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Modern technologies have brought the veterinary clinic into the animal owner’s home.  Like 

human healthcare, veterinary medicine is expected to be affected by these technologies.  

Competency in health informatics (HI) will allow veterinarians to leverage these technologies in 

practice.  The overarching objective was to examine the role health informatics plays in 

veterinary medicine.  To answer this, we 1) mapped the technological landscape of veterinary 

medicine; 2) created a set of HI competencies for new veterinarians; 3) examined the perceptions 

of practicing veterinarians around telemedicine; and 4) combined traditional explanatory 

techniques with predictive analytics to identify risk factors for a multifactorial disease (canine 

infectious respiratory disease complex (CIRDC)). 

 

Unlike human medical literature, animal health and veterinary medical literature did not see a 

rapid increase in big data research.  This could be attributed to the changing definition of big 

data.  New veterinarians will need to develop competencies in the internet/social media, 

communication technologies, electronic medical records and data.  Veterinarians will need to be 

able to establish relationships with partners in the rapidly-evolving technology sector to stay 



 
 

updated.  The delivery of healthcare through information and communication technologies (ICT) 

can be practiced with or without a plan to generate revenue.  Distinguishing between these two 

types of practices may help prevent confusion among veterinarians regarding telemedicine.  The 

use of traditional explanatory techniques (e.g. linear and logistic regression) and predictive 

analytics (random forest) can be used together to enhance analyses.  This combined approach 

provided evidence that canine parainfluenza virus and canine respiratory coronavirus were 

associated with CIRDC diagnosis and that coinfection may be a risk factor for disease severity. 

 

This research provides an overview of technology in veterinary medicine and provides an option 

for educating veterinary students and veterinarians about health informatics.  Such education can 

help address misconceptions around specific technologies.  Finally, while primarily used for the 

purpose of prediction, some frequently-used methods with established interpretability, such as 

random forest modeling, can also provide useful insights alone or when combined with 

explanatory analyses. 
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1 Chapter 1 | Literature review 

1.1 The Fourth Industrial Revolution 

 
The world is in the midst of the Fourth Industrial Revolution (4IR), a term coined by Klaus 

Schwab (H.-A. Park, 2016; Xu et al., 2018), the founder and executive chairman of the World 

Economic Forum, which is highlighted by a fusion of technologies that allow individuals to 

move between the physical and digital world (Maynard, 2015; World Economic Forum, 2018; 

Xu et al., 2018).  The healthcare sector alone is projected to see a significant adoption (World 

Economic Forum, 2018) of big data analytics, app- and web-enabled markets, internet-of-things, 

cloud computing, machine learning and wearable sensors while seeing changes in value and in 

the location of operations (World Economic Forum, 2018).  Automation is expected to have an 

impact on the healthcare workforce as well, including creation of new jobs; however, this 

expansion is projected to be outpaced by an overall reduction in workforce (World Economic 

Forum, 2018).   Similar changes can be expected in veterinary medicine, as well, requiring 

veterinarians and veterinary staff to adapt to new models of healthcare delivery. 

 

1.1.1 The Fourth Industrial Revolution in human health 

There are already observable trends in healthcare spurred by the 4IR.  Mobile health technology 

is a prime example, due to the ubiquity of mobile devices across generations and socioeconomic 

statuses (Pew Research Center, 2014, 2019).  In the US, 96% of Americans own a cell phone, 

nearly 75% of adults own a desktop or laptop and approximately 50% own tablet computers 

(Pew Research Center, 2019).  Such information and communication technologies make 

telemedicine possible, including the sharing of electronic medical records (EMR) and facilitate 
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the collection of patient-reported outcomes, which reflect a patient’s personal experience 

(Weiler, 2016).  In addition to providing indications to the efficacy of treatment (e.g. pain 

levels), patient-reported outcomes also reflect patient satisfaction (Weiler, 2016).  Such 

outcomes provide insight into the overall success of the healthcare received (Weiler, 2016).  As 

such, major health and hospital systems have partnered with mobile health technology 

companies (Weiler, 2016).  Alternatively, organizations like the Mayo Clinic have launched their 

own mobile health departments (Weiler, 2016).   

 

Even the manner in which health data is recorded at a doctor’s office has changed.  In a study 

that compared the adoption rates of electronic medical records in Korea and the US between 

2010 and 2015, Korean hospitals saw an increase in adoption of electronic medical records 

(EMR) from 37.2% to 58.1% (Yoon, 2017).  Hospitals in the USA saw an increase from 15.1% 

in 2010 to 75.2% (Yoon, 2017) in 2015.  Further, many types of data (e.g. electrocardiogram, 

electroencephalogram, respiratory data) are produced in hospitals that are not necessarily 

recorded in the EMR.  Such data may be helpful in predicting changes in health status (Li-wei et 

al., 2014; Moss et al., 2016) and should be included in hospital EMRs (Yoon, 2017).  

 

Sensor technologies convert biological information to digital data that is stored online in a cloud, 

which can be accessed by the wearer of that technology as well as healthcare providers (H.-A. 

Park, 2016).  While the classical model of healthcare involved a patient physically entering the 

building where the healthcare professional collected a snapshot of biological data, technology 

has extended the presence of the physician into the house of the patient.  Such technologies may 

even provide a real-time feed of biological data in addition to data recorded during a doctor’s 



 
 

3 

visit.  Patients can even use this data to aid in monitoring their own health, ultimately reducing 

the cost of healthcare (H.-A. Park, 2016).   

 

Thanks to the internet, accessibility to medical information has also improved.  Physicians now 

have access to an abundance of scientific and medical literature and are expected to remain up-

to-date.   However, the large volumes of literature make that challenging (Strickland, 2019).  To 

aid physicians (and to compete with Apple and Google), IBM, in 2014, focused its artificial 

intelligence, Watson, on healthcare (Strickland, 2019).  This effort was met with tremendous 

expectations, with various media outlets echoing IBM’s claims that Watson had the knowledge 

of a second year medical student (“IBM’s Watson Now a Second Year Medical Student,” 2011) 

and could diagnose cancer better than physicians (Steadman, 2013).  However, as time passed, 

the promise of Watson was disputed (Strickland, 2019) and even rebranded as a failure 

(Robitzski, 2019) after offering useless (Strickland, 2019) or potentially dangerous medical 

advice (Robitzski, 2019; Strickland, 2019).  The promise of IBM’s artificial intelligence (AI) in 

the clinic was not completely unrealized, however, as IBM managed to produce several products 

in narrow and controlled applications.  One reported success was in the area of identifying 

previously-undetected genetic mutations in cancer patients (Watson for Genomics) and pairing 

them with appropriate clinical trials (Watson for Clinical Trials Matching) (Strickland, 2019).  

Anecdotally, doctors have appreciated the instant second opinion provided by Watson 

(Strickland, 2019).  Additionally, digital healthcare start-ups are receiving large amounts of 

venture capital ($8.1 billion in 2018) under the premise that AI will successfully disrupt 

healthcare (Emanuel & Wachter, 2019).  Although many healthcare professionals were 

concerned about job displacement due to AI (Laï et al., 2020; Sarwar et al., 2019), many 
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maintain a hopeful view of what AI can contribute to the clinic, with many envisaging improved 

time management and efficiency, population health monitoring, healthcare access and patient 

safety.  Further, although AI performance of clinical tasks can often be more of a “black box”, 

the performance of clinical tasks by AI can be more reproducible than human performance, is 

available around-the-clock and costs less to run and update (Kun-Hsing et al., 2018). 

 

1.1.2 Perceptions of artificial intelligence in human healthcare 

Healthcare professionals generally agreed that the portrayal by popular media was incongruent 

with scientific advances (Laï et al., 2020).  Many healthcare professionals were victims of this 

misconception as well, as they often described AI as an independent entity rather than a set of 

technological tools (Laï et al., 2020).  Many recognized that AI tools developed could be used by 

the public, perhaps in the form of self-screening (Laï et al., 2020).  Artificial intelligence could 

also hinder the relationship between the physician and the patient given that the tools are “black 

boxes” and may make it difficult for the physician to effectively communicate information to the 

patient (Laï et al., 2020).  Physicians are amenable to AI as long as it helps in providing the best 

care possible to patients (Laï et al., 2020).   

 

Development of AI in healthcare is dependent on a successful partnership between healthcare 

professionals and the technology industry partners (Laï et al., 2020).  Industry partners often 

need health data labeled by physicians to train their algorithms.  Navigating ethical issues such as 

data ownership, security, government regulations and medical errors committed by AI is a 

challenge (Laï et al., 2020).  Another major challenge to AI in healthcare is bias, e.g. racial bias 

(Obermeyer et al., 2019), that may be incorporated into the algorithms as they are developed. 
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1.1.3 The Fourth Industrial Revolution and veterinary medicine 

Although the literature on how these technologies will affect the veterinary industry is sparse, it 

is reasonable to prepare for similar trends.  For instance, many platforms for telemedicine (e.g. 

TeleVet1, Virtuwoof2) exist that allow clients to consult with a veterinarian without having to 

bring their pet to the veterinary hospital.  Veterinary hospitals have created an online presence 

(Hamlin, 2013) to draw in business.  Several veterinary hospitals have also adopted online 

scheduling platforms  (e.g. Next in Line3, Vetstoria4) so that clients can make appointments 

online without having to call into the veterinary hospital.  The use of such technologies suggest 

that clients would like to access their veterinary teams in non-traditional ways, perhaps to meet 

needs that traditional visits to the veterinarian do not fulfill.  The significant amount of time that 

many veterinarians spend communicating with clients on the phone after-hours (Kogan et al., 

2016) also supports the notion that clients want access to their veterinarian beyond the limits of 

clinic hours and walls.   

 

Access to health information on the internet is also changing the dynamic between veterinarians 

and pet owners.  The majority of clients search online (Kogan et al., 2009) for pet health 

information out of curiosity, for clarification of information provided by veterinarians, and for 

help deciding whether to schedule an appointment with a veterinarian (Kogan et al., 2009).  

Although clients do not tend to discuss the results of their internet searches with their 

veterinarians, those that did, reported higher satisfaction with their appointment (Kogan et al., 

 
1 https://televet.com 
2 https://www.virtuwoof.com 
3 https://www.nextinline.io 
4 https://www.vetstoria.com 
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2009).  Consequently, veterinarians are encouraged to discuss online information with pet 

owners (Bernardo, 2003; Hofmeister et al., 2008).  In spite of this, veterinarians tended to not 

discuss online information with clients (Kogan et al., 2009).  Although it is unclear why, this 

appears to be the case with physicians as well, with some reporting that they feel threatened 

(Helft et al., 2003) or may have their authority challenged (Bylund et al., 2007) by patients.  

Other reasons include concerns that patients may be unwilling to accept advice different from 

what was read online or make inaccurate self-diagnoses (Bylund et al., 2007).  Finally, clients 

search online to access information about a veterinarian or a practice (Kogan et al., 2009), 

making it necessary for practices to maintain a professional online image at all times. 

 

Many veterinary hospitals have adopted electronic medical records and many livestock 

producers have transitioned to electronic production records.  Diagnostic laboratories maintain 

test results in an electronic record as well.  These entities may collect other kinds of data, such as 

financial transaction data.   Simultaneously, entities not directly involved with the delivery of 

healthcare may also be collecting data, e.g. health insurance companies (Cottle et al., 2013).  An 

emerging trend is to explore these datasets, individually or in combination, for insight into 

solutions to challenges encountered in veterinary medicine (Strickland, 2019; Weiler, 2016).  

Supporting all of these electronic records is a strong information system that can both store and 

transmit large amounts of information.  Combining data from different sources also relies heavily 

on information systems, not only for the purposes of transmitting and storing data, but also so 

that the owners of these datasets can collaborate to combine their data (Boell & Cecez-

Kecmanovic, 2015). The resulting datasets are rather novel as well, since these datasets originate 

from different sources (variety) (Sagiroglu & Sinanc, 2013; Schroeck et al., 2012; VanderWaal 
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et al., 2017), each collected with different purposes and different formats, can be quite large 

(volume) (Sagiroglu & Sinanc, 2013; Schroeck et al., 2012; VanderWaal et al., 2017) and, at 

times, may resemble a live-feed (VanderWaal et al., 2017) (velocity) (Sagiroglu & Sinanc, 2013; 

Schroeck et al., 2012; VanderWaal et al., 2017) rather than a dataset stored statically in a 

database.  These characteristics of volume, velocity and variety are often used to describe “big 

data” (Sagiroglu & Sinanc, 2013; Schroeck et al., 2012).  Managing, combining, transmitting, 

and storing these datasets is a discipline itself.  Extracting meaning from these datasets often 

means employing techniques to complement and work synergistically with traditional statistical 

techniques.  Terms such as “big data”(Sagiroglu & Sinanc, 2013; Schroeck et al., 2012) 

(discussed in Section 1.2.1), “informatics” (Kulikowski et al., 2012; Shortliffe & Blois, 2006) 

(discussed in Section 1.2.1), “machine learning” (Bzdok et al., 2018; Lustgarten et al., 2020) 

(discussed in Section 1.2.3), “artificial intelligence” (Lustgarten et al., 2020) (discussed in 

Section 1.2.3) and “predictive analytics” (Shmueli, 2010) (discussed in Section 1.2.4) become 

common-speak when dealing with these types of datasets.  These non-traditional methods may 

be quite effective in dealing with large, unstructured datasets and can not only complete an 

analysis efficiently but also be robust to confounding, collinearity and/or overfitting (Shmueli, 

2010).   
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1.1.4 Upskilling and reskilling veterinarians 

Wearable sensor technology (e.g. Whistle5, FitBark6) provides minute-by-minute activity and/or 

health data.  Such technologies can be helpful in weight management.  Feeders (e.g. SureFeed7, 

PetSafe8) that provide a custom diet to an animal, while monitoring when and how much an 

animal eats can be paired with these activity monitors to help prevent or treat obesity.  Some 

sensors (e.g. Smart Halter9, Equisense10) also monitor for specific conditions, e.g. estrus or 

lameness.  Many of these technologies can be bought at a pet store.  Thus, a veterinarian’s first 

encounter with these technologies could be when a client asks a question about the data collected 

or how to use the technology for a specific health purpose, e.g. weight loss.  Treatments designed 

by veterinarians that take into account such data (e.g. chronic disease management) could be 

viewed as a new type of technology as well. 

 

In light of these technologies, veterinarians will need to be equipped with skills historically not 

associated with veterinary medicine.  For veterinarians already in practice, this may require a 

certain degree of reskilling or upskilling (World Economic Forum, 2018).  For future 

veterinarians (e.g. veterinary students, prospective veterinary students), the current veterinary 

education programs designed to produce practice-ready veterinarians could play a role in 

equipping students with the skills necessary to navigate the changing workforce.   An outcomes-

 
5 Whistle GO & GO Explore GPS Pet Trackers. (n.d.). https://www.whistle.com/. [Accessed December 10, 2019]. 
 
6 FitBark GPS & Activity Monitor | Healthy Together. (n.d.). https://www.fitbark.com/. [Accessed December 10, 

2019]. 
 
7 Pet Feeding Solutions. (n.d.).  https://www.surepetcare.com/en-ca/pet-feeder.  [Accessed December 10, 2019]. 
8 PetSafe® Official Website. (n.d.).  https://www.petsafe.net/. [Accessed December 10, 2019]. 
9 Smart HalterTM | Early Warning Detection for Horses – NIGHTWATCH. (n.d.). https://www.smarthalter.com/. 
[Accessed December 10, 2019]. 
 
10 Equisense Shop. (n.d.). https://equisense.com/. [Accessed December 10, 2019]. 
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based approach (Aggarwal & Darzi, 2007; Bok, 2015; Frank, Snell, et al., 2010; Long, 2000), 

that assesses competence (competency-based education), rather than a time-based approach, that 

assumes competence after a student has spent a certain amount of time in training, may be more 

effective.  In veterinary medicine, the development of such curriculums may take several 

approaches (focus groups (Bok et al., 2011), Delphi (Bok et al., 2011), DACUM (Miller et al., 

2004)), though they often involve interviews, in the form of focus groups (Bok et al., 2011) or 

consensus techniques (Miller et al., 2004), with experts.  Relevant experts have included 

veterinarians (clinical, government, industry, research), non-veterinarians working in areas 

related to veterinary medicine and veterinary clients (Bok et al., 2011; Miller et al., 2004).  Some 

methods may include veterinary educators in the expert panel (Bok et al., 2011; Molgaard et al., 

2018) while others may exclude them (Miller et al., 2004; Norton, 1992).  While veterinary 

educators provide valuable teaching experience, their presence can influence the contributions of 

non-academic veterinarians.  The convening of the expert panel can vary as well.  Some methods 

call for an in-person expert panel (e.g. DACUM) (Norton, 1992) while others can be conducted 

remotely (e.g. Competency-Framework Development) (Robson et al., 2020).  Such methods have 

already been applied to produce competency-based curriculums (Bok et al., 2011; Hodgson et 

al., 2013; Miller et al., 2004; Molgaard et al., 2018, 2019) that address the veterinary field as a 

whole and have the advantage of being amenable to multi-stakeholder dialogues (Maynard, 

2015).  The outcomes of such methods inherently help create educational opportunities for 

current (practicing veterinarians) and future (veterinary students) stakeholders (Maynard, 2015).  

However, efforts to identify competencies relevant to technology are needed. 
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1.2 Types of technology impacting health 

1.2.1 Big data, informatics, information technology and information systems  

“Big data” is a word that has rapidly gained steam and reflects, in part, the increasing amount of 

data in the world available today.  This is manifested by the number of publications indexed in 

Google Scholar that refer to “big data” (Andreu-Perez et al., 2015).  For perspective, prior to 

2003, it was estimated that only 5 exabytes of data had ever been created by humans (Sagiroglu 

& Sinanc, 2013).  In 2013, this amount of data was estimated to be generated in just two days 

(Sagiroglu & Sinanc, 2013).  However, the term “big data” implies more than just data volume.  

After all, many of these big datasets are a compilation of a variety of different types of data and 

data from a variety of different sources (Andreu-Perez et al., 2015; Sagiroglu & Sinanc, 2013; 

Schroeck et al., 2012).  In the context of health, such data sources can include images, internet 

searches, gene arrays, tweets, diagnostic testing and sensors.  Additionally, data can be generated 

at a much faster velocity than ever before, sometimes in real-time (e.g. sensor technology).  Such 

datasets would be more aptly described as a livestream or data stream (VanderWaal et al., 2017).   

 

The emergence of big data has been accompanied by a rise in health informatics, as can be seen 

in publications indexed in IEEE Xplore (Andreu-Perez et al., 2015), and is a field that 

complements, augments and, at times, may be indistinguishable from big data.  Many definitions 

of health informatics exist.  In one formalization by the American Medical Informatics 

Association (AMIA), health informatics is a subset of biomedical informatics (Kulikowski et al., 

2012), which is primarily concerned with the use of data, information and knowledge to improve 

human health.  This may be done through research and scientific inquiry as well as problem 

solving and decision making (Kulikowski et al., 2012).   Informatics makes use of information 
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systems that provide structure (Anholt et al., 2014; Shortliffe & Blois, 2006) to information and 

allow for efficient analysis and transmission of information and data.  Information systems make 

use of information technologies (e.g. computers, databases, software, internet, mobile devices) to 

perform specific tasks (Boell & Cecez-Kecmanovic, 2015).  Although information technologies 

play a significant role in information systems, the role of humans cannot be ignored (Boell & 

Cecez-Kecmanovic, 2015), as it is humans who ultimately extract meaning from the information 

technologies by setting goals and taking action.  As such, humans along with human thought and 

innovation (immaterial technology) are as much a part of technology as computers, software, 

data and algorithms (material technology).   

 

Although information systems have facilitated the rise of big data (Cottle et al., 2013), there are 

still many challenges that highlight the need for humans to extract meaning and convert that 

meaning into actionable steps.  One challenge is the fragmentation of data (Cottle et al., 2013) 

that arises from data being produced by different stakeholders.  Data may be siloed in hospitals, 

doctor’s offices, laboratories and billing systems.  Combining data into a form that allows for 

analysis has many challenges.  For instance, different siloes may use different nomenclatures to 

describe similar concepts.  Addressing these issues likely involves establishing best practices so 

that heterogeneous data can be combined more easily (Cottle et al., 2013).  Establishing best 

practices would likely require dialogue between stakeholders (Maynard, 2015).  Another 

challenge requiring human ingenuity is upgrading old technologies to handle and leverage these 

new datasets (Cottle et al., 2013).  Some of these technologies do not have the architecture or 

infrastructure in place to support the necessary upgrades.  Another challenge to big data is the 

question of data ownership (Cottle et al., 2013).  In a veterinary context, data generated during a 
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veterinary exam using the clinic’s instruments and the expertise of the veterinarians may not 

necessarily belong solely to the pet owner or the veterinary clinic.  Manufacturers of the 

instruments or of the software used to store the data may have some claims to the data as well.  

Data may be used by certain parties to earn a profit while other parties do not receive anything.  

And finally, once data is consolidated into a cogent form, the challenge of analyzing a dataset 

with a large number of predictors and observations still exists.  However, one area of health 

research that would benefit greatly from such datasets is prognostication. 

 

1.2.2 Information and communication technologies 

While information systems can help collect, gather, share and store data, they can also help 

connect people and communities.  In the context of healthcare, these information systems can 

improve access to healthcare as well as improve collaboration between healthcare workers.  This 

scope of technologies is called information and communication technologies (ICT).  The 

electronic delivery of medical information from site-to-site to improve the clinical health status 

of a patient is called telemedicine (American Veterinary Medical Association, n.d.).  Information 

and communication technologies have been present in veterinary medicine for a while, 

particularly in the form of telephones and fax machines.  With the advent of the internet and 

cellular technology, remote communication has evolved into (in addition to phone calls and 

faxes) email, text messaging, instant messaging, video messaging and live video chats.  Pictures 

and videos of sick patients can now be sent via emails, texts or instant messages for the 

veterinarians to assess.  Similarly, veterinarians can now collaborate with each other through 

these technologies.   
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Although the COVID-19 pandemic has highlighted the utility and necessity of ICTs to deliver 

healthcare through digital platforms, the use of ICTs in veterinary medicine began as early as the 

1980s when electrocardiograms were transmitted across the United States, trans-telephonically to 

cardiologists in New York (Mars & Auer, 2006).  Today’s technologies increase client access to 

the veterinarian and allows healthcare to be delivered beyond the walls of the veterinary clinic.  

It has been suggested that pet owners may be able to provide better care to their pets if they are 

able to discuss medical information with their veterinarian from their homes (Kogan et al., 2012; 

Lo & Parham, 2010).  Clients also appear to prefer to make appointments, discuss treatments and 

ask short questions to their veterinarian using ICTs (Kogan et al., 2009).  Remote post-surgical 

recheck appointments were also met with client approval (Bishop et al., 2018; Watson et al., 

2019).  These remote interactions between pet owners and veterinarians may also strengthen the 

veterinary client relationship (Fox & Rainie, 2014; Kogan et al., 2016) while sparing the pet 

from a stressful visit to the veterinary hospital (Bishop et al., 2018).  Many veterinarians, 

however, may not realize they are practicing telemedicine (Robertson, 1999; Watson et al., 2019) 

and, thus, may not be leveraging ICTs optimally.  As such, this may impede the incorporation of 

ICTs into practice.  This effect may be manifested by the low number of clinical trials on the 

efficacy of telemedicine in spite of the growing number of veterinary telemedicine services in 

use (Bishop et al., 2018).  

 

1.2.3 Artificial intelligence and machine learning 

Artificial intelligence combines both science and engineering methods to make intelligent 

machines (McCarthy, 1998).  Often, this involves the development of intelligent computer 

programs (McCarthy, 1998).  “Intelligence” is described as the computations that lead to the 
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ability to accomplish tasks or achieve goals (McCarthy, 1998).  The process of classifying which 

computations are intelligent continue to this day (McCarthy, 1998), making the concept of AI 

relatively malleable.  It is often analogized to human intelligence, though AI does not need to 

mimic human intelligence (McCarthy, 1998).   

 

Machine learning has been described as a “key contributor” (Natarajan et al., 2017, p. 80) to AI.  

Often implemented as computer algorithms, at its essence, machine learning is an approach that 

allows a system to improve its performance at accomplishing a task by using previous examples 

(data).  This improvement occurs without explicit programming, and is the “learning” part of 

machine learning.  The task is something that the machine learning system is designed to do, 

specified by the designer.  All machine learning systems consist of learning and optimizing 

algorithms, training and test datasets, training models and cost functions.  Examples of tasks in 

human healthcare include, but are not limited to, classification (assigning data to specific 

categories), memory-based learning (grouping new data with similar previous data), topic 

modeling (understanding what a document is about), forecasting (predicting how a system will 

change in time), probability estimation (finding the most likely interpretation of data), image and 

video understanding (understanding what is going on in an image or video) and speech-to-text 

(transcribing speech) (Natarajan et al., 2017). 

 

1.2.4 Predictive modeling 

Prognosis was considered a critical component and principal scientific achievement of healthcare 

in the ancient Hippocratic medical tradition (Thomas et al., 2019) and is an important 

consideration in clinical decision making today (Gill, 2012; Schoenborn et al., 2016).  Proper 
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consideration of prognosis can help with making informed decisions as well as improving health 

outcomes (Gill, 2012).  Much of the focus regarding prognosis in academic studies (Christakis & 

Iwashyna, 1998; Schoenborn et al., 2016; Smith et al., 2011) and non-academic literature 

(Petrow, 2018; Span, 2011) in human medicine is on life expectancy (Thomas et al., 2019), 

though prognosis is not limited to this aspect.  Further, prognosis is an important component 

when communicating with patients (Gill, 2012; Thomas & Fried, 2018) (or pet owners).  Often 

confused with predicting the course of disease, prognosis attempts, rather, to predict the risk that 

an individual will develop a particular state of health (Gill, 2012; Moons et al., 2009).  

Historically, many prognostic studies have focused on the use of a single indicator (Moons et al., 

2009; Riley et al., 2003) (e.g. biological marker) to make predictions, though researchers are 

recognizing the importance of a multivariable approach (Moons et al., 2009).  In spite of the 

importance placed on prognosis, the focus in the modern era has been on diagnostics and 

treatment (Thomas et al., 2019), causing prognosis to lag (Christakis, 1997; Christakis & Sachs, 

1996).  This has been attributed to the discovery of the role of pathogens in disease, shifting the 

role from the diseased individual to the agent of disease (Christakis, 2001; Thomas et al., 2019).   

 

It follows that an approach that considers multiple indicators, when interpreted in concert, may 

forecast the health status of patients more effectively.  This may help strengthen the evidence 

that prognosis improves health outcomes (Gill, 2012).  The efforts necessary to do so, 

incidentally, reflect the actionable recommendations for navigating the fourth industrial 

revolution (Maynard, 2015) and big data (Cottle et al., 2013), particularly the need to engage 

multiple stakeholders to obtain a variety of data (likely fragmented) from a variety of sources.  

Further, questions of data ownership and security (Cottle et al., 2013) will inevitably arise.  The 
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necessary tools to leverage this data will likely exist in the statistical, informatics and big data 

toolboxes.  

 

Predictive modeling may be a useful tool in improving prognosis research.  Such models make 

use of patterns within a dataset to make predictions about future events.  This differs from 

explanatory models, which focus on causal inference and are based on preconceived assumptions 

(e.g. distribution of data, associations between outcome and predictors).  Predictive modeling 

tends to not rely on these assumptions and can handle many potential prognostic indicators 

(Waljee et al., 2014) and, at times, find unexpected indicators not previously considered by 

researchers (Singal et al., 2013; Waljee et al., 2010). Random forest (Liaw & Wiener, 2002) is an 

example of one such approach.  Predictive models can be used for causal inference but it is 

neither the aim nor a requirement for a variable to be included in the final model (Moons et al., 

2009; Waljee et al., 2014).   

 

1.2.4.1 Random forest modeling 

1.2.4.1.1 Classification and regression trees 

Classification trees and regression trees (CART) are rule-based methods of modeling data (Kuhn 

& Johnson, 2013).  Classification and regression trees partition data into homogeneous groups 

using nested if-then statements to split data into terminal nodes (Kuhn & Johnson, 2013).  Thus, 

there is a unique path to every terminal node.  Each split of the data is designed to improve the 

homogeneity of the data in each partition (Kuhn & Johnson, 2013).  Homogeneity is measured 

by various purity indices (e.g. Gini index, cross entropy) (Kuhn & Johnson, 2013).  Purity 

indices are used to maximize accuracy or minimize misclassification (Kuhn & Johnson, 2013).  
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Classification and regression trees are often interpretable; however, the final model can be 

unstable and have less than optimal predictive performance (Kuhn & Johnson, 2013).  

 

1.2.4.1.2 Bagging improves upon classification and regression trees 

One method to improve upon CARTs is bagging (bootstrap aggregating) (Kuhn & Johnson, 

2013).  The steps in bagging are to 1) generate a bootstrap (random sample with replacement) 

sample of the original data; and 2) build a CART on this sample (Kuhn & Johnson, 2013).  This 

process is repeated for a pre-specified number of times.  Each time the process is completed, a 

CART is generated.  The collection of all CARTs generated by this process is the final model.  

The predictions of each CART in the final model are averaged to give the final model’s 

prediction.  Bagging trees is an example of an ensemble method and provides several 

advantages: 1) it improves prediction variance; and 2) it provides an internal estimate of 

predictive performance that approximates cross-validation or test set estimates (Kuhn & Johnson, 

2013).  The increase in predictive performance is a result of the CARTs being generated from 

multiple bootstrapped samples.  However, the trees built in each iteration are correlated with 

each other, which is a limiting factor in improving predictive performance (Kuhn & Johnson, 

2013). 

 

1.2.4.1.3 Random forests improve upon bagging trees and provides a measure of predictor 

importance 

The improvement in predictive performance as a result of bagging trees can be further improved 

upon by introducing randomness to the tree construction process itself (Kuhn & Johnson, 2013).  

In random forest, this is done by selecting predictors at each node based on a random subset of 
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predictors.  The size of the random subset is ultimately chosen by the user, and can be optimized 

by a process called tuning (Kuhn & Johnson, 2013).  The random subset size is often represented 

by mtry.  This process is repeated for a pre-specified number of times, with a tree being produced 

each time.  The predictions of each tree are then averaged for a final prediction.  The random 

selection of predictors at each node lessens tree correlation, i.e. each tree is approaching 

independence from the other trees (Kuhn & Johnson, 2013).  This not only improves the variance 

of prediction but also makes the final model robust to collinearity (Kuhn & Johnson, 2013).  

Because only a subset of predictors are considered at each node, random forest modeling is less 

computationally demanding, per tree, than bagging (Kuhn & Johnson, 2013).   The user also 

needs to select the total number of trees to build in the final model (Kuhn & Johnson, 2013).  

Because of the random forest’s robustness to collinearity, the user can choose a large number of 

trees.  However, because of the ensemble method of prediction, random forest results can be less 

interpretable.  Random forest modeling also produces a set of importance rankings for predictors 

found in the final model.  Measures of importance are measured in different ways, e.g. number of 

times a root, number of times a node, mean decrease in accuracy.  Ultimately, these rankings 

provide insight into which predictors are most important to the final prediction.   

 

1.2.4.2 Applying predictive modeling to canine infectious respiratory disease complex 

One area of prognostic research in veterinary medicine is the prediction of diagnosis, severity 

and duration of disease.  One such disease being investigated is canine infectious respiratory 

disease complex (CIRDC), also known as kennel cough.   
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CIRDC is a respiratory syndrome commonly found in areas of high-dog density (e.g. kennels, 

veterinary hospitals), though infections in single-dog households also occur (Mitchell et al., 

2017).  Clinical signs include cough, nasal discharge and fever.  Respiratory distress and lower 

respiratory tract infections can occur as well; however, the disease is usually self-limiting.  The 

disease is associated with a number of pathogens (Greene, 2012).  The pathogenesis of CIRDC is 

unclear.  Although co-infections have been detected, it is not known with certainty how each 

pathogen contributes to causing or potentiating (i.e. increasing severity or duration) disease.  Co-

infections have been implicated in increasing disease severity (Decaro et al., 2016; Erles et al., 

2003; Mitchell et al., 2017); however, a recent study showed that host factors (age) play a larger 

role (Maboni et al., 2019).  Investigating these risk factors may require the collection of data for 

many different predictors.  Predictive modeling may provide insight in ways that traditional 

approaches may not. 

 

1.2.4.2.1 Clinical signs of CIRDC 

Usually self-limiting, the initial presentation usually involves acute onset paroxysmal cough 

which can be worsened with exercise (Greene, 2012).  Coughs may be accompanied by a 

honking sound if vocal folds are swollen.  Tracheitis may also be present causing the cough to be 

productive (Greene, 2012).  Dogs that expel mucus often do so with dramatic gagging and 

retching episodes with arched-backs and open mouths (Greene, 2012).  The mucus is often clear 

to white and can be confused with vomit by owners (Greene, 2012).  In cases with tracheitis, 

manipulation of the trachea can cause a cough, albeit inconsistently (Greene, 2012).   Nasal and 

ocular discharge and sneezing may also be present (Greene, 2012).  In severe cases, dogs may be 

febrile, lethargic and inappetent (Greene, 2012).  Puppies and unvaccinated dogs may experience 
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more severe clinical signs (Greene, 2012).  Vaccination may reduce severity but does not confer 

full protection against infection, disease or pathogen shedding (Greene, 2012).  Diagnosis is 

based on exposure history, clinical signs and response to empirical therapy (Greene, 2012). 

 

1.2.4.2.2 Pathogens associated with canine infectious respiratory disease complex 

1.2.4.2.2.1 Traditional pathogens 

Traditional pathogens (Maboni et al., 2019; Priestnall et al., 2014) associated with CIRDC 

include canine parainfluenza virus (CPIV) (Appel & Percy, 1970), Bordetella bronchiseptica 

(Bb.) (Bemis, 1992), canine distemper virus (CDV) (Erles et al., 2004) and canine adenovirus 

(CADV) (Ditchfield et al., 1962).  Canine parainfluenza virus is known to cause a short-lived, 

acute-onset cough in dogs.  It can be found in dogs throughout the world and is considered a 

principal respiratory pathogen in canine respiratory disease (Greene, 2012).  Serum antibody can 

be detectable for as long as three years, though positive titers are not necessarily protective 

against disease (Greene, 2012).  Bordetella bronchiseptica is considered one of the most 

important bacterial agents in CIRDC (Greene, 2012).  Bordetella bronchiseptica can be found in 

the upper respiratory tract and can act as a commensal as well as a virulent pathogen.  As such, 

Bb. Is likely a cofactor in causing CIRDC (Greene, 2012).  Canine distemper virus has been 

known to cause nasal and ocular discharge in dogs, in addition to cough (Greene, 2012).  

Generalized infection with CDV can affect multiple organ systems, including the nervous 

system, bone, eyes and skin (Greene, 2012).  Canine distemper virus is not considered a primary 

pathogen in CIRDC, but does play a role in the presence of other pathogens (Greene, 2012).  

Coinfections with CDV can lead to severe respiratory disease and, even, death (Greene, 2012).   
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Canine adenovirus causes laryngotracheitis, leading to acute-onset cough (Greene, 2012).  

Unvaccinated dogs are more susceptible to infection (Greene, 2012). 

 

1.2.4.2.2.2 New and emerging pathogens 

Canine influenza virus (CIV) (Crawford et al., 2005), canine respiratory coronavirus (CRCoV) 

(Erles et al., 2003), Mycoplasma cynos (Mc.) (Chalker et al., 2004) and Streptococcus equi spp. 

zooepidemicus (Chalker et al., 2003) are considered new or emerging pathogens (Maboni et al., 

2019) associated with CIRDC.  It is unclear whether these pathogens are truly new and emerging 

or if improved diagnostic capabilities have made these pathogens easier to detect (Maboni et al., 

2019). 

 

Canine influenza virus is prevalent in group-housed dogs, with antibodies detected in 49% of 

dogs in at-risk groups, such as kennels or multi-housed dogs.  The virus can spread rapidly 

among naïve dogs.  An influenza virus among dogs was first detected among racing Greyhounds 

in 2004 (Crawford et al., 2005; Priestnall et al., 2014).  The detected CIV was most closely 

related to an equine influenza virus (H3N8), suggesting that the virus was able to jump species.  

The CIV detected in 2004 was also able to transmit directly between dogs.  Shortly after, other 

subtypes of influenza were detected in dogs, including an avian H5N1 virus found in a dog that 

developed respiratory signs and died after eating a duck carcass (Priestnall et al., 2014; 

Songserm et al., 2006).  In 2009, there were sporadic reports of dogs infected with swine flu 

(H1N1) (Lin et al., 2012; Priestnall et al., 2014).  And in 2007, an avian influenza H3N2 was 

responsible for outbreaks among kenneled dogs (Priestnall et al., 2014; Song et al., 2008).  The 

H3N2 CIV was reportedly capable of causing severe disease in experimental infections, 
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including necrotizing lesions in the lungs as well as inflammation and necrosis of the heart, liver, 

and brain (Priestnall et al., 2014; Zeng et al., 2013). 

