dogowning households, most only included one (&g87%6). Respondent
owned dogs were most frequendigiults between thages of six to ten years old (30.95%),
female (51.79%), purebred (60.42%), and spayed or neutered (790&8@ %.2). In the study
population, 51.45% of rurddousehold®wned at least one dog, compared to 46.05% of urban
household¢OR=1.24, 95% CI = 1.041.48,p=0.02).The majority ofdog ownergseported that
their dog(s) had been vaccinated for rabiesiwithe three years prior to the start of the
questionnaire (88.18%lHowever, 8.01% of respondents indicated their owned dogs were
unvaccinated, and 3.34% were unsuTable52b o ut
Measuresof Dog Bite FrequencyDescriptive Statistics

Overall, 169espondents, each representing one household, reported ldedt one
household occupatiad beerbitten byany dog (theidogor s omeone el seds)
year (Table 5.3). In some households, respondents indicated more than one patsbaen
bitten by any dog to a total of 203 victin#st. the householdevel, the incidence risk of dog bites
was 8.42% peyear (Table 5.3). The incidence risk of dog bites was 6.09% per j@aruraland
10.76% pr year forurban households respectivelhe profile of bite victims and biting dogs,
categorized by whether the biting dog was owned by the housgeoldespondenbwned)or

not, is presented imable 5.4. There was a higfrequency of biting dogs that were not owrsd

134

t

he

dur



t he respondent wdre diferancesihmtihgddog addlvietim erofilebere the
dog was respondewtvnedversus those where the dog was not owned by the respobDdentio
the way in which theurvey was constructetespondentsvere not able to describe hdhey
obtainedinformation about biting doghatweren ot owned by hbouseholdines pondet
53.20% ofdog bite incidentsone household person was bitten46.80% of households, tway
more individuals experienced dog bit@salle 5.4). Most frequently(21.67%) bite victims
were young adults between the ages of 25 to 34 yeaesd|l age range years to 82.5 years),
male (54.19%), and playing with or interacting with the bitiog at the time of the incident
(59.11%) Table 5.4). Most victims were bitten on the hand (42.86%). While data differed
numericallydepending on ownership, biting dogs were most frequently reported as being adults
3 to 5 years old (range, 0.1 to ydars) and male (53.69%). Finallygd®d on selfeporting by
respondents, 5.91% of all biting dogs, and 7.58% ofthosen ed by t he responden
were notup to date on rabies vaccination. In 29.56% of all biting incidents, victims were unsure
about the rabies vaccination status of the biting, g@gticularly when it wasot owned by the
respondent @ablehdhusehol d
Measures of Association

In the univariable modethe oddf an individual in a rural household being bitten by a
dog wereD.53(95% CI:0.381 0.73 p<0.001)timesthe odds for an urban househ@ldble
5.5). In the second univariable mod#ie odds ofin individualbeing bitten by a dog were 2.81
(95% CI: 1.99 3.97,p<0.001)times higher in dogwninghouseholds than deigee
householdsEstimates did not vary substantially when dog ownership was included in a

multivariable modeincluding the occurrence of a dog bite at the household level (i.e. one or
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more bites within th@ousehold during the pastgr@as the dependent variable, and residential
location as an independent variable. Neither income nor number of household occupants was
significantly associated with human exposure to dog bites, and the inclusion of these variables
did not change the marude or direction of the association between residential location and
human exposure to dog bites (data not shofmthermore, there was no significant interaction
between independent variablesidential location and dog ownership (95% @35- 1.44
p=0.34)(Table 5.5). In each of the regressiomodels our data did not fit the model well

(HosmerLemeshow goodness-fit (¢ $<0.001))

DISCUSSION

We used a crossectional observational study design and an online questionnaire of rural
and urbarsouthern Ontario reendens todetermine the incidenaesk of dog bitesat the
household leveh rural and urban households, describe the profile of bite victims, biting dogs,
and the proportion of biting dogs ngb to date on rabies vaccination, anetermine if there
were significant differencda dog bitesdbetween rural and urban households in southern Ontario,
CanadaObtaining information about dog ownership and canaiéesvaccination status in the
general dog population can be challendiBgttoms et al., 2014PDur study highlights three
important findings. Firstly, dog bites are occurring in southern Ontario and, while there are biting
incidents in both rural and urban househoidsspective of dog ownershiprban repondens
had a higher odds difeing bitten than rural rggndens. Secondly, the characteristicsbite
victims and biting doggrovided some important data regardimgo was bitten (victim age
gender and anatomic distribution of the Dit¢he biting dog (ageex, andwhetherrabies

vaccinationwas up to date or nptand thecircumstances surrounding the bite (e.g., play and
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provocation)yelative towhether the biting dog wasspondenbwned or natFinally, we

identified proportion®f respondenrbwnedand bitingdogs in southern Ontario thatre

unvaccinated andotup to date on rabies vaccinatjorspectively, as seteported by

respondentsd~ew studies have evaluated domestic dog demograouthern Ontario

(Bottoms et al., 2014; Leslie et al., 1994; Stull et al., 2012; Szpakowski et al., &88%ven

fewer havealetermined the oddsf an individual in a rural household being bitten by a dog as

compared with an individual being tgh in anurbanhouseholdBottomset al., 2014)

Therefore, our study provides important data that informs a previous gap in the research.
While a higher proportion of rural househollsned dogs, theddsof an individual

being bitten by @og ina rural householderehalf that ofanurban householdrhis is a

surprising finding given the contrasting data from other studissuthern Ontario and globally

(Bottoms et al., 2014; Mbilo et al., 2017; Ngugi et al., 2008)e Canadian study syested that

dogs in rural areas may be more likely to roam freely when outdodiae more likely to be

used for protection and as working animals on the property (e.g., farm dogs), resulting in

increased opportunities for humdng interaction and cordt including dog bite¢Bottoms et

al., 2014) However, that study was based on public health data and so, being possibly based on

the more severe biting events, may have highlighted a difference in the risk of such severe events

between rural and urban settings. However, asasuits vary from those previously reported,

our unique findings should be interpreted with cautibis. plausible thatiogs in urban settings

in southern Ontarionay havevariedaccess to yards or green space within which to exercise and

interact with eher dogs and people, reside in smdllemesthan their rural counterparts a

consequence of the built urban environment, and may stay indoors for longer periods of time due
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to urbannorms It is possiblethat thesdactors could lead toegativebehavours in dogs such as
biting, resulting fromtheir inactivity and isolatior{Tiira & Lohi, 2015) There may also be
humanspecific factors that explain our finding&/e gathered information regarding number of
persons in the houseld, presence of dependents, and income for botkodagng and nofdog
owning householddMany victimswho were exposed to bites were bitten outside of their
householdsHowever, we did not collect these déta. number of persons outside

household, presence of dependemmtsoutside householdandoutside householthcome)as

part of this studyFurthermore, if we only regarded dog/ning households as a subset, we
would not have enough power to detect an effect of residential location on humanrexpo

dog bitesgven if an effecof residential location was truly thefEhus, turther investigations of
potential risk factorassociated witklog bites, specifically in urban househgldsvarranted.

This presents a valuable opportunity for mudt@iplinary collaboration for the investigation of
dog bites as a significant One Health isReck et al., 2017)Such collaborations may involve
social scientists, ecologists, and animal welfare and behaviour specialists to more completely
understand why dog bites occur and the potential environmental influences on their occurrence

(Lapinski et al., 2015; Oxley et al., 2018)

In our study, thencidence risk of human exposure to dog bites was estimated for households in
which at least one person had been bitten during &yeaeperiod. This provided informatiom o

the incidence of dog bites in twiypes of residential locations: urban and rural in several
geographic locations all oveouthern OntarioOur househokbasedmethod varies from that

previously used in one study in southern Ontario in which data fromidlodil bites, rather than
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household level data, reported to public health had been assessed and from which an incidence rate

of dog bites was reportd8ottoms et al., 2014)t is unlikely thatthe high incidence risk of dog

bites in our study is due to differences in respondent pévoepitincident definitions or sampling

bi as, as we defined Obited f omallbitesthat brokdthent s s u
skin.As the study conducted by Bottoms et al., was reliant on public health data, it is assumed that

bite victims soight health care (indicative of more severe bites) and that the attending physician

or other health care professional reported the incident to public health. Therefore, there can be no
direct comparison between our study and theirs.

While there are manstudies that focus on the potential aspects associated with biting
injury (Bottoms et al., 2014; Clarke & Fraser, 2013; Kahn et al., 2004; Ngugi et al., 2018; Patrick
& OO6RouTr ke, 1 9 9 Bthere B aftehindted avidence2r@g@r@ing the influences of
and potential factors relating to the time preceding dog bidesey et al., 2018)Sudies that
investigate the circumstances before a bite incident occurs would be beneficial to informing this
gap in knowledge. In our studiting dogs were most frequently male, which is similar to other
findings (Overall & Love, 2011; Shuler et al., 2008; Szpakowski et al., 188€)off leash at the
time of the bite which parallels other publicatighsnney et al., 2011; Mbilo et al., 2017; Ngugi
et al., 2018; Orteg®acheco et al., 20Q7Interesingly, in contrast to other research, our study
found that most biting dogs were not owned by the housdBoltioms et al., 2014; Georg&
Adesiyun, 2008; Pfortmueller et al., 2013; J J Sacks et al., 1086)possible explanation for this
difference is thabwners of dogs may be less likely to s&port biting by their own dog(s) or
downplay the event as compared to biting by otlogys.In one study in Ontario, more than 90%

of respondents indicated that if bitten by a wild animal they would call or see a doctor, yet only
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39% of the same population indicated they would do the same if bitten by their o@@opdtvin
et al., 2002) This finding could be a function of fear of wildlife or perception of the severity of
wildlife di seases as compared with diseases from
circumstance can determine health care seeking behaviours.

Adult males were most frequently bitten, which parallels other st(@@mtoms et al.,
2014; Mbilo et al., 2017; Overall & Love, 2011; Raghavan, 2008; J J Sacks et al., 1996;
Szpakowski et al., 1989The most fregently bitten anatomical location were hands, followed
by the feet and lower legs. Previous research has demonstrated that aggression in dogs is closely
associated with the | ocati on o fdogtdynamictpiiotte on t
the inddent(Overall & Love, 2011; Oxley et al., 2018)hat is, studies have found that victims
bitten on upper extremities such as the hands and torso, were more likely to have approached the
biting dog, whereas victims with injury to the lower body (e.g., feet, lower legs), were more
likely to have been agvoached by the offending délylessam et al., 2008; Oxley et al., 2018)

Our findingthat 48.606 of households owned at least alogis comparable to, but
slightly higher tharthe 39% reported in the US@Aangley, 2009and42.8% in CanadéStull et
al., 2012) Our household degwning estimate is similar to that of one previous study conducted
in southern Ontario in which 42.8% of all respondents owned at least oriStdbget al., 2012)
Estimates from the Canadian Animal Hkdnstitute (CAHI) pertaining to the number of dog
owning households in the province of Ontario indic#t@$35.0% of households own at least
one dog(Canadian Animal Health Institute (CAHI), 2012)ur data indicatkthat in southern
Onftario, theproportionof dog-owning households isumericallyhigher than that of the total

provincial proportionhowever, this difference was not assessed for statistical signifidafece.
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found a statistically significant difference in dognership between rural and urbdasuseholds.

Our finding is different from previous studies in which dog ownership was higher in urban than
in rural areaglLeslie et al., 1994; Orteg@acheco et al., 2007; Stull et al., 2Q1#)t is similar to

a study conducted in communities outside of North AmdHKembel et al., 2008)intuitively,

our finding of a higher proportion of damvning households in rural than in urban areas may be
expected as rural residents are more likely than urban residents to own livestock and other
animals, including dogs, as a part of their livelihoods and or rural cytestie et al., 1994)
Nevertheless, this finding refledtse geographic heterogenedfdog ownership in this part of
Ontario, which can be considered for public health policy and comrmsipéyific educonal

programs regarding dog ownership.