 

Canine respiratory coronavirus is an important respiratory pathogen of kenneled dogs and is 

associated with mild disease during the early stages of CIRDC (Priestnall et al., 2014).  Clinical 

signs in infected dogs include dry cough and nasal discharge (Erles & Brownlie, 2008).  

Experimental infection led to sneezing in addition to nasal discharge and cough (Erles et al., 

2004; Priestnall et al., 2014).  Mycoplasma cynos has been associated with respiratory disease in 

kenneled dogs (Chalker et al., 2004).  Mycoplasma cynos is often isolated from dogs with 

concurrent respiratory infections making it difficult to understand its role in disease.  Although 

believed to be associated with CIRDC (Chalker et al., 2004), it is unclear whether Mc. alone is 

able to cause disease as it can also be isolated in healthy dogs (Joffe et al., 2016) and may be part 

of the normal upper respiratory flora (Chalker, 2005; Maboni et al., 2019; Mitchell et al., 2017).  

Isolation of Mc. from the lower respiratory tract may be more indicative of disease (Chalker et 

al., 2004).  Associations between the presence of Mc. and increased disease severity has been 

shown (Maboni et al., 2019).  Like Mc., S.equi spp. zooepidemicus is has been associated with 

increased disease severity (Chalker et al., 2003).  S. equi spp. zooepidemicus has been known to 

cause illness consistent with CIRDC (e.g. cough, nasal discharge), although it is more commonly 

associated with more severe clinical signs, such as bronchopneumonia, hemorrhagic nasal 

discharge, hematemesis and death (Greene, 2012; Priestnall et al., 2014).   
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1.2.4.2.2.3 Coinfections 

Coinfections of the respiratory tract (Greene, 2012) with multiple CIRDC pathogens has been 

documented.  Infection with one pathogen may predispose the respiratory epithelium to other 

pathogens (Erles et al., 2004; Maboni et al., 2019).  The role of coinfections in disease severity is 

not well understood.  In one study (Erles et al., 2004), CPIV and CRCoV were the most 

commonly detected viral coinfections.  In another study (Joffe et al., 2016), no coinfections with 

CPIV and CRCoV were detected.  Instead, the CRCoV was detected with Mc. (Maboni et al., 

2019), with no significant interactions among pathogens detected.  On the other hand, another 

study did identify an association between coinfection and severity of clinical signs (Maboni et 

al., 2019).  Coinfections associated with increased severity included Mc. + CPIV and CPIV + Bb. 

(Maboni et al., 2019).   

 

1.3 Summary of dissertation 

The unifying goal of this dissertation was to understand the role that technology plays or can 

play in veterinary medicine.  The four chapters each meet that end in a unique way.  Because 

technology is a broad concept, it was necessary to limit each chapter to a specific technology or 

group of technologies.  Each chapter explores the role of technology in veterinary medicine in 

increasing detail.  Chapter 2 focuses on understanding the current state of a specific group of 

technologies (big data, informatics, bioinformatics) in the veterinary and animal health literature.  

The selection of which technologies to focus on was based on expert understanding of the 

current technological market and its interface with veterinary medicine.  Chapter 3 focuses on 

what new graduates of veterinary medicine need to know about and be able to do with 

technology.  In this chapter, not only is a set of competencies produced, but also specific 
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technologies that are relevant at the time of the study are identified by an expert panel.  In 

Chapter 4, the perceptions of veterinarians towards telemedicine are explored.  Telemedicine is 

being practiced in human medicine and has gained tremendous momentum in both human and 

veterinary medicine since the onset of the COVID-19 pandemic.  And in Chapter 5, an emerging 

methodology in veterinary medicine is used to both determine prognostic factors and predict 

disease outcomes.  This methodology (random forest) falls within the purview of machine 

learning and predictive modeling.   

 

1.3.1 Objectives 

The objective of the thesis is to explore and advance the study of health informatics in veterinary 

medicine, specifically examining the current status of HI in veterinary medicine, HI 

competencies necessary for veterinary students, perceptions of veterinarians towards 

telemedicine and the application of analytic techniques to animal disease prediction.  The 

specific objectives of this dissertation were to: 

i.  Describe how ‘big data’, ‘informatics’, and ‘bioinformatics’ have been used in the animal 

health and veterinary medical literature by mapping the literature and describing the 

publications using these terms (Chapter 2).   

ii.  Develop a set of competencies relevant to new veterinarians regarding health informatics 

(Chapter 3). 

iii.  Summarize the HI competencies by grouping the statements into common themes 

(Chapter 3). 

iv.  Map the HI Competencies to the AAVMC competencies (Molgaard et al., 2018) (Chapter 

3). 
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v.  Provide insight into specific technologies that are currently relevant to upcoming 

veterinarians (Chapter 3) 

vi.  Measure panelists’ satisfaction with the methodology for competency development 

(Chapter 3).   

vii.  Understand veterinary perceptions of telemedicine and ICTs, particularly whether 

veterinarians considered they were practicing telemedicine (Chapter 4). 

viii.  Understand what ICTs veterinarians were currently using and would like to use more (or 

less) of (Chapter 4). 

ix.  Understand whether veterinarians were billing (and would like to bill in the future) for 

time spent communicating with clients over ICTs (Chapter 4). 

x.  Understand what clinical tasks (triage, diagnostics, treatment, prescription of medication) 

veterinarians felt they could accomplish over ICTs (Chapter 4) 

xi.  Identify pathogens and environmental risk factors associated with CIRDC diagnosis 

(Chapter 5). 

xii.  Identify factors associated with disease severity (Chapter 5). 

xiii.  Report median disease duration (Chapter 5).  
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2 Chapter 2 | A scoping review of “big data”, “informatics” and “bioinformatics” in the 

animal health and veterinary medical literature 

The work in this chapter has been published as:  
 
Ouyang, Z., Sargeant, J., Thomas, A., Wycherley, K., Ma, R., Esmaeilbeigi, R., et al. (2019). A 
scoping review of “big data”, “informatics”, and “bioinformatics” in the animal health and 
veterinary medical literature. In Animal Health Research Reviews (pp. 1–18). Cambridge 
University Press. https://doi.org/10.1017/S1466252319000136 

 

2.1 Abstract 

Research in big data, informatics and bioinformatics has grown dramatically (Andreu-Perez et 

al., 2015).  Advances in gene sequencing technologies, surveillance systems and electronic 

medical records have increased the amount of health data available.  Unconventional data 

sources, such as social media, wearable sensors and internet search engine activity have also 

contributed to the influx of health data.  The purpose of this study was to describe how “big 

data”, “informatics” and “bioinformatics” have been used in the animal health and veterinary 

medical literature and to map and chart publications using these terms through time.  A scoping 

review methodology was used.  A literature search of the terms “big data”, “informatics” and 

“bioinformatics” was conducted in the context of animal health and veterinary medicine.  

Relevance screening on abstract and full-text were conducted sequentially.  In order for articles 

to be relevant, they must have used the words “big data”, “informatics” or “bioinformatics” in 

the title or abstract and full-text and have dealt with one of the major animal species encountered 

in veterinary medicine. Data items collected for all relevant articles included species, geographic 

region, first author affiliation and journal of publication.  Study level, study type and data 

sources were collected for primary studies.  After relevance screening, 1093 were classified.  

While there was a steady increase in “bioinformatics” articles between 1995 and the end of the 
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study period, “informatics” articles reached their peak in 2012, then declined.  The first “big 

data” publication in animal health and veterinary medicine was in 2012.  While few articles used 

the term “big data” (n = 14), recent growth in “big data” articles was observed.  All geographic 

regions produced publications in “informatics” and “bioinformatics” while only North America, 

Europe, Asia and Australia/Oceania produced publications about “big data”. “Bioinformatics” 

primary studies tended to use genetic data and tended to be conducted at the genetic level.  In 

contrast, “informatics” primary studies tended to use non-genetic data sources and conducted at 

an organismal level.  The rapidly evolving definition of “big data” may lead to avoidance of the 

term.    

 

2.2 Introduction 

2.2.1 Rationale 

Society, today, produces more data in two days than it had cumulatively produced prior to 2003 

(Sagiroglu and Sinanc, 2013).  In human healthcare, data come from a variety of sources at a 

rapid pace.  Data sources include social media, wearable sensors, surveillance systems, electronic 

medical records and laboratory databases.  Publications indexed in Google scholar that 

referenced “big data” grew dramatically since 2008 (Andreu-Perez et al., 2015).  The top two 

health research areas were “bioinformatics” and “health informatics”. 

 

In animal health, data also come from multiple sources at a rapid pace.  Pet owners post photos 

and updates of their pets on social media.  Wearables and other sensors have been developed for 

pets (www.whistle.com), horses (Peacock, 2012; Thompson et al., 2018) and production animals 

(Andersson et al., 2016; Haladjian et al., 2018). Other sources of animal health data include 
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government surveillance on animal diseases, veterinary electronic medical records, farm 

production records, and species-specific databases.  These trends suggest that “big data”, 

“informatics” and “bioinformatics” might be growing in a similar fashion to that of human 

health.  However, no one has evaluated how these terms are used in the veterinary medical and 

animal health literature.   

 

Big data is frequently described in terms of three “V”s: volume, velocity and variety (Schroeck 

et al., 2012).  Volume refers to a large amount of data, velocity means that the data are generated 

quickly and variety infers that the data come from different data sources and/or consist of 

different types of data (Schroeck et al., 2012).  Veracity, or data reliability, is often considered a 

fourth characteristic of big data.  Big data may also require non-traditional storage methods and 

analytical techniques (Elgendy and Elragal, 2014). Sources of big data in human healthcare may 

include electronic medical records, genomics, imaging data, and data from social networks and 

sensors (Gaitanou, Garoufallou and Balatsoukas, 2014).   

 

Definitions of “informatics” and “bioinformatics” are broad and overlap with each other.  The 

American Medical Informatics Association defines “informatics” as “the interdisciplinary field 

that studies and pursues the effective uses of biomedical data, information, and knowledge for 

scientific inquiry, problem solving and decision making, motivated by efforts to improve human 

health” (Kulikowski et al., 2012).  The National Institutes of Health define “bioinformatics” as 

“research, development, or application of computational tools and approaches for expanding the 

use of biological, medical, behavioral or health data, including those to acquire, store, organize, 

archive, analyze, or visualize such data” (Downing et al., 2000).   
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Examining the use of these terms in the literature will provide insight into the type of research 

being conducted in each of these fields and may improve our understanding of big data, 

informatics and bioinformatics and their relationships to (and how to distinguish them from) 

each other.  Additionally, such examination will illuminate how research in these fields are 

conducted, who the leaders in the field are, the expertise needed to conduct such research and 

where the research is published.  

 

For the remainder of this manuscript, we refer specifically to the terms big data, informatics and 

bioinformatics with quotes (e.g. “big data”, “informatics”, “informatics”).  When an article or 

group of articles is described using one of these terms in quotes (e.g. “‘big data’ article”, “‘big 

data’ articles”, “article about ‘big data’”, “articles about ‘big data’”), we mean that the article or 

articles contain the quoted term.   

 

2.2.2 Objectives 

The purpose of this scoping review was to describe how “big data”, “informatics” and 

“bioinformatics” have been used in the animal health and veterinary medical literature by 

mapping the literature and describing the publications using these terms.   

 

2.3 Materials and methods 

2.3.1 Protocol 

The authors used a scoping review approach as described by Arksey and O’Malley (Arksey and 

O’Malley, 2005).  Study objectives and eligibility criteria were stated a priori.  Most sections of 
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the protocol were developed a priori with sections of the data charting tool and training tool 

modified after the review process started.  The data synthesis plan was modified based on the 

findings of data charting. 

 

2.3.2 Eligibility criteria 

Smith and Williams (Smith and Williams, 2000) conducted a literature review of informatics in 

veterinary medicine from 1966 through 1995.  Therefore, articles published in 1995 and later 

were selected for inclusion in the current study. 

 

2.3.3 Information sources 

The literature search covered the dates January 1, 1995 to June 19, 2017 in the following 

databases: Agricola (via ProQuest), ProQuest Dissertations and Theses, Medline (via PubMed), 

Web of Science and IEEE Xplorer.  The literature searches were conducted from June 6, 2017 to 

June 19, 2017.  There were no language restrictions at this stage.  Agricola, ProQuest, Medline 

and Web of Science were chosen to capture scientific research in the animal health and 

veterinary medical literature.  IEEE Xplorer was chosen to capture relevant engineering research 

in animal health and veterinary medicine. 

 

2.3.4 Search 

The search strategy was developed by a team of animal health and veterinary medical 

professionals, veterinary epidemiologists, a computer scientist and a library scientist (Appendix 

A – Appendix H).  The search strategy included conceptual and contextual terms (Peters et al., 

2015).  The conceptual terms were chosen to represent the topics of interest, which were “big 
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data”, “informatics” (lines 1 and 2 of Appendix A) and “bioinformatics”  (line 1 of Appendix B).  

Synonyms for “informatics”, “information systems” and “information technology”, were also 

included as conceptual terms in the search strategy.  The contextual terms were chosen to 

represent animal health and veterinary medicine.  Contextual terms were limited to major small 

and large companion animals and food animals.  Contextual terms included singular and plural 

variations (as well as scientific species names, e.g. canine, feline) of the following words: dog, 

cat, horse, dairy cattle, beef cattle, goat, sheep, layer poultry, broiler poultry, zoonoses and 

foodborne (lines 3 – 17 of Appendix A and lines 2 – 16 of Appendix B).  “Zoonoses” and 

“foodborne” were included to capture articles from a public health and food safety veterinary 

medical perspective, respectively.  Full search strategies for all databases can be found in 

Appendix A through Appendix H.  

 

Citations from Medline (via PubMed) were uploaded to Microsoft EndNote, and then imported 

into DistillerSR (Evidence Partners, Ottawa, Canada).  RIS files were downloaded from the other 

databases and uploaded directly to DistillerSR and deduplicated. 

 

2.3.5 Selection of sources of evidence 

Relevance screening (Appendix I) was performed on title, abstract and keyword (TAK), 

followed by full-text screening (Appendix J).  The TAK relevance screening tool was piloted on 

randomly selected articles.  Cohen’s kappa was used to measure agreement between the primary 

reviewer (ZBO) and secondary reviewers.  Cohen’s kappa was used as a guide to help the 

research team train reviewers and refine questions in the relevance screening tool.  Reviewer 

feedback on the relevance screening tool and/or a Cohen’s kappa of 0.7 or more was used to 
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determine sufficient agreement.  For both TAK and full-text screening, agreement between two 

reviewers was required for articles to be included or excluded.  Disagreements were resolved by 

consensus between the dissenting reviewers.  If consensus was not achieved between two 

reviewers, a third reviewer was consulted. 

 

Articles with TAKs containing at least one contextual term and at least one conceptual term 

proceeded to full-text relevance screening.  Reviewers could select “unsure” during TAK 

relevance screening.  These articles also proceeded to full-text screening. 

 

Searches for full-text articles were conducted on the University of Guelph library website.  If not 

available, an interlibrary loan request was placed.  Full-text articles that were not acquired via 

interlibrary loan were then searched for in the Google search engine and in Google Scholar using 

titles and first author.   Any full-text articles that were not found on Google or Google Scholar 

were excluded. 

 

In full-text relevance screening, reviewers determined whether at least one contextual term 

present in the article referred to an animal (e.g. “cat” vs. “CAT scan”) and whether the 

contextual terms implied that the study was relevant to animals (e.g. A study that utilized an 

equine virus in the development of a human vaccine for use in humans with no mention of 

animal health implications would be excluded; a study that utilized an equine virus in the 

development of a human vaccine that has implications for both human and animal health would 

be included).  If the contextual terms satisfied these conditions, the article proceeded to the final 

stage of relevance screening.  In the final stage, reviewers determined whether the conceptual 
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terms were used to describe the study or if the conceptual terms described a study referenced by 

the article (e.g. An article that stated “The current study utilizes big data” would be included; a 

study that stated “Previous studies utilizing big data suggested an association”, but “big data” 

did not apply to the study itself would be excluded).  If the conceptual terms were used to 

describe the study in the article, the article proceeded to full-text screening.  Non-English articles 

were excluded at this stage of the study. 

 

2.3.6 Data charting process 

We developed a data collection form (Appendix J) which went through two iterations of review 

by the entire research team and was piloted among ZBO, RE, RM, AT, and KW before being 

finalized.  Materials (Appendix J, Appendix L) containing explanations to each question in the 

data collection form were also provided to reviewers. 

 

Data collection was performed by seven members of the review team (ZBO, AT, EM, RE, VS, 

KW, JS, IS).  Reviewers were given a set of articles and initially met with ZBO for consensus 

after 10-50 articles were complete.  Questions about the review protocol were addressed and 

disagreements in data collection were resolved. 

 

2.3.7 Data items 

Articles were identified as either describing: 1) primary studies (studies where the research team 

collected original data, conducted an original analysis or performed simulation-modeling); or 2) 

reviews (systematic, scoping, narrative), commentaries/editorials, letters-to-the-editor or 

conference proceedings.  Although conference proceedings may have described primary studies, 
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due to variations in the format of conference proceedings (i.e. some were abstracts only while 

others resembled complete scientific papers), conference proceedings were not grouped with 

primary studies. 

 

Species that the articles were describing were identified.  Species were limited to those described 

in Table 2.1.  The search and subsequent data collection was limited to the major domestic 

species encountered in veterinary medicine and animal health.  Inclusion of other species (e.g. 

exotics, wildlife) was beyond the scope of this review. 

 

Data were collected on the geographic region of the study.  If it was not provided, first author 

location was used.  Geographic regions were based on the Standard Country or Area Codes for 

Statistical Use published by the United Nations (https://unstats.un.org/unsd/methodology/m49/).   

 

First author affiliation was collected to provide an understanding of the fields of study involved 

in producing research in big data, informatics or bioinformatics in veterinary medicine and 

animal health.  Journal of publication was collected to provide an understanding of who is 

interested in this research.  The classification scheme for first author affiliation and journal of 

publication is presented in Table 2.2. 

 

The data items shown in Table 2.3 were collected for articles that described primary studies.  

Primary studies were classified into types and study levels (Table 2.3).  Studies classified as 

having study levels at the “genes, proteins, molecules and metabolites of animals” or “genes, 

proteins, molecules and metabolites of organisms found on/in animals” investigated genetic 
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material, will be referred to as “genetic studies”, and may include, but are not limited to, gene 

sequencing, genomic, metagenomic and microbiome studies (Table 2.4).  Data sources used in 

primary studies were also categorized (Table 2.5).   

 

Initially, no distinction was made between genetic databases and non-genetic databases in the 

government-sourced category.  After data classification was completed, it was decided post-hoc 

to estimate the number of government genetic databases.  The number of articles classified as 

using government data sources that had the terms “NCBI” (National Center for Biotechnology 

Information), “GenBank” or “DAVID” (Database for Annotation, Visualization and Integrated 

Discovery) were counted.  GenBank and DAVID are nucleotide and protein sequence databases. 

GenBank is hosted by NCBI, which is an organization that hosts search engines of several 

databases, including GenBank. Genetic data from non-government databases were classified 

under “genetic databases”.   

 

Reviewers were given the option of selecting multiple answers for each data item.  For study 

level and study type, each selection must have been stated in the study objectives.  Thus, an 

article with a study objective that states that only prevalence of a bacterium was measured may 

have reported the results of a hypothesis test; however, the reviewer could not select “hypothesis 

test” under study type because it was not reflected in the study objectives. 

 

2.3.8 Synthesis of results 

The number of articles per year that used the conceptual terms “big data”, “informatics” and 

“bioinformatics” was compiled into a timeline (Figure 2.1).  The frequency of articles that used 
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the conceptual terms was compared to publication type (Table 2.6).  Data regarding species, 

geographic region, first author affiliation and journal of publication for each conceptual term 

were extracted for all articles and compiled in Table 2.1.  A layered bar plot (Figure 2.2) (post-

hoc) was created to illustrate the number of articles about each species by geographic region.  

Since most studies about pigs used the term “bioinformatics” (Table 2.1), it was decided post-

hoc to determine if this was true for each geographic region (Table 2.7).  Study level, study type 

and data sources for each conceptual term were collected and were presented in Table 2.3. 

 

2.4 Results 

2.4.1 Selection of sources of evidence 

The literature search yielded 8602 articles.  There were 1093 articles included in data 

characterization after de-duplication, TAK relevance screening and full-text screening.  Of these, 

918 were full-text articles that described a primary research study and 175 articles were 

conference proceedings or were not primary research studies (e.g. narrative reviews, scoping 

reviews, letter-to-the-editor, conference proceedings, commentaries).  Of the 578 articles that 

were excluded on full-text screening, 147 articles were not found, 93 articles were not in English 

and 338 articles did not pass full-text relevance screening (Figure 2.3). 

 

2.4.2 Results of individual sources of evidence and synthesis of results 

Figure 2.1 shows that the use of the term “bioinformatics” increased rapidly since 1995.  Use of 

“informatics” increased until 2012, then began to decline.  The term “big data” was first used in 

2012 in one publication and was used in one publication in 2013 and 2014.  Use of the term 
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increased to four articles in 2015 and five articles in 2016.  Data for 2017 are for a partial year, 

as the search period ended June 19, 2017. 

 

The majority of articles used “bioinformatics” (Figure 2.4).  Articles about “informatics” were 

the second most common, of which 57% (250/438) described using geographic information 

systems (GIS).  Only 14 articles in the veterinary medical and animal health literature used the 

term “big data”, and half of them were narrative reviews, commentaries, editorials or letters-to-

the-editor (Table 2.6).  “Informatics” and “bioinformatics” articles were most frequently primary 

studies.  The characterization for the “big data” articles is shown below (Table 2.8 and Table 

2.9).  

 

General characteristics of the articles are included in Table 2.1.  Articles about small animals 

(dogs and cats) used “informatics” more than “bioinformatics”.  “Informatics” and 

“bioinformatics” were relatively balanced between articles about cattle where the production 

system (dairy, beef) was specified.  Articles where the production systems were unspecified were 

more often about “informatics”.  Articles about pigs, on the other hand, tended to be about 

“bioinformatics” (Table 2.1).  For articles that used the term “informatics”, there were 

approximately 2.1 species mentioned per article.  For articles that used the term 

“bioinformatics”, there were approximately 1.4 species mentioned per article.  

 

Five of six geographic regions produced articles about “big data”.  Articles about “informatics” 

and “bioinformatics” have been published in all geographic regions.  North America and Europe 
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had similar numbers of publications for “informatics” and “bioinformatics”; however, most 

publications from Asia were about “bioinformatics”.   

 

Articles about cattle were most common across all geographic regions except Asia.  Articles 

about pigs were the most common in Asia (Figure 2.2). To determine whether studies about pigs 

conducted in Asia contributed significantly to the counts for articles that used the term 

“bioinformatics”, we present data specific to pigs in Table 2.7.  Articles describing studies 

performed in Asia or with the first authors based in Asia overwhelmingly used the term 

“bioinformatics” more than “big data” and “informatics”.  Articles describing studies performed 

in North America or with first authors based in North America also used the term 

“bioinformatics” more often, however, the difference was not as pronounced. 

 

Most of the articles had first authors with affiliations in “veterinary medicine and animal health” 

(Table 2.1).  “Informatics” articles more frequently had first authors from “physical sciences” 

(29 vs. 6), “computer science and information technology” (15 vs. 0), and “social sciences” (24 

vs. 1) than “bioinformatics” articles. 

 

The two most common types of journals of publication were “biological” (484) and “veterinary 

medicine and animal health” (355) (Table 2.1).  “Veterinary medicine and animal health” was 

the most common journal of publication for “big data” and “informatics” articles.  “Biological” 

was the most common journal of publication for “bioinformatics” articles.  “Informatics” articles 

were more frequently published in “physical sciences” (25 vs 3) and “computer science and 
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information technology” (49 vs. 2) journals than “bioinformatics”.  “Bioinformatics” articles 

more frequently published to “bioinformatics” journals (81 vs. 6) than “informatics” journals. 

 

Primary studies described in “bioinformatics” articles tended to be conducted at the “animal 

genes, proteins, metabolites” level (354/589; 60%) (Table 2.3).  “Informatics” articles describing 

primary studies tended to be conducted at the “animal bacteria, virus, parasite, fungus” level 

(121/326; 37%) and “animal” level (67/326; 21%) or were “software, analytical technique, lab 

technique development/validation studies” (87/326; 27%).  Primary studies described by 

“informatics” articles focused more on the “effects of animals on environment” (35/326; 11%) 

than those described by “bioinformatics” articles (2/589; 0.3%).  

 

“Bioinformatics” articles also described “software, analytical technique, lab technique 

development/validation studies” (45/589; 8%) (Table 2.3).  Of these articles, “bioinformatics” 

articles were largely about laboratory techniques while “informatics” articles were about 

analytical techniques and software.   

 

Primary studies classified as “hypothesis testing (observational)” were more frequently in 

“informatics” articles (168/326; 52%) than in “bioinformatics” articles (166/589; 28%) (Table 

2.3).  Primary studies classified as “hypothesis testing (experimental)” were more frequently in 

“bioinformatics” articles (136/589; 23%) than “informatics” articles (5/326; 2%). 

“Bioinformatics” studies (258/589; 44%) were also more often classified as “descriptive” than 

“informatics” studies (41/326; 13%).   
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“Bioinformatics” primary studies tended to use genetic databases (234/589; 40%) and 

government-sourced databases (301/589; 51%) (Table 2.3).  Of the 301 “bioinformatics” primary 

studies that used government-sourced data, 89% (269/301) of those databases were NCBI 

(National Center for Biotechnology Information), GenBank or DAVID (Database for 

Annotation, Visualization and Integrated Discovery).  “Informatics” primary studies tended to 

use non-genetic sources of data.  Although “informatics” primary studies used biologic samples, 

they also used other data sources, e.g. electronic medical records, farm production records, 

internet search engines, climate data, questionnaires and wearables/sensors.  Forty-seven percent 

(154/326) of “informatics” primary studies used government-sourced data; however, only 7 of 

these data sources were NCBI, GenBank or DAVID.   

 

2.5 Discussion 

2.5.1 Summary of evidence 

Although research in “big data”, “informatics” and “bioinformatics” has been growing in human 

medicine, with the exception of “bioinformatics”, we currently do not see a similar growth in the 

animal health and veterinary medical research literature.  There appears to be a lag in the 

production of “big data” articles in veterinary medicine and animal health compared to human 

health (Andreu-Perez et al., 2015). 

 

Use of the term “big data” is relatively recent and uncommon, perhaps due to the rapidly 

evolving definition of what big data is (Natarajan, Frenzel and Smaltz, 2017).  The greater 

number of reviews compared to primary studies would suggest that the potential of big data in 

veterinary medicine and animal health is still being explored (see Table 2.9).  Researchers 
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interested in learning about “big data” in veterinary medicine and animal health may need to 

search other bodies of literature. 

 

An effective definition needs to address what characteristics are necessary for a study to be 

considered a big data study.  The development of such a definition could be addressed by a 

systematic review.  Big data is often characterized by the v’s, e.g. volume, velocity and variety 

(Laney, 2001; Schroeck et al., 2012). Although data volume remains a necessary component for 

the approach to be considered a big data approach, the latter two components are becoming 

equally or more important (Natarajan, Frenzel and Smaltz, 2017), a trend which has been 

attributed to more widespread availability of large volumes of data. It has also been argued that 

the relationships between the three Vs of big data should be examined in order to declare data as 

“big” (Natarajan, Frenzel and Smaltz, 2017). This complexity, when coupled with the relatively 

stringent initial definition of big data, and the definition’s now evolving nature (Ylijoki and 

Porras, 2016) could have influenced, in different ways, the low number of studies declared as 

using a big data approach in the veterinary medical and animal health literature. First, it is 

possible that research conducted in this area did not fit the contemporary definition, even if 

loosely defined, of big data.  Second, it is possible that published literature addresses only one 

component of big data (e.g predictive analytics) in isolation from other components, and 

therefore cannot be and was not considered an approach to research consistent with big data. 

Only when combined with other components, do these isolated parts form an approach to big 

data. This integration may be beyond the scope of individual research contributions. Finally, it is 

also possible that the big data research has been conducted, but has not been communicated 

under the name “big data”, or the approach has been utilized not for the purposes of publication 
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but for product or process development within specific organizations, e.g. livestock commodity 

groups that are used by industry and researchers.  Research about one component of big data and 

big data research used within specific organizations, if published at all, may only be found within 

specialized literature. 

 

Another possible explanation for why “big data” was uncommon is that existing big datasets in 

veterinary medicine and animal health, like human health, may have been extracted from data 

sources that were not designed to answer questions currently held by researchers (Lazer et al., 

2014; Chen and Asch, 2017), making it difficult to conduct studies that use big data.  This 

supports the notion that pipelines must be created to “turn big data into “smart data” 

(VanderWaal et al., 2017).  Further, large datasets that do exist may contain meaningful 

information that do not answer predefined research questions.  Unsupervised machine learning 

and pattern recognition algorithms may shed light on what is hidden in these datasets, by 

revealing patterns that were not expected.  Such methodologies may be relatively new to animal 

health and veterinary medicine.  Finally, big datasets may simply be difficult for researchers to 

acquire.   

 

“Informatics” studies tend to use a variety of data sources, such as “geospatial information 

systems”, government databases, scientific literature databases and electronic medical/production 

records, that have been described as being or becoming big data (VanderWaal et al., 2017).  

Remote sensing technologies have existed in dairies since the 1980s, which would explain the 

large number of cattle studies classified as “informatics” studies (Rutten et al., 2013).  
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Despite an overlap in the definitions of “informatics” and “bioinformatics”, there is a strong 

distinction in the literature. “Bioinformatics” studies were about genes, amino acids and proteins 

while “informatics” studies were about an organism or pathogen (e.g. animal, bacteria, virus).  

“Bioinformatics” studies also tended to about laboratory techniques while “informatics” studies 

tended to be about analytical techniques and software.  Bioinformatic laboratory techniques may 

contain an analytical component; however, if this was not stated explicitly, the study was not 

classified as being about analytical techniques.  Genetic datasets (including genomic and 

metagenomic datasets) are often considered large, and multiple sources of data may be used (e.g. 

biological samples, government databases).  However, once collected for a research study, the 

genetic dataset does not change.  This lack of velocity may explain why most “bioinformatics” 

articles do not use the term “big data”. 

 

2.5.2 Limitations  

The literature search was limited to the conceptual terms “big data”, “informatics” and 

“bioinformatics”.  A more complete picture of the concepts of big data and informatics may 

require a search of a larger list of terms.  For instance, articles describing studies that used big 

data may be better identified by the names of analytical techniques designed specifically for big 

data.  Similarly, many articles about informatics or big data may have been excluded for not 

using those specific words.  Research conducted using data sources such as animal industry 

datasets (e.g. performance, health and breeding records) as well as data from animal (and human) 

health surveillance systems may be relevant to “informatics” research. Further, searches using 

words such as “robotic milkers”, “wearable sensors”, “electronic medical records” may also have 

provided articles relevant to “informatics”.  Although the search yielded a large number of 
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publications, it is possible that the search would have been more complete by including these 

terms in the search.  The authors began with a literature search with a larger list of conceptual 

terms; however, the number of articles returned was extremely large (data not shown). 

 

The literature search was limited to English abstracts.  Articles with English abstracts but non-

English full-text were excluded from the study.  Articles that used the terms “big data”, 

“informatics” and “bioinformatics” in non-English languages would not have been captured 

potentially biasing the study.  

 

2.6 Conclusions 

“Big data” was an uncommon term.  “Bioinformatics” was the most common term.  There were 

more “informatics” articles about small animals and livestock with unspecified production 

systems (e.g. cattle, poultry) than “bioinformatics” articles.  A large number of “pig” articles 

contributed to “bioinformatics” studies.  All geographic regions produced literature using the 

terms “informatics” or “bioinformatics”.  Two geographic regions (South America, Africa) did 

not produce literature using the term “big data”.  Asia produced the most literature using the term 

“bioinformatics”.  Articles about pigs contributed heavily to the “bioinformatics” articles from 

Asia.  While most articles had first author affiliations in “veterinary medicine and animal 

health”, a higher proportion of “informatics” articles had affiliations that were not 

veterinary/animal, medical/health or biologically related.  “Big data” and “informatics articles 

were more often published in “veterinary medicine and animal health” journals.  

“Bioinformatics” articles were more often published in “biological” journals.  “Bioinformatics” 

studies tended to be conducted at the gene level.  “Informatics” studies tended to be conducted at 
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the “animal” or “animal bacteria, virus, parasite, fungus” level.  “Informatics” studies also 

tended to examine analytical techniques and software.  “Bioinformatics” studies tended to 

examine laboratory techniques.   “Informatics” studies were often observational.  Experiments 

were more common in “bioinformatics” studies.  “Bioinformatics” studies used biologic 

samples, genetic databases and government databases.  “Informatics” studies used a wider 

variety of data sources (e.g. “electronic medical records”, “farm production records”, “scientific 

literature databases”, “geographic”, “wearables, sensors, electronic identification”).  The 

definition of big data has evolved rapidly and should be taken into account when describing 

research.  As big data research is more common in human medicine, it may serve as a model for 

researchers in animal health and veterinary medicine.  Techniques such as unsupervised machine 

learning and pattern recognition algorithms may uncover unrecognized associations within big 

datasets.  Finally, as with any study, it is important to focus resources on collecting and 

analyzing data in a way that meets the research objectives.  
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2.8 Tables 

Table 2.1.  General characteristics of 1093 included articles containing terms related to 
“big data”, “informatics” and “bioinformatics” in the animal health and veterinary 
medicine literature. 

Category  
(n = number of articles) 

Big data  
(n = 14) 

Informatics  
(n = 438)  

Bioinformatics 
(n = 651) Total counts* 

 
Species      

 Dogs  
(n = 185) 4 116 69 189  

 Cats  
(n = 85) 4 51 34 89  

 Horses  
(n = 117) 2 58 59 119  

 Dairy cattle  
(n = 152) 5 74 74 153  

 Beef cattle  
(n = 116) 2 61 54 117  

 Cattle  
(n = 192) 3 108 85 196  

 Sheep  
(n = 227) 2 122 107 231  

 Goats  
(n = 180) 3 93 88 184  

 Pigs  
(n = 382) 4 138 244 386  

 Layer poultry  
(n = 14) 1 2 11 14  

 Broiler poultry  
(n = 36) 1 10 25 36  

 Poultry  
(n = 101) 2 65 37 104  

  Total counts† 33 898 887 1818  

Geographic region      

 North America  
(n = 271) 2 124 148 274  

 South America  
(n = 57) 0 42 15 57  

 Europe  
(n = 331) 5 171 157 333  

 Africa  
(n = 24) 0 19 6 25  

 Asia  
(n = 362) 4 69 291 364  

 Australia/Oceania   
(n = 57) 3 20 36 59  

  Total counts† 14 445 653 1112  

First author affiliation      
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 Veterinary medicine and animal 
health  
(n = 720) 

10 245 471 726  

 Human medicine and health  
(n = 102) 1 58 45 104  

 Biological sciences  
(n = 176) 0 59 117 176  

 Bioinformatics  
(n = 16) 0 6 10 16  

 Physical sciences  
(n = 35) 1 29 6 36  

 Statistics and mathematics  
(n = 4) 0 2 3 5  

 
Computer science and 
information technology  
(n = 16) 

1 15 0 16  

 Social sciences  
(n = 26) 1 24 1 26  

  Total counts† 14 438 653 1105  

Journal of publication      

 Veterinary medicine and animal 
health  
(n = 351) 

6 199 150 355  

 Human medicine and health  
(n = 79) 1 48 31 80  

 Biological  
(n = 481) 3 104 377 484  

 Bioinformatics  
(n = 87) 0 6 81 87  

 Physical sciences  
(n = 28) 0 25 3 28  

 Statistics and mathematics  
(n = 8) 1 2 5 8  

 
Computer science and 
information technology  
(n = 52) 

3 49 2 54  

 Social sciences  
(n = 3) 0 3 0 3  

  Total counts† 14 436 649 1099  

 
* May exceed n because articles may contain multiple conceptual terms.  
† May exceed 1093 because articles may have been classified into multiple categories. 
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Table 2.2.  Classification scheme of first authors and journal types. 

Classification Description Examples 

Veterinary medicine and animal 
health 

Author affiliation or journal title must 
explicitly indicate relevance to animals. Author affiliations 

   School of Veterinary Medicine 

 
Includes, but not limited to veterinary 
medicine, animal science, animal 
agriculture and food science. 