In the province of Ontario, dogs three months of age and older are legally required to be
vaccinated against rabig¢Service Ontario 4aws 1990a, 1990)Considering this provincial
regulatory requirement, as well as the severity of rabies, we highlight three important findings
from our study concerning canine rabies vaccination: (1) there were pomsodi respondent
owned dogs that were reported, by their owners, as being either unvaccinated, or the owners were
unsure of their dogds rabies vaccinatien st at
owned biting dogs reported as not up to dateabies vaccination; and, finally, (3) there were
proportions of biting dogs for which respondents wersure ofcaninerabies vaccinatiostatus,
particularlywhenthe biting dogwas ot owned by t he [(Thsdaptbhndiment 0 s
may highlight the way in which victims conceptualize diseas#tims may have beeonaware

of eitherthe importance of canine rabies vaccination as it pertains to hamsboanine health or
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the severity of rabies as a disease outcome. Two previous studies of hmditit unit data
indicated lower rabies vaccination rates in dogs than were identified in our(Biftlyms et al.,
2014; Szpakowski et al., 198 dditionally, when compared to validated public health unit data
for the province (Filejski, C. (2019, May 15). Personal communicatwamyh reported an overall
vaccination rate of 68.90% for owned (dogs that were not stray), respondents in our study indicated
a numerically higher respondemivned biting dog vaccination rate; however, this difference was
not assessed for statistical rsiifcance. This shows that sekported data may be subject to
inaccuracies and as highlighted in our study, if considered in isolation, can falseigftaterthe
proportion of respondeidwned biting dogs that are up to date on rabies vaccinatiaiefuomore,
as the validated public health unit information probably represents more accurate rabies
vaccination rates in owned biting dogs for the entire province of Ontario, it is likely that in our
study, the proportion of respondeswned biting dogsfowhi ch an Aunsureod rab
status was indicated, were actually biting dogs that were unvaccinated against the virus.

Both unvaccinated dogs and dogs not up to date on rabies vaccination reflect public
noncompliance with provincial regulatoryguarements. Plausible explanations for our findings
that some respondent owned dogs were either unvaccinated against rabies or not up to date on
rabies vaccination include owner complacency, or that owners are unaware of the provincial
mandate(Bottoms et al., 2014; Filejski, 2016Pverall, our study results are useful as they
preceded the recent resurgence of rabies in terrestrial wildlife reservoirs in southern Ontario
(Canadian Food Inspection Agency, 2QIIhere were nadentified cases of rabies in terrestrial
mammals in Ontario in 2@&lor 2014; however, evidence from whole genome sequencing, suggests

that racoon rabies was circulating in and translocated from racoon populations in the United States
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for a considerable period prior to the identification of the first cases linked togrgence of the
raccoon rabies outbreak in Ontario in 2Qll&bo et al., 2018)in 2015, 2016, and 201fere were
11,259, and 129 confirmed cases in terrestrial animals, respectvahadian Food Inspection
Agency, 2017)Whereas the majority of confirmed terrestrial cases were identified in racoons and
skunks, two confirmed cas were reported in domestic cats between 2016 and(2&@hadian

Food Inspection Agency, 2017)hisfinding highlights the potential for spillover from rabies in
wildlife to rabies in domestic pets, particularly in unvaccinated and therefore vulnerable subsets
of the canine population, which, from our study findings, do exist in a province that wemsiphgv

referred to as the nr @&leske2l6g api tal of North
LIMITATIONS

This study was conducteding an online questionnaiaad survey agency which
provided an dfcient means of accessimgral and urbampopulations that historically have low
response rates with other types of survey administration mefBottesms et al., 2014; Clarke
and Fraser, 2013bMHowever, there were some limitatiokastly, there may be selection bias
regarding the way in which respondents were accessed for the study: that is, respondents were
drawn from a source population that differed from the general public. The response rate for the
survey was unknowrAs we purposivelyselected by residential location, and therefore have
information regarding both rural and urban southern Ontario respondents, wenatexgect
completerepresentativeness as the census doestratify by residential locatiorHowever,
comparingrespadent demographids the Ontario census dgieovided some context of our
study populationSecondly, therenay berecall bias associated with the data; respondents were

asked to recall biting incidents within the year prior to the start of the studsh wbuld have
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resulted in differences in the accuracy or completeness of their recolleétimhisonally,

although we collected information on biting d
household, we did not ask respondents how they acquiredrtfoemation abouthis subset of

dogs. This could also add to a lack of accuracy or completeness of recolletiodly, our

study findings may reflect social desirability bias wherein respondents answered questions in a
manner in which they perceidavould be received most favourably by oth&ieally, the true

incidence of dog bites isoutherrOntariomay be underestimateDespite the legal requirement

to report dog bites, as well as the potentialiygicant health outcomes, underreporting €si

(Bottoms et al., 2014; Raghavan, 2008; Shuler et al., 2008; Szpakowski et al., 1989)

CONCLUSION

Dog bites representsagnificant, yetfpreventablgpublic health challengéhuler et al.,
2008) The results of our study indicate thiat southern Ontario, Canadiyg bitesare occurring
morefrequently in urbarthan rurahouséolds and within a particular demograph#s our
findings differ from previous studies, these data should be interpreted with caut@mtario,
the threabf rabies transmission remairad it may be beneficial for public health to consider
our studyfindings for targeted messagirgreviousresearch hasdicated thaeven though
policies related to rabies control aensideredmportant for human and animal health, they
often neglect the added value of collaborative approaches including One (Realkhet al.,
2017) Veterinarians are not typically aware nér do they routinelydocumentthe healthstatus
of pet ownes; similarly, physiciansdo notusually make inquiries abopet ownership othe
species of animals owné8tull et al., 2012)In cases of zoonotic disease risk in general, and

dog bite injuries specificallyt is necessarfor bothhuman and veterinatyealth professionals
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to be aware ofhis information in order to diagnogeeat and prevenpublic health challenges to

dogs, their owners, and the broader community.
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Table 5.1 Descriptive demographic information from an online questionnaire of all respondents
(N=2,006) including ruralr=1,002) and urbam¢&1,004) in southern Ontario, Canada

Variable Frequency (%)
Residential locationnE2,006)
Urban 1,004 (50.05)
Rural 1,002 (49.95)
Age of respondent$£2,006)
18- 24y 121 (6.03)
25- 34y 293 (14.61)
35- 44y 279 (13.91)
45- 54y 399 (19.89)
55- 64y 514 (25.62)
>65y 389(19.39)
Respondent gendean£2,006)
Female 1,017 (50.70)
Male 979 (48.80)
Own at least one dog£2,006)
Yes 975 (48.60)
No 1,025 (51.10)
Total number of household occupamnisZ,006)
1 295 (14.71)
2 954 (47.56)
3 319 (15.90)
4 285(14.21)
5 110 (5.48)
More than 5 28 (1.40)
Dependentgn householdr{=2,006)
Yes 472 (23.53)
No 1,517 (75.62)
Gross household incom(e=2,006)
<20,000 81 (4.04)
20,000- 39,999 280 (13.96)
40,000- 79,999 621 (30.96)
80,000- 120,000 465(23.18)
>120,000 249 (12.41)

aPersons less than 18 years of age
pBefore taxes in Canadian (CDN) dollars ($)
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Table 5.2 Responderbwned dog K=1,345) demographics as reported by rural and urban dog
owning respondentsN=975). This subset of demwning datawas collected from an online
guestionnaire oN=2,006 respondent$£1,002 rural and=1,004 urban) in southern Ontario,
Canada

Variable Frequency (%)
Number of owned dogs in househote:975)
1 691 (70.87)
2 216 (22.15)
3 38 (3.90)
4 15 (1.54)
5 4 (0.41)
More than 5 4(0.41)
Ages of owned dog$1€1,286)
Puppy under 3 months 14 (1.09)
Puppy 3 to 6 months 28 (2.18)
Juvenile 7 to 11 months 34 (2.64)
Adult 12 months to under 3 years 227(17.65)
Adult 3 to 5 years 353 (27.45)
Adult 6 to 10 years 398 (30.95)
Adult >10 years 224 (17.42)
Unsure 3(0.23)
Sex 0=1,286)
Female 666 (51.79)
Male 620 (48.21)
Breedi(n=1,286)
Purebred 777 (60.42)
Mixed breed 467 (36.31)
Spayed oneuteredri=1,286)
Yes 1,017 (79.08)
No 257 (19.98)

Selfr eported rabies vaccination s tHasyowdogf
been vaccinated for rabies in the last three yep(s21,286)

Yes 1,134 (88.18)
No 103 (8.01)
Unsure 43 (3.34)
Time since last rabies vaccinme=1,134

Within the last 1 year 449 (39.59)
Within the last 2 years 408 (35.98)
Within the last 3 years 162 (14.29)
More than 3 years ago 69 (6.08)
Unsure 41 (3.62)
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aFor this survey, dogs weoategorized as puttared if they were breeds with documented pedigregs,German
shepherd, Rottweiler and others); mixed breed dogs were those mixed with one or more other breed types or for
which the breed was unknowe.§.,labradoodle, Shi{poo andothers)
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Table 5.3 The frequency and incidence risk (%) of household member dog bite occurrences as
seltreported by respondents. Dog bite information is presented by residential location, and by
dogowning and dogree households. Data were collected from an online questionnaire of
N=2,006 respondents£1,002 rural ana=1,004 urban) in southern Ontario, Canada

Household incidence
riska of at least one
household member being
bitten by dog: no. (%)

Household incidence risk
of not being bitten by Totals
dog: no. (%)

Variables

Residential area

Rural residents 61 (6.09) 934 (93.21) 1002 (49.95)
Urban residents 108 (10.76) 869 (86.55) 1004 (50.05)
Total responses 169 (8.42) 1,803 (89.88) 2,006
Dogowning households

Rural residents 43 (8.35) 469 (91.07) 515 (52.82)
Urban residents 77 (16.74) 368 (80.00) 460 (47.18)
Total responses 120 (12.31) 837 (85.85) 975
Dog-free households

Rural residents 18 (3.70) 465 (95.68) 486 (47.41)
Urban residents 31 (5.75) 497 (92.21) 539 (52.59)
Total responses 49 (4.78) 962 (93.85) 1,025

alncidence risk of dog bites in rural and urban households was calculated by dividing the total number of households
in which at least one household member had been bitten by any dog during-$feaoperiod, by the total number
of households surveyed feach residential location.
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Table 5.4 Selfreported dog bite incident data including victievel profiles N=203) and biting
dog characteristics. This subset of data was collected from an online questionrids2 Qfi6
respondentsnE1,002 rural anah=1,004 urban) in southern Ontario, Canada

Was the bitingadog owned by the respondent or the
respondent sd6 househ

Yes (column %) No (column %) Total (column %)

Victim -level Variables

Number of household occupants exposed to dog bites during the year prior

1 28 (42.42) 80 (60.61) 108 (53.20)
2 14 (21.21) 32 (24.24) 46 (22.66)
3 18 (27.27) 9 (6.82) 27 (13.30)
4 6 (9.09) 6 (4.55) 12 (5.91)
5 0 (0.00) 5(3.79) 10 (4.93)
Totalresponses (row %) 66 (32.51) 132 (65.02) 203
Victimés age (years ol d)

0-4 1(1.52) 4 (3.03) 5 (2.46)
5-9 2 (3.03) 8 (6.06) 10 (4.93)
10-14 4 (6.06) 15 (11.36) 19 (9.36)
1524 11 (16.67) 21 (15.91) 32 (15.76)
2534 16 (24.24) 28 (21.21) 44 (21.67)
3544 7 (10.61) 11 (8.33) 18 (8.87)
45-54 6 (9.09) 18 (13.64) 24 (11.82)
5564 12 (18.18) 20 (15.15) 32 (15.76)
65 and older 5 (7.58) 6 (4.55) 11 (5.42)
Unsure 0 (0.00) 0 (0.00) 5 (2.46)
Total responses (row %) 64 (32.51) 131(65.02) 203
Victimés gender

Male 28 (42.42) 77 (58.33) 110 (54.19)
Female 38 (57.58) 54 (40.91) 92 (45.32)
Total responses (row %) 66 (32.51) 131 (65.02) 203

Was the victim playing or interacting with the dogs at the time of the bite?

Yes 54 (81.82) 66 (50.00) 120 (59.11)
No 11 (16.67) 59 (44.70) 70 (34.48)
Unsure 1(1.52) 7 (5.39) 13 (6.40)
Total responses (row %) 66 (32.51) 132 (65.02) 203
Anatomic distribution of

bite

Foot 9 (13.64) 19 (14.39) 29 (14.29)
Lower leg 9 (13.64) 39 (29.55) 49 (24.14)
Upper leg 2 (3.03) 13 (9.85) 16 (7.88)
Lower body (lower trunk) 1(1.52) 6 (4.55) 8 (3.94)
Upper body (upper trunk) 3 (4.55) 3(2.27) 6 (2.96)
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Hand 37 (56.06) 49 (37.12) 87 (42.86)
Lower arm 7 (10.61) 15 (11.36) 22 (10.84)
Upper arm 2 (3.03) 3 (2.27) 5 (2.46)
Neck 2 (3.03) 0 (0.00) 2 (0.99)
Face 2 (3.03) 3(2.27) 5 (2.46)
Unsure 1(1.52) 1(0.76) 2 (0.99)
Total responses (row %o) 66 (32.51) 132 (65.02) 203
Age of biting dog