 Department of Surgery, School of 
Veterinary Medicine 

   Department of Statistics, School of 
Veterinary Medicine 

   Department of Dairy Sciences 
   Department of Animal Biology 
   Department of Animal Genetics 
    
  Journal titles 
   Journal of Veterinary Medicine 
   Journal of Veterinary Surgery 
   Journal of Animal Sciences 
   Journal of Dairy Sciences 
   Journal of Animal Biology 

      Journal of Animal Genetics 

Human medicine and health.  

Author affiliations or journal titles that 
contain the words “medicine” or “health” or 
words that pertain to any medical specialty 
(e.g. surgery, ophthalmology, dermatology, 
nutrition, pediatrics, geriatric). 

Author affiliations 

   Department of Medicine 

 
Does not contain words that indicate 
relevance to animals, e.g. “veterinary”, 
“animal” or “dairy”.   

 Department of Surgery, School of 
Medicine 

   Department of Statistics, School of 
Medicine 

   Department of Public Health 
   Department of Pediatrics 

   Department of Environmental 
Sciences, School of Public Health 

    
  Journal titles 
   Journal of Medicine 
   Journal of Surgery 
   Journal of Public Health 
   Journal of Geriatrics 
   Journal of Psychiatry 

      Journal of Environmental Medicine 
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Biological sciences  

Author affiliations or journal titles that 
pertain to biology, microbiology, 
biochemistry, genetics, zoology, 
environmental sciences or engineering, 
entomology, parasitology, bioengineering, 
biomedical engineering. 

Author affiliation 

   Department of Biology/Biological 
Sciences/Biosciences 

 

Terms such as “biostatistics” and 
“biological mathematics” would be 
excluded from this classification and placed 
in the “statistics, data science, 
mathematics“ classification. 

 Department of Biological Sciences 

   Department of Genetics 
   Department of Zoology 
   Department of Parasitology 

   Department of Environmental 
Sciences/Environmental Engineering 

    
  Journal titles 
   Journal of Biological Sciences 
   Journal of Genetics 
   Journal of Zoology 
   Journal of Parasitology 

      Journal of Environmental Sciences 

Bioinformatics 

Author affiliations or journal titles that 
explicitly reference the terms (or variations 
of the terms) “bioinformatics”, “genomics”, 
“proteomics”, “metabolomics” or any other 
type of -OMIC. 

Author affiliations 

   Department of Bioinformatics 
   Department of Genomics 
   Department of Metabolomics 
   Department of Foodomics 
    
  Journal titles 
   Journal of Bioinformatics 
   Journal of Genomics 
   Journal of Metabolomics 

      Journal of Foodomics 

Physical sciences  

Author affiliations or journal titles with 
words that indicate relevance to a science 
without indicating relevance to an animal or 
biological science. 

Author affiliations 

   Department of Physics 

 
Includes, but not limited to, geography, 
physics, chemistry and engineering (e.g. 
mechanical, electrical). 

 Department of Geography 



 
 

61 

   Department of Chemistry 

 

“Biological geography”, “biophysics”, 
“biochemistry” and “biomedical 
engineering” would be excluded from this 
classification and placed in the “biological 
sciences” classification. 

 Department of Materials Engineering 

    
  Journal titles 
   Journal of Physics 
   Journal of Geography 
   Journal of Chemistry 

      Journal of Materials Engineering 

Statistics and mathematics 

Author affiliations or journal titles 
containing the words (or variations of) 
“statistics”, “data science” or 
“mathematics”. 

Author affiliations 

   Department of Statistics 

 “Biostatistics” and “mathematical biology” 
would be placed in this category. 

 Department of Statistical Analysis 

   Department of Data Science 
   Department of Data Analysis 
   Department of Mathematics 
    
  Journal titles 
   Journal of Statistics 
   Journal of Statistical Analysis 
   Journal of Data Science 
   Journal of Data Analysis 

      Journal of Mathematics 

Computer science and  
information technology  

Author affiliations or journal titles that use 
the words “computer science”, “computer 
programming” or “information technology or 
some type of variation or abbreviation. 

Author affiliations 

   Department of Computer science 

   Department of Computer 
Programming 

   Department of Information Technology 
    
  Journal titles 
   Journal of Computer Science 
   Journal of Computer Programming 

      Journal of Information Technology 

Social sciences  
Author affiliations or journal titles that use 
the words “economics, “social sciences” or 
“business” or variations. 

Author affiliations 

   Department of Economics 
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   Department of Social Sciences 
   Department of Sociology 
   Department of Psychology 
   Department of Marketing 
   Department of Business 
    
  Journal titles 
   Journal of Economics 
   Journal of Social Sciences 
   Journal of Sociology 
   Journal of Psychology 
   Journal of Marketing 

      Journal of Business 
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Table 2.3.  Data classification of 918 primary studies into study level, study type and data 
sources. 

Category (n = number of articles) Big data  
(n = 5) 

Informatics  
(n = 326) 

Bioinformatics 
(n = 589) Total counts* 

Study level      

 Animal  
(n = 82) 0 67 15 82 

 Animal genes, proteins, metabolites 
(n = 354) 0 9 345 354 

 Animal product or by-product  
(n = 49) 0 15 34 49 

 
Animal bacteria, virus, parasite, 
fungus  
(n = 134) 

1 121 13 135 

 
Genes of animal bacteria, virus, 
parasite, fungus  
(n = 173) 

0 5 168 173 

 Effects of animals on environment  
(n = 37) 0 35 2 37 

 
Software, analytical technique, lab 
technique development/validation 
study  
(n = 136) 

5 87 45 137 

  Total counts† 6 339 622 967 

Study type      

 Descriptive  
(n = 299) 0 41 258 299 

 Hypothesis testing (experimental)  
(n = 141) 0 5 136 141 

 Hypothesis testing (observational)  
(n = 336) 2 168 166 336 

 
Theoretical study (simulation-
modeling)  
(n = 24) 

1 21 2 24 

 
Development of validation of 
laboratory methods  
(n = 35) 

0 0 35 35 

 Comparison of laboratory methods 
(n = 3) 0 0 3 3 

 
Development or validation of 
analytical methods  
(n = 66) 

3 53 11 67 

 Comparison of analytical methods  
(n = 8) 0 4 4 8 

 
Description, development or 
validation of software product  
(n = 48) 

2 42 5 49 

 Comparison of software product  
(n = 5) 0 5 0 5 

  Total counts† 8 339 620 967 

Data sources      

 Biologic samples  
(n = 662) 0 126 536 662 

 Genetic databases  
(n = 240) 1 5 234 240 

 Electronic medical records  
(n = 36) 2 35 0 37 

 Farm production records  
(n = 27) 0 23 4 27 
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Internet search engines, social 
media  
(n = 4) 

1 3 0 4 

 Scientific literature databases  
(n = 28) 0 19 9 28 

 
Geographic (measured by 
researchers)  
(n = 36) 

0 36 0 36 

 Climate, weather, plant life, soil  
(n = 35) 0 35 0 35 

 Government-sourced  
(n = 454) 0 154 301 455 

 Non-government-sourced 
(n = 31) 1 28 2 31 

 
Wearables, sensors, electronic 
identification  
(n = 14) 

0 14 0 14 

 Questionnaire, surveys  
(n = 71) 0 68 3 71 

 No data used  
(n = 14) 2 12 0 14 

  Total counts† 7 558 1089 1654 

 
* May exceed n because articles may contain multiple conceptual terms.  
† Total may exceed 918 because articles may have been classified into multiple categories. 
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Table 2.4.  Study level classification (organized by subject area domain) for data charting of primary studies using the terms 
“big data”, “informatics” and “bioinformatics”. 

Domain Study level Examples 

Methodology  
 

 

Lab techniques 

Development of a new method to isolate DNA from bacteria. 

Comparison of bacterial culture techniques. 

Validation of a new bacterial culture technique. 

 

Analytical techniques 

Development of a new statistical method. 

Comparison of various statistical methods. 

Validation of a new simulation-model. 

Development, comparison and/or validation of analytical techniques that 
will be packaged into software, but not at the time of the study. 

 

Software 

Development of software. 

Comparison of various software products. 

Validation of analytical techniques within a software product. 

Environment  
 

 

Effects of animals on the 
environment 

A study that investigates how cattle manure affects local water sources. 

A study that investigates how ambient air pollution from a swine farm 
affects local residents.   

A study that investigates how feral cats affect the wild bird population. 

Animal product or by-product  

 

Animal product or by-
product 

A study that measures milk production to determine whether the 
presence of a certain protein is associated with increased milk 
production in dairy cattle. 

A study that investigates factors that promote wool quality in sheep. 

A study that investigates the efficacy of pig feces as crop fertilizer. 

A study that investigates best practices in the handling of cattle 
carcasses in the abattoir to improve hide quality. 

Bacteria, viruses, parasites or fungi found 
on/in animals 
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Bacteria, viruses, 
parasites or fungi found 
on/in animals 

A study that estimates the prevalence of a specific bacteria on the skin 
of dogs visiting a veterinary clinic. 

A study that investigates the association between a specific bacteria 
found in feces of sick dogs and a specific dog food. 

A study that investigates the control of avian influenza in poultry. 

A study that measures the efficacy of an anthelmintic in cattle. 

 

Genes, proteins, 
molecules and 
metabolites of 
organisms found on/in 
animals 

A DNA sequencing study of cattle liver flukes. 

A study that investigates the genetic relationship between Staphylococci 
found on the skin of humans and dogs.  

A study that attempts to trace the spread of avian influenza in poultry in 
an outbreak by analyzing genetic sequences. 

A study that characterizes genes and proteins of an antimicrobial 
resistant bacteria in horses to inform development of pharmaceuticals. 

Animal  
 

 

Animal 

A study that investigates how certain feeds can improve average daily 
gain in cattle. 

A study that investigates risk factors for bone fractures in horses. 

A study that investigates whether dogs can be used to detect wild turtles 
in the desert.   

A study that investigates and reports the biological development of 
certain cancers in dogs. 

A study that investigates the efficacy of a cancer treatment for cats.  

A study that compares the effects of open-range and traditional poultry 
production systems on welfare. 

 

Genes, proteins, 
molecules and 
metabolites of animals 

A study that describes the similarities between a certain gene of 
domesticated dogs and wolves. 

A study that identifies a gene responsible for immunity to certain 
diseases in pigs. 

A study that sequences a gene responsible for milk production in cattle. 

A study that describes the amino acid sequence of a certain protein 
associated with laminitis in horses. 
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Table 2.5.  Descriptions and examples of data sources used in primary studies using the terms “big data”, “informatics” and 
“bioinformatics”. 

Data sources Description Examples 

Biologic samples Any biologic sample taken from an animal. Blood, hair, skin samples. 

Any direct observation by a researcher made 
about the animal by the researcher. Biopsies. 

 Visual examination of an animal by a 
researcher 

  Visual examination of a video of an animal by a 
researcher. 

Genetic databases Any database containing genetic data not 
owned by the government. 

Gene sequencing data owned by a cattle 
breeding association. 

Includes genetic, genomic, metagenomic, 
microbiomic and any other database that 
contains nucleic acid, amino acid or protein 
sequence data. 

  

Electronic medical 
records 

Any electronic medical record used and 
maintained by health professionals. 

Electronic medical record of a veterinary 
hospital. 

Farm production records Any production record used and maintained by 
agricultural producers. Dairy production records of a farm. 

Internet search engines, 
social media 

Any data produced by analyzing internet 
searches (e.g. text entered by user into a 
search engine), internet search results (e.g. 
webpages resulting from an internet search), or 
by mining data from social media. 

Webpages returned from an internet search. 

 Frequency of keywords used in internet 
searches. 

  Posts on Twitter that would subsequently be 
analyzed to assess public opinion. 

Scientific literature 
databases 

Data based on the capturing of search results 
or search behaviors in scientific literature 
databases. 

Frequency of scientific publications in a variety 
of scientific literature databases about a certain 
topic. 
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Results reported in scientific literature. 
Data collected from various publications from 
searches in scientific literature databases to 
estimate parameters for simulation-modeling. 

Geographic Geographic data collected by the researchers. 
Researchers travel from household-to-
household recording geographic coordinates 
produced by a GPS (global positioning system).   

Environment  Data collected by researchers on the climate, 
weather, plant life or soil. 

Researchers travel to various locations to 
collect plant samples to estimate plant density 
in a certain area. 

Does not include data collected on animals. Images of plant life which researchers use to 
estimate plant density via image analysis. 

Government-sourced Any data that was taken from a government 
database.   Data from government agricultural databases. 

  Genetic databases from the government. 

Non-government-sourced 
Data from a database that was not from the 
government and cannot be classified into any 
of the other categories. 

Health data collected by a private company 
given to researchers for research different from 
the original purpose. 

Wearable sensors 
Researchers utilized a device that was either 
attached to or carried within the animal’s body 
to collect data 

Activity monitors on a dog collar to measure 
activity and record location. 

 GPS devices placed on cattle. 

  Chips implanted in the skin of dogs to record 
identity and location. 

Questionnaires 
Data collected from questions administered to 
another person or people.  Questions may be 
administered orally, on paper or electronically. 

Paper or electronic surveys. 

  Interviews or focus groups.  

No data used Any study that did not use recorded or 
observed data as input. 

Mathematical simulation studies that explore 
hypothetical parameter values. 
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Table 2.6.  Frequency of “big data”, “informatics” and “bioinformatics” in 1093 
publications in the animal health and veterinary medical literature. 

  Big data Informatics Bioinformatics Total counts 
Primary studies (not including 
conference proceedings) 5 326 589 920 

Systematic review 0 1 0 1 

Scoping review 0 1 0 1 

Narrative review 4 24 57 85 

Commentary, editorial, letter-to-
the-editor 3 57 5 65 

Conference proceeding 2 29 0 31 

Total counts 14 438 651 1103* 

* Exceeds 1093 because articles may contain multiple conceptual terms.  
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Table 2.7.  Number of “big data” or “informatics” articles versus “bioinformatics” articles, 
by geographic region, for studies related to swine populations. 

Region Big data or 
informatics Bioinformatics Total 

North America 27 54 81 

South America 8 2 10 

Europe 57 58 115 

Africa 5 1 6 

Asia 34 123 157 

Australia/Oceania 7 7 14 
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Table 2.8.  List of five primary studies that contain the term “big data”. 

Year Title  Species Geographic 
region 

First author 
affiliation 

Journal of 
publication Study level Study type Data sources 

2016 

Applications of 
Bayesian 
phylodynamic 
methods in a 
recent U.S. 
porcine 
reproductive 
and respiratory 
syndrome 
virus outbreak. 
 
(Alkhamis et 

al., 2016)  

pigs North America 
Veterinary 

medicine and 
animal health 

Biological 
sciences 

Methodology 

Development or 
validation of 

analytical 
methods. 

Genetic 
databases 

2016 

Use of big 
data in the 
surveillance of 
veterinary 
diseases: early 
detection of 
tick paralysis 
in companion 
animals. 
 
(Guernier et 
al., 2016) 

dogs, cats 
Australia/ 
Oceania 

Veterinary 
medicine and 
animal health 

Biological 
sciences 

 Animal 
bacteria, virus, 

parasite, 
fungus 

 
Methodology 

Hypothesis 
testing 

(observational) 
 

Description, 
development or 

validation of 
software product. 

Internet search 
engines, social 

media 
 

Non-
government 

organizations 

2015 

Big data 
analytics for 
empowering 
milk yield 
prediction in 
dairy supply 
chains. 
 
(Yan et al., 
2015) 

dairy cattle Asia 
Social 

sciences 
Statistics and 
mathematics 

Methodology 

Development or 
validation of 

analytical 
methods. 

No data used. 
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2015 

Big data and 
the dairy cow: 
factors 
affecting 
fertility in UK 
herds. 
 
(Hudson, 
2015) 

dairy cattle Europe 
Veterinary 

medicine and 
animal health 

Biological 
sciences 

Methodology 

Hypothesis 
testing 

(observational) 
 

Theoretical study 
(simulation 
modeling, 

SIR/mathematical 
modeling, 
predictive) 

 
Development or 

validation of 
analytical 
methods. 

Electronic 
medical 
records.  

 
No data used. 

2016 

Evidence in 
practice – A 
pilot study 
leveraging 
companion 
animal and 
equine health 
data from 
primary care 
veterinary 
clinics in New 
Zealand. 
 
(Muellner et 
al., 2016) 

dogs, cats, 
horses 

Australia/ 
Oceania 

Veterinary 
medicine and 
animal health 

Veterinary 
medicine and 
animal health 

Methodology 

Description, 
development or 

validation of 
software product. 

Electronic 
medical 
records 
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Table 2.9.  List of nine reviews, commentaries, editorials, letters-to-the-editor and conference proceedings that contain the 
term “big data”. 

First author Year Title 
Other 

conceptual 
terms 

Species Geographic 
region 

First author 
affiliation 

Journal of 
publication 

Publication 
type 

Cole 2012 

Breeding and genetics 
symposium: Really big 
data: Processing and 
analysis of very large data 
sets. 

Informatics 
dairy cattle, 
beef cattle 

North America 
Veterinary 

medicine and 
animal health 

Veterinary 
medicine and 
animal health 

Conference 
proceedings 

Greenwood 2014 

Consequences of nutrition 
during gestation, and the 
challenge to better 
understand and enhance 
livestock productivity and 
efficiency in pastoral 
ecosystems. 

 beef cattle Australia/Oceania 
Veterinary 

medicine and 
animal health 

Veterinary 
medicine and 
animal health 

Narrative 
review 

Hirata 2013 

Development of quality 
control and breeding 
management system of 
goats based on information 
and communication 
technology. 

Informatics goats Asia 
Physical 
sciences 

Computer 
science and 
information 
technology 

Commentary, 
editorial, letter-

to-the-editor 

Hostens 2016 

Bovi-analytics: A platform 
to educate veterinary 
students. Big data in dairy 
cows. An initiative to create 
the veterinary stethoscope 
version 3.0? 

 dairy cattle Europe 
Veterinary 

medicine and 
animal health 

Veterinary 
medicine and 
animal health 

Conference 
proceedings 

Kulatunga 2017 
Opportunistic wireless 
networking for smart dairy 
farming. 

 dairy cattle Europe 

Computer 
science and 
information 
technology 

Computer 
science and 
information 
technology 

Commentary, 
editorial, letter-

to-the-editor 

Pang 2016 
Veterinary oncology: 
Biology, big data and 
precision medicine. 

Bioinformatics Dogs, cats Europe 
Veterinary 

medicine and 
animal health 

Veterinary 
medicine and 
animal health 

Narrative 
review 

Tan 2017 

Environmental 
sustainability analysis and 
nutritional strategies of 
animal production in China. 

 

cattle 
(unspecified), 

pigs, layer 
poultry, broiler 

poultry 

Asia 
Veterinary 

medicine and 
animal health 

Veterinary 
medicine and 
animal health 

Narrative 
review 
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Asokan 2015 

Leveraging ‘‘big data’’ to 
enhance the effectiveness 
of ‘‘one health’’ in an era of 
health informatics. 

Informatics 

Dogs, cats,  
horses, cattle 
(unspecified), 
sheep, goats, 
pigs, poultry 
(unspecified) 

Asia Human Human 
Commentary, 

editorial, letter-
to-the-editor 

Deusch 2015 

News in livestock research 
— use of Omics-
technologies to study the 
microbiota in the 
gastrointestinal tract of 
farm animals. 

Bioinformatics 

cattle 
(unspecified); 
sheep, goats, 
pigs, poultry 
(unspecified) 

Europe 
Veterinary 

medicine and 
animal health 

Computer 
science and 
information 
technology 

Narrative 
review 
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2.9 Figures 

Figure 2.1.  Frequency of the use of “big data”, “informatics” and “bioinformatics” per 
year. 
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Figure 2.2.  Number of articles about each species, by geographic region. 
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Figure 2.3.  Flow of articles and citations from literature search through data 
characterization. 
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Figure 2.4.  Number of articles that used the words “big data”, “informatics” or 
“bioinformatics”. 

 
 
 
  



 
 

79 

3 Chapter 3 | Day-1 competencies for veterinarians specific to health informatics 

The work in this chapter is in the process of being submitted to a journal. 

 

3.1 Abstract 

In 2015, the American Association of Veterinary Medical Colleges (AAVMC) developed the 

Competency-Based Veterinary Education (CBVE) framework to prepare practice-ready 

veterinarians through competency-based education, which is an outcomes-based approach to 

equipping students with the skills, knowledge, attitudes, values and abilities to do their 

jobs.  With increasing use of health informatics (HI: the use of information technology to deliver 

healthcare) by veterinarians, competencies in HI need to be developed. To reach consensus on a 

HI competency framework in this study, the Competency Framework Development (CFD) 

process was conducted using an online adaptation of Developing-A-Curriculum, an established 

methodology in veterinary medicine for reaching consensus among experts. The objectives of 

this study were to 1) create an HI competency framework for new veterinarians; 2) group the 

competency statements into common themes; 3) map the HI competency statements to the 

AAVMC competencies as illustrative sub-competencies; 4) provide insight into specific 

technologies that are currently relevant to new veterinary graduates; and 5) measure panelist 

satisfaction with the CFD process.  The primary emphasis of the final HI competency framework 

was that veterinarians must be able to assess, select and implement technology to optimize the 

client-patient experience, delivery of healthcare and work-life balance for the veterinary team.  

Veterinarians must also continue their own education regarding technology by engaging relevant 

experts and opinion leaders.  
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3.2 Introduction 

In 2015 the American Association of Veterinary Medical Colleges (AAVMC) assembled 

representatives from 10 colleges in Canada, the Netherlands, the UK and the USA to re-envision 

the veterinary curriculum and develop a common framework based on competencies (Molgaard 

et al., 2018).  The framework, released in 2018, consisted of nine domains of competence and 32 

competencies (Molgaard et al., 2018).  This and other frameworks focused on veterinary 

education (Bok et al., 2011; Cake et al., 2019; Osburn et al., 2011) can serve as a resource for 

colleges redesigning their curriculum as well as a roadmap for learners.  Furthermore, student 

learning outcomes and competencies are evaluated as part of the accreditation process of the 

AVMA’s Council on Education11, the Royal College of Veterinary Surgeons (RCVS)12 , the 

Australasian Veterinary Boards Council (AVBC) (Craven & Strous, 2004) and others. The 

Competency-Based Veterinary Education (CBVE) framework was developed to train veterinary 

students to become “practice-ready” (Molgaard et al., 2018) and is described as “one of the most 

substantial pedagogical projects ever undertaken by the AAVMC” (Molgaard et al., 2018, p. i). 

To the authors’ knowledge, an evaluation of the adoption and implementation of the 

competencies has not been conducted.   

  

Competency-based education is a holistic (Leung, 2002) type of outcomes-based training for 

students or personnel who perform professional tasks requiring a combination of skills, 

 
11 American Veterinary Medical Association. (2018). Accreditation Policies and Procedures of 

the AVMA Council on Education (COE). 
https://www.avma.org/ProfessionalDevelopment/Education/Accreditation/Colleges/Pages/c
oe-pp.aspx [Accessed November 5, 2019]. 

12 Royal College of Veterinary Surgeons. (2020). Accrediting veterinary degrees. 
https://www.rcvs.org.uk/setting-standards/accrediting-primary-qualifications/accrediting-
veterinary-degrees/ [Accessed September 15, 2020]. 
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knowledge, attitudes, personal values and abilities13 (Frank, Snell, et al., 2010; Hodgson et al., 

2013; Lane, 2010).  Competency-based education considers cultural influences (Leung, 2002) 

and is, therefore, responsive to how society changes (Frank, Mungroo, et al., 2010).  It represents 

a shift from time-based to outcomes-based curriculum development (Frank, Mungroo, et al., 

2010).  

  

In parallel with developments in medical education, calls for competency-based education in 

veterinary medicine began as early as 1989 and continue today in order to adapt to the changing 

landscape of veterinary practice (Bok et al., 2011; Brown & Silverman, 1999; “Future Directions 

for Veterinary Medicine: The Pew Report Pew National Veterinary Education Program.,” 1989; 

Hodgson et al., 2013; Lewis & Klausner, 2003; Lloyd et al., 2004; Molgaard et al., 2018, 2019).  

The emergence of informatics is a significant recent change in the medical (Andreu-Perez et al., 

2015) and veterinary fields (Dórea & Vial, 2016; Gates et al., 2015; Stevens & Pfeiffer, 2015), 

and its relevance has been highlighted by the Coronavirus Disease 2019 (COVID-19) pandemic.  

Health informatics (HI) is a broad and rapidly evolving field, which is used here in general terms 

to describe the combination of health and information technology. 

  

Medical schools began developing HI competency frameworks in the last decade.  For example, 

the Certified Health Informatician Australasia Health Informatics Competencies Framework 

(Martin-Sanchez et al., 2017) drew on previous frameworks created by the Australian Health 

Informatics Education Council14, American Medical Informatics Association (Kulikowski et al., 

 
13 Eduworks Competency and Skills Management. (n.d.). 

https://www.eduworks.com/competency-skills-mgmt.html [December 10, 2019]. 
 
14 Health informatics: scope, careers and competencies. (2011). 
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2012), International Medical Informatics Association (Mantas et al., 2010) and Canada’s Health 

Informatics Association15. In veterinary medicine, although general statements about HI may be 

included within competency frameworks, a framework that is focused specifically on HI for 

veterinarians may prove helpful. 

 

In order to promote inclusion of HI in veterinary curricula, the objectives of this study were to: 

1) develop a set of competencies relevant to new veterinarians regarding HI; 2) summarize the 

competencies by grouping the statements into common themes; 3) map the HI Competencies to 

the AAVMC competencies (Molgaard et al., 2018); 4) provide insight into specific technologies 

that are currently relevant to upcoming veterinarians ; and 5) measure panelists’ satisfaction with 

the methodology for competency development.  

 

3.3 Materials and methods 

3.3.1 Background and theory of Competency Framework Development 

In this study, the technique of “competency-based framework development” (CFD)13 was 

used.  This technique is based on an existing methodology, called “Developing-a-Curriculum” 

(DACUM) (DeOnna, 2002; Halasz & Reid, 1994; Norton, 1997) that has been used in veterinary 

education (Miller et al., 2004; Parkinson et al., 2017) as well as in other fields (Chang, 1996; 

Halasz & Reid, 1994)  and utilizes an expert panel to reach a consensus on a competency 

 
https://www.ahiec.org.au/docs/AHIEC_HI_Scope_Careers_and_Competencies_V1-9.pdf. 
[Accessed November 5, 2019]. 

15 Health Informatics Professional Core Competencies. (2012). 
https://digitalhealthcanada.com/wp-content/uploads/2019/07/Health-Informatics-Core-
Competencies.pdf. [Accessed November 5, 2019]. 
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framework.  The main difference between CFD and DACUM is that, while DACUM requires in-

person sessions, CFD is designed for the expert panel to convene online.  This was an important 

advantage in the current study because it allowed for broad expertise without the travel time and 

expense required for in-person sessions.  

 

In CFD, competency is defined as the application of knowledge and skills to do a job13.  The 

principles inherent in CFD include: 1) The ideal number of expert panelists is between four and 

six; 2) Panelists must be practitioners of the job, rather than supervisors or educators of those 

practitioners; 3) The sum of competency statements developed comprises the competency 

framework; and 4) Each competency statement consists of underpinning knowledge, skills and/or 

abilities, as well as an example of how the competency could be assessed. 

 

In competency frameworks produced using CFD, competencies are described using competency 

statements, which resemble learning objectives or learning outcomes and explicitly describe the 

tasks practitioners must perform.  Further, CFD competency frameworks also contain the skills 

and knowledge underpinning each competency statement.  Knowledge, as described under CFD, 

is “facts, principles and beliefs” and can be shared with or acquired from others through 

communication, e.g. knowing to which authorities to report public health risks.  A skill, as 

described under CFD, is the application of knowledge to complete a task and is attained or 

improved through training13.  Under a classical veterinary educational context, an example of a 

skill may include being able to perform physical examinations and to create differential 

diagnoses.  A parallel example of a skill for a veterinarian in health informatics could include 

performing a teletriage consultation. 
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Competencies are also observable and, therefore, assessable.  In the CFD framework, 

assessments can occur at the level of the competency, as well as at the lower level of knowledge 

or skills necessary to achieve that competency.  Assessing knowledge is typically done by recall 

or explanation.  Assessment of a skill should be done by providing a situation during which a 

trainee can demonstrate the skill.  A skill should not be assessed by recall or explanation.  In 

CFD, assessment of competency is based on “indicators of competency”, which are positive 

evidence that someone can accomplish certain aspects of a competency13.  For example, in a 

classical veterinary educational context, surgical trainees are required to be competent at 

performing surgery, however, only certain operations may be assessed (e.g. ovariohysterectomy).  

In a health informatics context, veterinary trainees may be required to be competent at 

performing remote consultations, however, only certain aspects of remote consultations may be 

assessed (e.g. teletriage). 

 

3.3.2 Overview of the Competency Framework Development process 

Selection of panelists. Purposive sampling was used to identify six expert panelists who: 1) were 

veterinarians, 2) were in clinical practice within the previous year and 3) worked in one or more 

aspects of HI.  We sought to maximize the mixture of skills and experiences within this small 

group of experts, e.g. telehealth, home visits, large animals, small animals, corporate experience.  

Of the six participants who were contacted; five participated in the study. Participants were sent 

an information letter and signed a consent letter describing the purpose of the study and the CFD 

process.  The study was reviewed by the University of Guelph Research Ethics Board for 

compliance with federal guidelines for research involving humans (REB #: 17-10-037). 
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Facilitators. Two facilitators (primary and backup) from Eduworks16 (Robson et al., 2020) a 

company specializing in the CFD method13, facilitated the sessions with the expert panelists.  

The facilitators of the consensus sessions were experts in the CFD method and were not 

affiliated with the expert panelists or their supervisors or educators.  One facilitator led the 

discussion while another facilitator recorded statements produced by the expert panel in real 

time.  Prior to the first consensus session, panelists were provided with the whitepaper13 

describing the CFD process.  Four, three-hour working sessions, for a total of 12 hours, were 

conducted online via Zoom17 between May 24, 2018 and June 14, 2018.  Panelists could join the 

meeting from any location but were advised to select locations that were private and conducive 

to a meeting.   

 

Consensus sessions. At the beginning of the first session, the facilitator gave an orientation to the 

CFD process and asked the panelists “What do new practicing veterinarians need to know about 

health informatics?”  Panelists were asked to discuss their understanding of HI without being 

given a specific definition and to contribute their concepts based on their own professional 

experiences.  Panelists were then asked to brainstorm various tasks necessary for a new 

practicing veterinarian in HI.  Draft competency statements were developed as the brainstorming 

proceeded and were visible to all participants on their screens via Google Sheets18 for immediate 

feedback and clarification.  Once a statement was developed, it was refined until consensus was 

 
16 Eduworks. (n.d.). Retrieved September 14, 2020, from https://eduworks.com/ 
17 Zoom Video Communications Inc. (2016). Security Guide: Zoom Video Communications Inc. 
18 Google Sheets: Free Online Spreadsheets for Personal Use. (n.d.). 

https://www.google.ca/sheets/about/. [Accessed December 10, 2019]. 
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reached by all panelists.  A similar process was undertaken for the knowledge, skills, abilities 

and assessment statements. After all statements were completed, participants reviewed and 

provided feedback before the final session was over.  The statements were then collated into a 

competency framework and sent out for final review to the expert panelists. 

 

Competency framework. The final document included the two main outputs of the CFD process: 

1) a set of competency statements, each with accompanying statements of knowledge and skills; 

and 2) methods of assessment for each competency. From this point on, the competency 

statements and competency framework developed in the current study will be referred to as the 

“HI Competencies/Competency Statements” and “HI Competency Framework”, respectively. 

 

3.3.3 Thematic analyses of the HI Competency Framework 

Thematic analysis is a widely-used qualitative research method that identifies patterns, or 

themes, in data (e.g. literature, interviews, focus groups) (Braun & Clarke, 2006).  Thematic 

analyses were used to accomplish objectives two and four of this study.  The thematic analyses 

consisted of the following steps outlined by Braun and Clarke (Braun & Clarke, 2006; Maguire 

& Delahunt, 2017): 1) “gain familiarity with the data”; 2) “generate initial codes”; 3) “search for 

themes”; 4) “review themes”; 5) “define and name themes” and 6) “produce the report”.  In the 

current study, two thematic analyses were conducted to identify themes that were present 

through multiple competencies.  In the first thematic analysis, themes were created based on the 

actions described in each competency statement.  These resulting themes could be considered 

analogous to the Domains of Competence found in the CBVE Framework and helped facilitate 

the mapping of the HI competency statements to the CBVE competency statements (see 
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below).  A second thematic analysis was performed to identify specific technologies that were 

documented in the final HI Competency Framework to provide insight into relevant technologies 

for practicing veterinarians.   

  

3.3.4 Mapping HI Competencies to the CBVE Framework 

The authors mapped the HI Competencies to those included in the CBVE Framework developed 

by the AAVMC Working Group on CBVE.  “Competency”, as defined by the CBVE 

Framework, was “an observable ability of a health professional related to a specific activity that 

integrates knowledge, skills, values and attitudes” (Molgaard et al., 2018).  The CBVE 

Framework also contained illustrative subcompetencies for each competency.  It is important to 

note that the CBVE Framework was created for the totality of veterinary medicine, while the HI 

Framework was created for one aspect of veterinary medicine (HI).  In this context, HI 

competency statements could be considered analogous to subcompetency statements in the 

CBVE Framework (Figure 3.1).  Thus, HI competency statements were mapped to CBVE 

competency statements as subcompetencies. 

 

3.3.5 Measuring panelist satisfaction with the CFD process 

After completion of all of the consensus sessions, each panelist was asked to complete a 12-

question survey (Table 3.1).  The survey was designed to assess panelist satisfaction with the 

CFD methodology and process, the efficacy of the facilitator, and the efficacy of the 

collaboration tools (Google Sheets) and communication technology (Zoom) used during the 

consensus sessions.  
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3.4 Results 

The eight HI Competency statements can be found in Table 3.2.  An example of an HI 

competency that includes the underpinning knowledge, skills, and assessment statements, is 

provided in Table 3.3.  The full competency framework can be found in Appendix M.  A total of 

8 competencies, 39 skills and 27 knowledge statements comprised the final HI Competency 

Framework. 

  

During the first thematic analysis, a summary of the major themes for the HI competency 

statements were identified (Table 3.4).  The three themes that emerged from the thematic 

analysis were Theme 1-Leadership; Theme 2-Continuing Education; and Theme 3-Technological 

Application.  The Leadership theme was assigned to three HI competency statements (no. 1, 2 

and 3) that used the words “leadership” or “advocacy” in the context of introducing technology 

to a veterinary community, e.g. veterinary clinic, or connecting the veterinary community with 

the technology community.  The Continuing Education theme was assigned to the HI 

competency statement (no. 4) that described “furthering of knowledge”.  The Technological 

Application theme was assigned to HI competency statements (no. 5, 6, 7, 8).  that described 

“selecting technologies” or “using” or “maintaining” technologies.   

  

During the second thematic analysis, specific technologies were identified as described in the 

final HI Competency Framework (Table 3.5).  Four technology themes emerged, of which three 

referred to specific technologies: 1) communication technology (Tech-theme 1); 2) social media 

and internet (Tech-theme 2); and 3) electronic records (Tech-theme 3).  The fourth theme 

referred to data techniques (Tech-theme 4).   
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Results of the panelist survey can be found in Table 3.1.  Question 1 was the only question to be 

answered by all five panelists.  Question 2 was answered by three panelists.  All other questions, 

including the open-ended questions, were answered by four panelists.  These four panelists will 

be referred to as the “remaining survey participants” for convenience.  Panelists (all five) held 

mixed opinions as to how well the CFD whitepaper prepared them for the consensus sessions 

(Table 3.1, Question 1).  The remaining survey panelists (with the exception of one for Question 

2) gave a score of three or higher (out of five) for all categories of facilitator efficacy (Table 3.1, 

Questions 2-4).  Although the remaining survey panelists were open to a variety of meeting 

frequencies and durations (Table 3.1, Question 5), none of the remaining survey panelists wanted 

to participate in 12 one-hour sessions.  Only one remaining survey panelist found the online 

format a deterrent to attending consensus sessions (Table 3.1, Questions 7-8).  The remaining 

survey panelists were in agreement that video streaming should be optional for each participant.  

No remaining survey panelists disagreed with the final HI Competency Framework (Table 3.1, 

Question 12).  

 

3.5 Discussion 

This study focused on five objectives to help promote the inclusion of HI into the veterinary 

curriculum.  
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3.5.1 Objective 1: Develop competencies relevant to new veterinarians regarding health 

informatics. 