Puppy<3 months old 1(1.52) 2 (1.52) 8 (3.94)
Prepubescent 3 to 5 month 3 (4.55) 3(2.27) 6 (2.96)
Pubescent 6 to 11 months 3 (4.55) 6 (4.55) 9 (4.43)
Adult 12 months to under 3 15 (22.73) 22 (16.67) 37 (18.23)
years

Adult dog 3i 5 years 16 (24.24) 49 (37.12) 65 (32.02)
Adult dog 6i 10 years 21 (31.82) 14 (10.61) 35 (17.24)
Adult dog >10years 6 (9.09) 1 (0.76) 7 (3.45)
Unsure 1(1.52) 34 (25.76) 35 (17.24)
Total responses (row %) 66 (32.51) 131 (65.02) 203
Sex of biting dog

Male 36 (54.55) 68 (51.52) 109 (53.69)
Female 30 (45.45) 37 (28.03) 67 (33.00)
Unsure 0 (0.00) 27 (20.45) 27 (13.30)
Total responses (row %) 66 (32.51) 132 (65.002) 203
Was the biting dog up to date on rabies
knowledge)

Dog upto-date 55 (83.33) 76 (57.58) 131 (64.53)
Dog not up to date 5 (7.58) 7 (5.30) 12 (5.91)
Unsure 6 (9.09) 49 (37.12) 60 (29.56)
Total responses (row %) 66 (32.51) 132 (65.02) 203
Was the biting dog on leash or off leash at the time of the bite?

Dog on leash at time of bite 12 (18.18) 26 (19.70) 41 (20.20)
Dog off leash at time of bite 54 (81.82) 100 (75.76) 156 (76.85)
Unsure 0 (0.00) 6 (4.55) 6 (2.96)
Totalresponses (row %) 66 (32.51) 132 (65.02) 203

aFor the purposes of this study, a dog bite was definadyasut, wound, tear, or breaking of human skin caused by
the dog's teeth. A biting incident at the househele! is defined as one or more occupants being Hitgeamy dog

including those respondentvned and those not owned by the household
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Table 5.5 Univariable and multivariable models to determine whether a significant difference in
dog bites existed between rural and urban households in southern Ontario and betvosemmipg

and dogfree householdsData were collected from an online questionnaire Nsf2,006
respondentsnE1,002 rural andi=1,004 urban) in southern Ontario, Canada

. Estima Odds
Model N Variable te | SE p* ratio 95% ClI
(eb
Univariable 1,972 Residential
location
Urban Ref.
Rural -0.64 0.17 <0.001 0.53 0.38-0.73
Univariable 1,968 Dog ownership
Dog-free Ref.

Dog-owning 1.03 1.18 <0.001 2.81 1.99-3.97
Multivariable 1,968 Residential

location

Urban Ref.

Rural -0.72 0.17 <0.001 0.49 0.35-0.68
Dog ownership

Dog-free Ref.

Dog-owning 1.08 0.18 <0.001 296 2.09-4.19
* Wa | pdvéle of the odds ratio
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CHAPTER 6

WHAT DO THEY KNOW? A CROSSSECTIONAL STUDY TO ASSESS
AWARENESS OF CANINE ZOONOSES IN RURAL AND URBAN
COMMUNITIES IN SOUTHERN ONTARIO, CANADA



ABSTRACT

Effective mitigation of canine zoonoses is partially reliant on public awareness of canine
zoonotic disease risk. Asich, we (1) described respondent awareness, knowledge, and levels of
concern regarding canine zoonoses, (2) described possible pathways of respondent exposure to
canine zoonoses through animal contact, and (3) determined if awareness of canine zoonoses
differed between rural and urban respondents in southern Ontario, Céfeadanducte
crosssectional observational study using an online questionabik®02 ruralind1,004 urban
residentsMost respondents weeasvare of canine zoonosgsb.88%) Of the 1,121 respondents
who aware of canine zoonoses, 83.05% indicated rabies was a canine zddooss®r, there
were some who were unsu(@3.92%9, and some who did not think that rabies could cause
disease in humms 2.50%). Generally, respondents did not come into frequent direct contact
with dogs outside of their homes. Of dogning respondents, most reported their dogs could
come into contact with wildlife (53.03%), specifically, raccoons (79.12%), skunksbj7arid
mice (76.06%). Overall, 93.64% of dog owners used veterinarians; however, only 30.23%
reported ever being provided with any information about canine zoonoses by their veterinarian.
There were no differences in awareness of canine zoonoses baiwaemd urban respondents
in three populations: the total study population (OR=1p£0,21, 95%CI: 0.92-1.49); dog
owning respondents (OR=1.18;0.50, 95%CI: 0.80-1.60); and dogpwning respondents who
used a veterinarian (OR=1.08;0.76, 95%CI: 0.74-1.51). Our findings highlight that while
many respondents reported awareness of canine zoonoses, there were some respondents who

were unsure of common zoonosiesluding rabies. Furthermore, our results highlight the need
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for enhanced canine zoonoses lpubealth education strategies. Finally, veterinary engagement
with clients about canine zoonoses is essential andaboes butcan be improved.
IMPACTS

= QOur findings contribute tthe literature ompublic awareness and knowledge of canine
zoonoses, Esible pathways of exposure to canine zoonoses, and assessment of
differences ilmwarenesbetween rural and urban communitietiich may be useful to
inform public health strategies.

» Cdlaborative public health strategies tltansider reasons for lack of awareness in the
publicas well as the broader contexts within which the public is situated may be
informative.

» Veterinaryengagement with clients about canine zoonoses does bogwayerthis
engagement can be improviegl considering the limitations and benefits of existing

resources.
INTRODUCTION

Over60% of infectious diseases affecting humans and approximately 75% of emerging
human infectious diseases are zoonotic, meahiaigthey are naturally transmissible between
animals and humar{3aylor et al.2001a) Because zoonotic pathogens circulate between
animals, humans, and within the environment, they consttutmportant One Health issue and
have been associated wahidemics in humarend epizootics in anima($Vorld Health
Organization 2005, Narroet al.2012)

Globally, dogs are one of the most common household pets, and have been for many

centuriegBlaisdell, 1999; Davis et al., 2007; Downes, Canty, & More, 2009; Fielding et al.,
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2012; Knobel, Laurenson, Kazwala, Boden, & Cleaveland, 2008a; Meyer & Forkman, 2014;
Olmert, 2010; Stull, Peregrine, Sargeant, & Wee6&23a; Wilkin et al., 2016)n Canada, there

are over seven million pet do@Sanadian Animal Health Institute, 201Pet dogs are an

important part of Canadian society and the most recent estimate of the proportioraf/diog
households indicates an increase from 32.3% in A0¥ikin et al.2016) to approximately

41%in 2017(Canadian Animal Health Institute, 201%) the southern regiorf the province of
Ontario, it is estimated that over 68% of households own at least one dog, which is higher than
the Canadian national avera@@ull, Peregrine, Sargeant, & Weese, 20D8)gs provide
companionship and have a positive usfhce on health outcomélrough increasephysical

activity, enjoyment, social support, and enhanced immune resfides¢garthet al.2007,

Hodgson and Darling 20115urthermore, studies have shown that irrespectivigf

ownership, interacting with dogs may support people to live happier and healthi€Hkvesg

2011, Saunderst al.2017) However, dogs have the potential to act as sources of zoonotic
pathoges (Bowser and Anderson 2018)he different roles that dogs play in communities and
society broadly€.g.,working dogs, norcompanion dogs including stray and feral dogs, and pet
dogs) affect their potential for zoamodisease transmission, as well as our ability to prevent and
control these diseas@3inghamet al.2010)

Canine zoonoses comprise an emerging public health issue, particularly as a growing
population of dogsnayincrease the frequency with which people are in contact with dogs, and
therefore bexposed t@oonotic pathogen®Binghamet al. 2010, Belayet al.2017) Previais
evidence has shown dogs in Canada, and in Ontario in particular, tapdreantsources of

zoonosesthese include zoonostransmitted directly, for example leptospirgsalmonellosis,
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and biteassociated bacterial infections, aabnoses transnéd via an indirect routecluding
Echinococcus multiloculariandleishmaniasigLefebvreet al.2006, Morsheett al. 2006, Alton
et al.2009, Leonarett al.2011, Stullet al.2013, Skeldinget al.2014, Bouchareét al. 2015,
Merceret al.2016, Bowser and Anderson 2018, Kotetal.2019)

Many risksassociated with the transmission of contatated canine zoonosesd.,
leptospirosismethicillin resistahstaphylococcus aurepyRasteurellaspp.(Ghasemzadeh and
Namazi2015) can be controlled.€., measures applied to prevent transmission once the disease
is established), and may even be preve(ited measures to hinder the occurrence of disease),
with basic hygiene practices including hamdshing removingdog excreta from the
environment, deworming, and tick and flea prevenfkifiu et al., 2016; Stull et al., 2013pPne
of the main ways to protect against zoonoses is to be consistently vigilant about control measures
(Cripps 2000)However, in the public there may be a lack of, or variations in, awareness of the
existence of canine zoonoses, their potential modes of transmission, and ways to prevent these
diseasesDespite this, there has been very little research conducted in soGthario regarding
the publicbs awareness of the risks dogs may
of human contact with dogs, and methods to prevent disease transr(fisgdeker, Anderson,
Sargeant, & Weese, 2013; Stull et al., 2012a, 2013)

In addition, there is disproportion in degvnership between rural angban
communitieLeslie, Meek, Kawash, & McKeown, 1994; Stull et al., 2012)ich may suggest
there are also differences in canine zoonotic disease transmission, risk, and public awareness of
these types of disease. However, to our knowledge, no studies to date have investigated the

comparative awareness of canine zoonoses letweal and urban communities in southern
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Ontario, Canadadduman contact with dogs amaiblic awareness of canine zoonoses may differ
between rural and urban communities. Commusygcific differences in contact, awareness
and knowledge of canine zoomshave the potential to influence the ways in which public
health messaging is developed, to whom it is directed, and the success of zoonotic disease public
health control and prevention strategibamborget al.2016)

Therefore, the goal of this study was to aspe$sntial ontactwith zoonotic pathogens
and knowledge of canine zoonosasdto compae public awareness of canine zoonoses
between rural and urban households in southern Ontario, C&adabjectives were to: (1)
describe respondent awareness, knowledge, and levels of concern regarding canine zoonoses; (2)
describe the possible pathwayfsrespondent exposure to canine zoonoses through contact
including (a) human contact with dogs, (b) owned dog contact with wildlife, and (c) owned dog
contact with the feces of other dogs and/or wildlife; and (3) determine if public awareness of

canine bonoses differed between rural and urban respondents in southern Ontario, Canada.
METHODS

Study Design, Questionnaire Development, and Administration

This research was part of a largensssectional observational study investiggtcanine
zoonoses in rural and urban communities in southern Ontario, Canada. Briefly, an online
guestionnaire was developed to obtain information pertaining to thgeamerior to the conduct
of this study. The questionnaire was-pgsted on two occasis with different groups of
individuals known to the authors. Individuals in each group had variations in awareness of topic
content. Details on the development andtesting of the questionnaire are available elsewhere

(Chapter 5). The section of the tger questionnaire presented herein focuseplutc
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awareness, knowledge and levels of concern about canine zoonoses, human contact with dogs
outside of households, and canine contact with wildlife. A combination of twelve questions with
single and mulple-choice answer options were us€ollowing pretests and the
implementation of feedback, accesghe online questionnaire was available between August 21
to September 4, 2014. The questionnaire can be provided via request from the first author. This
study was approved by the Research Ethics Board (REB) at the University of Guelph (REB#
14JN028).
Study Location

Located in eastentral Canada, the province of Ontario encompaks3@907 square
kilometers and has an estimated population of 13.4 miltbabitantgStatistics Canada 2017c)
The province comprisdsvo regions: southern Ontario and northern Ontario, which differ by
population, terrain, number of major roads, amount of wilderness, and natural resources.
Although southern Ontario is more populdusearly 95% of the Ontario population resides in
southern Ontaria’ it comprises only about 15% of the land mass of On{&tatistics Canada
2017c) The northern limit of southern Ontario is demarcated by the convergence of the Mattawa
and Ottawa rivers below the Quebec border and east of Lake Nip{skinget al.2019) This
region was chosen fonis study as it is the most densely populated region of the province with
the greatest agricultural activjtfMaclnneset al.2001) and includes both rural and urban
communities.
Study Population