Veterinarians are facing a barrage of technologies all marketed as beneficial to the practice of 

veterinary medicine.  For instance, the marketers of smart medical records, such as Vetspire19, 

and tools, like Suki20, that convert speech from clinical encounters into text, claim (Simon, 2020; 

Vetspire, n.d.) to streamline the documentation of cases and improve the accessibility of patient 

information through artificial intelligence.  Wearable activity trackers, such as Whistle21 and 

FitBark22 for dogs and cats, Quantified Ag ear tags23 for cattle, and Smart Halter24, Equisense25 

and Equinosis26 for horses, offer insights into the minute-by-minute health data of an animal, and 

some promise to monitor specific conditions such as pregnancy or lameness.  Smart feeders, such 

as SureFeed27, PetSafe28 and PetNet29, provide measurable portions of food for pets to help in 

weight management and may even automatically order more food when supply is low.  Robotic 

 
19 Vetspire | AI-driven Veterinary Practice Management Software. (n.d.).  https://vetspire.com/. 

[Accessed December 10, 2019]. 
 
20 Suki. (2020). https://www.suki.ai/. [Accessed December 10, 2019]. 
 
21 Whistle GO & GO Explore GPS Pet Trackers. (n.d.). https://www.whistle.com/. [Accessed 

December 10, 2019]. 
22 FitBark GPS & Activity Monitor | Healthy Together. (n.d.). https://www.fitbark.com/. 

[Accessed December 10, 2019]. 
23 Quantified AG® | The Best Cattle Ear Tag To Identify Cattle Illness. (n.d.). 

https://quantifiedag.com/.  [Accessed December 10, 2019]. 
24 Smart HalterTM | Early Warning Detection for Horses – NIGHTWATCH. (n.d.). 

https://www.smarthalter.com/. [Accessed December 10, 2019]. 
25 Equisense Shop. (n.d.). https://equisense.com/. [Accessed December 10, 2019]. 
26 Equinosis | Lameness Locator : Precision Lameness Measurement. (n.d.). 

https://equinosis.com/.  [Accessed December 10, 2019]. 
27 Pet Feeding Solutions. (n.d.).  https://www.surepetcare.com/en-ca/pet-feeder.  [Accessed 
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29 petnet.io. (n.d.).  https://www.petnet.io/. [Accessed December 10, 2019]. 



 
 

91 

milkers30 are purported to promote the welfare of cows while improving production.  These 

systems also collect and provide large amounts of data about each animal, as well as the herd, to 

the producer and veterinarian.  Remote communication technologies have facilitated new models 

of healthcare delivery, such as LiveDVM31 and Fuzzy32, which incorporate aspects of 

telehealth.  And finally, already-existing data in traditional veterinary records (paper or 

electronic) and diagnostic laboratory records may provide valuable insight into animal 

health.  The expansion of technological solutions is especially evident in human medicine as 

large technology corporations have moved into healthcare.  For example, Microsoft33 has 

partnered with Nuance Communications Inc.34 to develop an artificial intelligence-based ambient 

clinical documentation and decision support tool for physicians35, and Amazon has introduced 

Amazon Comprehend Medical36, an artificial intelligence-based natural language processing 

service designed to extract medical information from unstructured medical records. 

 

As these technologies and others become more prevalent, veterinarians must have, or be able to 

acquire, the background necessary to critically assess these technologies before adoption or 

 
30 Lely Canada - Lely. (n.d.).  https://www.lely.com/ca/en/.  [Accessed December 10, 2019]. 
31 Moser, S. A. (n.d.). New veterinary telemedicine service aims to save clients time, money. 

Dvm360.Com. [Accessed December 10, 2020]. 
32 Fuzzy - The best in-home veterinary care. (n.d.). https://www.yourfuzzy.com/.  [Accessed 

December 10, 2019]. 
33 Microsoft - Official Home Page. (n.d.). https://www.microsoft.com/en-ca/.  [Accessed 

December 10, 2019]. 
34 Nuance - Conversational AI for Healthcare and Customer Engagement | Nuance. (n.d.). 

Retrieved December 10, 2019, from https://www.nuance.com/index.html 
35 Nuance and Microsoft partner to transform the doctor-patient experience - Stories. (n.d.).  

https://news.microsoft.com/2019/10/17/nuance-and-microsoft-partner-to-transform-the-
doctor-patient-experience/.  [Accessed December 10, 2019]. 

36 Amazon Comprehend Medical. (n.d.).  https://aws.amazon.com/comprehend/medical/.  
[Accessed December 10, 2019]. 
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rejection.  Veterinarians could accomplish this by, perhaps, assuming leadership positions that 

bridge the gap between veterinary professionals and the technology community (identified in 

Theme 1) (Table 3.4), or through continuing education throughout the veterinarian’s career 

(identified in Theme 2) (Table 3.4).  Veterinarians, when deciding on a technology, should 

consider whether the technology is appropriate for their practice, personnel and clientele.  In 

order to be useful, the technology should improve the delivery of healthcare to patients and 

improve the client-patient experience.  Concurrently, the technology should streamline workflow 

and improve, or at least not worsen, work-life balance of hospital personnel.  Further, 

veterinarians need to consider whether their practice, and personnel, possess the interest, 

willingness, expertise and the resources to fully integrate a new technology into a practice and/or 

be able to identify and utilize a consultant to assist them e.g. Veterinary Integration Solutions37 

(Theme 3: Technological application).   

 

Decisions about whether to integrate new technologies into practice should be evidence-based 

when possible.  Peer-reviewed literature is useful but may not contain studies about newer 

technologies.  In order to assist future veterinarians to develop these skills, veterinary schools 

should consider integrating the use of relevant knowledge and skills regarding these technologies 

at appropriate points in the curriculum.  There is a specific reference to information technology 

in the current CBVE framework, which is found under the “Professionalism and Professional 

Identity domain of competence (Molgaard et al., 2018): “Uses appropriate resources for learning 

and decision making (e.g., information technology, consultation with colleagues)”.  However, it 

 
37 Veterinary Integration Solutions – Consolidator Operating Platform. (n.d.). Retrieved 

September 14, 2020, from https://vetintegrations.com/ 



 
 

93 

is clear from the current study, that additional knowledge and skills regarding HI will be needed 

of our graduates in order for them to be appropriately prepared for these emerging technologies.  

We suggest that the HI competencies could serve as important subcompetencies in the CBVE 

framework that need to be explicitly identified so that veterinary students can recognize the 

relevance of technology.  Without such training, veterinary students may choose to isolate 

themselves from technology instead of leveraging technologies when appropriate.  As 

veterinarians, such attitudes could have negative impacts on their ability to deliver healthcare and 

attract clients.  Veterinary students who see the benefits of technology but do not have this 

training may not be equipped to use these technologies to the fullest.  Lastly, current veterinary 

students are likely the most technologically skilled generation of veterinary students since most 

of them are of the Millennial (Pew Research Center, 2010) and Gen Z (Anderson & Jiang, 2018) 

generations and tend to outpace older generations in adoption of technologies.  Not providing 

these students with the resources necessary to navigate these technologies in clinical practice 

would be a missed opportunity. 

 

3.5.2 Objective 2: Summarize HI competency statements into common themes. 

The thematic analysis presented in Table 3.4 show three underlying themes in the HI 

competency statements: leadership, continuing education and technological application.  A broad 

interpretation of HI competency statements grouped under the leadership theme is that graduates 

are able to bridge gaps between the established veterinary community and the tech community 

and/or the new veterinarian can introduce new HI technology into the veterinary profession.  

Health Informatics competency statements grouped under “continuing education” reflect the 

need for veterinarians to remain up-to-date in HI throughout their careers.  And, HI competency 
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statements grouped under “technological application” reflect that graduates must be able to select 

appropriate technologies and implement them into practice.  These themes provide a paraphrase 

of what graduates may need to do in order to operate effectively in an HI world.  For example, 

new graduates may be expected to be on the frontlines, deciding which technologies are accepted 

by the profession (Theme 1) as well as how they will best serve the profession (Theme 3).  

Veterinarians must remain educated (Theme 2) about these technologies and may rely on both 

conventional (coursework, continuing education, self-study) and non-conventional methods 

(networking with non-veterinary communities). 

 

3.5.3 Objective 3: Map HI competency statements to CBVE competency statements. 

Many of the current veterinary school curricula leave the onus of learning about HI to the 

student.  Students may have personal experience with certain technologies; however, a 

curriculum that trains students to find opportunities to deepen their knowledge, to critically 

assess technologies and how to implement technologies would be synergistic with the current 

generation of students’ attitude and proficiency with technology.  There are many options for 

implementing aspects of the HI Competency Framework into a veterinary curriculum.  Creating 

a set of courses that address technology is one possibility, however, veterinary school curricula is 

currently extremely dense with little room for additional coursework.  Another strategy is to 

integrate technological considerations into existing competencies and courses. This study 

demonstrates that integration may be feasible since all HI competencies can be mapped to the 

CBVE Competency Framework (Table 3.6).  For instance, the CBVE competency statement 

“gathers and assimilates relevant information about animals” was mapped with the HI 

competency statement “The graduate advocates the use of technology and innovation to facilitate 
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quality practice management and improve work-life balance” (Table 3.6).  An updated 

subcompetency statement for the CBVE competency statement based on the HI competency 

statement may be “Interfaces with technology to increase efficiency of collecting and 

assimilating patient information”.  A learning session could include discussion on how wearable 

technology that owners buy at the pet store could provide valuable, potentially diagnostic, 

context and data on the patient.  Another example of a subcompetency based on this mapping is 

“Uses voice-to-text technology to improve the entry of data into the medical record to facilitate a 

more complete record while still being attentive to clients” (Alcocer Alkureishi et al., 2016; 

Kazmi, 2013; Lee et al., 2016).  Given the constantly evolving nature of technology, any 

curricular development related to technology should not be static, or it would rapidly become out 

of date.   

 

This study provides evidence that online consensus methods, such as CFD, may be a viable 

methodology to update competencies on HI.  This process required a significant input of time 

and resources, although not on the same scale as the current CBVE.  Both were written in a 

manner to remain relevant over time.  With regard to more minor, and frequently encountered, 

updates to technology, however, the challenge will be to create a means of dynamically updating 

learning opportunities (which could be co-created with students) in a manner that serves as a 

springboard for autodidacticism.  In order to equip students to continue this trajectory after 

graduation and to compensate for any potential “petrification” (as described in dental (DePaola, 

2012) and medical (Saidi, 2007) education) of the veterinary curriculum (Stone et al., 2018), it is 

also necessary to teach them to tap into other sources of expertise, such as experienced 

colleagues and key opinion leaders in HI.  For those veterinarians who seek greater engagement, 
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it is critical to build professional networks that include experienced individuals outside of 

veterinary medicine, including, for example, experts in human health technology and 

engineering.  Veterinarians may become directly involved with technology companies through 

employment or by serving as consultants or board members.  This may be especially useful to 

technology companies that are driven by individuals with expertise other than veterinary 

medicine or animal health as the veterinarian can provide valuable guidance on how to improve 

delivery of healthcare, client-patient experience and veterinarian work-life balance. Further, 

these veterinarians may become valuable sources of information to other veterinarians regarding 

technology.  Veterinarians may seek relevant educational opportunities at conferences and 

workshops or they may seek advanced training and degrees in programs within veterinary 

medicine or beyond that investigate development and application of new HI.  Another approach 

is to identify and follow key opinion leaders on social media. Ultimately, professional networks 

may be the most effective method of learning and staying up-to-date with the technological 

landscape of veterinary medicine.   

 

Note that the panelists in the current study referred to the student as “graduate”, which reflects 

the fact that all expert panelists were practitioners first, rather than academic educators.  This 

type of expert panel provides a prospective approach to curriculum development and focuses 

heavily on what graduates will encounter and need to do in practice after graduation and how to 

prepare for it. In contrast, the CBVE Framework is more focused on the student experience and 

knowledge and skills acquisition while still in school.  Although the HI Competency Framework 

can be integrated into an existing competency framework, such as the CBVE Framework, it may 

be useful to be able to view the HI Competency Framework as a separate entity if the goal is to 
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develop curricula specific to HI.  Ultimately, the HI Competency Framework is not at odds with 

other frameworks.  Rather, it is meant to complement and augment aspects of pre-existing 

veterinary competency frameworks relevant to health informatics. 

 

3.5.4 Objective 4: Provide insight into specific technologies relevant to upcoming 

graduates of veterinary medicine. 

The internet and social media (Tech-theme 1) (Table 3.5) and communication technologies 

(Tech-theme 2) (Table 3.5) have changed the way veterinarians and clients interact.  Clients 

often rely on the internet and social media to find a veterinarian.  Clients may not only have their 

first conversation with personnel from a veterinary practice through these platforms but may also 

book appointments through these websites and social media.  Communication technologies 

including cell phones, text and instant messaging, live video chats and emails have the potential 

to improve the ways veterinarians and clients converse and transfer relevant clinical information.  

However, in order to communicate appropriately using these technologies, the veterinarian must 

first understand their clientele and how they might use, or not use, these technologies.  For 

example, as has been emphasized during the COVID-19 pandemic, these technologies may not 

be uniformly available across the entire clientele or potential new clients.  Additionally, even 

when technologies are available, they may not be successfully adopted by clients or used for 

their intended purpose.  Clients may also choose veterinary hospitals based on whether they can 

interact with their veterinarians through certain technologies.  Veterinarians must then decide 

what is the best way to reach new clients and communicate and transfer information with current 

clients.  Furthermore, if a veterinarian chooses to maintain a presence on the internet and/or 
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social media, they must conduct themselves in ways that reflect positively on themselves and the 

profession (Table 3.2, HI Competency 5).   

 

Many of the technologies listed above collect a variety of data ranging from animal activity (e.g. 

wearables) to hospital or farm financial data (e.g. medical or production records) (Tech-theme 3) 

(Table 3.5).  With the “internet-of-things”, datasets can be combined to form larger, more 

complex and varied datasets than those typically seen in veterinary medicine and may require 

non-traditional means of analysis, e.g. machine learning, predictive analytics (Tech-theme 4) 

(Table 3.5).  Although veterinarians may not be involved with every stage of knowledge 

translation, they should minimally understand the importance of data collection in expanding 

knowledge in veterinary medicine.  For example, veterinarians may have minimal involvement 

with data analysis, but may have greater involvement with interpretation of results and 

application in the clinical setting. This is especially true with technologies that depend on the 

veterinarian for data collection, e.g. electronic medical records.  In this case, the veterinarian 

should understand that effective and accurate data entry can improve data quality and streamline 

research.  Veterinarians should also be aware of, and adept at navigating controversies 

surrounding data, e.g. privacy, security, and data ownership. 

 

It is important to note that veterinarians may not work directly with many of these technologies, 

e.g. wearables, smart feeders, robotic milkers, and may only encounter them when a client brings 

it to their attention.  Such technologies may be owned by clients and may provide large amounts 

of clinical data that can be transferred through communication technologies (e.g. email).  Thus, 

the veterinarian may be presented with large amounts of information from devices that are 
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directly available to clients and for which the veterinarian received little training.  The 

information may be presented in formats unfamiliar to the veterinarian, and the veterinarian may 

not fully understand the technology that captured the data (e.g. efficacy, accuracy, 

reliability).  Networking with the emerging technology community (Theme 1: Leadership) and 

seeking opportunities for continuing education (Theme 2: Continuing education) are good ways 

to stay updated on and remain vigilant of new technologies.  Doing so will also allow 

veterinarians to address questions about these technologies with clients and to improve the 

delivery of healthcare (Theme 3: Technological application). 

 

Many innovations in veterinary technology are driven by individuals outside of veterinary 

medicine or animal health.  Veterinarian involvement with technology development at an early 

stage could be highly effective in guiding innovation towards the goals of improving healthcare 

delivery to pets, client-patient experience and veterinary work-life balance.  These veterinarians 

may also serve as valuable sources of expertise on technologies that were developed or are in the 

process of being developed by these companies.  However, the onus will be on the veterinarian 

to become familiar with the company’s business environment and what drives company 

decisions. 

 

3.5.5 Objective 5: Panelist satisfaction with CFD methodology. 

Under the current context of COVID-19, online collaborative work has become extremely 

relevant.  Although the panel for the present study was convened before the pandemic, the 

adaptation of CFD, as a modification of the DACUM occupational analysis technique, is a viable 

method to reach consensus during a pandemic or other circumstances when face-to-face 
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meetings are not possible or desirable.  Another advantage of the CFD method is lower costs in 

convening the expert panel as well as increased convenience for panelists to participate (though 

not necessarily willingness) (Table 3.1).  Panelists in the current study, however, largely agreed 

with the outcome of the process (Table 3.1).  These results could reflect a skillful facilitator 

and/or an enthusiastic expert panel who were already experienced and supportive of technology.   

 

3.5.6 Limitations 

There are a number of limitations to this study. The panel consisted of practitioners with a 

mixture of small animal, large animal, corporate and start-up experience.  Given the large degree 

of variation in both veterinary practice and technology, not all perspectives on what new 

veterinarians need to know regarding HI may have been considered by the five panelists.  We 

tried to address this by selecting expert panelists from as many sectors of the industry as possible 

while still adhering to the recommended range of four to seven participants for development of 

CFD frameworks.   

 

The CBVE Framework and HI Competency Framework were created using different 

methodologies.  Thus, there was not complete congruence between the competency statements of 

the two frameworks.  Furthermore, the frameworks were created for different purposes.  The 

CBVE Framework was designed for the totality of veterinary education while the HI 

Competency Framework focused specifically on HI.  It was ultimately decided that mapping the 

HI competency statements to the CBVE subcompetency statements was the best fit.  The final 

mapping presented here is one interpretation, but provides an example of how competencies in 

HI could be included in an existing framework and curriculum.  
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Another limitation is that the HI Competency Framework was created within a certain temporal 

context of veterinary medicine and technology.  The implications of the HI Competency 

Framework could be affected by changes in veterinary medicine and technology.  However, the 

HI Competency Framework was created to remain relevant with the rapidly changing 

environment of technology, i.e. panelists attempted to create competencies that would be 

relevant even when technology changed.  This may help keep the HI Competency Framework 

relevant through time. 

 

Although we assessed panelist satisfaction of the CFD methodology (Table 3.1), the results 

reflected the opinions of at most five panelists.  Panelists were also limited to the profession of 

veterinary medicine with experience in HI.  Thus, generalizations may not be appropriate.  

However, the assessment of panelist satisfaction did help us understand whether panelists agreed 

with the outcome, providing some validation.  Further, it provided some insight into how the 

panelists experienced the CFD method.  Such information may be useful when running future 

CFD sessions with a similar group of expert panelists.   

 

3.6 Conclusions 

This study provides a practical, expert perspective on what new veterinarians need to know about 

HI based on a consensus of practicing veterinarians.  New veterinarians must be able to assess, 

select and implement technology with consideration to the client-patient experience, optimal 

delivery of healthcare and work-life balance for the veterinary team.  Veterinarians must also be 

able to continue their own education regarding technology by engaging with relevant experts and 
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key opinion leaders.  Updates to HI competencies due to significant new disruptions in 

technologies can be addressed via the methodologies that convene experts through 

communication technologies, such as CFD.  This may be an important consideration for expert 

groups that are difficult to convene in-person or during times where in-person sessions are not 

possible.  In this manner, the competencies in the current HI framework could be adapted to 

accommodate changes in HI and continue to be incorporated into veterinary curricula.  The 

current generation of students, many of whom are technologically savvy, may not only be 

especially receptive to such training, but may also be able to assist instructors by helping to 

update the curriculum. 
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3.8 Tables 

Table 3.1.  Survey to assess panelist satisfaction. 

 
1) Did the white paper on Competency 
Framework Development prepare you for the 
first session? 

Frequency 

 It prepared me well. 2 

 
It provided some information, but not 
enough. I would have preferred more 
background. 

1 

 It did not prepare me at all. 0 

 I don't think it's necessary to prepare 
participants for the first session. 2 

2-4) Please rate the facilitator's effectiveness for the following: 
 2) Getting panelist participation.  

  0 (very negative) 0 
  1 0 
  2 0 
  3 1 
  4 1 
  5 (very positive) 1 
 3) Guiding panelists in statement formation. 

  0 (very negative) 0 
  1 0 
  2 0 
  3 1 
  4 2 
  5 (very positive) 1 
 4) Guiding panelists towards consensus. 

  0 (very negative) 0 
  1 0 
  2 0 
  3 1 
  4 2 
  5 (very positive) 1 

5) Competency framework development usually requires 12 
hours.  For this project, the meetings were split into 4 x 3 
hour meetings.  Please select how you would have preferred to 
meet. Select all that apply. 
 12 x 1 hour meetings 0 

 6 x 2 hour meetings 2 
 4 x 3 hour meetings (no change) 1 
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 3 x 4 hour meetings 1 
 2 x 6 hour meetings 1 
 1 x 12 hour meeting 1 

6) What do you think would be the optimal group size for 
developing a competency framework? 

 1-3 panelists 0 
 4-6 panelists. 4 
 7 or more panelists. 0 

7) How did the fact that the meetings were virtual affect your 
willingness to attend? 

 It made me more willing to attend. 3 

 It had no influence on my willingness to 
attend. 0 

 It made me less willing to attend. 1 

8) How did the fact that the meetings were virtual impact 
your ability to attend? 

 It made it easier for me to attend. 4 

 It had no influence on whether I would 
attend. 0 

 It made it harder for me to attend. 0 

9) I would prefer meetings with:  
 Audio only. 0 

 Audio and optional video. 4 
 Audio and mandatory video. 0 

10) I think that if the meetings were in-person, the 
competency framework would have been: 
 More complete. 1 

 The same. 3 
 Less complete. 0 

11) Did you find Google Sheets to be an effective collaboration 
tool? 

 I found Google Sheets to be an effective 
tool for collaboration. 3 

 I found Google Sheets to be effective in 
some ways, but not in others. 1 

 I found Google Sheets to be ineffective. 0 

12) Do you agree with the final outcome of the competencies? 
  Yes. 4 

    No. 0 
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Table 3.2.  List of HI competency statements. 

  Competency statements 

1 
The graduate actively seeks engagement and leadership within 
emerging technology in the non-veterinary animal health 
market. 

2 
The graduate advocates for effective use of current 
communication technology while respecting the privacy and 
regulatory implications on quality medical practice. 

3 
The graduate advocates the use of technology and innovation 
to facilitate quality practice management and improve work-
life balance. 

4 
The graduate seeks opportunities to further their knowledge in 
data management, informatics, and communication 
technology. 

5 

The graduate selects appropriate communication technologies 
and manages their virtual footprint in a way that reflects well 
on the profession. The graduate navigates online controversies 
involving veterinary medicine in a professional manner and 
supports wellness of the profession. 

6 
The graduate uses medical and production software systems, 
and maintains records in a format that allows analysis and 
sharing. 

7 The graduate utilizes technology to advance the surveillance 
and management of public health risks. 

8 The new graduate utilizes data within an evidence based 
process to better promote animal health and welfare. 
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Table 3.3.  HI competency statement 3 (including skills, knowledge and assessment 
statements). 

Competency statement   Skills, knowledge, assessment statements 

The graduate advocates the use of technology and 
innovation to facilitate quality practice 
management and improve work-life balance. 
 
Description: The graduate is aware of situations 
in their practice environment that could be 
improved through the use of technology and/or 
data management practices. The graduate 
evaluates technologies that could save time and/or 
improve workflow. 

  Skills 

  
Selects the right combination of internal and external 
technologies and services to streamline practice and improve 
work-life balance. 

  
Demonstrates the use of technological solutions to improve 
the efficiency of patient care, i.e., client communication, 
medical record keeping, follow up etc. 

  Integrates external resources (technologies and services) to 
improve practice management and work-life balance. 

  Advocates for technological solutions that enhance quality of 
practice and work-life balance. 

   Evaluates emerging technologies and their impact on 
practice management and work-life balance. 

 Knowledge 

  
The graduate recognizes that efficiency gained through the 
use of technology can have a positive impact on workplace 
productivity. 

  The graduate recognizes where technology could improve 
practice and work-life balance. 

   The graduate appreciates the importance of work-life 
balance. 

 Assessment 

    The graduate evaluates new medical record software that 
decreases the amount of time spent entering data. 
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Table 3.4.  Thematic analysis of HI competency statements. 

Theme Full competency statement 

1 - Leadership 

 The graduate actively seeks engagement and leadership within emerging 
technology in the non-veterinary animal health market. 

 
The graduate advocates for effective use of current communication 
technology while respecting the privacy and regulatory implications on 
quality medical practice. 

  The graduate advocates the use of technology and innovation to facilitate 
quality practice management and improve work-life balance. 

2 - Continuing education 

  The graduate seeks opportunities to further their knowledge in data 
management, informatics, and communication technology. 

3 - Technological application 

 

The graduate selects appropriate communication technologies and 
manages their virtual footprint in a way that reflects well on the 
profession. The graduate navigates online controversies involving 
veterinary medicine in a professional manner and supports wellness of the 
profession. 

 The graduate uses medical and production software systems, and 
maintains records in a format that allows analysis and sharing. 

 The graduate utilizes technology to advance the surveillance and 
management of public health risks. 

  The new graduate utilizes data within an evidence-based process to better 
promote animal health and welfare. 
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Table 3.5.  Thematic analysis of technology themes. 

Tech-theme Technology/technique Examples 

1 Social media and internet Social media, web presence, virtual footprint 

2 Communication 
technology 

Communication technology, telecommunication, 
telemedicine 

3 Electronic records Medical and production systems, medical records 

4 Data Data, data management, data analytics 
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Table 3.6.  Mapping of HI competency statements1 to CBVE competency statements. 

CBVE Framework   HI Competency Framework 

Domains of 
competence Competency statements   Competency statements 

Clinical reasoning and decision-making   

  Gathers and assimilates relevant information about animals.   
The graduate advocates the use of technology and 
innovation to facilitate quality practice management 
and improve work-life balance (Statement 3). 

Animal Population Care and Management    

 

Applies population management principles in compliance with legal regulations 
and economic realities 

 
The graduate uses medical and production software 
systems and maintains records in a format that allows 
analysis and sharing (Statement 6).   

  
The new graduate utilizes data within an evidence-
based process to better promote animal health and 
welfare (Statement 8). 

Public health    

 Recognizes zoonotic diseases and responds accordingly  The graduate utilizes technology to advance the 
surveillance and management of public health risks 
(Statement 7).  Promotes the health and safety of people and the environment  

Communication    

  Listens attentively and communicates professionally   
The graduate advocates for effective use of current 
communication technology while respecting the 
privacy and regulatory implications on quality medical 
practice (Statement 2). 

Collaboration   

  Solicits, respects and integrates contributions from others   
The graduate actively seeks engagement and leadership 
within emerging technology in the non-veterinary 
animal health market (Statement 1). 

Professionalism and professional identity   
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 Adopts an ethical approach to meeting professional obligations  

The graduate selects appropriate communication 
technologies and manages their virtual footprint in a 
way that reflects well on the profession. The graduate 
navigates online controversies involving veterinary 
medicine in a professional manner and supports 
wellness of the profession (Statement 5). 

  Engages in self-directed learning and career planning   
The graduate seeks opportunities to further their 
knowledge in data management, informatics, and 
communication technology (Statement 4). 

 
1The HI competency statements may be viewed as “illustrative subcompetencies” in the CBVE Framework
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3.9 Figures 

Figure 3.1.  Comparable levels of organization between HI competency and CBVE 
Frameworks. 
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4 Chapter 4 | Veterinarians’ perceptions about telemedicine and information and 

communication technologies in clinical practice 

 
4.1 Abstract 

Telemedicine can be defined as the electronic delivery of medical information from site-to-site, 

through information and communication technologies (ICT), to improve the clinical health status 

of a patient.  ICT use in clinical practice, particularly for remote interactions between 

veterinarians and clients, may have positive effects on patient care.  Thus, it is important to 

understand veterinarians’ perceptions towards telemedicine and how ICTs are currently being 

used in clinical practice.  This descriptive study used a questionnaire to understand 1) veterinary 

perceptions of telemedicine and, in particular; 2) what ICTs veterinarians were currently using 

and would like to use more (or less) of; 3) how veterinarians were billing (and would like to bill 

in the future) for time spent communicating with clients using ICTs; 4) what clinical tasks 

veterinarians felt they could adequately address using ICTs; and 5) the utility of Facebook as a 

recruitment tool for surveying veterinarians.  Forty-percent (78/194) of the respondents said they 

did not use telemedicine.  Of those, all indicated that they used at least one ICT to communicate 

with clients.  Most users of email were satisfied with its use, with 58% (100/173) of current users 

wanting to use it more.  In contrast, only 16% (30/182) of telephone-users wanted to use the 

telephone more.  None of the respondents billed for time spent with clients using ICTs, though 

59% (114/194) indicated they would like to do so.  Using ICTs to guide clients in the treatment 

of diseases was the most common (154/194; 79%) clinical task that could potentially be 

addressed using ICTs.  The results indicated that veterinarians may not consider the practice of 

using more traditional ICTs, such as telephone and email communication, as telemedicine.  

Veterinarians may be most open to adopting or increasing the use of familiar technologies.  
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Veterinarians may be hesitant to charge for time spent with clients on ICTs for fear that clients 

would be unwilling to pay for such services.  Social media recruitment of veterinarians for 

studies may not yield a representative sample of all practicing veterinarians. 

 

4.2 Introduction 

The College of Veterinarians of Ontario (CVO) defines telemedicine as “the provision of 

specific veterinary medical advice and veterinary treatment of an animal(s) based on the remote 

diagnosis of disease and injury by means of telecommunications technology where no physical 

examination of the animal(s) by the veterinarian takes place” (The College of Veternarians of 

Ontario, 2018).  This definition requires that a diagnosis be made remotely as well as the passing 

of medical advice and treatment to the pet owner.  This definition excludes any medical advice, 

diagnosis and treatment made with the benefit of a traditional physical exam.  In contrast, the 

AVMA defines telemedicine as “the use of a tool to exchange medical information electronically 

from one site to another to improve a patient’s clinical health status”(American Veterinary 

Medical Association, n.d.).  A physical exam by a veterinarian may or may not occur under this 

definition.  Scheduling appointments via online scheduling tools may also be considered 

telemedicine since the appointment is for the purpose of improving the clinical health status of 

the patient yet no medical advice or treatment may have been provided and no diagnosis may 

have been made.  The technologies that enable telemedicine are called information and 

communication technologies (ICT) (e.g. telephone, email, text/instant messaging, live video 

chat) which are tools that facilitate communication and processing and transmission of 

information electronically (Kogan et al., 2016). 
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The use of ICTs in veterinary medicine to transmit diagnostic data began as early as the 1980s 

when electrocardiograms were transmitted trans-telephonically from practices across the United 

States to cardiologists in New York (Mars & Auer, 2006).  Today, with the advancement and 

increasing availability of ICTs, the transmission of data in both human and veterinary medicine 

occurs at a staggering pace (Andreu-Perez et al., 2015) and allows healthcare to be delivered 

beyond the walls of a veterinary hospital (Kogan et al., 2016; Landro, 2015).  Not only do ICTs 

provide pet and animal owners with the ability to access animal health information via the 

internet (Hofmeister et al., 2008; Mars & Auer, 2006), the newer ICTs provide additional means 

for animal owners to access their veterinarian (Anderson, 2016).  It has been suggested that 

being able to discuss medical information with veterinarians from their homes through ICTs may 

improve the ability of animal owners to provide care (Kogan et al., 2012; Lo & Parham, 2010).  

Previous studies have shown that many clients prefer to make appointments, discuss treatments 

and ask short questions to their veterinarian over ICTs (Kogan et al., 2009).  Clients were also 

satisfied with post-surgical recheck appointments conducted over ICTs (Bishop et al., 2018; 

Watson et al., 2019).  Communications between pet and animal owners and their veterinarians 

over ICTs may also strengthen the veterinary-client relationship (Fox & Rainie, 2014; Kogan et 

al., 2016) and may be less stressful for the patient (Bishop et al., 2018). 

 

Nevertheless, despite the ubiquity of ICTs in veterinary practice, many veterinarians may not 

realize that, under some definitions (American Veterinary Medical Association, n.d.; The 

College of Veternarians of Ontario, 2018), they are already practicing telemedicine (Robertson, 

1999; Watson et al., 2019).  This lack of awareness could contribute to the slow adoption of 

formalized workflows and business practices around telemedicine among veterinarians.  This 
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may be manifested by the low number of clinical trials (Bishop et al., 2018) on the efficacy of 

telemedicine in spite of the growing number of veterinary telemedicine companies advocating its 

use. 

 

The use of social media to enroll participants, as was done in this study, is a relatively new tool 

in health science research and is widely used across many demographics (Pew Research Center, 

2018).  There is evidence that social media to recruit study participants may be effective in 

certain populations (e.g. adolescents and young adults) and in hard-to-reach populations (B. K. 

Park & Calamaro, 2013; Ryan, 2013; Topolovec-Vranic et al., 2016), though many of these 

studies have not been compared with traditional recruiting methods (Topolovec-Vranic et al., 

2016).   

 

The purpose of this study was to understand the perceptions of veterinarians towards 

telemedicine and ICTs in clinical practice.  More specifically, we wanted to understand 1) 

veterinarian perceptions of telemedicine and ICTs, particularly whether veterinarians considered 

they were already practicing telemedicine; 2) what ICTs veterinarians were currently using and 

would like to use more (or less) of; 3) how veterinarians were billing (and would like to bill in 

the future) for time spent communicating with clients over ICTs; 4) what clinical tasks (triage, 

diagnostics, treatment, prescription of medication) veterinarians felt they could adequately 

address over ICTs; and 5) explore how Facebook can be used as a recruitment tool for surveying 

veterinarians.   
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4.3 Methods 

4.3.1 Study design and sample size calculation 

A team of veterinarians, veterinary students, and epidemiologists, many of whom owned pets 

and/or worked closely with animals, created and piloted the questionnaire (Appendix N).  The 

questionnaire was created in Qualtrics1.  Assuming 50% of responding veterinarians indicated 

they used telemedicine in clinical practice, with an allowable error of 5% and 95% confidence, 

the calculated sample size was 196.   

 

The study was reviewed by the University of Guelph Research Ethics Board for compliance with 

federal guidelines for research involving humans (REB #: 19-03-025). 

 

4.3.2 Survey description and inclusion criteria 

The full questionnaire is provided in Appendix N.  Respondents were eligible to complete the 

rest of the questionnaire if they indicated that they provided care to client-owned animals 

(Question 1).  Respondents who indicated that they did not provide care to client-owned animals 

were excluded.  Question 3 was designed to assess how veterinarians perceived their use of 

telemedicine in practice.  Question 4 was designed to understand which ICTs were used by 

veterinarians for each clinical task.  Clinical tasks included helping clients decide whether to 

bring their animal to the clinic (“perform triage”), facilitating or communicating diagnostics with 

clients (“facilitate diagnosis”), facilitating or communicating treatments with clients (“guide 

treatments”), providing educational content to clients (“providing educational content”) and 

 
1 Qualtrics, Provo, UT, USA. https://www.qualtrics.com 
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facilitating prescription for clients for their animals (“provide prescription”).  Comparing the 

results of Questions 3 and 4 allowed us to understand whether veterinarians perceived 

telemedicine as equivalent to the use of ICTs to accomplish certain clinical tasks.  Question 5 

addressed how veterinarians would like their current use of ICTs to change.  Information and 

communication technologies evaluated included email, text/instant messaging, telephone (and 

other live audio-only communication) (“telephone”) and live video chat.  Email and text/instant 

messaging were further split into transmissions that included text only (“text-only”) and 

transmissions that, in addition to text, included images, audio or video (“beyond-text”).   

Participants were asked to indicate on a scale of one (use less) to five (use more) whether they 

would like to use more of a particular technology.  Respondents who already used a particular 

ICT (“already-users”) were considered “satisfied” with their current use if they indicated that 

they would like to use that ICT the same or more.  If they wanted to use it less, they were 

considered “unsatisfied”.  A non-user of an ICT who indicated that they would like to use that 

ICT more was considered “willing to adopt”.  An already-user of an ICT who indicated that they 

would like to use that ICT more was considered “willing to increase usage”. Question 6 and 7 

assessed how veterinarians bill (or would like to bill) for time spent communicating with clients 

over ICTs.   

 

In Question 8, respondents were asked to indicate which clinical tasks could be adequately 

addressed through ICTs under the assumptions that 1) a veterinary-client-patient relationship 

(VCPR) was already established and that 2) it was legal to carry out the clinical task described in 

the answer choices regarding ICTs.  The list of potential clinical tasks that could be addressed 

using ICTs were developed by the research team and were based on definitions of telemedicine 
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provided by the American Veterinary Medical Association (AVMA)(American Veterinary 

Medical Association, n.d.).  The full statement of each clinical task is provided in Question 8.  

 

4.3.3 Survey distribution 

Survey distribution and data collection began in October 2019 and continued through February 

2020.  Surveys were distributed through Facebook and the Ontario Veterinary College (OVC) 

communications.  These outlets were chosen because they were both accessible to the 

researchers and likely accessed by veterinarians from a broad demographic and a variety of 

practice types.  Further, Facebook was chosen as a distribution outlet due to the ease with which 

links could be shared with other Facebook users, potentially leading to a “snowball” sample.   