The target population was rural and urban residents of southern Ontario. To obtain our

sample population and to administer the questionnaire, we used an online survey agency located
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in Toronto, Ontario. This service has previously been used for hretdtbd studiegNg and
Sargeant 2012, 2013)itilizing the services of this company allowed us to structure our
sampling to obtain equal numbers of participants from rural and urban communitiethierso
Ontario using prespecified quota fields. The questionnaire link was made available to everyone
in the source population, that is, all resi de
close to equal proportions of rural and urban resputsdeere achieved based on tasyeted
sample size. Eligibility criteria were applied using four questions at the start. Eligible
participants included individuals who were 18 years of age and older, read English, had resided
in southern Ontario for atdst one year at the start of the study, and resided in either rural or
urban southern Ontario.
Sample Size

We calculatedhesample size for the conduct of the multiple components of the
guestionnaire, as opposed to basing the calculation of samptansizepecific hypothesis, to
determine a study sample of sufficient power to detect a difference Jovdaigg and dogree
households in rural and urban communities in southern Ontario. We utilized the most recent data
available for the geographical lomat of interest which estimated urban household dog
ownership at approximately 500Berrin, 2009; Stull et al., 2012)Ve assumed a slightly higher
proportion of @g ownership in rural communities (60%) and estimated the study sample size
using a confidence of 95% and power of 80%. We calculated 408 individuals per household type
(dog owning versus notdr a total of 816 individuals from each of the rural and urban

communities, respectivellace of residence.€.,rural or urbanywas determinety two
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guestions at the beginning of the questionnaire. A single adult respondent answered questions on
behalf of their householénd household level sampling waghout replacement.
Statistical Methods

Data were analyzeasingSTATA Intercooled 1%StataCorp. 201 7Stata Statistical
Software: Release 1&ollege Station, TX: StataCorp LL)escriptive stastics were
performed for all wvari abl es |préfdenotdoxansiverded mi s s
responses from descriptive statistics and statistical analyses
Descriptive Statistics:
Respondent Demographics

For this study, rural and urban popigat were defined using the Population Centre and
Rural Area Classifications, 201 $tatistics Canada 201I)hat is, population centrese(., urban
areas) comprised at least 1,000 inhabitants with alptpn density of at least 400 individuals
per square kilometer. Anything outside of this was defined as(®tatistics Canada 2011)
Other respondent demographic information collected included gender, age, highest level of
education, dog ownership, whether or not the respondent lived on an active farm (that is, a farm,
ranch or other agricultural operation that produced at leastfdhe tllowing products
intended for sale: livestock, poultry, animal products), and whether the respondent, or any
household members, owned any pets other than dogs where they lived.
Respondent Awareness, Knowledge, and Levels of ConcdrRegarding Canine Zoonoses

For the purposes of this studyyarenessvas used to refer to those respondents having
generalized knowledge about the existence of canine zoonoses. Knowledge of canine zoonoses

was based oan assessment of the ability of resgents to correctly identify known canine
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zoonotic pathogens or diseag€sevethan, 2017)Awarenes®f canine zoonoses was assessed

by asking whetherespondentsvere aware of any diseases that humans could get from dogs
(Trevethan, 2017) Respondents could indicate Ayes, 0 fAn
to answer o this questidoochoFomigedtihiscalramd
cani ne zoonophsuenssou r(eyoe san/d nfiol) prefer not to answ
addition, all respondents were asked to indicate their general concern about canine zoonoses

using a fivepoint LikertScale. To assess knowledge of canine zoonoses, we presented

respondents with a list of zoonotic pathogens and other disease conditions, and where possible,

their common names including: adrenal insufficien&yd(d i s o n 0 fiypetadrenecrsicesm |,
(Cushingbs disease), cani neehindcocsus eutifpailarisvi r us (
(alveolar hydatid diseasaiardiasis (beaver fever), dirofilariasis (heartworm), canine infectious
tracheobronchitis (kennel cough), leishmaniasis (dumdum fe&emelia burgdorferi(Lyme

disease), rabies (hydrophobia), salmonellosis, and toxoplasrandisasked them to indicate

which of those thepelieved was a disease of dogs that could cause disease in humans. This list

of infectious pathogens and diseages developed based on their inclusion in previous studies,
(Leonard et al., 2011; Stull et al., 2013; Stull et al., 2042 )well as our intent to present

respondents with zoonotamdnon-zoonotic pathogensndvectorborne pathogens (some of

which are zoonotice., leishmaniasisnd some of which are nog., Borrelia burgdorferi(Lyme

diseaseg) whichthey may have heard of, or encountered, through veterinary and/or human

medical appointment&urthermore, using a pspecified list of options, all respondents were

asked to indicate ways they could control or prevent diseases that humans could degpom

and the resources they would choose to use in order to learn more about these types of diseases.
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For dogowning respondents only, we inquired whether they used a veterinarian and if so,
whether their veterinarian had ever provided them with anyrirdtion about canine zoonoses.
Finally, we asked whether any of their dogs had been previously diagnosed, by a veterinarian, as
having a canine zoonosis.
Possille Pathways of Exposure to Canine Zoonoses

We assessed possible pathways of respondent exposteinine zoonoses by asking
each respondent, regardless of-@ogning status, if they came into contact with dogs outside of
their households, how often, and where contact occurred. For this last question, respondents were
able to choose as many plaessapplied from a prepecified list. For the purposes of this
sur veenjach Aiwi t h a dog was defined as a -dog that
owning respondents only, direct and indirect owned dog contact was assessed in two ways: First,
we askd dogowning respondents whether any of their dogs had been in areas where they could
come into direct contact with wildlife. Then, dogvning respondents were asked to indicate,
from a prespecified list of eight wildlife including racoons, foxes, skurdats, mice, coyotes,
voles, and rats, which animals their dogs could come into direct contact with and which their
dogs hunted. If wildlife their dogs frequently came into contact with was not listed, respondents
had the opti on of isguéstoonsiiéimgo fwat sh edredf.i nFeodr ttoh me a
that their dog had chased and killed &ory reasonThis list was generated from studies
indicating wildlife as either reservoirs of, or intermediate hosts of, canine zoonoses in Canada or
the provinceof Ontario including rabie€ chinococcus multilocularjsandleptospirosis
(Combes et al., 2012; Gesy, Hill, Schwantje, Liccioli, & Jenkins, 2013; Jardine, Campbell,

Nemeth, Ojkic, & Oesterle, 2017; Liccioli et al., 2013; Lindsay, Ojkic, Jardine, Nicholson, &
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Prescott, 2010; Maclnnes et al., 2001; Moynihan, 1966; Prescott, 2008y et al., 2013;
Stevenson, Goltz, & Masseé, 2018; Stull, Brophy, & Weese, 2F15lly, regarding indirect
contact, we asked degwvning respondents whether their dogs came into contact with the feces
of other dogs or wildlife.