 

The questionnaire was shared on the primary author’s personal Facebook page as well as 

Facebook groups that were deemed specific-to-veterinarians.  A group was deemed specific-to-

veterinarians if 1) the purpose of the group in the “About This Group” section stated that that the 

group was intended for veterinarians, or 2) a criteria for admission into the group was that an 

individual must be a veterinarian.   Specific-to-veterinarian Facebook groups were found by 

searching online for the word “veterinary” on Facebook.  The group, however, did not need to be 

exclusively for veterinarians (e.g. individuals may also be granted admission if they were 

veterinary technicians or veterinary students).  Permission was received from the administrator 

of each group prior to posting the questionnaire to the group’s discussion board.  Permission was 

requested from 14 groups.  Of the ten groups for which permission was received, three were 

intended specifically for consultation among veterinarians. 
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The questionnaire was also distributed to personnel (including veterinarians, staff, researchers 

and students) working at the OVC via OVC-wide emails and announcement websites.  Although 

not all personnel receiving these communications were eligible to take the questionnaire (e.g. 

non-veterinarians, veterinarians not providing care to client-owned animals), they could share the 

link with veterinarians who could take the questionnaire. 

 

Inquiries from interested veterinarians, who may have seen the questionnaire through Facebook 

or OVC communications, were addressed by the primary author (ZBO).  In each case, the 

interested individuals were provided with a background of the study, a link to the questionnaire 

and a reminder to share the questionnaire with other veterinarians.   

 

4.3.4 Data analysis 

Only questionnaires for which all questions were completed were analyzed.  Results from each 

question were analyzed descriptively.  Demographic data collected in the study were compared 

with data from the AVMA and Canadian Veterinary Medical Association (CVMA) to understand 

representativeness.  The year of birth as an indicator of respondent age was categorized into 

decades.  Responses to each question were reported for all respondents as well as by work 

location (i.e. Canada, USA, other country).  Respondents who indicated that they used at least 

one ICT to accomplish at least one clinical task (Question 4) were considered to use ICT in 

clinical practice.  These results were cross-tabulated with the respondents’ current telemedicine 

use (Question 3) to determine whether veterinarians considered the use of ICTs in clinical 

practice to be telemedicine.   All data analyses were conducted in R2. 

 
2 R Core Team (2018). R: A language and environment for statistical computing. R Foundation for Statistical 

Computing, Vienna, Austria. URL https://www.R-project.org/. 
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4.4 Results 

Of the 280 questionnaires that were initiated, 231 questionnaires met the inclusion criteria.  Of 

the 231 questionnaires included, 194 were fully completed.  Data from included questionnaires 

that were incomplete were discarded.  For Question 8 (Appendix N), several respondents 

selected both “can be used” and “should not be used” in response to whether certain clinical 

tasks could be accomplished over ICTs.  To be conservative, the number of respondents who 

selected both options was removed from the number of respondents who selected “can be used”.   

 

4.4.1 Description of demographics and practice types of respondents (Table 4.1). 

Most respondents practiced in the United States (USA) (130/194; 67%) or Canada (42/194; 21%) 

(Table 4.1) at the time of questionnaire completion.  Only 22 (11%) respondents practiced in 

other countries at the time of completion of the questionnaire.  Most respondents were female 

(151/194; 78%), born between 1980 and 1989 (138/194; 71%) and full-time practitioners 

(153/194; 79%).  Practitioners who worked with companion animals, specifically dogs and cats, 

were the most represented (148/194; 76%).  In the USA, horse practitioners (25/130; 19%) were 

the next most represented veterinarians.  In Canada, exotics practitioners (10/42; 24%) were the 

next most represented veterinarians. 

 

4.4.2 Objective 1: Veterinary perceptions of telemedicine. 

When asked to describe their use of telemedicine in clinical practice, 40% (78/194) of 

participants stated they used telemedicine; 40% (78/194) stated they did not use telemedicine and 

20% (38/194) were unsure whether they used telemedicine in clinical practice.  All 78 
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respondents who stated they did not use telemedicine in clinical practice stated that they used 

ICTs to communicate remotely with clients (Table 4.2) to accomplish a clinical task (Appendix 

N, Question 4).  Descriptively, the use of ICTs among respondents who used telemedicine, 

respondents who did not use telemedicine and respondents who were unsure if they did was 

relatively comparable (Table 4.2). 

 

4.4.3 Objective 2: Current use and satisfaction with ICTs among veterinarians. 

The respondents employed telephone (182/194; 94%) and email (173/194; 89%) most commonly 

and live video chats (8/194; 4%) least commonly (Table 4.1, Question 4a).  They commonly 

used ICTs to perform triage (184/194; 95%), facilitate diagnostics (186/194; 96%), guide 

treatments (183/194; 94%), provide educational content (174/194; 90%) and provide 

prescriptions (167/194; 86%).  Three respondents (3/194; 2%) stated they used ICTs for “other” 

reasons (Table 4.1, Question 4b), including reminders to clients for vaccines, rechecks and 

bloodwork for pets; and updates to clients, especially post-surgical updates about pets. 

 

More than 72% of respondents who were already using a particular ICT were satisfied with the 

ICTs they were already using (Figure 4.1, Table 4.3).  More than 90% of respondents were 

satisfied with text-only email (157/173; 91%) and beyond-text email (155/173; 90%) (Table 4.3). 

Satisfaction for text/instant messaging with (66/81; 81%) or without images, audio or video 

(64/81; 79%) was about 80% (Table 4.3).  For non-users, willingness to adopt email, particularly 

beyond-text email (11/21; 52%) was much higher than their willingness to adopt live video chat 

(17/186; 9%) (Figure 4.2, Table 4.3). 
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4.4.4 Objective 3: Billing behavior for communication with clients over ICTs. 

None of the respondents billed for communication using ICTs with clients (Table 4.1, Question 

6) however, over half (59%; 114/194) stated they would like to do so (Table 4.1, Question 7).  

The proportion of respondents who stated that they would like to bill for communications over 

ICTs with clients was relatively consistent for Canada (57%), the USA (59%) and other 

countries (59%) (Table 4.1, Question7).  

 

4.4.5 Objective 4: Veterinarians’ perceptions on potential uses of ICTs in clinical 

practice. 

In general, the clinical tasks that most respondents felt could be accomplished over ICTs was 

guiding treatments (154/194; 79%), providing prescriptions (147/194; 76%) and performing 

triage (138/194; 71%) (Table 4.4).  Sixty-nine percent of respondents (134/194) (Table 4.4) felt 

that diagnosis of some diseases should not or could not be performed through ICTs. 

 

4.5 Discussion  

This study suggests that veterinarians want to limit, and even reduce, time spent on the phone 

(Table 4.3), in spite of it being the most commonly used ICT.  This may be due to the fact that 

veterinarians already spend a lot of time on the phone communicating with clients (Kogan et al., 

2016).  This may also suggest that phone calls may not be the most effective method of 

communicating with clients.  Emails may be more effective at certain types of communications.  

Veterinarians and clients can transfer large amounts of information through email.  This transfer 

of information is even more effective with images, audio and video and allows both veterinarians 

and clients to convey information where text may be inadequate.  Further, unlike phone calls, 
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emails typically do not call for immediate responses, providing veterinarians with greater agency 

over their workdays.  Text/instant messaging may serve similar purposes; however, these ICTs 

tend to invite more immediate responses and can intrude upon the veterinarian’s workday.  

Further, email platforms organize communications in the form of written documents while 

text/instant messaging platforms tend to mimic spoken conversation.  This may make text/instant 

messaging platforms less effective at certain communications.  Another possibility is that the 

popularity of an ICT (except telephone) in veterinary practice may play a role in the adoption of 

certain technologies.  If an ICT is already widely used in veterinary practice (e.g. email), 

veterinarians may be more inclined to adopt it.  

 

This study shows that the majority of veterinarians would like to charge for time spent with 

clients through ICTs.  This is an important finding since a previous study has shown that 

veterinarians spend a lot of time with clients on the phone (more than 45% spend six or more 

hours on the phone with clients per week) (Kogan et al., 2016), though they rarely charge for this 

time.  It was expected that the proportion of veterinarians who wanted to charge for time spent 

interacting with clients on ICTs would be higher than 59%.  One potential explanation is that few 

veterinarians believe that clients would pay for consultations delivered electronically (Kogan et 

al., 2016) and that charging for these services would alienate clients, especially if they are 

already accustomed to receiving these services for free.  Consequently, it may be easier to 

introduce charges for services that are perceived to be new or novel (eg. texting, video chat).  

 

Although many veterinarians use ICTs to facilitate aspects of triage, diagnostics, treatments and 

prescriptions, fewer veterinarians feel they can carry out these clinical tasks to completion 
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through ICTs.  One explanation is that veterinarians may be comfortable performing clinical 

tasks over ICTs in a limited fashion.  Another explanation is that veterinarians use ICTs to 

perform ancillary tasks that support clinical tasks.  Performing an occupational analysis to 

understand these ancillary tasks may help veterinarians and telemedicine services direct their 

efforts to address these areas.  Further, a clear delineation of these ancillary areas may improve 

the education and training of veterinarians, technicians and other veterinary staff. 

 

Although veterinarians may use ICTs to communicate remotely with clients, they may not view 

the communication as telemedicine.  This may be due, in part, to different interpretations of the 

term “telemedicine”.  The term telemedicine may also evoke images of novel and innovative 

technology and may distract veterinarians from the fact that they have likely been practicing 

telemedicine for many years with their existing (and, perhaps, even outdated) technology.  Such 

ambiguities around telemedicine may lead to unrealistic expectations of telemedicine among 

veterinarians and telemedicine companies.  Companies offering telemedicine services to 

veterinary clinics and veterinarians interested in adopting telemedicine services may have to 

overcome misconceptions and preconceived notions held by veterinarians and veterinary staff 

regarding telemedicine.  For example, a telemedicine company providing a platform for online 

phone consultations between veterinarians and clients may be viewed as trying to move the 

delivery of all healthcare to remote, online means.  This could be viewed as a threat to the quality 

of medicine when, in fact, the main purpose of such a platform is to provide a formal process by 

which clients can schedule and pay for a service many veterinarians currently offer for free.  

Similarly, telemedicine companies may be more successful in selling services to veterinary 

clinics if their services could be better tailored to the needs of the veterinary staff.  
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The confusion among veterinarians surrounding the use of ICTs in veterinary medicine may be 

remedied by more specific terminology.  One potential term to describe the general use of ICTs 

in veterinary medicine (with or without revenue generation) would be “connected healthcare” 

(McConnochie, 2015), which may be defined as “all health services delivered through interaction 

between a patient and provider across distance” (McConnochie, 2015, p. 863).  Under this 

definition, a large number of veterinarians practice connected healthcare as they interact 

remotely with clients through ICTs such as the telephone.  The implementation of ICTs not only 

to deliver healthcare, but also to generate revenue could be described with the term 

“telemedicine”, especially since companies offering telemedicine platforms to veterinarians 

already use the term.  Thus, veterinarians who consult with clients by phone with no charge 

would be practicing connected healthcare.  By addressing the ambiguities in terminology, 

veterinarians may be better able to assess and optimize their use of ICTs.  For instance, once a 

veterinarian realizes they already practice connected healthcare but receive no compensation 

may see value in transitioning to the revenue-generating practice of telemedicine (Figure 4.3).  

On the other hand, transitioning to telemedicine may seem intimidating to veterinarians who do 

not realize they already practice connected healthcare (Figure 4.4). 

 

Further precision of telemedicine may be achieved by creating terminology that describes 

different care models of telemedicine.  For example, a veterinarian whose practice of connected 

healthcare involves only triage may find transitioning to a telemedicine care model that includes 

triage and online appointment scheduling (“intake model”) attainable (Figure 4.5).  

Contrastingly, if a different veterinarian erroneously thinks transitioning to telemedicine means 
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they must adopt a more comprehensive care model (Figure 4.6), they may find the transition 

unattainable and, thus, decline the option to transition at all.  Additionally, for practicing 

veterinarians, continuing education courses may be useful in addressing these ambiguities 

surrounding the use of ICTs in veterinary practice.  For veterinary students, opportunities in 

veterinary school to better understand ICTs may be critical to their ability to navigate this aspect 

of technology in veterinary practice.  Especially helpful is the education of future veterinarians 

prior to the formation of misconceptions.  Veterinary school courses addressing telemedicine, as 

well as other ICTs (e.g. big data, practice management software, social media, sensors), may be 

one component (Ouyang et al., 2020).  In addition, opportunities for veterinary students to 

directly engage leaders would be beneficial (Ouyang et al., 2020) in these areas during the course 

of their education.  Not only is this approach educational but also positions future veterinarians 

to take up leadership roles in technology.  

 

Due to the COVID-19 pandemic, the practice of connected healthcare and/or telemedicine in 

veterinary medicine has likely increased.  It is unlikely that changes in ICT use were captured by 

this study as the last questionnaire received occurred before social distancing restrictions were in 

place in Canada or the USA.  This study will provide a baseline understanding of veterinary 

perceptions towards telemedicine before the COVID-19 pandemic.  

 

4.5.1 Limitations 

Veterinarian interest in charging for time spent on ICTs with clients may have been conflated by 

the fact that the questionnaire (Question 7) did not distinguish between specific technologies (i.e. 

participants were asked only about ICTs instead of being asked about phone calls, emails, video 
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chat, etc. specifically) and is a limitation of the study.  Phone use in veterinary practice is 

prevalent (Kogan et al., 2016) and may be considered an essential service; thus, veterinarians 

may be interested in charging for time spent on the phone.  In contrast, video chat is less 

prevalent (Kogan et al., 2016) in veterinary practice and may not be considered an essential 

service.  Veterinarians may not be interested in charging for this since these services are rarely 

used. 

 

It was difficult to find participants for this questionnaire in spite of distribution to specific-to-

veterinarians Facebook groups and OVC communications.  The slow response may be explained 

by the fact that the questionnaire was deployed through Facebook groups designed to support the 

clinical responsibilities of the veterinarian, i.e. many groups were designed for veterinarians to 

consult with each other about cases.  Veterinarians visiting a Facebook group to consult about a 

case may not have seen the post about the questionnaire.  Even if the veterinarian saw it and 

wanted to complete the questionnaire later, the veterinarian may have forgotten about it once 

they closed Facebook and returned to their workday.  Some veterinarians may have chosen to not 

participate in the questionnaire on Facebook due to concerns about privacy, scientific integrity 

and validity.  Surveys distributed on Facebook may not be considered seriously.  In the end, 

veterinarians who were adept at managing their activities on social media, returned to queued 

tasks on social media during a break or after work and saw value in research conducted on social 

media may have been the most likely to complete the questionnaire.   

 

Another possible limitation is the potential lack of representativeness of studies recruiting 

participants through social media, specifically Facebook.  In the current study, veterinarians in 



 
 

132 

the 31 to 40 year old age group were likely overrepresented (Table 4.1) given that they made up 

71% of the respondents.  Also, the proportion of female respondents in the current study who 

worked in the USA exceeded the proportion of female veterinarians in private clinical practice 

reported by the AVMA (American Veterinary Medical Association, 2019).  The differences in 

the study population and the target population are further highlighted by the fact that the number 

of food animal and equine practitioners (Table 4.1) who worked in the USA were 

overrepresented in the current study (American Veterinary Medical Association, 2019).  This 

may be true for respondents who worked in Canada.  This was unexpected since Facebook is 

widely used across many demographics (Pew Research Center, 2018) and suggests that 

Facebook use among veterinarians, or, at least, their willingness to participate in questionnaires 

distributed through Facebook, may differ by age, gender and practice type.  This may be true for 

populations other than veterinarians, as well, and should be considered by researchers when 

seeking to enroll participants through Facebook (and perhaps other social media).  Nonetheless, 

this could also be a consequence of the approach that was taken by the authors of this study.  

 

 

4.6 Conclusions 

Most veterinarians are using ICTs to communicate with clients, though many are reluctant to 

charge for time spent with clients on ICTs.  This may be due to beliefs that clients will not pay 

for these services or do not recognize the value of these exchanges.  Telemedicine companies 

offer digital platforms that allow veterinarians to communicate with clients remotely and charge 

for time spent on ICTs with clients.  As such, implementing a telemedicine program may be 

associated with adopting new technologies not currently used.  It may also be associated with 
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revenue generation even though existing definitions of telemedicine from the AVMA and CVO 

do not require these revenue-generating practices.  Further, veterinarians may perceive 

telemedicine as the delivery of comprehensive set of clinical tasks when, in fact, it could be 

limited to one, such as online appointment scheduling.  Clarifying these perceptions may help 

veterinarians leverage telemedicine and ICTs to optimize their practice of veterinary medicine. 
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4.8 Tables 

Table 4.1.  Summary of demographics and data for Questions 1-8 collected from completed 
questionnaires. 

    
Total (n = 194) 

(%) 

Canada (n = 42) 
(% of 

respondents 
working in 

Canada) 

USA (n = 130) 
(% of 

respondents 
working in the 

USA) 

Other (n = 22) 
(% of 

respondents 
working in 

other countries) 

Gender     

 Female (n = 151) (78%) 151 (78) 30 (71) 110 (85) 11 (50) 

 Male (n = 39) (20%) 39 (20) 10 (24) 18 (14) 11 (50) 

  Other (n = 4) (2%) 4 (2) 2 (5) 2 (2) 0 (0) 

Date of birth     

 Unknown (n = 5) (3%) 5 (3) 1 (2) 3 (2) 1 (5) 

 1950 to 1959 (n = 2) (1%) 2 (1) 0 (0) 2 (2) 0 (0) 

 1960 to 1969 (n = 5) (3%) 5 (3) 1 (2) 4 (3) 0 (0) 

 1970 to 1979 (n = 22) (11%) 22 (11) 7 (17) 10 (8) 5 (23) 

 1980 to 1989 (n = 138) (71%) 138 (71) 24 (57) 103 (79) 11 (50) 

  1990 to 1999 (n = 22) (11%) 22 (11) 9 (21) 8 (6) 5 (23) 

Which statement best describes your work as a 

veterinarian? (Question 1) 
    

 
Works full-time at a practice; provides 

care to client owned animals. (n = 153) 

(79%) 

153 (79) 28 (67) 109 (84) 16 (73) 

 
Works part-time at a practice; 

provides care to client owned animals. 

(n = 28) (14%) 

28 (14) 12 (29) 12 (9) 4 (18) 

  

Provides care to client-owned animals; 

does not work at a practice. (n = 13) 

(7%) 

13 (7) 2 (5) 9 (7) 2 (9) 

Which best describes your type of practice?  

Select all that apply.  (Question 2) 
    

 Companion animal (dogs, cats) (n = 

148) (76%) 
148 (76) 35 (83) 101 (78) 12 (55) 

 Exotic pets (reptiles, hamsters, gerbils, 

rabbits, ferrets) (n = 31) (16%) 
31 (16) 10 (24) 19 (15) 2 (9) 

 Food animal (n = 29) (15%) 29 (15) 8 (19) 15 (12) 6 (27) 

 Equine (n = 33) (17%) 33 (17) 7 (17) 25 (19) 1 (5) 

  Other (n = 20) (10%) 20 (10) 4 (10) 9 (7) 7 (32) 

Based on your current knowledge of veterinary 

telemedicine, which of the following best 

describes your use of telemedicine?  (Question 

3) 
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 I use telemedicine in clinical practice. 

(n = 78) (40%) 
78 (40) 21 (50) 52 (40) 5 (23) 

 I do not use telemedicine in clinical 

practice. (n = 78) (40%) 
78 (40) 12 (29) 57 (44) 9 (41) 

  Unsure. (n = 38) (20%) 38 (20) 9 (21) 21 (16) 8 (36) 

Which of the following do you currently use to 

communicate remotely with clients in your 

practice and for what purpose? Select all that 

apply - ICTs.  (Question 4a) 

    

 Email (n = 173) (89%) 173 (89) 40 (95) 121 (93) 12 (55) 

 Text/instant messaging (n = 81) (42%) 81 (42) 16 (38) 48 (37) 17 (77) 

 Voice/telephone (n = 182) (94%) 182 (94) 38 (90) 127 (98) 17 (77) 

  Live video chat (n = 8) (4%) 8 (4) 1 (2) 3 (2) 4 (18) 

Which of the following do you currently use to 

communicate remotely with clients in your 

practice and for what purpose? Select all that 

apply - clinical tasks.  (Question 4b) 

[abbreviation] 

    

 
Help clients decide whether to bring 

animal to clinic. (n = 184) (95%) 

[perform triage] 

184 (95) 36 (86) 127 (98) 21 (95) 

 
Facilitate or communicate diagnostics 

with clients. (n = 186) (96%) [facilitate 

diagnosis] 

186 (96) 39 (93) 125 (96) 22 (1) 

 
Facilitate or communicate treatments 

with clients. (n = 183) (94%) [guide 

treatment] 

183 (94) 39 (93) 123 (95) 21 (95) 

 
Provide educational content to clients.  

(n = 174) (90%) [provide educational 

content] 

174 (90) 37 (88) 119 (92) 18 (82) 

 
Facilitate prescriptions for clients for 

their animals. (n = 167) (86%) [provide 

prescriptions] 

167 (86) 30 (71) 118 (91) 19 (86) 

  Other. (n = 3) (2%) 3 (2) 2 (5) 0 (0) 1 (5) 

Do you currently bill your clients for any 

communication via email, text/instant 

message, voice or live video chat? (Question 6) 

    

 Yes. (n = 0) (0%) 0 (0) 0 (0) 0 (0) 0 (0) 

 No. (n = 178) (92%) 178 (92) 40 (95) 119 (92) 19 (86) 

  

In general, I don't consult with my 

clients via remote communication.  (n 

= 16) (8%) 

16 (8) 2 (5) 11 (8) 3 (14) 

Would you like to bill your clients for any 

communications via email, text/instant 

message, voice or live video chat?  (Question 7) 

    

 Yes. (n = 114) (59%) 114 (59) 24 (57) 77 (59) 13 (59) 
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 No. (n = 68) (35%) 68 (35) 17 (40) 45 (35) 6 (27) 

  

I prefer not to consult with my clients 

via remote communication. (n = 12) 

(6%) 

12 (6) 1 (2) 8 (6) 3 (14) 
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Table 4.2.  Use of specific ICTs based on whether respondents stated they used telemedicine 
in practice (Question 3, Question 4). 

    Currently used ICTs in practice 

Do you use telemedicine 
in practice? (% of total) 

Uses at least one of the 
ICTs (email, text/instant 

messaging, telephone, 
live video chat) in 
practice? (% of 

stratum) 

Email (% of 
stratum) 

Text/instant 
messaging 

(% of 
stratum) 

Telephone 
(% of 

stratum) 

Live video 
chat (% of 
stratum) 

 All responses      

  Yes. (n = 78) 
(40) 78 (100) 75 (96) 34 (44) 75 (96) 5 (6) 

  No. (n = 78) 
(40) 78 (100) 67 (86) 29 (37) 72 (92) 1 (1) 

  Unsure. (n = 38) 
(20) 37 (97) 31 (82) 18 (47) 35 (92) 2 (5) 

    Total (n = 194) 193 (99) 173 (89) 81 (42) 182 (94) 8 (4) 

 Canada      

  Yes. (n = 21) 
(50) 21 (100) 21 (100) 9 (43) 19 (90) 1 (5) 

  No. (n = 12) 
(29) 12 (100) 12 (100) 3 (25) 11 (92) 0 (0) 

  Unsure. (n = 9) 
(21) 8 (89) 7 (78) 4 (44) 8 (89) 0 (0) 

  Total (n = 42) 41 (98) 40 (95) 16 (38) 38 (90) 1 (2) 

  United States of America       

  Yes. (n = 52) 
(40) 52 (100) 51 (98) 20 (38) 52 (100) 3 (6) 

  No. (n = 57) 
(44) 57 (100) 51 (89) 19 (33) 55 (96) 0 (0) 

  Unsure. (n = 21) 
(16) 21 (100) 19 (90) 9 (43) 20 (95) 0 (0) 

  Total (n = 130) 130 (100) 121 (93) 48 (37) 127 (98) 3 (2) 

  Other           
  Yes. (n = 5) (23) 5 (100) 3 (60) 5 (100) 4 (80) 1 (20) 
  No. (n = 9) (41) 9 (100) 4 (44) 7 (78) 6 (67) 1 (11) 

  Unsure. (n = 8) 
(36) 8 (100) 5 (63) 5 (63) 7 (88) 2 (25) 

    Total (n = 22) 22 (100) 12 (55) 17 (77) 17 (77) 4 (18) 
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Table 4.3.  How respondents would like their ICT use to change given their current state of 
ICT use (Question 4, Question 5). 

Currently used ICTs to communicate with clients 
Less Same More   

Satisfied Scores 1 and 2 
(%) 3 (%) 

Scores 4 and 5 
(%)   

Email - text only: Use less, same or more?.  
 

 Uses email currently. (n = 173) (89%) 16 (9) 76 (44) 81 (47)  157 (91) 

 Does not use email currently. (n = 21) (11%) 5 (24) 6 (29) 10 (48)  11 (52) 

  Total. (n = 194) 21 (11) 82 (42) 91 (47)     

Email  - text with images, audio and/or video: Use less, same or more?   
 

 Uses email currently. (n = 173) (89%) 18 (10) 55 (32) 100 (58)  155 (90) 

 Does not use email currently. (n = 21) (11%) 3 (14) 7 (33) 11 (52)  10 (48) 

  Total. (n = 194) 21 (11) 62 (32) 111 (57)     

Text/instant messaging - text only: Use less, same or more?  
 

 Uses text/instant messaging currently. (n = 81) 

(42%) 
17 (21) 29 (36) 35 (43)  64 (79) 

 Does not use text/instant messaging currently. 

(n = 113) (58%) 
34 (30) 46 (41) 33 (29)  80 (71) 

  Total. (n = 194) 51 (26) 75 (39) 68 (35)     

Text/instant messaging - text with images, audio and/or video: Use less, same or more?  
 

 Uses text/instant messaging currently. (n = 81) 

(42%) 
15 (19) 18 (22) 48 (59)  66 (81) 

 Does not use text/instant messaging currently. 

(n = 113) (58%) 
34 (30) 46 (41) 33 (29)  80 (71) 

  Total. (n = 194) 49 (25) 64 (33) 81 (42)     

Telephone/voice - audio only (includes phone calls, FaceTime audio only, Skype audio): Use less, same or more?  
 

 Uses telephone/voice currently. (n = 182) (94%) 50 (27) 102 (56) 30 (16)  132 (73) 

 Does not use telephone/voice currently. (n = 

12) (6%) 
6 (50) 2 (17) 4 (33)  8 (67) 

  Total. (n = 194) 56 (29) 104 (54) 34 (18)     

Live video chat: Use less, same or more?  
 

 Uses live video chat currently. (n = 8) (4%) 1 (13) 2 (25) 5 (63)  7 (88) 

 Does not use live video chat currently. (n = 186) 

(96%) 
81 (44) 88 (47) 17 (9)  169 (91) 

  Total. (n = 194) 82 (42) 90 (46) 22 (11)     
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Table 4.4.  Summary of data collected from completed questionnaires for Question 8. 

 
Potential use Can be used (%) Should not be 

used (%) 
Selected both 

(%)5 

 Overall (n = 194) 

  Perform triage (assign a level of urgency and direct clients and 

their animals to the appropriate caregiver).1 
138 (71) 56 (29) 5 (3) 

  Diagnose some diseases in an animal.2 62 (31) 134 (69) 4 (2) 

  Guide clients in the treatment of some diseases for their animal.3 154 (79) 40 (21) 6 (3) 

    Provide prescriptions to clients for their animal.4 147 (76) 47 (24) 4 (2) 

 Canada (n = 42) 

  Perform triage (assign a level of urgency and direct clients and 

their animals to the appropriate caregiver).1 
31 (74) 11 (26) 0 (0) 

  Diagnose some diseases in an animal.2 14 (33) 28 (67) 0 (0) 

  Guide clients in the treatment of some diseases for their animal.3 32 (76) 10 (24) 2 (5) 

    Provide prescriptions to clients for their animal.4 30 (71) 12 (29) 1 (2) 

 
United States (n = 130) 

 

 Perform triage (assign a level of urgency and direct clients and 

their animals to the appropriate caregiver).1 
93 (72) 37 (28) 3 (2) 

 
 Diagnose some diseases in an animal.2 41 (32) 89 (68) 3 (2) 

 
 Guide clients in the treatment of some diseases for their animal.3 106 (82) 24 (18) 3 (2) 

    Provide prescriptions to clients for their animal.4 104 (80) 26 (20) 2 (2) 

 
Other (n = 22) 

 

 Perform triage (assign a level of urgency and direct clients and 

their animals to the appropriate caregiver).1 
14 (64) 8 (36) 2 (9) 

 
 Diagnose some diseases in an animal.2 5 (23) 17 (77) 1 (5) 

 
 Guide clients in the treatment of some diseases for their animal.3 16 (73) 6 (27) 1 (5) 

    Provide prescriptions to clients for their animal.4 13 (59) 9 (41) 1 (5) 

1Abbreviated to "performing triage". 
2Abbreviated to "performing diagnosis". 
3Abbreviated to "guiding treatments". 
4Abbreviated to "providing prescriptions". 
5Number of respondents that selected both was removed from number that selected “can be used”. 
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4.9 Figures 

Figure 4.1. Percent of already-users satisfied with using each ICT. 
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Figure 4.2.  Percent of non-users willing to adopt each ICT. 
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Figure 4.3.  Transitioning to telemedicine may be the next step in a process for those 
veterinarians who recognize they already practice connected healthcare.  This is the case 
for most veterinarians. 

  



 
 

145 

Figure 4.4.  Transitioning to telemedicine may seem intimidating to veterinarians who do 
not realize they already practice connected healthcare. 
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Figure 4.5.  Veterinarians who use ICTs to triage patients only may find it easier to switch 
to a telemedicine program that focuses on triage and online appointment scheduling 
(“intake model”) and may consider a transition from their connected healthcare practice 
into a formal telemedicine practice attainable. 
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Figure 4.6.  Veterinarians may perceive telemedicine as the formal use of ICTs to deliver a 
variety of services (“comprehensive model”).  Veterinarians who use ICTs to triage 
patients only may find a transition to a comprehensive model intimidating and 
unattainable when, in fact, other options for telemedicine exist.   
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5 Chapter 5 | Risk factors for clinical diagnosis, disease severity and duration of canine 

infectious respiratory disease complex 

5.1 Abstract 

Canine Infectious Respiratory Disease Complex (CIRDC) is a common respiratory condition 

typically associated with high-density populations. Studies of risk factors for CIRDC in client-

owned animals and studies of prognostic factors in cases are comparatively rare for this disease. 

The objectives of this study were to: 1) identify risk factors (pathogens, environmental 

exposures) associated with the diagnosis of canine infectious respiratory disease complex 

(CIRDC); 2) identify risk factors associated with disease severity; and 3) estimate median 

disease duration. This study utilized a prospective multi-clinic case-control study conducted in 

Canada between April 2017 and May 2018. Objectives were addressed through the use of 

logistic and linear regression, random forests, and Kaplan-Meier survival curves. 

  

A total of 110 patients (74 cases, 36 controls) were enrolled by participating veterinary clinics.  

Pathogens were detected using a respiratory PCR panel.  Canine parainfluenza virus (CPIV), 

Bordetella bronchiseptica (Bb.), and canine respiratory coronavirus (CRCoV) were found in 

cases only.  According to two logistic regression models, detection of CPIV (OR=14.42; 95% 

CI: 2.24-∞) and CRCoV (OR=8.64; 95% CI: 1.26-∞) were associated with disease status; and 

exposures to mass gatherings also increased the odds (OR = 3.39; 95% CI: 1.26-9.81) of positive 

CIRDC diagnosis. These findings were confirmed with importance statistics from random 

forests.  The number of detected pathogens was the most important variable for cough score; and 

of all individual pathogens, detection of Mycoplasma cynos (Mc.) was identified as 
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important.  Large prediction errors were observed in cases with positive vaccination status. The 

median duration of disease for all reported cases was 11.5 days (95% CI: 9-14).   

 

This study is consistent with other studies that show that CPIV and CRCoV and exposures to 

areas of dog gatherings play a role in disease status.  Coinfection appears to be the most 

important factor in disease severity and has been shown in previous studies.  Mycoplasma cynos 

may play a direct role in increased disease severity or may be more detectable in severe cases 

due to overgrowth. The role of vaccination status in disease severity remains unclear. 

Nonetheless, large prediction errors present in vaccinated animals suggest that vaccinations 

might be important for disease severity, and specific studies examining this are warranted. 

 

5.2 Introduction 

Canine infectious respiratory disease complex (CIRDC), also known as “kennel cough” and 

“infectious tracheobronchitis” (Ford, 2013; Weese & Stull, 2013), is an infection of the upper 

respiratory tract characterized by paroxysmal dry cough as well as nasal discharge, sneezing, 

epiphora and inappetence (Appel & Binn, 1987; Ford, 2013; Joffe et al., 2016; Maboni et al., 

2019; Mitchell et al., 2017; Mochizuki et al., 2008).  The disease is typically self-limiting and 

most patients recover spontaneously.  Pneumonia may be seen in severe cases (Ford, 2013).  

Recovery may take days to weeks (Ford, 2013).  

  

Canine infectious respiratory disease complex often occurs in high-density dog populations or 

other situations where there is transient mixing of multiple dogs.  Environmental exposures that 

have been identified as risk factors include kennels (Mitchell et al., 2017; Priestnall et al., 2014) 
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and veterinary hospitals (Kawakami et al., 2010; Weese & Stull, 2013).  Canine infectious 

respiratory disease complex can also occur in the general population (Joffe et al., 2016; Mitchell 

et al., 2017), but specific environmental exposures, other than kennels and veterinary hospitals, 

have not been investigated.  

 

Traditionally, CIRDC has been associated with canine parainfluenza virus (Appel & Percy, 

1970), canine adenovirus type 2 (Ditchfield et al., 1962), and Bordetella bronchiseptica (Bemis, 

1992).  In spite of available vaccines against these pathogens, outbreaks of CIRDC continued to 

occur giving rise to an interest in new and emerging pathogens associated with CIRDC.  More 

recent pathogens discovered to be associated with CIRDC include canine influenza virus (H3N8, 

H3N2), canine herpesvirus, canine respiratory coronavirus, Streptococcus equi spp 

zooepidemicus and Mycoplasma cynos (Joffe et al., 2016; Kawakami et al., 2010; Mochizuki et 

al., 2008).  The etiology of CIRDC is believed to be multifactorial (Mitchell et al., 2017; 

Priestnall et al., 2014; Schulz et al., 2014).  This multifactorial etiology has made it challenging 

to understand how pathogens, environmental exposures and patient demographics play a role in 

infection, severity and duration. 

 

The purpose of this study was to further investigate the complex etiology of CIRDC in dogs.  

Specifically, this study aimed to 1) identify pathogens and environmental risk factors associated 

with diagnosis of CIRDC, 2) identify factors associated with disease severity, and 3) estimate 

median disease duration. 
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This study used a combination of explanatory and predictive modeling.  Explanatory modeling 

focuses on inference through the use of quantitative models (Bzdok et al., 2018).  Hypothesis 

testing using statistical models is one method used in explanatory modeling.  The goal is to 

understand the behavior of a system, e.g. identify associations and causal relationships between 

risk factors and outcomes.  On the other hand, predictive modeling focuses on prediction which 

helps provide insight for decision-making.  This distinction in objectives means that important 

variables for prediction may not necessarily agree with the significant risk factors identified by 

statistical analyses, i.e. variables important for prediction may not necessarily be biologically 

associated with the outcome of interest, nor be on the causal chain between the risk factor and 

outcome.  Nevertheless, both approaches may be effective at achieving their respective goals.  

Comparison between the two types of models may provide a means of gaining further insight 

into the results, especially when the results are in agreement.  

 

5.3 Methods 

5.3.1 Study design and data collection 

A prospective case-control study design was utilized.  Seven primary care veterinary clinics were 

involved with data collection.  Veterinary clinics providing data were located in Alberta, British 

Columbia, Ontario and Quebec, Canada and were purposively selected because of their 

affiliation with VCA Canada and practitioners’ willingness to participate in the study.   

 

The projected total sample size of 140 animals was determined on the basis of investigation of a 

range of scenarios with constant confidence and power of 95% and 80%, respectively, and with a 

ratio of cases to controls of 2:1. The projected sample size was expected to be sufficient to detect 
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a minimum odds ratio between 2 and 2.5, when the proportion of exposed controls varied 

between 10% and 20%. To meet the necessary sample size, each veterinary clinic aimed to enroll 

twenty cases and ten controls.  Data collection began in April 2017 and concluded in May 2018.  

 

Dogs were enrolled by veterinarians at each clinic at the time of visit.  In order to be included as 

a case, a patient must have had an acute cough of less than seven days’ duration and clinical 

signs (e.g. cough that is acute, paroxysmal, and/or honking) typical of CIRDC at the time of 

visit.  A patient was excluded from being a case for any of the following reasons: 1) had a 

chronic cough or a cough greater than seven days duration at the time of visit; 2) was treated 

with systemic antibiotics in the two months prior to the visit; 3) had comorbidities that could lead 

to coughing at the time of visit; or 4) had oral or intranasal CIRDC vaccines within the three 

weeks prior to the visit.  In order to be included as a control, the patients must have been: 1) in 

the same age range as the most recently enrolled case (age ranges are shown in Table 5.1); 2) 

historically healthy for at least three months prior to the visit; and 3) normal on physical exam.  

A patient was excluded from being a control if it: 1) had an acute or chronic cough on 

presentation; 2) had significant illness upon physical examination; 3) was treated with systemic 

antibiotics in the two months prior to the visit; 4) received oral or intranasal CIRDC vaccine 

within one month prior to the visit.  Full inclusion/exclusion criteria can be found in Appendix 

O.  For every second case, a control was enrolled on the same day.  Samples for pathogen 

detection were collected from the nasal cavity, pharynx and conjunctival sac at the time of visit.  

Nasal swabs were collected utilizing the technique described by Hanson and Tripp (Hanson & 

Tripp, 2018).  Pharyngeal swabs were collected by rolling a dry Copan swab across the tissues of 

the deep pharynx.  Ocular swabs were collected by rolling a dry Copan swab in the conjunctival 
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sac.  Pathogens were detected using a PCR-based respiratory panel (T995 – Fast Panel PCR 

Canine Respiratory Disease Profile, Antech) that included Mycoplasma cynos (Mc.), canine 

parainfluenza virus (CPIV), Bordetella bronchiseptica (Bb.), canine respiratory coronavirus 

(CRCoV), canine herpesvirus, canine influenza virus (H1N1, H3N8, H5N1), canine adenovirus, 

canine distemper virus, S. equi spp. zooepidemicus. 

 

Demographic and vaccination status data (within the prior three years of visit) for each patient 

were collected via surveys completed by the veterinarian.  Collected demographic data included 

information on the patient age, breed and sex (Questions 4, 5 and 6 respectively, Appendix P).  

Data for vaccination status included whether dogs received vaccines against Bb., CPIV or canine 

adenovirus (Question 11, Appendix P).  Patients that received core vaccines parenterally (canine 

distemper, canine parainfluenza, canine parvovirus, canine adenovirus-2) were also recorded.  

Patients with missing vaccine data were assumed to be unvaccinated.  Environmental risk factor 

data (within the prior two weeks of visit) were collected via surveys administered to patient 

owners, and included data regarding visits to specific animal facilities (kennels, day cares, dog 

parks, veterinary clinics, groomers) (Question 7, Appendix Q and Appendix R), as well as the 

number of times a day the dog goes outside into the yard (Question 6, Appendix Q and Appendix 

R).  Owners were provided a free textbox to describe any other exposures between their dog and 

other dogs (Question 8, Appendix Q and Appendix R). 

 

Clinical signs (cough, sneezing, runny nose, inappetence, epiphora) of cases were scored by the 

enrolling veterinarian on a scale of one (very mild) to seven (very severe) (Question 9, Appendix 
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P).  Veterinarians also followed up with owners to determine when the dog recovered (Question 

11, Appendix Q). 

 

5.3.2 Data analysis 

For the first objective, descriptive analyses were performed to identify trends in how each risk 

factor (demographics, pathogens detected, vaccination status, environmental exposures) affected 

disease status.  Exact univariable logistic regressions were performed for each risk factor to 

identify any statistically significant associations with disease status. Results of univariable 

analysis were then used to inform the building of the two final exact logistic regression models.  

The first model would identify pathogens associated with disease status (pathogen model); the 

second model would identify environmental exposure associated with disease status 

(environmental exposure model).  A causal diagram (Appendix S) was used to guide analysis 

and to provide insight into any potential confounders between disease status and pathogen 

detection (i.e., exposure in the pathogen model) and environmental exposures (i.e., exposure in 

the environmental model).  For the latter model, a composite variable “mass gathering” was 

created, based on the reported exposure of dogs to settings in which interaction with other dogs 

could occur. This included exposure to the following settings: kennels, day cares, dog parks, or 

groomers. Exact logistic regressions were run for both the pathogen and environmental exposure 

models. The two final models were built using a manual forward selection approach while taking 

into consideration the causal model and the logistic rule, which limited the number of potential 

variables included in the final model (Dohoo et al., 2003).   To gain further insight into the 

importance of predictors when evaluated simultaneously, all predictor variables were entered 

into a random forest classifier (R package: randomForest, caret) with disease status as the 
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outcome in order to generate an importance plot.  Performance of the classifier was evaluated for 

accuracy by using five-fold repeated cross validation. The resulting importance plot (calculated 

using number-of-times-a-root) (R package: randomForestExplainer 0.10.0) was compared with 

the pathogen and environmental exposure logistic regression models. 

 

For Objective 2 (risk factors for disease severity in cases only), data were collected on several 

clinical severity scores: cough, sneeze, inappetence, nasal discharge and epiphora using a seven-

point interval rating scale.  The research team also engineered a sixth “general severity score” 

based on the original five severity scores.  Weights were assigned to each severity score based on 

internal discussions between the authors (shown below). 

!"#"$%&'	)*+$" = (3 ∗ 01233"&21*") +		 (1 ∗ 73%3ℎ+$2) + (1 ∗ 92)2:	;%)*ℎ2$<") + (2 ∗ *+><ℎ)

+ (2 ∗ ?"#"$) 

Random forest models were then used to identify the clinical severity score with the highest 

predictive accuracy, as measured by the coefficient of determination (R2) (Appendix T).  

Random forest models were constructed for each clinical severity score, and for each predictor 

variable group (pathogens, demographics, vaccination status), with the goal of identifying 

clinical severity score with highest predictive accuracy.  A final clinical severity score was 

chosen by the research team through consideration of the R2 of each predictor group for each 

clinical severity score and the clinical relevance of the clinical severity score.  Cough score was 

chosen as the final clinical severity score as its R2 was the best across various groups of 

predictors.  Further, cough is often the presenting complaint of owners of dogs with CIRDC.  

Additionally, a variable indicating the number of pathogens detected was included in the final 

analysis as a predictor.  A final random forest model for cough score was built using all predictor 

variables.  Importance plots were generated using different criteria including the number-of-
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times-a-root, mean minimum depth and number of nodes.  Five-fold repeated cross-validation 

was used to assess predictive performance, which was based on the coefficient of determination. 

Then, various plots were produced to understand potential biases in prediction. For this, 

predicted values from different iterations of the cross-validated data were extracted and 

combined with observed data. Predicted vs. observed error plots were used to determine whether 

predictions for certain observed values were over- or underestimated.  A box-and-whisker plot of 

prediction errors for each dog was generated, and the magnitude and the direction of the 

prediction error was examined against selected predictors with the goal of understanding whether 

poorly predicted observations shared common characteristics.   

 

After identifying the best performing random forest model for the cough score, a linear 

regression model was built using the same data in order to compare findings with the results of 

predictive modelling. The explanatory model was built using linear regression with robust 

standard errors, with predictors selected using forward selection.  Age was forced into the model 

throughout the model building process.  The decision to force age into the model was based on a 

prior study that found age to be a predictor of disease severity (Maboni et al., 2019).  

 

For Objective 3, Kaplan-Meier survival curves were estimated based on the subset of data for 

which disease duration was reported.  Existence of differences in the duration of owner-reported 

clinical disease between dogs with different detection status for pathogens was evaluated using 

log-rank test.  In order to understand whether there were differences in cough severity score 

between cases with reported disease duration and cases without, the distribution of cough scores 
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was compared between the two groups using the Mann-Whitney U test and medians were 

reported.     

 

Explanatory analyses (linear and logistic regression) were conducted in STATA 15 (StataCorp 

20191).  Random forest modeling was conducted in R using the caret (version 6.0.85), 

randomForest (version 4.6.14) and randomForestExplainer (version 0.10.0) packages.  This 

study was approved by the Research Ethics Board (REB #: 17-05-005) and Animal Care 

Committee at the University of Guelph. 

 

5.4 Results 

5.4.1 Descriptive analysis 

A total of 110 patients (74 cases, 36 controls) were enrolled.  Missing age data (2 cases, 1 

control) were replaced with the median age score for cases and controls, respectively.  Missing 

breed data or breeds described as “mixed” (15 cases, 7 controls) were replaced with “other”.  

Missing sex data (2 cases, 1 control) were also replaced with “unknown”.  Patients with missing 

vaccination data (3 cases) were assumed to be unvaccinated for the missing vaccine’s respective 

pathogens.  A summary of data collected for selected variables is presented in Table 5.1.   The 

distribution of age for cases and controls is presented in Figure 5.1.   

 

Canine parainfluenza virus, Bb. and CRCoV were identified in cases only (Table 5.1, Table 5.2); 

none of these pathogens were found in controls.  Canine influenza virus (H1N1, H3N8, H5N1), 

canine herpesvirus and S. zooepidemicus were not detected in any enrolled dogs.  Mycoplasma 

 
1 StataCorp. 2019.  Stata Statistical Software: Relase 16.  College Station, TX: StataCorp LLC. 
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cynos was the only pathogen (Table 5.1, Table 5.2) found in both cases and controls (Table 5.1, 

Table 5.2).  Table 5.2 displays the frequency of detection of both individual pathogens and 

various pathogen patterns in cases and controls.  The most common pattern among cases (35.1%) 

was detection of Mycoplasma cynos only, followed by the pattern of no detections of any tested 

pathogen (25.7%). The maximum number of pathogens detected was three and included 

detection of CPIV, Bb. and Mc. (4.0%; Table 5.2).  Frequencies of vaccination patterns among 

cases and controls are shown in Table 5.3.  The maximum number of vaccines received by both 

cases (39%) and controls (44%) was four, and included Bb., canine adenovirus, CPIV and core 

vaccines (Table 5.3).  This was also the most common vaccination pattern among cases and 

controls.  The least common vaccination pattern (1%) among cases were for Bb., canine 

adenovirus and core vaccinations (Table 5.3).  The least common vaccination pattern (6%) for 

controls were Bb., canine adenovirus and CPIV (Table 5.3).  Ten (14%) cases and 6 (17%) 

controls were reported as having received no vaccines (Table 5.3). 

 

5.4.2 Risk factors for case status 

Results of the univariable exact logistic regression (disease status as outcome) are shown in 

Table 5.1.  Among pathogens, positive detection of CPIV or CRCoV were univariably associated 

with disease status (Table 5.1).  Exposures to mass gatherings (kennel, day care, dog park, 

groomers) were associated with disease status when considered simultaneously (OR 3.29; CI 

1.32 - 8.34) (Table 5.1) and several of them (day care, groomers) when considered individually 

(Table 5.1).  In contrast, visits to veterinary clinics decreased the odds (OR 0.24; CI 0.09 – 0.63) 

(Table 5.1) of being detected as a CIRDC case. 
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Results of the multivariable exact logistic regression with disease status as the outcome and 

pathogens or environmental risk factors as predictors are presented in Table 5.4.  Canine 

parainfluenza virus and CRCoV were associated with disease (Table 5.4).  With respect to 

environmental risk factors, exposure to mass gatherings (OR 3.39; CI 1.25 – 9.81) increased the 

odds of being included as a CIRDC case, while a visit to veterinary clinics (OR 0.18; CI 0.06 – 

0.54) decreased the odds of being included as a case, after adjusting for dog’s sex (Table 5.4). 

After all demographic, pathogen, and environmental variables were offered to a random forest 

classification model, the resulting importance plot yielded similar results to the two logistic 

regression models (Figure 5.2). The classification accuracy (based on 5-fold repeated cross-

validation) of the random forest classification model was 78% with sensitivity of 86% and 

specificity of 59%.   Risk factors identified as significantly associated with disease status in the 

exact logistic regressions (CPIV, CRCoV, exposure mass gatherings, exposure to veterinary 

clinics) were ranked highly in the importance plots (all risk factors were in the top seven; Figure 

5.2). 

 

5.4.3 Clinical severity  

The predictive ability of random forest models, based on the coefficient of determination (R2), 

was unsatisfactory for all clinical scores, and warranted further investigation only for cough and 

epiphora (data not shown).  The final random forest model for cough severity had an R2 of 12%. 

Visual inspection of importance plots (Figure 5.3, Figure 5.4) suggested that the number of 

pathogens detected was the most important variable according to multiple criteria. Among the 

individual pathogens, Mc. was identified as the most important, whereas Bb. and CPIV were 

depicted as having a lower magnitude of importance (Figure 5.3), followed by CRCoV. These 
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results were partially confirmed by linear regression (Appendix U), which contained Mc. and 

CPIV as individual pathogens included in the multivariable model (Appendix U). 

 

The overall behavior of predicted versus observed values can be found in Appendix V.  A 

histogram of prediction errors for all cases can be found in Appendix W.  A box-and-whisker 

plot of prediction errors by individual canine patient ID obtained by using the repeated cross-

validation approach is depicted in Figure 5.5.  Median errors were also examined according to 

investigated demographic, infectious and management factors (Table 5.5, Appendix X).  Percent 

of dogs with low prediction errors (|median prediction error| ≤ 2) was lower for cases that tested 

positive for Mc. (75%) (Table 5.5) than for cases that tested negative (87%).  In contrast, cases 

that tested negative for CRCoV had a lower percentage of predictions with low prediction error 

(78%) (Table 5.5) compared to those that tested positive (90%).  Percent of predictions with low 

prediction error was substantially lower for cases that received vaccinations compared to those 

that did not (Table 5.5).   

 

5.4.4 Duration of clinical disease 

Only 32 cases had disease duration reported by owners.  The median cough score for cases with 

disease duration reported was three (interquartile range (IQR): 3-4) while the median cough 

score for cases that did not report disease duration was 2.5 (IQR: 2 – 3.75) (Figure 5.6).  A 

significant difference was detected using the Mann-Whitney U test (p = 0.04).  Median disease 

duration for all reported cases was 11.5 days (Figure 5.7).  The median disease duration for dogs 

infected with each pathogen is shown in  
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Table 5.6.  Nonetheless, when evaluated using the log-rank test, positivity for pathogens in this 

small study population could not be detected as associated with disease duration (p>0.05). 

 

5.5 Discussion 

In this study, risk factors for CIRDC diagnosis and severity have been investigated with both 

traditional explanatory (linear and logistic regression) and predictive (random forest) modeling.  

This two-approach method allows for inference and prediction.  Although the objectives of both 

approaches differ, comparison of risk factors identified by traditional statistics and important 

variables identified by random forest provides a means to evaluate consistency between the two 

approaches. 

 

This study adds to the body of literature that show CPIV and CRCoV are associated with disease 

diagnosis (Appel & Percy, 1970; Erles et al., 2003; Joffe et al., 2016; Maboni et al., 2019; 

Mitchell et al., 2017; Weese & Stull, 2013).  The current study did not demonstrate associations 

between Bb. and disease status.  This may be due to an inability to detect an association due to a 

smaller sample size, although previous studies have suggested that vaccination programs. may 

play a role in decreasing the detection rate of traditional CIRDC agents, such as Bb.  The current 

study and a previous study (Joffe et al., 2016) show that Mc. can be found in both healthy and 

diseased dogs.  This suggests that Mc. may be, at best, a component cause, but insufficient when 

present alone, and may require the presence of other pathogens (Chalker et al., 2004; Priestnall et 

al., 2014) to cause disease.    
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When environmental risk factors were considered, this study also showed that cases were more 

likely to be exposed to environmental risk factors (i.e. mass gatherings) than controls, which is in 

line with the contagious nature of many of the pathogens involved in CIRDC. Consequently, 

while CIRDC has been considered a disease of kenneled dogs (Mitchell et al., 2017), the disease 

could enter the client-owned dog population through means other than kennels (e.g. groomers, 

dog parks, day care).  Interestingly, exposure to veterinary clinics were protective in spite of the 

fact that veterinary clinics may be crowded with other dogs and, thus, could be considered a 

mass gathering.  This could be a true effect or the result of a selection bias, e.g. the patterns of 

visiting veterinary clinic among control owners may be different from the source population, or 

measurement bias, e.g. owners of controls recall exposures differently than owners of cases.  

Because of such a possibility, visits to the veterinary clinic were kept separate from the mass 

gathering variable, although one could argue that they represent a similar type of exposure. 

 

Ambiguity in vaccination status made it difficult to further investigate the role of vaccination 

protocols in disease status, severity and duration and is a study limitation.  Core vaccine 

protocols typically include vaccines against canine distemper virus, canine adenovirus, canine 

parvovirus, CPIV and rabies, but may include vaccines against other agents, such as Bb (Dog 

Core Vaccines - Ontario SPCA and Humane Society, n.d.; Pet Health 101 | Ontario Veterinary 

Medical Association, n.d.).  However, “core” vaccination in the current study was not defined to 

the extent that would allow precise listing of all vaccines included in the protocol for every study 

participant.  Further, several dogs that received core vaccines also received individual vaccines 

that would have been included under core vaccination protocols (Table 5.3).  It was impossible 

to ascertain whether these dogs received certain vaccines twice (or more), received only the core 
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vaccines or received only the individual vaccines.  This ambiguity may be the reason why dogs 

that received vaccinations tended to have larger prediction errors for cough score than dogs that 

did not receive a specific vaccination.  Studies that examine specifically how vaccination status 

affects disease status, severity and duration in dogs under similar risks are warranted.  

 

This study also showed that detection of multiple pathogens was the most important variable for 

the cough score, on the basis of multiple importance criteria. This finding is biologically 

plausible as the presence of multiple pathogens enhances the pathological process and is 

consistent with the literature on CIRDC (Maboni et al., 2019; Mitchell et al., 2017). Nonetheless, 

detection of more than a single pathogen could have been confounded with the time when the 

patient was examined and when specimens were taken. When the impact of individual pathogens 

was examined using random forests and linear regression, it was found that Mc. was the 

pathogen with the highest importance statistic and magnitude of association with increased 

cough score (Figure 5.3 and Figure 5.4), which is consistent with previous literature (Chalker et 

al., 2004; Maboni et al., 2019).  One interpretation is that Mc. may be an opportunistic pathogen 

and play the role of disease potentiator.  Alternatively, Mc. may not play a role in increasing 

disease severity and may be more detectable in dogs with severe disease, perhaps due to 

overgrowth.  In this scenario, Mc. may be an indicator of disease severity rather than a 

potentiator of disease severity.  Another explanation is that Mc. is detectable for a longer period 

of time after the onset of clinical disease compared to other pathogens (Greene, 2012).  Finally, 

the detection of Mc. may be an indicator of coinfection, which may be the actual driver of 

increased disease severity (Maboni et al., 2019; Mitchell et al., 2017), since Mc. was detected in 

most cases with two or more pathogens detected (Table 5.2).  
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The investigation into clinical sign duration was limited by the low response rate of clients (only 

32/74 responses).  Clinical sign duration was based on client observation and may be prone to 

recall bias.  Reported median durations may be a reflection of how long clients perceive the 

disease to be problematic rather than how long clinical resolution takes.  Nonetheless, median 

duration of clinical illness estimated in this study is consistent with recovery times for 

uncomplicated disease in healthy dogs (Ford, 2013).   

 

5.5.1 Limitations 

This study has several notable limitations. First, an attempt was made to age-match every other 

case to a control dog. Nonetheless, recruitment of younger age (<1 year) dogs as controls has 

proven to be challenging, though the reason for this is unclear.  One possibility is that owners of 

healthy dogs less than 1 years old are less amenable to sampling procedures typically performed 

in sick dogs.  Thus, it is possible that owners submitting their young and healthy dogs as controls 

may be different from the source population. This is another reason why age was forced into 

regression models. Vaccination status continues to be challenging to evaluate for a variety of 

reasons: (i) timing of vaccines with respect to disease detection (in cases) or time of matching (in 

controls) is very variable and challenging to standardize, particularly in a small study, (ii) 

vaccination against specific pathogens could be implemented by various routes of inoculation, 

(iii) vaccination status against some respiratory pathogens may in fact be indicative of a higher 

perceived risk of infection in certain environments (e.g., kennels may require vaccinations 

against certain respiratory pathogens prior to visits). Out of many possible approaches, we 

attempted to consider this complex topic by binary classification of vaccination status. The fact 
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that the highest prediction errors for cough severity (both high and low) was identified in animals 

vaccinated against some respiratory pathogens may be an indication that vaccination needs to be 

investigated further, but in a study that is specifically designed to investigate such a question. 

Finally, the test used for canine influenza virus was based on H1N1, H3N8, H5N1. Nonetheless, 

recent data suggest that H3N2 CIV was detected with increased frequency (Voorhees et al., 

2017). It is therefore possible that some cases of CIV were missed. Similarly, understanding of 

diagnostic sensitivity and specificity for individual pathogens on a panel would be useful. 

Finally, the targeted sample size was not achieved for the current study due to logistical reasons.  

Thus, some associations may not have been detected. 

 

5.6 Conclusions 

This study confirms the findings of previous studies that CPIV and CRCoV are associated with 

CIRDC status.  This study also shows that locations with high dog density are a risk factor for 

disease status. Out of all the clinical signs evaluated, cough score was the most promising, 

although the predictive performance was still low.  In this model, detection of multiple pathogens 

appeared to be an important factor for cough severity and may be the main driver.  Mycoplasma 

cynos may be an indicator of coinfection, where coinfection is the primary cause of increased 

disease severity.  The role of vaccination status in disease status, severity and duration is unclear. 

Nonetheless, large prediction errors present in vaccinated animals suggest that vaccinations 

might be important for disease severity, and specific studies examining this are warranted.  The 

predictive modeling approach provided further insights when explanatory models were limited 

by study design or computationally.  
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5.8 Tables 

Table 5.1.  Results of descriptive analysis for demographics, pathogens detected, vaccines administered and environmental 
risk factors and univariable exact logistic regression with disease status as outcome. 

          Exact logistic regression 

Risk factors Levels Cases (n = 
74)(%) 

Controls (n = 
36)(%) OR (95% CI) p-value Global p-value  

Demographics    
 Age ranges (years)    

  <1 17 3 

Not tested.   1 to 3 23 10 

  >3 to 7 17 8 
  > 7 17 15 
 Brachycephalic    

  No 47 (64) 27 (75) Reference  

0.29 
  Other 15 (20) 7 (19) 1.23 (0.41 - 4.03) 0.8 

  Yes 12 (16) 2 (6) 3.41 (0.68 - 33.61) 0.13 

 Sex       
  Spayed females 23 (31) 18 (50) Reference - 

0.1 

  Unknown 2 (3) 1 (3) 1.55 (0.08 - 97.40) 1 

  Castrated males 30 (41) 14 (39) 1.67 (0.63 - 4.47) 0.27 

  Males 11 (15) 0 (0) 11.21 (1.65 - ∞) 0.01 

    Females 8 (11) 3 (8) 2.06 (0.41 - 13.78) 0.1 

Pathogens detected   
 Mycoplasma cynos    
  No 30 (41) 19 (53) Reference - 

0.31   Yes 44 (59) 17 (47) 1.63 (0.68 - 3.95) 0.31 
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 Canine parainfluenza virus    
  No 56 (76) 36 (100) Reference - 

<0.01   Yes 18 (24) 0 (0) 15.86 (2.59 - ∞) <0.01 
 Bordetella bronchiseptica    

  No 69 (93) 36 (100) Reference - 
0.17   Yes 5 (7) 0 (0) 3.42 (0.45 - ∞) 0.17 

 Canine respiratory coronavirus    
  No 64 (86) 36 (100) Reference - 

0.02   Yes 10 (14) 0 (0) 7.62 (1.17 - ∞) 0.02 
 Canine herpesvirus    

  No 74 (100) 36 (100) Assumes one value 
only. 

- 
-   Yes 0 (0) 0 (0) - 

 Canine distemper virus    
  No 74 (100) 36 (100) Assumes one value 

only. 
- 

-   Yes 0 (0) 0 (0) - 
 Canine influenza virus (H3N8)    

  No 74 (100) 36 (100) Assumes one value 
only. 

- 
- 

    Yes 0 (0) 0 (0) - 

Vaccines administered (within past 3 years)   
 Bordetella bronchiseptica      
  No 25 (34) 11 (31) Reference - 

0.83   Yes 49 (66) 25 (69) 0.85 (0.33 - 2.18) 0.83 

 Canine parainfluenza virus      
  No 24 (32) 9 (25) Reference - 

0.51   Yes 50 (68) 27 (75) 0.70 (0.25 - 1.83) 0.51 

 Canine adenovirus      
  No 34 (46) 18 (50) Reference - 

0.84   Yes 40 (54) 18 (50) 1.17 (0.49 - 2.81) 0.84 

 Core vaccinations      
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  No 17 (23) 11 (31) Reference - 
0.48 

    Yes 57 (77) 25 (69) 1.47 (0.54 - 3.91) 0.48 

Environmental risk factors (within past 2 weeks)   
 Kennel    
  No 62 (84) 33 (92) Reference - 

0.38   Yes 12 (16) 3 (8) 2.12 (0.52 - 12.50) 0.38 

 Day care    
  No 50 (68) 33 (92) Reference - 

0.01   Yes 24 (32) 3 (8) 5.21 (1.41 - 29.20) 0.01 

 Dog park    
  No 50 (68) 28 (78) Reference - 

0.37   Yes 24 (32) 8 (22) 1.67 (0.62 - 4.90) 0.37 

 Veterinary clinic    
  No 61 (82) 19 (53) Reference - 

<0.01   Yes 13 (18) 17 (47) 0.24 (0.09 - 0.63) <0.01 

 Groomers    
  No 56 (76) 34 (94) Reference - 

0.02   Yes 18 (24) 2 (6) 5.40 (1.17 - 50.88) 0.02 

 Mass gathering     
  No 28 24 Reference - 

<0.01   Yes 46 12 3.29 (1.32 - 8.34) <0.01 
 Number of times per day outside in yard    

  0-2 12 (16) 2 (6) Reference - 

0.48   3-5 36 (49) 17 (47) 0.36 (0.04 - 1.89) 0.32 
  ≥6 26 (35) 17 (47) 0.26 (0.03 - 1.40) 0.11 

 Contact with other dogs   
  No contact 55 (74) 32 (89) Reference - 0.48 
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  Potential contact 12 (16) 1 (3) 6.89 (0.94 - 307.61) 0.06 

    Confirmed 
contact 7 (9) 3 (8) 1.35 (0.28 - 8.68) 0.74 
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Table 5.2.  Frequencies of patterns of detected pathogens in a case-control study of CIRDC in Canada (2017-2018) 

  Total (%) Mycoplasma 
cynos (%) 

Canine 
parainfluenza 

virus (%) 

Bordetella 
bronchiseptica 

(%) 

Canine 
respiratory 

coronavirus (%) 

Canine 
herpesvirus (%) 

Canine 
distemper virus 

(%) 

Canine 
influenza virus 

(%) 

# pathogens 
detected 

Cases          
 19 (26) - - - - - - - 0 

 1 (1) - - + - - - - 1 
 3 (4) - - - + - - - 1 

 6 (8) - + - - - - - 1 
 26 (35) + - - - - - - 1 
 1 (1) - + - + - - - 2 

 1 (1) + - + - - - - 2 
 6 (8) + - - + - - - 2 
 8 (11) + + - - - - - 2 

 3 (4) + + + - - - - 3 

Total 74 44  18 5 10 0 0 0 - 

Controls           
 19 (53) - - - - - - - 0 

 17 (47) + - - - - - - 1 

Total 36 17 0 0 0 0 0 0 - 
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Table 5.3.  Frequencies of vaccination patterns in a case-control study of CIRDC in Canada 
(2017-2018) 

 Patterns of vaccination   

  
Bordetella 

bronchiseptica 
(%) 

Canine 
adenovirus 

(%) 

Canine 
parainfluenza 

virus (%) 

Core 
(%) # vaccines Total (%) 

Cases   
 - - - - 0 10 (14) 

 + - - - 1 5 (7) 

 - + - + 2 8 (11) 

 - - + + 2 7 (9) 

 + + + - 3 2 (3) 

 + + - + 3 1 (1) 

 + - + + 3 12 (16) 

  + + + + 4 29 (39) 

Total 49 (66) 40 (54) 50 (68) 57 (77)   74 

Controls   
 - - - - 0 6 (17) 

 + - - - 1 3 (8) 

 - - + + 2 5 (14) 

 + + + - 3 2 (6) 

 + - + + 3 4 (11) 

 + + + + 4 16 (44) 

Total 25 (69) 18 (50) 27 (75) 25 (69)   36 
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Table 5.4.  Multivariable exact logistic regression with status as the outcome and pathogens 
(pathogen model) and environmental exposures (environmental exposure model) as 
predictors. 

  Risk factors Odds ratio (95% CI) p-value 

Pathogen model 

 
Canine parainfluenza virus 

 + 14.42 (2.24 - ∞) <0.01 

 
- Reference - 

 
Canine respiratory coronavirus 

 + 8.64 (1.26 - ∞) 0.02 

 
- Reference - 

 
Age (years) 0.98 (0.88 - 1.10) 0.76 

 Male   
 + 6.00 (0.78 - ∞) 0.07 

  - Reference - 

Environmental exposure model 

 Mass gathering   
 + 3.39 (1.25 - 9.81) 0.01 

 - Reference - 

 Veterinary clinic   
 + 0.18 (0.06 - 0.54) <0.001 

 - Reference - 

 Male   
 + 12.99 (1.75 - ∞) 0.01 

  - Reference - 
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Table 5.5.  Frequency of median prediction errors for cough score per risk factor. 

    Median prediction error   

    ≤ -2 ≥ 2 Between -2 and 2 Total 

Pathogen status 

Mycoplasma cynos     

 (+) 7 (16) 4 (9) 33 (75) 44 (59) 

 (-) 1 (3) 3 (10) 26 (87) 30 (41) 

 Total 8 (11) 7 (9) 59 (80) 74 

Canine parainfluenza virus     

 (+) 3 (17) 1 (5) 14 (78) 18 (24) 

 (-) 5 (9) 6 (11) 45 (80) 56 (76) 

 Total 8 (11) 7 (9) 59 (80) 74 

Bordetella bronchiseptica     

 (+) 1 (20) 0 (0) 4 (80) 5 (7) 

 (-) 7 (10) 7 (10) 55 (80) 69 (93) 

 Total 8 (11) 7 (9) 59 (80) 74 
Canine respiratory 
coronavirus 

    

 (+) 0 (0) 1 (10) 9 (90) 10 (14) 

 (-) 8 (13) 6 (9) 50 (78) 64 (86) 

 Total 8 (11) 7 (9) 59 (80) 74 

Vaccination status 

Bordetella bronchiseptica     

 Vaccinated 7 (14) 5 (10) 37 (76) 49 (66) 

 Unvaccinated 1 (5) 2 (9) 19 (86) 22 (30) 

 Unknown 0 (0) 0 (0) 3 (100) 3 (4) 

 Total 8 (11) 7 (9) 59 (80) 74 

Canine parainfluenza virus     

 Vaccinated 8 (16) 7 (14) 35 (70) 50 (68) 

 Unvaccinated 0 (0) 0 (0) 21 (100) 21 (28) 

 Unknown 0 (0) 0 (0) 3 (100) 3 (4) 

 Total 8 (11) 7 (9) 59 (80) 74 

Canine adenovirus     

 Vaccinated 6 (15) 4 (10) 30 (75) 40 (54) 

 Unvaccinated 2 (6) 3 (10) 26 (84) 31 (42) 

 Unknown 0 (0) 0 (0) 3 (100) 3 (4) 

 Total 8 (11) 7 (9) 59 (80) 74 

Core vaccination     

 Vaccinated 7 (7) 7 (7) 43 (86) 57 (57) 
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 Unvaccinated 1 (5) 0 (0) 13 (93) 14 (14) 

 Unknown 0 (0) 0 (0) 3 (100) 3 (4) 

 Total 8 (11) 7 (9) 59 (80) 74 
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Table 5.6.  Median disease duration by pathogen for cases with disease duration recorded 
(n = 32). 

Pathogen 
Median 

duration time 
(days) 

95% CI p-value 

Mycoplasma cynos  

 + (n = 21) 13 8 - 18 
0.37 

  - (n = 11) 10 7 - ∞ 

Canine parainfluenza virus  

 + (n = 2) 15.5 15 - ∞ 
0.64 

  - (n = 30) 10.5 8 - 14 

Bordetella bronchiseptica  

 + (n = 1) 14 -- 
0.87 

  - (n = 31) 11 8 - 15 

Canine respiratory coronavirus  

 + (n = 4) 16 7 - ∞ 
0.38 

  - (n = 28) 10.5 8 - 14 
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5.9 Figures 

Figure 5.1.  Distribution of age (in years) for cases and controls with results of univariable 
exact logistic regression with disease status as the outcome. 
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Figure 5.2.   Importance plot from random forest classifier using all predictor variables 
(demographics, pathogens detected, vaccination status, environmental exposure) with 
disease status as the outcome.  The measure of importance used was number-of-times-a-
root. 

 
cpiv: canine parainfluenza virus detected 
vetclin: exposure to veterinary clinic 
mass_gather: visited any (or combination) of the following: day care, kennel, groomer, dog park 
sex: sex 
age_years: age in years 
daycare: exposure to daycare  
other2: exposure to other dogs 
groomers: exposure to groomers 
crcv: canine respiratory coronavirus detected 
yard_cat: time spent outside in yard 
brachy: dog is brachycephalic 
vac_core: reported as receiving “core” vaccines 
myco: M. cynos detected 
dogpark: exposure do dog parks  
vac_pi: reported as receiving vaccine for canine parainfluenza virus 
vac_bb: vaccinated for B. bronchispetica 
vac_adv: vaccinated for canine adenovirus 
kennel: exposure to kennels 
bb: B. bronchiseptica detected 
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Figure 5.3.  Importance plot from the random forest regression model using all predictor 
variables (demographics, pathogens detected, vaccination status, environmental exposure) 
with cough severity score as outcome.  The measure of importance used was number-of-
times-a-root.  

  
 
n_pathogens: number of pathogens 
sex: sex 
myco: M. cynos detected 
age_years: age in years 
vac_adv: vaccinated for canine adenovirus 
brachy: dog is brachycephalic 
vac_bb: vaccinated for B. bronchispetica 
vac_core: reported as receiving “core” vaccines. 
vac_pi: reported as receiving vaccine for canine parainfluenza virus. 
bb: B. bronchiseptica detected. 
cpiv: canine parainfluenza virus detected.  
mass_gather: visited any (or combination) of the following: day care, kennel, groomer, dog park. 
crcv: canine respiratory coronavirus detected. 
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Figure 5.4.  Multiway importance plot from the random forest regression model using all 
predictor variables (demographics, pathogens detected, vaccination status, environmental 
exposure) with disease severity as outcome.  

 
n_pathogens: number of pathogens 
sex: sex 
myco: M. cynos detected 
age_years: age in years 
vac_adv: vaccinated for canine adenovirus 
brachy: dog is brachycephalic 
vac_bb: vaccinated for B. bronchispetica 
vac_core: reported as receiving “core” vaccines. 
vac_pi: reported as receiving vaccine for canine parainfluenza virus. 
mass_gather: visited any (or combination) of the following: day care, kennel, groomer, dog park. 
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Figure 5.5.  Distribution of prediction errors for cough score for each case. 

 
  



 
 

183 

Figure 5.6.  Cough severity score vs. whether owner responded to follow-up regarding 
disease duration. 
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Figure 5.7.  Duration of disease in cases described using a survival curve.  Median disease 
duration (11.5 days) indicated by dotted line. 

 
  



 
 

185 

6 Chapter 6 | Discussion and future directions 

A summary of research findings, implications and future directions are presented in this chapter.  

This chapter concludes with a discussion of strengths and limitations of the research in this 

dissertation. 

 

6.1 Context, summary of research findings and implications 

This dissertation begins with a literature review that highlights the phenomenon of The Fourth 

Industrial Revolution (4IR) and the effects of technology on the delivery of healthcare and its 

role in changing the workforce.  The discipline of health informatics comprises skills 

veterinarians can utilize to leverage these technologies.   

 

To understand the current role of technology and health informatics in veterinary medicine and 

to identify gaps in the literature, a scoping review of “big data”, “informatics”, “bioinformatics” 

was conducted in the animal health and veterinary medical literature.  These terms were chosen 

because their use in the human health literature has rapidly increased in the past decade (Andreu-

Perez et al., 2015).  Although “big data” has experienced the most rapid growth in the human 

health literature (Andreu-Perez et al., 2015), it only appeared recently and is relatively 

uncommon in the veterinary sphere.  Furthermore, “big data” is used far more in reviews than in 

primary studies, perhaps an indication that its potential in veterinary medicine is still being 

explored.  Interpretations of the definition of big data, typically characterized by the three Vs 

(volume, velocity, variety) (Laney, 2001; Schroeck et al., 2012), may have led to underuse of the 

term “big data” in the animal health and veterinary medical literature, as datasets may be both 

large and from a variety of sources, but have no velocity.  That is, published literature may use 
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datasets that have some components of big data, but not all.  Obtaining big datasets may also be 

challenging.  Furthermore, generating such datasets may require compiling data from existing 

datasets that were created for different purposes, making it difficult to investigate the research 

question.  Methods to address these types of datasets, including predictive analytics and machine 

learning approaches, may be able to extract meaning in ways traditional explanatory statistics 

cannot (Singal et al., 2013; Waljee et al., 2014).  Specialized pipelines (VanderWaal et al., 2017) 

to generate data for the purpose of answering research questions have been proposed to address 

this challenge as well.   