Associations:

We performed logistic regression analyses to calculate odds ratios (OR) and 95%
confidence interval96%Cl) to determine whether respondent awareness of canine zoonoses
(yes / no) differed by residential location (rural / urban) in southern Ontario. The analyses
included the potential confounders of respond
conduckd for three populations: (1) all responde(23,dogowning respondents, and (3) dog
owning respondents who used a veterinaiea.assessed model fit using the Hosmer and

Lemeshow goodness-fit test(Hosmer and Lemeshow 1980)
RESULTS

Descriptive Satistics:
Respondent Demographics
Overall, 2,006 respondents participated in the questionmafieqQ02 (49.95%) rural and
n=1,004 (50.05%) urban). The majority of respondents were fem=leQ17; 50.70%), between
the ages of 5b 56 yearsit=514; 25.62), held a university degree, certificate, or diploma
(n=749; 37.34%), and did not own dogs-{,025; 51.25%)Table 6.1).
Respondent Awareness, Knowledge, and Levels of Concern Regarding Canine Zoonoses
More than half of all respondents=1,121;55.88%) were aware of diseases that humans

could get from dogsT@able 6.2); however, nearly a quartar<445; 22.18%) were unsuréhe
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majority of respondents who indicatélgey were aware of diseases of dogs that humans could
get indicated somgeneralevel of concermegardingcanine zoonosgs=978; 87.24%)

However, somg(n=280; 64.97%), respondents who indicated they were not aware of diseases of
dogs that humans could get, responded that they had some general level of concern regarding
such diseaseOf the eight pathogens and other disease conditions listed, the majority of
respondentsveref unsur eo whet her the paTableb@)eOftheor di sea
respondents who indicated they were aware of diseases of dogs that humans coudBget,
83.05% indicated that they thought rabies was a canine zooktusesver, there were some

who were unsurenE156; 13.92% and some who did not think that rabies could cause disease in
humans (=28, 2.5(%). Regarding the control and prevention of narioonosesnany

respondents indicated they were unsure of the ways to ae=$850; 97.21%). However, many
respondents who indicated they were unsure, also selected other answer eidregt{ing

dogs on a regular basis{1699; 84.70%) and using flea preventivies1625; 81.01%]Table

6.2). Of 913 dogowning respondents who used a veterinams®57; 71.96% indicated a
willingness to learn about canine zoonoses from their veterin&@fatog-owning respondents

who used a veterinarian, only 30.238&276) indicated that a veterinarian had previously
provided them with information about diseasésglogs that humans could g&he majority

(69.55%) indicated that they had never, or werguom as whether they had ever, received such
information [Table 6.2). Of all respondentgn=513; 25.57%)ndicated a willingness to learn

about canine zoonoses from their family physicfahall respondentthe majority,n=1298;

64.71% chosehe internéto learnmoreabout canine zoonoses.

Possible Pathways of Exposure to Canine Zoonoses
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Many respondentsame intocontact with dogs outside of their househaldih n=570;
29.20% indicating they did so less than once per wé&lb(e 6.3). Mostrespondents
encountered dogs outside of their households that belonged to their friends andrfab382(
73.98%) Table 6.3). Of dogowning respondents, 53.03%=517) indicated their dogs had been
in areas where they could come into direct contact wittilife (Table 6.3). Respondents
reported their dogs could most frequently come into contact with raceeb44 (79.12)),
closely followed by skunksn€536; 78.25) and mice€521; 76.06%) Table 6.3). Many
respondents indicated their dogs had huntbdrowildlife (n=41; 22.65%) and mice£85;
16.31%). Finally, regarding indirect contact, 49.33%481) of dogowning respondents
reported that dogs came into contact with the feces of other dogs or wildlifk 6.3).
Associations:

Logistic regressio analysis of the relationship between respondent awareness of canine
zoonoses (yes / no) and residential location (rural / urban) in southern Ontario, including the
potential confounders of respondent Dable6alge and
There was no significant difference in awareness of canine zoonoses between rural and urban
respondents in the total study populatji@R=1.17,p=0.21, 95%CI0.921.49) neither was
there a difference in awarendsstween rural and urban dogvning respondents (OR=1.13,
p=0.50, 95%CI0.80-1.60), nor was there a difference in awareness between rural and urban
respondents who were dagvning respondents who used a veterinarian (OR=p-%/6,
95%CI:0.741.51) (Table 6.4). Thep-values for theHosmer and Lemeshow goodnesdit test
(Hosmer and Lemeshow 198@) the thredogistic regression analysis were 0.59, 0.85, and

0.74, respectivelyTable 6.4), which indicated that our models fit the data well.
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DISCUSSION

In this study, wealescribé respondent awareness, knowledge, and levels of concern
regarding canine zoonoses, the possible pathways of canine zoonoses through animal contact,
andwhetherawareness of canine zoonoses differed between rural and urban respondents in
southern @tario, Canadarhe majority of respondents indicated ttirety were aware of
diseaseof dogs that could cause disease in humdiesvever, when provided with a pre
specified lista majority of respondents weedsounsure about what constituted a canine
zoonotic pathogen and/or diseaSarprisingly, there were some respondents who indicated they
were not aware of diseases of dogs that humans could get but also indicated some level of
general concern regarding canine zoonoses as defined by the res&anmthermore, of those
respondents who were not aware of canine zoonoses, some indicated they thought rabies was
indeed alisease of dogs that could cause disease in huflaese data present some difficulty
for discernng explicit respondenawareness of canine zoonoséenerally, respondentsddot
come into frequent direct contact with dogs outside of their homes. Owned dog contact with
wildlife occurredirequently with racoons, skunks, and mice and the majority oedwlogs do
come into contact with the feces of other dogs or wildlife. Finally, respondent awareness of
canine zoonoses did not differ by residential location (rural / ufioamny of the three
respondent levels assessed.

Currently,Echinococcus multilocularjgjiardiasis, leishmaniasis, rabies, salmonellosis,
and toxoplasmosiare of varying public health concemiith several of these disead®=sing
reportable in humans and dogs in Can@leeldinget al.2014, Evasoet al.2019, Jamest al.

2019, Kotweet al.2019) While these zoonoses are important to the health of dogs and the
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