 

Like “big data”, “informatics” was used far less in the animal health and veterinary medical 

literature than in the human health literature.  On the other hand, the increase in the use of 

“bioinformatics” was similar in both the animal health and veterinary medical literature and 

human health literature.  Informatics studies tended to use a wider variety of data sources than 

“bioinformatics studies.  Such data sources include government or public databases, scientific 

literature databases and electronic medical/production records described as approaching big data 

(VanderWaal et al., 2017).  Although definitions of informatics and bioinformatics share 

similarities, in the animal health and veterinary medical literature, bioinformatics studies tend to 

be conducted on genes, amino acids or proteins.  Informatics studies tend to conducted at the 

level of an organism (e.g. animal, bacteria or virus).  Bioinformatics studies also focused more 

on laboratory techniques.   

 

The lack of studies on big data and informatics in the animal health and veterinary medical 

literature suggested that a concerted effort to prepare veterinarians for the 4IR was needed.  The 
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study in Chapter 3 was designed to address this.  The Competency Framework Development41 

(CFD) methodology is an occupational analysis technique that generates a competency 

framework based on the consensus of an expert panel.  Asking panelists what new veterinarians 

need to know about health informatics not only produced a competency framework but, also, 

insight into which technologies new veterinarians were most likely to encounter.  The expert 

panel specifically addressed the internet and social media, telemedicine, electronic medical 

records and data in the final competency framework suggesting that, in their experience, these 

would be commonly encountered.  The internet, social media and communication technologies 

have changed the way veterinarians and clients interact.  Clients may choose their veterinarian 

based on the information found online.  A client’s first interaction with a veterinary clinic may 

be through the clinic’s website or social media page.  Veterinarians must now consider how to 

conduct themselves online in a manner that reflects well on them, their clinic and the profession.  

Clients can also receive medical advice from veterinarians over communication technologies, 

such as telephone, email, text messages or live video chats, a phenomenon that has necessarily 

become more common during the COVID-19 pandemic.  Some telehealth companies have 

provided digital platforms for veterinarians and clients to interact as well, enabling the 

veterinarian to be compensated for these services.  Veterinarians need to be able to critically 

assess how implementing (or rejecting) these technologies would affect the delivery of 

healthcare, workflow and work-life balance.  

 

In order to critically assess technologies, veterinarians need to have the necessary background.  

Incorporating relevant knowledge and skills into existing veterinary school curricula can provide 

 
41 Eduworks Competency and Skills Management. (n.d.). Retrieved December 10, 2019, from https://www.eduworks.com/competency-skills-
mgmt.html 
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veterinary students with some background in health informatics.  Such a curriculum may prove 

especially useful with the current (and perhaps, future) generation of veterinary students as, 

being either Millennials (Pew Research Center, 2010) or Generation Z (Anderson & Jiang, 

2018), they are likely the most technology-skilled generation of veterinary students.  However, 

the challenge for veterinarians is to keep pace with the rapidly changing environment with 

technology.  Veterinarians can accomplish this by forging relationships with technology industry 

partners, peers and early adopters as well as participating in continuing education programs.  In 

addition to selecting technology based on its ability to improve healthcare delivery, veterinarians 

should also consider the effects of the technology on work-life balance.  Ideally, technology 

should optimize both.   

 

Veterinarians will likely be faced with the challenge of applying data produced from 

technologies like wearable sensors, electronic medical or production records, smart feeders and 

robotic milkers.  Many of these datasets can be combined with ease through the “internet-of-

things”.  The first time a veterinarian may encounter these technologies is when a client presents 

a dataset from one, or many, of these technologies.  Veterinarians need to have a working 

understanding of these technologies including how data is captured and what type of data is 

captured.  This can be done through professional networks with the emerging technology 

community and continuing education.  Further, veterinarians will need to be able to interpret the 

data as well.  While it is unrealistic to expect that full-time practitioners of veterinary medicine 

can analyze the data on their own, they can provide clinical expertise to researchers who are 

deriving clinical meaning from the data.  Such an example was shown in Chapter 5. 
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Online consensus methods, such as Competency Framework Development (CFD), may be a 

useful tool in updating HI curricula.  The CFD methodology requires that panelists be 

practitioners of the job, rather than supervisors or educators.  Thus, the term “graduate” was used 

instead of “student” in the HI Competency Framework (Table 3.2).  Because experts convene 

online41, many scheduling difficulties can be averted, allowing for the most relevant experts to 

participate.   The entire CFD process requires 12 hours, which are typically completed over three 

or four days.  However, individuals in some professions may be amenable to completing the 

CFD process in one or two days, as was the case with two individuals in the current study (Table 

3.1).  Thus, the turnaround time for a full competency framework could be as low as 24-48 

hours. 

 

Because telemedicine was identified by the expert panelists in Chapter 3, Chapter 4 focuses on 

veterinarians’ perceptions about telemedicine and information and communication technologies 

(ICT).  A questionnaire was used to collect data and was distributed through social media.  One 

of the major findings is that many veterinarians use ICTs to facilitate or perform clinical tasks 

such as triage, diagnoses, treatments, client education or providing prescriptions, but many do 

not identify themselves as practicing telemedicine, even though definitions from the AVMA 

(American Veterinary Medical Association, n.d.) and CVO (The College of Veternarians of 

Ontario, 2018) could be interpreted as such.  There may be misconceptions about what 

telemedicine is among the veterinary community.  The term “telemedicine” may be associated 

with images of specialized technology that allow veterinarians and clients to connect instead of 

common technologies such as telephones and email.  Veterinarians may also associate 

telemedicine with more comprehensive care, offering triage, diagnosis, treatment, education and 
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prescriptions.  Thus, triaging patients or offering post-surgical consultations by phone would not 

be considered telemedicine.  Such confusion may be useful to resolve.  Veterinarians who 

already triage patients by phone may be interested in adopting a digital platform that allows them 

to charge for these services but may be too intimidated to do so if they believe that they must 

also facilitate other clinical tasks.  Given that telemedicine platforms already exist to allow 

veterinarians to deliver healthcare remotely as well as charge for these services, many 

veterinarians may associate telemedicine with generating revenue through remote delivery of 

healthcare.  Thus, the term “telemedicine” could be modified to describe the performance of any 

number of clinical tasks remotely with an associated revenue-generation practice, while 

“connected healthcare” could be used to describe the performance of those clinical tasks without 

any revenue-generation practice.  Although a majority of veterinarians (59%, Table 4.1, Question 

7) wanted to charge for time spent with clients over ICTs, this was lower than expected.  One 

potential explanation is that veterinarians believe that clients are unwilling to pay for such 

services (Kogan et al., 2016) and that charging for services currently provided without charge 

could alienate clients.  Data collection for this study ended in February 2020, before the full 

force of the COVID-19 pandemic affected Canada or the USA.  The last questionnaire received 

from a veterinarian working in another country was November 19, 2019.  Thus, it is unlikely that 

the data collected in this study reflects veterinarians’ perceptions during the COVID-19 

pandemic.  However, this study does provide insight into perceptions pre-pandemic, and can be 

used to make comparisons with any future studies on veterinary perceptions of telemedicine and 

ICTs.  
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As stated earlier, with the increasing availability of data, veterinarians will likely encounter data 

from a variety of sources.   Such data may need to be utilized for various purposes. It is expected 

that the use of medical records and other sources of data for clinical decision making will 

increase. It is also expected that different types of predictive models will be utilized for this 

purpose. In Chapter 5 we used a variety of approaches.  Some were primarily explanatory to 

determine risk factors for positive CIRDC diagnosis while others were primarily predictive to 

determine the predictive ability of selected machine learning models for clinical severity.  

 

The analyses in Chapter 5 adds to existing evidence (Appel & Percy, 1970; Erles et al., 2003; 

Joffe et al., 2016; Maboni et al., 2019; Mitchell et al., 2017; Weese & Stull, 2013) that canine 

parainfluenza virus (CPIV) and canine respiratory coronavirus (CRCoV) are associated with 

CIRDC diagnosis.  No association between Bordetella bronchiseptica (Bb.) and disease 

diagnosis were found in the explanatory or predictive modeling.  This may be due to the small 

sample size, though it is possible that vaccination programs (Maboni et al., 2019; Mitchell et al., 

2017) have decreased the role of Bb. in CIRDC.  Mycoplasma cynos (Mc.) was found in both 

healthy and diseased dogs.  This is consistent with a previous study (Joffe et al., 2016).  

Mycoplasma cynos is likely a component cause, at best, and may require the presence of other 

pathogens (Chalker et al., 2004; Priestnall et al., 2014)  to cause disease.  Cases were more often 

exposed to environmental risk factors than controls.  Although often associated with kennels, this 

study shows that CIRDC can enter the client-owned dog population through other means.  Visits 

to veterinary clinics were protective against CIRDC, but it was unclear whether this was a true 

effect or the consequence of a selection bias.   
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The number of pathogens detected was the most important variable for disease severity (as 

measured by cough score).  This is consistent with previous literature (Maboni et al., 2019; 

Mitchell et al., 2017) as well.  Mycoplasma cynos was also important in predicting disease 

severity.  Mycoplasma cynos may be an opportunistic pathogen, increasing disease severity in 

the presence of other pathogens.  On the other hand, Mc. may simply overgrow in more severe 

cases.  As such, Mc. may be an indicator of disease severity.  Mycoplasma cynos may also be 

detectable for a longer period of time after the onset of the infection.  Finally, Mc. may be an 

indicator of coinfection as most other pathogens were found in most cases with Mc.  The 

investigation into disease duration was limited by a low response rate of clients.  Since clients 

reported disease duration based on their own observations, the reported disease durations may be 

more an indication of the perceptions of the owners than the actual disease duration. 

 

6.2 Limitations 

One limitation of Chapter 2 was that the scoping review was limited to only “big data”, 

“informatics” and “bioinformatics”.  A larger list of terms would have provided a more complete 

picture.  For instance, articles describing studies that used big data or performed big data 

research may have been described using terms other than “big data”.  Similarly, many articles 

relevant to “informatics” may have been lost by not searching specifically for terms such as 

“sensors” and “electronic medical records”.  The authors initially planned to search on a larger 

set of terms, however the number of articles yielded was too large.  Finally, the scoping review 

was only conducted on articles in English. 
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One limitation of Chapter 3 was that only a limited number of perspectives may have been 

captured.  This was due to the CFD methodology only allowing four to seven participants.  This 

restriction was designed for meetings leading to consensus among experts.  The CFD method is a 

fast and efficient method of achieving consensus among a panel of experts; however, the 

perspective provided may be limited to a small group of experts.  The mapping of the HI 

Competency Framework to the Competency-Based Veterinary Education (CBVE) Framework 

produced by the American Association of Veterinary Medical Colleges (AAVMC) may have 

been limited by the fact that the two frameworks were produced using two different 

methodologies.  Further, the CBVE Framework was created for the totality of veterinary 

medicine and was focused on veterinary students while the HI Competency Framework focused 

specifically on HI and provided insight into what veterinary students will need to know after 

graduation.  Although the HI Competency Framework was created to be relevant into the future, 

it is possible that circumstances surrounding HI may change, making the HI Competency 

Framework obsolete.   

 

In Chapter 4, understanding whether veterinarians would like to charge for time spent on ICTs 

was hampered by the fact the question (Table 4.1, Question 7) did not distinguish between 

different ICTs.  Respondents may have been more willing to charge for an ICT they already 

used, such as the telephone.  Respondents likely had no interest in charging for ICTs they didn’t 

use.  Although previous research (Pew Research Center, 2018) shows that Facebook is widely-

used across demographics and has the potential to be an effective recruitment tool, the 

demographics of veterinarians who responded to the questionnaire did not match industry 

demographics provided by the AVMA (American Veterinary Medical Association, 2018) and 
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CVMA (Canadian Veterinary Medical Association, 2019).  This would suggest that the 

demographics of veterinarians willing to respond to questionnaires on Facebook may differ from 

the general population of veterinarians.    

 

A limitation of Chapter 5 was due to the challenges of enrolling healthy dogs as controls.  This 

prevented a proper age-match of controls to every other case.  It was unclear why this occurred, 

though it is possible that owners of young, healthy dogs are less willing to submit their dog to 

sampling procedures otherwise performed on sick dogs.  Thus, those young, healthy dogs 

enrolled may be different from the source population.  Variability in vaccine status also caused 

some potential limitations, as indicated by high prediction errors in predicting disease severity.  

The timing of the vaccine with respect to disease detection is variable and difficult to 

standardize.  Vaccination against specific pathogens can be achieved through different vaccine 

protocols. Furthermore, vaccination may be indicative of a higher perceived risk in certain 

environments.   Although the respiratory panel contained tests for canine influenza virus (CIV), 

the test was based on H1N1, H3N8 and H5N1.  Recent studies have shown that H3N2 may have 

been present in the population at the time of the study and may not have been detected in the 

study dogs.  Finally, the targeted sample size was not achieved.  Thus, some associations may 

not have been detected.   
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6.3 Future directions 

6.3.1 Understanding health informatics in veterinary medicine beyond “big data”, 

“informatics” and “bioinformatics” 

One of the major limitations in the Chapter 2 scoping review was that only certain terms (“big 

data”, “informatics”, “bioinformatics”) were explored in the literature.  This restriction of terms 

was due to the large number of articles yielded from a more comprehensive literature search.  

Other approaches to mapping the animal health and veterinary medical literature should be 

conducted to create a more comprehensive picture.  Because of the rise of “big data” in the 

human health literature and a lack of “big data” articles in the Chapter 2 scoping review, other 

approaches should be used to understand whether big data research is being conducted and, if so, 

how and what it is called.  Such approaches can use terms associated with “big data”.  Many 

analytical techniques are derived from the artificial intelligence, machine learning and predictive 

analytics toolboxes.  Thus, potential search terms could include algorithm names, e.g. random 

forest, support vector machines, neural networks.   Another approach would be to use search 

terms that reflect remote delivery of healthcare through information and communication 

technologies.  Examples of such terms could include “telemedicine”, “electronic medical 

records”, “online scheduling” and “wearable sensors”.   Finally, understanding the state of 

research in veterinary medicine as it pertains to health informatics may be useful.  Characterizing 

the data in studies described in the animal health and veterinary medical literature by volume, 

variety and velocity may help provide an understanding of the types of data commonly 

encountered in veterinary medicine.  Such studies can provide insight into the availability and 

need for different types of datasets and could instigate the creation of pipelines that either 

generate big data (if needed) or convert big data to smart data (VanderWaal et al., 2017).  
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6.3.2 Health informatics, telemedicine and information and communication technologies 

in a COVID-19 world 

The COVID-19 pandemic forced the transition of many aspects of healthcare traditionally 

delivered within the walls of veterinary clinics to online digital platforms, effectively bringing 

the veterinarian into the home of the client.  It would be useful to see whether the competencies 

and ICTs identified in Chapter 3 and the perceptions identified in Chapter 4 are relevant in a 

world dealing with COVID-19.  Given how quickly veterinarians had to adapt to conversing with 

clients remotely, ICT use may have become quite common among veterinarians.  Further, 

although this movement to remote communication may have started with ICTs available to the 

general public, e.g. telephones, Skype, and Zoom, veterinarians may see increasing value in 

transitioning to a telemedicine service that allows for more secure communication and a built-in 

system to document calls and incorporate them into the medical record.  Further, these services 

may also have features for the veterinarian to bill for their time.    

 

At the time of the study in Chapter 4, veterinarians were relatively willing to adopt several forms 

of ICTs (e.g. email, text messages) other than the telephone.  As veterinarians have relied on 

these platforms more during the pandemic, it is possible that they have found features of these 

services that make these ICTs unsatisfactory.  Understanding and addressing these concerns can 

help veterinarians continue to practice quality medicine during the pandemic.  
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6.3.3 An investigation into the role that vaccination status plays in canine infectious 

respiratory disease complex 

In Chapter 5, dogs that received vaccines recorded the largest prediction errors for disease 

severity.  This may have been due, in part, to ambiguous data surrounding vaccination status.  

Although core vaccines protocols tend to include vaccines against canine distemper virus, canine 

adenovirus, canine parvovirus, CPIV and rabies, they can include vaccines against other agents 

as well, e.g. Bb (Dog Core Vaccines - Ontario SPCA and Humane Society, n.d.; Pet Health 101 | 

Ontario Veterinary Medical Association, n.d.).  The exact vaccines received by dogs that 

received core vaccines were not available.  Other studies have shown that clinical disease in 

vaccinated dogs is relatively common as well (Mitchell et al., 2017).  Studies specific to the 

effects of vaccination status on CIRDC diagnosis, severity and duration are needed and can 

inform preventive measures. 

 

6.4 Conclusions 

Technology has impacted veterinary medicine in many ways.  It allows clients to collect 

biological data from their pets, facilitates the generation of novel datasets and allows clients to 

interact with veterinarians from the comfort of their homes.  Health informatics provides tools 

for veterinarians to navigate these new technologies.  The research presented in this dissertation 

provides insight into the current state of health informatics in veterinary medicine, what new 

veterinarians need to learn about health informatics, perceptions of veterinarians of certain 

technologies, and a clinical application of predictive analytics to an infectious disease commonly 

encountered in veterinary medicine.  The research here has not only highlighted the need for 

competency with health informatics among veterinarians, but also provided examples of how 
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that competency can be achieved and applied in a clinical context to derive meaning and value 

from data.  Doing so will allow veterinarians to leverage the advantages of technology, not only 

improving the lives of clients and animals, but also those of the veterinarian and their team.  
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7 Appendices 

Appendix A.  Search strategies – Medline: “Informatics”. 

Source: MEDLINE (Informatics) 
Interface: PubMed 
Search Date: 06/06/2017 
Retrieved Records: 456 
 
Strategy: 
Number Search String Results 
1 ((informatic*[Title/Abstract] OR "information system"[Title/Abstract] 

OR “information systems”[Title/Abstract]  OR “information 
technology” [Title/Abstract] OR “information technologies” 
[Title/Abstract]) OR informatic*[Other Term] OR "information 
system"[Other Term] OR “information systems”[Other Term] OR 
“information technology”[Other Term] OR “information 
technologies”[Other Term]) 

44,740 

2 (“big data”[Title/Abstract]) OR “big data”[Other Term] 2,697 
3 ((dog[Title/Abstract] OR dogs[Title/Abstract] OR 

canine[Title/Abstract] OR canines[Title/Abstract])) OR (dog[Other 
Term] OR dogs[Other Term] OR canine[Other Term] OR 
canines[Other Term]) 

243,886 

4 ((cat[Title/Abstract] OR cats[Title/Abstract] OR feline[Title/Abstract] 
OR felines[Title/Abstract])) OR (cat[Other Term] OR cats[Other 
Term] OR feline[Other Term] OR felines[Other Term]) 

136,460 

5 ((horse[Title/Abstract] OR horses[Title/Abstract] OR 
equine[Title/Abstract] OR equines[Title/Abstract])) OR (horse[Other 
Term] OR horses[Other Term] OR equine[Other Term] OR 
equines[Other Term]) 

65,706 

6 (("dairy cattle"[Title/Abstract] OR "dairy cow"[Title/Abstract] OR 
"dairy cows"[Title/Abstract] OR "dairy bovine"[Title/Abstract] OR 
"dairy bovines"[Title/Abstract])) OR ("dairy cattle"[Other Term] OR 
"dairy cow"[Other Term] OR "dairy cows"[Other Term] OR "dairy 
bovine"[Other Term] OR "dairy bovines"[Other Term]) 

18,340 

7 (((dairy[Title/Abstract]) AND (cattle[Title/Abstract] OR 
cow[Title/Abstract] OR cows[Title/Abstract] OR 
bovine[Title/Abstract] OR bovines[Title/Abstract])) OR dairy[Other 
Term]) AND (cattle[Other Term] OR cow[Other Term] OR 
cows[Other Term] OR bovine[Other Term] OR bovines[Other Term]) 

2,671 

8 (("beef cattle"[Title/Abstract] OR "beef cow"[Title/Abstract] OR "beef 
cows"[Title/Abstract] OR "beef bovine"[Title/Abstract] OR "beef 
bovines"[Title/Abstract])) OR ("beef cattle"[Other Term] OR "beef 
cow"[Other Term] OR "beef cows"[Other Term] OR "beef 
bovine"[Other Term] OR "beef bovines"[Other Term]) 

5,157 

9 (((beef[Title/Abstract]) AND (cattle[Title/Abstract] OR 
cow[Title/Abstract] OR cows[Title/Abstract] OR 
bovine[Title/Abstract] OR bovines[Title/Abstract])) OR beef[Other 
Term]) AND (cattle[Other Term] OR cow[Other Term] OR 
cows[Other Term] OR bovine[Other Term] OR bovines[Other Term]) 

873 
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10 ((sheep[Title/Abstract] OR ovine[Title/Abstract] OR 
ovines[Title/Abstract])) OR (sheep[Other Term] OR ovine[Other 
Term] OR ovines[Other Term]) 

94,205 

11 ((goat[Title/Abstract] OR goats[Title/Abstract] OR 
caprine[Title/Abstract] OR caprines[Title/Abstract])) OR (goat[Other 
Term] OR goats[Other Term] OR caprine[Other Term] OR 
caprines[Other Term]) 

29,713 
 

12 ((swine[Title/Abstract] OR pig[Title/Abstract] OR pigs[Title/Abstract] 
OR porcine[Title/Abstract] OR porcines[Title/Abstract])) OR 
(swine[Other Term] OR pig[Other Term] OR pigs[Other Term] OR 
porcine[Other Term] OR porcines[Other Term]) 

271,484 
 

13 (("layer poultry"[Title/Abstract] OR "layer chicken"[Title/Abstract] OR 
"layer chickens"[Title/Abstract] OR "layer turkey"[Title/Abstract] OR 
"layer turkeys"[Title/Abstract])) OR ("layer poultry"[Other Term] OR 
"layer chicken"[Other Term] OR "layer chickens"[Other Term] OR 
"layer turkey"[Other Term] OR "layer turkeys"[Other Term]) 

376 
 

14 (("broiler poultry"[Title/Abstract] OR "broiler chicken"[Title/Abstract] 
OR "broiler chickens"[Title/Abstract] OR "broiler 
turkey"[Title/Abstract] OR "broiler turkeys"[Title/Abstract])) OR 
("broiler poultry"[Other Term] OR "broiler chicken"[Other Term] OR 
"broiler chickens"[Other Term] OR "broiler turkey"[Other Term] OR 
"broiler turkeys"[Other Term]) 

5,464 
 

15 ((((broiler[Title/Abstract] OR layer[Title/Abstract])) AND 
(chicken[Title/Abstract] OR chickens[Title/Abstract] OR 
turkey[Title/Abstract] OR turkeys[Title/Abstract] OR 
poultry[Title/Abstract])) OR (broiler[Other Term] OR layer[Other 
Term])) AND (chicken[Other Term] OR chickens[Other Term] OR 
turkey[Other Term] OR turkeys[Other Term] OR poultry[Other 
Term]) 

774 
 

16 ((zoonosis[Title/Abstract] OR zoonoses[Title/Abstract] OR 
zoonotic[Title/Abstract])) OR (zoonosis[Other Term] OR 
zoonoses[Other Term] OR zoonotic[Other Term]) 

20,216 
 

17 ("food borne"[Title/Abstract]) OR "food borne"[Other Term] 5,045 
18 1 OR 2 47,151 
19 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 

OR 14 OR 15 OR 16 
836,112 

20 18 AND 19  468 
21 20 AND ("1995/01/01"[PDat] : "2017/12/31"[PDat]) 456 
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Appendix B.  Search strategies: Medline - "Bioinformatics". 

Source: MEDLINE (Bioinformatics) 
Interface: PubMed 
Search Date: 06/06/2017 
Retrieved Records: 927 
 
Strategy: 
Number Search String Results 
1 (bioinformatic*[Title/Abstract]) OR bioinformatics*[Other Term] 40,551 
2 ((dog[Title/Abstract] OR dogs[Title/Abstract] OR 

canine[Title/Abstract] OR canines[Title/Abstract])) OR (dog[Other 
Term] OR dogs[Other Term] OR canine[Other Term] OR 
canines[Other Term]) 

243,886 

3 ((cat[Title/Abstract] OR cats[Title/Abstract] OR feline[Title/Abstract] 
OR felines[Title/Abstract])) OR (cat[Other Term] OR cats[Other 
Term] OR feline[Other Term] OR felines[Other Term]) 

136,460 

4 ((horse[Title/Abstract] OR horses[Title/Abstract] OR 
equine[Title/Abstract] OR equines[Title/Abstract])) OR (horse[Other 
Term] OR horses[Other Term] OR equine[Other Term] OR 
equines[Other Term]) 

65,706 

5 (("dairy cattle"[Title/Abstract] OR "dairy cow"[Title/Abstract] OR 
"dairy cows"[Title/Abstract] OR "dairy bovine"[Title/Abstract] OR 
"dairy bovines"[Title/Abstract])) OR ("dairy cattle"[Other Term] OR 
"dairy cow"[Other Term] OR "dairy cows"[Other Term] OR "dairy 
bovine"[Other Term] OR "dairy bovines"[Other Term]) 

18,340 

6 (((dairy[Title/Abstract]) AND (cattle[Title/Abstract] OR 
cow[Title/Abstract] OR cows[Title/Abstract] OR 
bovine[Title/Abstract] OR bovines[Title/Abstract])) OR dairy[Other 
Term]) AND (cattle[Other Term] OR cow[Other Term] OR 
cows[Other Term] OR bovine[Other Term] OR bovines[Other Term]) 

2,671 

7 (("beef cattle"[Title/Abstract] OR "beef cow"[Title/Abstract] OR "beef 
cows"[Title/Abstract] OR "beef bovine"[Title/Abstract] OR "beef 
bovines"[Title/Abstract])) OR ("beef cattle"[Other Term] OR "beef 
cow"[Other Term] OR "beef cows"[Other Term] OR "beef 
bovine"[Other Term] OR "beef bovines"[Other Term]) 

5,157 

8 (((beef[Title/Abstract]) AND (cattle[Title/Abstract] OR 
cow[Title/Abstract] OR cows[Title/Abstract] OR 
bovine[Title/Abstract] OR bovines[Title/Abstract])) OR beef[Other 
Term]) AND (cattle[Other Term] OR cow[Other Term] OR 
cows[Other Term] OR bovine[Other Term] OR bovines[Other Term]) 

873 

9 ((sheep[Title/Abstract] OR ovine[Title/Abstract] OR 
ovines[Title/Abstract])) OR (sheep[Other Term] OR ovine[Other 
Term] OR ovines[Other Term]) 

94,205 

10 ((goat[Title/Abstract] OR goats[Title/Abstract] OR 
caprine[Title/Abstract] OR caprines[Title/Abstract])) OR (goat[Other 
Term] OR goats[Other Term] OR caprine[Other Term] OR 
caprines[Other Term]) 

29,713 
 

11 ((swine[Title/Abstract] OR pig[Title/Abstract] OR pigs[Title/Abstract] 
OR porcine[Title/Abstract] OR porcines[Title/Abstract])) OR 

271,484 
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(swine[Other Term] OR pig[Other Term] OR pigs[Other Term] OR 
porcine[Other Term] OR porcines[Other Term]) 

12 (("layer poultry"[Title/Abstract] OR "layer chicken"[Title/Abstract] OR 
"layer chickens"[Title/Abstract] OR "layer turkey"[Title/Abstract] OR 
"layer turkeys"[Title/Abstract])) OR ("layer poultry"[Other Term] OR 
"layer chicken"[Other Term] OR "layer chickens"[Other Term] OR 
"layer turkey"[Other Term] OR "layer turkeys"[Other Term]) 

376 
 

13 (("broiler poultry"[Title/Abstract] OR "broiler chicken"[Title/Abstract] 
OR "broiler chickens"[Title/Abstract] OR "broiler 
turkey"[Title/Abstract] OR "broiler turkeys"[Title/Abstract])) OR 
("broiler poultry"[Other Term] OR "broiler chicken"[Other Term] OR 
"broiler chickens"[Other Term] OR "broiler turkey"[Other Term] OR 
"broiler turkeys"[Other Term]) 

5,464 
 

14 ((((broiler[Title/Abstract] OR layer[Title/Abstract])) AND 
(chicken[Title/Abstract] OR chickens[Title/Abstract] OR 
turkey[Title/Abstract] OR turkeys[Title/Abstract] OR 
poultry[Title/Abstract])) OR (broiler[Other Term] OR layer[Other 
Term])) AND (chicken[Other Term] OR chickens[Other Term] OR 
turkey[Other Term] OR turkeys[Other Term] OR poultry[Other 
Term]) 

774 
 

15 ((zoonosis[Title/Abstract] OR zoonoses[Title/Abstract] OR 
zoonotic[Title/Abstract])) OR (zoonosis[Other Term] OR 
zoonoses[Other Term] OR zoonotic[Other Term]) 

20,216 
 

16 ("food borne"[Title/Abstract]) OR "food borne"[Other Term] 5,045 
17 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 

13 OR 14 OR 15 OR 16 
836,112 

18 1 AND 17  957 
19 18 AND ("1995/01/01"[PDat] : "2017/12/31"[PDat]) 927 
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Appendix C.  Search strategies: Web of Science - "Informatics". 

Source: Web of Science (Informatics) 
Interface: Web of Science 
Search date: 06/06/17 
Retrieved records: 1,317 
 
Indexes: Science Citation Index Expanded (SCI-EXPANDED), Social Sciences Citation Index 
(SSCI), Arts & Humanities Citation Index (A&HCI), Conference Proceedings Citation Index – 
Science (CPCI-S), Conference Proceedings Citation Index – Social Science & Humanities 
(CPCI-SSH), Emerging Sources Citation Index (ESCI)  
 
Search Strategy: 
Number Search String Results 
#1 TOPIC: (informatic* OR "information system*" OR "information 

technolog*") 
173,247 

#2 TOPIC: ("big data") 17,145 
#3 TOPIC: (dog* OR canine*) 324,302 
#4 TOPIC: (cat OR cats OR feline*) 195,768 
#5 TOPIC: (horse* OR equine*) 138,025 
#6 TOPIC: ("dairy cattle" OR "dairy cow*" OR "dairy bovine*" OR 

(dairy AND (cattle OR cow* OR bovine*))) 
68,112 

#7 TOPIC: ("beef cattle" OR "beef cow*" OR "beef bovine*" OR (beef 
AND (cattle OR cow* OR bovine*))) 

27,575 

#8 TOPIC: (sheep OR ovine*) 142,782 
#9 TOPIC: (goat* OR caprine*) 51,674 
#10 TOPIC: (swine OR pig* OR porcine*) 591,797 
#11 TOPIC: ("layer poultry" OR "broiler poultry" OR "layer chicken*" OR 

"broiler chicken*" OR "layer turkey*" OR "broiler turkey*" OR 
(broiler OR layer AND (chicken* OR turkey* OR poultry))) 

43,973 

#12 TOPIC: (zoonos*s OR zoonotic) 21,038 
#13 TOPIC: ("food borne") 6,465 
#14 #2 OR #1 189,200 
#15 #13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 

OR #4 OR #3 
1,481,955 

#16 #15 AND #14 1,370 
#17 #15 AND #14  

Refined by: PUBLICATION YEARS: ( 2016 OR 2004 OR 2000 OR 
2015 OR 2005 OR 1999 OR 2014 OR 2006 OR 1996 OR 2013 OR 
2003 OR 2012 OR 2017 OR 2011 OR 2001 OR 1995 OR 2010 OR 
2002 OR 2009 OR 1997 OR 2008 OR 1998 OR 2007 ) 

1,317 
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Appendix D.  Search strategies: Web of Science - "Bioinformatics". 

Source: Web of Science (Bioinformatics) 
Interface: Web of Science 
Search date: 06/09/17 
Retrieved records: 1,571 
 
Indexes: Science Citation Index Expanded (SCI-EXPANDED), Social Sciences Citation Index 
(SSCI), Arts & Humanities Citation Index (A&HCI), Conference Proceedings Citation Index – 
Science (CPCI-S), Conference Proceedings Citation Index – Social Science & Humanities 
(CPCI-SSH), Emerging Sources Citation Index (ESCI)  
 
Strategy: 
Number Search String Results 
#1 TOPIC: (bioinformatic*) 45,301 
#2 TOPIC: (dog* OR canine*) 324,424 
#3 TOPIC: (cat OR cats OR feline*) 195,892 
#4 TOPIC: (horse* OR equine*) 138,089 
#5 TOPIC: ("dairy cattle" OR "dairy cow*" OR "dairy bovine*" OR 

(dairy AND (cattle OR cow* OR bovine*))) 
68,161 

#6 TOPIC: ("beef cattle" OR "beef cow*" OR "beef bovine*" OR (beef 
AND (cattle OR cow* OR bovine*))) 

27,587 

#7 TOPIC: (sheep OR ovine*) 142,838 
#8 TOPIC: (goat* OR caprine*) 51,697 
#9 TOPIC: (swine OR pig* OR porcine*) 592,102 
#10 TOPIC: ("layer poultry" OR "broiler poultry" OR "layer chicken*" OR 

"broiler chicken*" OR "layer turkey*" OR "broiler turkey*" OR 
(broiler OR layer AND (chicken* OR turkey* OR poultry))) 

44,023 

#11 TOPIC: (zoonos*s OR zoonotic) 21,073 
#12 TOPIC: ("food borne") 6,472 
#13 #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 OR #5 OR #4 OR 

#3 OR #2 
1,482,686 

#14 #13 AND #1 1,571 
#15 #13 AND #1  

Refined by: PUBLICATION YEARS: ( 2015 OR 2011 OR 2008 OR 
2002 OR 2016 OR 2010 OR 2006 OR 2001 OR 2014 OR 2017 OR 
2005 OR 1999 OR 2013 OR 2009 OR 2004 OR 2000 OR 2012 OR 
2007 OR 2003 ) 

1,571 
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Appendix E.  Search strategies: Agricola - "Informatics". 

Source: Agricola, Theses & Dissertations A&I (federated search) (Informatics) 
Interface: Proquest 
Search date: 06/06/17 
Retrieved records: 336 
 
Strategy:  
Number Search String Results 
S1 ti(informatic* OR "information system*" OR "information 

technolog*") OR ab(informatic* OR "information system*" OR 
"information technolog*") OR if(informatic* OR "information 
system*" OR "information technolog*") 

46,460 

S2 ti(“big data”) OR ab(“big data”) OR if(“big data”) 1,104 
S3 ti(dog* OR canine*) OR ab(dog* OR canine*) OR if(dog* OR 

canine*) 
72,751 

S4 ti(cat OR cats OR feline*) OR ab(cat OR cats OR feline*) OR if(cat 
OR cats OR feline*) 

40,084 

S5 ti(horse* OR equine*) OR ab(horse* OR equine*) OR if(horse* OR 
equine*) 

52,148 

S6 ti(“dairy cattle” OR “dairy cow*” OR “dairy bovine*” OR (dairy AND 
(cattle OR cow* OR bovine*))) OR ab(“dairy cattle” OR “dairy cow*” 
OR “dairy bovine*” OR (dairy AND (cattle OR cow* OR bovine*))) 
OR if(“dairy cattle” OR “dairy cow*” OR “dairy bovine*” OR (dairy 
AND (cattle OR cow* OR bovine*))) 

31,739 

S7 ti(“beef cattle” OR “beef cow*” OR “beef bovine*” OR (beef AND 
(cattle OR cow* OR bovine*))) OR ab(“beef cattle” OR “beef cow*” 
OR “beef bovine*” OR (beef AND (cattle OR cow* OR bovine*))) 
OR if(“beef cattle” OR “beef cow*” OR “beef bovine*” OR (beef 
AND (cattle OR cow* OR bovine*))) 

16,169 

S8 ti(sheep OR ovine*) OR ab(sheep OR ovine*) OR if(sheep OR 
ovine*) 

61,922 

S9 ti(goat* OR caprine*) OR ab(goat* OR caprine*) OR if(goat* OR 
caprine*) 

22,586 

S10 ti(swine OR pig* OR porcine*) OR ab(swine OR pig* OR porcine*) 
OR if(swine OR pig* OR porcine*) 

138,763 

S11 ti("layer poultry" OR "broiler poultry" OR "layer chicken*" OR 
"broiler chicken*" OR "layer turkey*" OR "broiler turkey*" OR 
(broiler OR layer AND (chicken* OR turkey* OR poultry))) OR 
ab("layer poultry" OR "broiler poultry" OR "layer chicken*" OR 
"broiler chicken*" OR "layer turkey*" OR "broiler turkey*" OR 
(broiler OR layer AND (chicken* OR turkey* OR poultry))) OR 
if("layer poultry" OR "broiler poultry" OR "layer chicken*" OR 
"broiler chicken*" OR "layer turkey*" OR "broiler turkey*" OR 
(broiler OR layer AND (chicken* OR turkey* OR poultry))) 

21,896 

S12 ti(zoonos?s OR zoonotic) OR ab(zoonos?s OR zoonotic) OR 
if(zoonos?s OR zoonotic) 

5,459 

S13 ti(“food borne”) OR ab(“food borne”) OR if(“food borne”) 2,511 
S14 S1 OR S2 47,498 
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S15 S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 
OR S12 OR S13 

438,596 

S16 S1 AND S15 AND pd(19950101-20171231) 336 
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Appendix F.  Search strategies: Agricola - "Bioinformatics". 

Source: Agricola, Theses & Dissertations A&I (federated search) (Bioinformatics) 
Interface: Proquest 
Search date: 06/09/17 
Retrieved records: 420 
 
Strategy:  
Number Search String Results 
S1 ti(bioinform*) OR ab(bioinform*) OR if(bioinform*) 9,806 
S2 ti(dog* OR canine*) OR ab(dog* OR canine*) OR if(dog* OR 

canine*) 
72,759 

S3 ti(cat OR cats OR feline*) OR ab(cat OR cats OR feline*) OR if(cat 
OR cats OR feline*) 

40,085 

S4 ti(horse* OR equine*) OR ab(horse* OR equine*) OR if(horse* OR 
equine*) 

52,154 

S5 ti(“dairy cattle” OR “dairy cow*” OR “dairy bovine*” OR (dairy AND 
(cattle OR cow* OR bovine*))) OR ab(“dairy cattle” OR “dairy cow*” 
OR “dairy bovine*” OR (dairy AND (cattle OR cow* OR bovine*))) 
OR if(“dairy cattle” OR “dairy cow*” OR “dairy bovine*” OR (dairy 
AND (cattle OR cow* OR bovine*))) 

31,740 

S6 ti(“beef cattle” OR “beef cow*” OR “beef bovine*” OR (beef AND 
(cattle OR cow* OR bovine*))) OR ab(“beef cattle” OR “beef cow*” 
OR “beef bovine*” OR (beef AND (cattle OR cow* OR bovine*))) OR 
if(“beef cattle” OR “beef cow*” OR “beef bovine*” OR (beef AND 
(cattle OR cow* OR bovine*))) 

16,171 

S7 ti(sheep OR ovine*) OR ab(sheep OR ovine*) OR if(sheep OR 
ovine*) 

61,925 

S8 ti(goat* OR caprine*) OR ab(goat* OR caprine*) OR if(goat* OR 
caprine*) 

22,587 

S9 ti(swine OR pig* OR porcine*) OR ab(swine OR pig* OR porcine*) 
OR if(swine OR pig* OR porcine*) 

138,771 

S10 ti("layer poultry" OR "broiler poultry" OR "layer chicken*" OR "broiler 
chicken*" OR "layer turkey*" OR "broiler turkey*" OR (broiler OR 
layer AND (chicken* OR turkey* OR poultry))) OR ab("layer poultry" 
OR "broiler poultry" OR "layer chicken*" OR "broiler chicken*" OR 
"layer turkey*" OR "broiler turkey*" OR (broiler OR layer AND 
(chicken* OR turkey* OR poultry))) OR if("layer poultry" OR "broiler 
poultry" OR "layer chicken*" OR "broiler chicken*" OR "layer 
turkey*" OR "broiler turkey*" OR (broiler OR layer AND (chicken* 
OR turkey* OR poultry))) 

21,897 

S11 ti(zoonos?s OR zoonotic) OR ab(zoonos?s OR zoonotic) OR 
if(zoonos?s OR zoonotic) 

5,462 

S12 ti(“food borne”) OR ab(“food borne”) OR if(“food borne”) 2,511 
S13 S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR 

S11 OR S12 
438,624 

S14 S1 AND S13 AND pd(19950101-20171231) 420 
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Appendix G.  Search strategies: IEEE Xplore - "Bioinformatics". 

Source: IEEE Xplore Digital Library (Bioinformatics) 
Interface: IEEE  
Search date: 06/16/17 
Retrieved records: 117 
 
Content Types Selected: Conference Publications, Journals & Magazines, Early Access Articles 
 
Strategy: 
Number Search String Results 
1 ((("Document Title":bioinformatic*) OR "Abstract":bioinformatic*) 

OR "Author Keywords":bioinformatic*) 
4,037 

2 ((("Document Title":dog OR dogs OR canine OR canines) OR 
"Abstract":dog OR dogs OR canine OR canines) OR "Author 
Keywords":dog OR dogs OR canine OR canines) 

2,834 

3 1 AND 2 1 
4 ((("Document Title":cat OR cats OR feline OR felines) OR 

"Abstract":cat OR cats OR feline OR felines) OR "Author 
Keywords":cat OR cats OR feline OR felines) 

216,514 

5 1 AND 4 50 
6 ((("Document Title":horse OR horses OR equine OR equines) OR 

"Abstract":horse OR horses OR equine OR equines) OR "Author 
Keywords":horse OR horses OR equine OR equines) 

1,578 

7 1 AND 6 0 
8 (((((("Document Title":dairy) AND "Document Title":cattle OR cow 

OR cows OR bovine OR bovines) OR "Abstract":dairy) AND 
"Abstract":cattle OR cow OR cows OR bovine OR bovines) OR 
"Author Keywords":dairy) AND "Author Keywords":cattle OR cow 
OR cows OR bovine OR bovines) 

1,855 

9 1 AND 8 8 
10 (((((("Document Title":beef) AND "Document Title":cattle OR cow 

OR cows OR bovine OR bovines) OR "Abstract":beef) AND 
"Abstract":cattle OR cow OR cows OR bovine OR bovines) OR 
"Author Keywords":beef) AND "Author Keywords":cattle OR cow 
OR cows OR bovine OR bovines) 

1,854 

11 1 AND 10 8 
12 ((("Document Title":sheep OR ovine OR ovines) OR 

"Abstract":sheep OR ovine OR ovines) OR "Author 
Keywords":sheep OR ovine OR ovines) 

392 

13 1 AND 12 1 
14 ((("Document Title":goat OR goats OR caprine OR caprines) OR 

"Abstract":goat OR goats OR caprine OR caprines) OR "Author 
Keywords":goat OR goats OR caprine OR caprines) 

194 

15 1 AND 14 2 
16 ((("Document Title":swine OR pig OR pigs OR porcine OR 

porcines) OR "Abstract":swine OR pig OR pigs OR porcine OR 
porcines) OR "Author Keywords":swine OR pig OR pigs OR porcine 
OR porcines) 

2,537 

17 1 AND 16 7 
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18 (((((("Document Title":layer OR broiler) AND "Document 
Title":chicken OR turkey OR poultry) OR "Abstract":layer OR 
broiler) AND "Abstract":chicken OR turkey OR poultry) OR "Author 
Keywords":layer OR broiler) AND "Author Keywords":chicken OR 
turkey OR poultry) 

22,130 

19 1 AND 18 37 
20 ((("Document Title":zoonosis OR zoonoses OR zoonotic) OR 

"Abstract":zoonosis OR zoonoses OR zoonotic) OR "Author 
Keywords":zoonosis OR zoonoses OR zoonotic) 

29 

21 1 AND 20 2 
22 ((("Document Title":"food borne") OR "Abstract":"food borne") OR 

"Author Keywords":"food borne") 
31 

23 1 AND 22 1 
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Appendix H.  Search strategies: IEEE Xplore - "Informatics". 

Source: IEEE Xplore Digital Library (Informatics) 
Interface: IEEE 
Search Date: 06/19/2017 
Retrieved Records: 4,966 
 
Content Types Selected: Conference Publications, Journals & Magazines, Early Access Articles 
 
Strategy:  
Number Search String Results 
1 ((("Document Title":informatic* OR "information system" OR 

"information systems") OR "Abstract":informatic* OR "information 
system" OR "information systems") OR "Author 
Keywords":informatic* OR "information system" OR "information 
systems")  

83,532  
 

2 ((("Document Title":"information technology" OR "information 
technologies") OR "Abstract":"information technology" OR 
"information technologies") OR "Author Keywords":"information 
technology" OR "information technologies") 

19,559  
 

3 ((("Document Title":"big data") OR "Abstract":"big data") OR "Author 
Keywords":"big data")  

9,365  
 

4 ((("Document Title":dog OR dogs OR canine OR canines) OR 
"Abstract":dog OR dogs OR canine OR canines) OR "Author 
Keywords":dog OR dogs OR canine OR canines)  

2,839  
 

5 ((("Document Title":cat OR cats OR feline OR felines) OR 
"Abstract":cat OR cats OR feline OR felines) OR "Author 
Keywords":cat OR cats OR feline OR felines) 

216,519  
 

6 ((("Document Title":horse OR horses OR equine OR equines) OR 
"Abstract":horse OR horses OR equine OR equines) OR "Author 
Keywords":horse OR horses OR equine OR equines) 

1,583  
 

7 (1 OR 2 OR 3) AND 4 34 
8 (1 OR 2 OR 3) AND 5 4,039 
9 (1 OR 2 OR 3) AND 6 44 
10 (((((("Document Title":dairy) AND "Document Title":cattle OR cow 

OR cows OR bovine OR bovines) OR "Abstract":dairy) AND 
"Abstract":cattle OR cow OR cows OR bovine OR bovines) OR 
"Author Keywords":dairy) AND "Author Keywords":cattle OR cow OR 
cows OR bovine OR bovines)  

1,857  
 

11 (1 OR 2) AND 10 37  
12 3 AND 10 5 
13 (((((("Document Title":beef) AND "Document Title":cattle OR cow OR 

cows OR bovine OR bovines) OR "Abstract":beef) AND 
"Abstract":cattle OR cow OR cows OR bovine OR bovines) OR 
"Author Keywords":beef) AND "Author Keywords":cattle OR cow OR 
cows OR bovine OR bovines)  

1,856 

14 (1 OR 2) AND 13 37 
15 3 AND 13 5 
16 ((("Document Title":sheep OR ovine OR ovines) OR 

"Abstract":sheep OR ovine OR ovines) OR "Author Keywords":sheep 
394 
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OR ovine OR ovines)  
17 (1 OR 2 OR 3) AND 16 8 
18 ((("Document Title":goat OR goats OR caprine OR caprines) OR 

"Abstract":goat OR goats OR caprine OR caprines) OR "Author 
Keywords":goat OR goats OR caprine OR caprines)  

194 

19 (1 OR 2 OR 3) AND 18 6 
20 ((("Document Title":swine OR pig OR pigs OR porcine OR porcines) 

OR "Abstract":swine OR pig OR pigs OR porcine OR porcines) OR 
"Author Keywords":swine OR pig OR pigs OR porcine OR porcines)  

2,538 

21 (1 OR 2 OR 3) AND 20 71 
22 (((((("Document Title":layer OR broiler) AND "Document 

Title":chicken OR turkey OR poultry) OR "Abstract":layer OR broiler) 
AND "Abstract":chicken OR turkey OR poultry) OR "Author 
Keywords":layer OR broiler) AND "Author Keywords":chicken OR 
turkey OR poultry)  

22,114 

23 (1 OR 2) AND 22 597 
24 3 AND 22 76 
25 ((("Document Title":zoonosis OR zoonoses OR zoonotic) OR 

"Abstract":zoonosis OR zoonoses OR zoonotic) OR "Author 
Keywords":zoonosis OR zoonoses OR zoonotic)  

29 

26 (1 OR 2 OR 3) AND 25 3 
27 (("Document Title":"food borne") OR "Abstract":"food borne") OR 

"Author Keywords":"food borne")  
31 

28 (1 OR 2 OR 3) AND 27 4 
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Appendix I.  Relevance Screening Tool - Title/abstract/keyword and Full-text 

Question Answer Notes 

1) Is this article about: 
● A target animal 

species,  
 
OR  
 

● An animal product 
from a target species, 
 
OR 
 

● The effect of a target 
animal species on the 
environment? 

 
See comments section for 
more information. 
 
Check all that apply [Stacked 
question in Distiller]. 
 

Yes - proceed to (2). 
 
No - exclude. 
 
[Reviewer comment section] 

Target animal species - You 
may proceed to Question 2 if 
the article is about at least 
one of the following animals 
and the study described in 
the article is about that 
animal species.  Singular and 
plural variations are 
acceptable (see below for 
Target animal species 
examples):  

● dog, canine 
● cat, feline 
● horse, equine 
● (dairy AND cow), 

(dairy AND cattle), 
(dairy AND bovine) 

● (beef AND cow), (beef 
AND cattle), (beef 
AND bovine) 

● sheep, ovine 
● Goat, caprine 
● Pig, swine, porcine 
● (layer AND poultry), 

(layer AND chicken), 
(layer AND turkey) 

● (broiler AND poultry), 
(broiler AND chicken), 
(broiler AND turkey) 

 
Companion and stray dogs 
and cats may continue to 
Question (2).  Wildlife 
versions of dogs and cats are 
excluded. 
 
Performance, production and 
companion horses may 
continue to Question (2).  
Wild horses are excluded. 
 
Production cattle, sheep, 
goat, pig and poultry species, 
as described, may continue 
to Question 2.  Wildlife and 
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feralized versions of these 
animals are excluded. 
 
Animal products from a target 
species - You may proceed to 
Question 2 if the article is 
about an animal product from 
a target species.  A non-
exhaustive list of examples of 
animal products from target 
species are shown below:  

● Milk, kumis 
● Meat, pork, beef, veal, 

mutton, lamb 
● Feedlot, livestock 
● Eggs 
● Wool, fiber, fur, 

leather, hide, skin 
● Tallow, lard 
● Gelatin 

 
Animal effects on the 
environment - You may 
proceed to Question 2 if the 
article is about an animal 
effect on the environment. 
Examples (non-exhaustive) 
are listed below: 

● Runoff 
● Dust  
● Methane 
● Urea 
● Fecal matter 
● Noise 
● Smell, scent, odor 
● Aerosol 

 
Not mandatory.  Please use 
the “Reviewer comment 
section” to note why you 
chose your answer or to note 
any challenges you 
encountered with this 
question. 

2) Is this article about big 
data, informatics or 
bioinformatics (or their 
synonyms)? 
 

Yes. 
 
No - exclude 
 
[Reviewer comment section]. 

The article must contain at 
least one of the following 
terms AND at least one of 
those terms must be 
describing the study 
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See comments section for 
more information. 
 
Check all that apply [Stacked 
question in Distiller]. 

performed (I.E., NOT 
INCLUDED IN THE 
CONTEXT OF A PREVIOUS 
OR FUTURE STUDY).  
Singular and plural variations 
are acceptable (see below for 
Big data, informatics and 
bioinformatics examples). 

● Big data 
● Informatics, 

information system, 
information 
technology 

● Bioinformatics 

 
Target animal species examples 

● “CAT scan” - “CAT” is a contextual-delineator, but its use does not imply that the article 
is relevant to cats.  If this is the only use of the word “cat” and the article contains no 
other contextual-delineators, this article should be EXCLUDED. 

● “Dog-shaped bone” - “dog” is a contextual-delineator, but its use does not imply that the 
article is relevant to dogs.  If this is the only use of the word “dog” and the article 
contains no other contextual-delineators, this article should be EXCLUDED. 

● “...cattle antibodies used in the development of a vaccine for a human disease”.  “Cattle” 
is used to reference the animal, but its use does not imply that this article is relevant to 
cattle.  This article should be EXCLUDED. 

● “This study investigates the efficacy of a canine influenza vaccine in dogs”.  This study is 
about an intervention in dogs.  It should be allowed to CONTINUE to the next question. 

● “This study investigates how cattle producer’s change their management practices in 
response to weather forecasts” - This article is about cattle agriculture and its 
relationship with the environment.  While it is unclear if it is about dairy or beef, 
specifically, it can only be one or the other or both.  Thus, it should be allowed to 
CONTINUE to the next question. 

 
Animal products from a target species example 

● “This study investigates the association of raw milk consumption and tuberculosis 
infection in humans” - The study described in this article examines the link between milk 
consumption (an animal product of dairy cattle) and tuberculosis and should be allowed 
to CONTINUE to the next question. 

● “Tuberculosis is a zoonotic disease that can be transmitted from cattle to humans via 
milk consumption.  This study investigates the efficacy of an experimental drug in the 
treatment of tuberculosis in humans.” - This article gives no indication that the study 
examines the relationship between cattle (or any other target species) and tuberculosis, 
nor milk (an animal product) and tuberculosis, and should therefore be EXCLUDED.  

 
Animal effects on the environment examples 

● “This study investigates the effects of noise during calf weaning on the mental health of 
nearby communities of people”.  This article investigates noise from cattle agriculture 
(which implies either dairy or beef cattle).  This article should be allowed to CONTINUE 
to the next question.   
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● “This study investigates the effects of cattle grazing on local vegetation."  This article 
should be allowed to CONTINUE to the next question. 

● “An algorithm to remove noise and strengthen the auditory signals of heifer calls was 
used”.  While “noise” is present, it is not referring to environmental effects of dairy or 
beef cattle, and should be EXCLUDED. 

 
Big data, informatics and bioinformatics examples 

● E.g. “Previous studies utilizing big data suggest that patients have a higher risk… The 
current study uses 12 data points to confirm this.”  This example uses “big data” to 
describe other studies.  No conceptual-delineators were used to describe the current 
study.  This article should be EXCLUDED. 

 
Relevance screening schematic  
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Appendix J.  Data collection form with full-text screening. 

Questions Answers 

1) Is the article currently available/found? Yes. 
 
No. 

2) Does this article pass level 1 relevance 
screening on full-text? 

Yes - continue to (2). 
 
No - exclude. 

3) Which target animals made you include the 
article? 
 
Answer at highest level of specificity provided 
in the article. 

● Dog, canine 
● Cat, feline 
● Horse, equine 
● Dairy cattle 
● Beef cattle 
● Cattle (unspecified) 
● Sheep, ovine 
● Goat, caprine 
● Pig, swine, porcine 
● Layer poultry 
● Broiler poultry 
● Poultry (unspecified) 

4) Which conceptual terms were used in the 
article?  Select all that apply. 

● Big data 
● Informatics, information systems, 

information technology 
○ Geographic 

● Bioinformatics 

5) Is the information system a “geographic” 
information system? 

● Yes, the information system is 
“geographic”. 

● No, the information system is not 
“geographic”. 

● The article uses both geographic and 
non-geographic information systems. 

6) Geographic region of study?  If no location 
described, use first author location. 
 
https://unstats.un.org/unsd/methodology/m49/  

● North America 
● South America 
● Europe 
● Africa 
● Asia 
● Australia/Oceania 

7) How many authors are on the article? ● [open text] 

8) Select affiliations of first author. 
 
If multiple, use the first affiliation. 

● Veterinary medicine, animal science, 
animal agriculture, food science 

● Human medicine and/or human health 
● Biological sciences: biology, 
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microbiology, biochemistry, molecular 
biology, etc. 

● Bioinformatics, genomics, proteomics 
● Physical sciences: geography, 

physics, chemistry, etc. 
● Statistics, data science, mathematics, 

simulation 
● Computer science, programming, 

information technology 
● Economics, social science, business 

science 

9) Is the article a review, systematic review, 
editorial, or conference proceedings. 

No. 
 
Yes. 
 
 

10) Was the information system a data 
source? 

Yes. 
 
No. 
 
Not applicable. The article is a review, 
editorial, letter-to-the-editor or conference 
proceeding. 

11) If the article was about a target animal, at 
what level was the study conducted: 
 

● Animal 
● Animal genes or metabolites 
● Animal byproduct, Animal product, 

e.g. meat, milk, fur 
● Animal bacteria, virus, parasite, 

fungus 
● Genes of animal bacteria, virus, 

parasite, fungus. 
● Environmental factors/effects, e.g. air, 

water, soil, climate. 
● Software, analytical technique, lab 

technique development/validation 
study. 

 

12) What type of study was conducted? ● Descriptive results (only) 
● Hypothesis testing (experimental) 
● Hypothesis testing (observational) 
● Theoretical study (simulation 

modeling) 
● Development or validation of 

laboratory methods 
● Comparison of laboratory methods 
● Development or validation of 



 
 

221 

analytical methods 
● Comparison of analytical methods 
● Development of validation of software 

product 
● Comparison of software product 

13) Select all sources of data used in the 
study. 

● Biologic sample 
● Genetic or bioinformatic information 

systems, databases or pipelines 
● Electronic medical records 
● Farm production records 
● Internet search engines or social 

media 
● Scientific literature databases 
● Geographic (measured by 

researchers, e.g. collection of GPS 
coordinates) 

● Climate, weather, plant life, soil 
(measured by researchers, e.g. soil 
samples, atmospheric temperature 
measurements) 

● Government: provincial/state, national, 
international organizations, including 
surveillance (e.g. Ontario Animal 
Health Network (provincial), USDA 
(national), WHO (internationl), FAO 
(international)) 

● Questionnaire/survey 
● This study did not utilize data (e.g. 

simulation modeling based on 
assumed parameters). 

14) Is machine learning or artificial 
intelligence used to describe the analytical 
techniques in the study? 
  
This question will not be used in the write-up 
of the scoping review, but for future studies of 
the literature. 
 

Yes. 
 
No. 

15) Select the type of review, editorials... 
articles.  Check all that apply. 

● Systematic review 
● Scoping review 
● Narrative review 
● Conference proceedings 
● Commentary, editorial, letter-to-the 

editor 
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Appendix K.  Guidelines for determining whether an article is “about” a target animal 
species. 

Was an animal/animal category/animal group mentioned? 
An article that mentions an animal would use words like “dog”, “cat”, “horses”, etc.  An article 
that mentions an animal category includes words like “herd”, “brood”, etc.  An article that 
mentions an animal category includes words like “companion animals”, “livestock”, etc. 
 
1 - Does it evaluate an animal of interest? 
Examples of studies evaluating an animal of interest include: 

● A study that further explores biochemical pathways of horses. 
● A study that explores the biochemical pathways of colic-associated laminitis in horses. 
● A study that estimates the lifespan of certain populations of pet dogs. 
● A study that estimates the prevalence of cancer in cats. 
● A study that estimates food consumption in cats with renal disease. 
● A study that investigates predictors of colic in horses. 
● A study that investigates the relationship between housing and displaced abomasums in 

dairy cattle. 
● A study that investigates the efficacy of a surgical technique in pigs. 
● A study that investigates stress in production pigs.   

 
2 - Does the study evaluate an intervention/exposure in an animal of interest? 
Interventions can include medical treatments, surgical techniques, suture techniques, 
management methods, etc.  Exposures can include toxins, antimicrobials, heat, other animals, 
humans, poor air quality, diseases, etc. 
 
Examples of studies that evaluate an intervention or exposure in an animal of interest include: 

● A study that evaluates the efficacy of a vaccine. 
● A study that estimates the incidence of disease after exposure to infected animals. 
● A study that estimates the incidence of antimicrobial resistance in dogs treated with a 

certain antibiotic. 
● A study that estimates the odds of cattle developing leptospirosis after exposure to a 

certain water supply. 
● A study that evaluates how long a suture pattern will hold in dogs that received open 

abdominal surgery. 
 
3 - Was the focus on the genes/proteins/cells of the animals? 
Examples of studies that focus on the genes of animals include: 

● A study that sequences a specific gene of a dog. 
● A study that investigates when certain genes of a horse are activated and 

transcribed/translated into proteins. 
● A study that identifies certain genes in pigs that are associated with greater productivity. 

 
Examples of studies that focus on proteins of animals include: 

● A study that investigates the function of certain enzymes in pigs. 
● A study that investigates the production of antibodies in response to a vaccine or 

infectious disease challenge. 
 
Examples of studies that focus on cells of the animal include: 

● A study that investigates macrophage response of cattle to certain diseases. 
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4 - Was the focus on bacteria/viruses/parasites (or other microorganisms) directly affecting 
an animal of interest? 
Examples of studies that focus on bacteria/viruses/parasites or other microorganisms that 
directly affect an animal of interest include: 

● A study that investigates the prevalence of Salmonella in horses. 
● A study that investigates the incidence of MRSP infection in dogs. 
● A study that investigates the virulence factors of Mycobacterium bovis in cattle. 
● A study that investigates the incidence of canine influenza in vaccinated dogs. 
● A study that investigates the effects of liver flukes on productivity in beef cattle. 
● A study that investigates the efficacy of mosquito control techniques in the prevention of 

West Nile virus in horses. 
● A study that investigates the prevalence of Lyme carrying ticks in a region for the 

purpose of prevention of infection in dogs. 
 
5 - Was the focus on genes/proteins/cells of a bacteria/viruses/parasites (or other 
microorganisms) that affects an animal of interest? 
Examples of studies that focus on genes/proteins/cells of a bacteria/viruses/parasites (or other 
microorganisms) that affect animals of interest include: 

● A study that identifies an important gene for the control of certain mosquito populations 
(for the goal of controlling West Nile virus in horses).   

● A study that compares the sequence of a gene of a helminth (important to cattle) to other 
helminths. 

● A study that sequences a specific gene of the PRRS virus. 
● A study that sequences a specific gene of the PRRS virus for the purpose of vaccine 

development. 
 
6 - Is the species being used as a model for a species of interest? 
Examples of studies that focus on species being used as a model for a species of interest 
include: 

● A study that studies genes related to the susceptibility to a certain disease to help 
understand vaccine development in pigs. 

● A study that investigates pathophysiology in pig liver in order to provide insights to 
treatment in horses. 

 
7 - Is this study about software or analytical techniques used to 
analyze/manage/manipulate animal data? 
Examples of studies that focus on software used to analyze animal data include: 

● A study that reports the efficiency of a bioinformatic analysis software in sequencing 
canine genes. 

● A study that describes how dairy farmer membership in a data consolidation program 
can improve communication among farmers and lead to better production and/or animal 
health. 

● A study that describes how to use a statistical software to analyze networks of farms. 
● A study that describes how to use a statistical technique to analyze canine genome data.  
● A study that describes how to use a plotting tool to depict metagenomic data of various 

Salmonella species in horses. 
 
8 - Is this study about a surveillance system or disease monitoring system for diseases of 
animals of interest? 
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Examples of studies about surveillance or disease monitoring systems for diseases of animal 
interest include: 

● A study that investigates the use of an existing surveillance system for antimicrobial 
resistance and its efficacy in managing mastitis in cattle. 

● A study that describes the necessity of a surveillance system for foot-and-mouth disease 
in North America.  

 
9 - Is this study about laboratory techniques for processing biological samples, diagnosing 
diseases, or delineating biological processes in an animal of interest? 
Examples of studies about laboratory techniques include: 

● A study that compares two enrichment processes for bacterial species found in horses. 
● A study that reports the success (or failure) of an enrichment process for a bacterial 

species found in horses. 
● A study that compares two diagnostic tests in dogs. 
● A study that reports the success (or failure) of a diagnostic test in dogs. 
● A study that reports the use of PCR in determining the pathophysiology of MRSP in 

dogs. 
 
10 - Does this study compare data to that from a target species? 
Examples of studies that compare data to that from a target species include: 

● A study that sequences a rhino genome and compares it to a horse’s genome. 
 
A - Does this study evaluate an animal product or an aspect of animal production? 
Examples of studies that evaluate an animal product or an aspect of animal production include: 

● A study that identifies a gene linked to marbling in beef cattle. 
● A study that compares the marbling ability of two breeds of beef cattle. 
● A study that describes the incidence of human tuberculosis after drinking raw milk. 

 
B - Does this study evaluate the effects of animals on the environment? 
Examples of studies that evaluate the effects of animals on the environment include: 

● A study that investigates the impact of cattle grazing on wildlife or vegetation. 
● A study that investigates the association between dog parks and parvovirus in sea lions. 

 
C - Does this study evaluate the effect of animals on humans/human health? 
Examples of studies that evaluate the effect of animals on humans/human health include:  

● A study that investigates the mental health effects in humans and noise produced from a 
dairy farm. 

● A study that incidentally finds that cattle exposure is a risk factor for human leptospirosis. 
 
D - Does this study evaluate a human impact on animal health? 
Examples of studies that evaluate human impact on animal health include: 

● A study that investigates the transmission of antimicrobial resistance genes to pet dogs. 
● A study that investigates public knowledge of agriculture and its effects on dairy 

agriculture perception. 
 
E - Does this study focus on bacteria/viruses/parasites (or other microorganisms) that may 
indirectly affect an animal of interest? 
Examples of studies that evaluate bacteria/viruses/parasites (or other microorganisms) that may 
indirectly affect an animal of interest include: 
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● A study that investigates how a virus in certain plants may change the plant fauna of 
pastures in the Midwestern United States. 

 
F - Is this study about software or analytical techniques used to 
analyze/manage/manipulate animal data? 
See (7). 
 
 
G - Is this study about a surveillance system or disease monitoring system for diseases of 
animals of interest? 
See (8). 
 
H - Is this study about laboratory techniques for processing biological samples, diagnosing 
diseases, or delineating biological processes in an animal of interest? 
See (9). 
 
Non-primary research articles 
Non-primary research articles include reviews, letters to the editor, etc.  While primary research 
articles that only speculate about target animal relevancy are excluded, non-primary research 
articles are not excluded if their only relevance to animals is due to author speculation.  Non-
primary research articles are considered to be “about an animal of interest” if they discuss a 
target animal in any way, evaluatively or speculatively.  Similarly, non-primary research articles 
are about “big data” “informatics” (and synonyms) and “bioinformatics” if they discuss those 
topics evaluatively or speculatively.  The discussion may be supported by data from other 
studies, or the discussion may be speculative.   
 
Examples of non-primary research articles that are “about an animal of interest” include: 

● A review that outlines various laboratory methods of detecting Salmonella in horse 
feces. 

● A review that outlines various statistical methods of analyzing gene homologs between 
various animal species, including cats. 

● A letter to the editor encouraging the use of a statistical technique found in physics for 
the analysis of avian influenza outbreaks in poultry houses. 

● A letter to the editor describing how the issue of antimicrobial resistance in dogs is 
overemphasized.  
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Appendix L.  Data categorization cheat sheet. 

Questions Answers Comments 

1) Is the article currently 
available/found? 

Yes. 
 
No. 

 

2) Does this article pass level 
1 relevance screening on full-
text? 

Yes - continue to (2). 
 
No - exclude. 

 

3) Which target animals 
made you include the article? 
 
Answer at highest level of 
specificity provided in the 
article. 

● Dog, canine 
● Cat, feline 
● Horse, equine 
● Dairy cattle 
● Beef cattle 
● Cattle (unspecified) 
● Sheep, ovine 
● Goat, caprine 
● Pig, swine, porcine 
● Layer poultry 
● Broiler poultry 
● Poultry (unspecified) 

Can be difficult when the 
article only uses general 
times, such as livestock, 
companion animals, etc.  
 
The general rule has been, if 
the article only uses 
“livestock”, select “cattle 
(unspecified)”, “sheep”, 
“goat”, “pig” and “poultry 
(unspecified)”.  
 
If article only specifies 
“companion animal”, select 
“dog” and “cat”. 

4) Which conceptual terms 
were used in the article?  
Select all that apply. 

● Big data 
● Informatics, 

information systems, 
information 
technology 

● Bioinformatics 

 

5) Is the information system a 
“geographic” information 
system? 

● Yes, the information 
system is 
“geographic”. 

● No, the information 
system is not 
“geographic”. 

● The article uses both 
geographic and non-
geographic 
information systems. 

 

6) Geographic region of 
study?  If no location 
described, use first author 
location. 
 

● North America 
● South America 
● Europe 
● Africa 
● Asia 
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https://unstats.un.org/unsd/m
ethodology/m49/  

● Australia/Oceania 

7) How many authors are on 
the article? 

● [open text]  

8) Select affiliations of first 
author. 
 
If multiple, use the first 
affiliation. 

● Veterinary medicine, 
animal science, 
animal agriculture, 
food science 

● Human medicine 
and/or human health 

● Biological sciences: 
biology, microbiology, 
biochemistry, 
molecular biology, etc. 

● Bioinformatics, 
genomics, proteomics 

● Physical sciences: 
geography, physics, 
chemistry, etc. 

● Statistics, data 
science, mathematics, 
simulation 

● Computer science, 
programming, 
information 
technology 

● Economics, social 
science, business 
science 

If the author is affiliated with a 
veterinary school, select 
“veterinary medicine”, e.g. 
“Department of Microbiology, 
School of Veterinary 
Medicine”. 
 
If the author is affiliated with a 
medical school, select 
“human medicine”, e.g. 
“Department of Microbiology, 
School of Medicine”.   
 
“Human medicine” is also 
selected if author is affiliated 
with “public health”, e.g. 
“School of Public Health”. 
However, if author is affiliated 
with “public health” and 
“veterinary”, then select 
veterinary, e.g. “School of 
Veterinary and Public 
Health”. 
 
“Environmental sciences”, 
“environmental engineering, 
“ecology”, “ecological 
sciences”, etc. are associated 
with “Biological sciences”.    

9) Is the article a review, 
systematic review, editorial, 
or conference proceedings. 

No. 
 
Yes. 
 
 

 

10) Was the information 
system a data source? 

● Yes. 
● No. 
● Not applicable. The 

article is a review, 
editorial, letter-to-the-
editor or conference 
proceeding. 

Any information system from 
which the researchers 
collected data.   
 
Can be confusing when 
“information system” is used 
in the abstract, however is 
referred to as “electronic 
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medical record” in the full-
text.  If data was pulled from 
the electronic medical record 
(and was referenced as an 
information system 
somewhere in the full-text or 
abstract), then the electronic 
medical record is considered 
the information system and is 
a data source. 

11) If the article was about a 
target animal, at what level 
was the study conducted: 

● Animal 
● Animal genes or 

metabolites 
● Animal byproduct, 

Animal product, e.g. 
meat, milk, fur 

● Animal bacteria, virus, 
parasite, fungus 

● Genes of animal 
bacteria, virus, 
parasite, fungus. 

● Environmental 
factors/effects, e.g. 
air, water, soil, 
climate. 

● Software, analytical 
technique, lab 
technique 
development/validatio
n study. 

 

Try to select only one.  Select 
multiple if there are multiple 
purposes/studies described in 
the paper.   
 
Examples of studies 
conducted at the animal 
level include:  

● Studies estimating the 
prevalence of cancer 
in dogs 

● Studies examining 
risk factors of fracture 
in horses 

● Studies examining 
success rate of 
hounds in identifying 
tortoises. 

 
Examples of studies 
conducted at the animal 
gene or metabolite level: 

● Genetic risk factors 
for cancer in dogs 

● Comparison of genes 
between cattle and 
oxen. 

● Sequencing of genes 
found in pigs 
associated with 
lameness. 

 
Examples of studies 
conducted at the animal by-
product or product level: 

● Dietary considerations 
for improved marbling 
in beef cattle. 

● Improved productivity 
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of crop farms due to 
spreading of fecal 
waste from swine 
farms.. 

 
Examples of studies 
conducted at the animal 
bacteria, virus, parasite, 
fungus level:  

● Studies that examine 
the association 
between proximity to 
cattle farms and 
leptospirosis in 
humans. 

● Studies that examine 
how national 
surveillance systems 
improve rabies 
management in dogs. 

 
Examples of studies 
conducted at the genes of 
animal bacteria, virus, 
parasite, fungus level: 

● Studies that sequence 
a newly discovered 
gene in porcine 
reproductive and 
respiratory virus 
(PRRS) in swine. 

● Studies that 
determine the genetic 
relatedness between 
Salmonella found on 
two different cattle 
farms. 

 
Examples of studies 
conducted at the 
environmental 
factors/effects, e.g. air, 
water, soil, climate level: 

● Fecal waste of cattle 
farms and local water 
quality. 

● Cattle grazing and 
effects on local plant 
life. 
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Examples of studies 
conducted at the software, 
analytical technique, lab 
technique 
development/validation 
level: 

● (Software) A study 
that shows that 
electronic medical 
record data from a 
veterinary hospital 
can be used to 
estimate incidence of 
dog bites in humans. 

● (Analytical technique) 
A study that shows 
that a geographical 
information system 
can be used to 
improve an infectious 
disease surveillance 
system. 

● (Lab technique) A 
study that shows that 
a different culture 
media would improve 
the isolation of 
Salmonella in cattle. 

 

12) What type of study was 
conducted? 

● Descriptive results 
(only) 

● Hypothesis testing 
(experimental) 

● Hypothesis testing 
(observational) 

● Theoretical study 
(simulation modeling) 

● Development or 
validation of 
laboratory methods 

● Comparison of 
laboratory methods 

● Development or 
validation of analytical 
methods 

● Comparison of 
analytical methods 

● Development of 
validation of software 

A study that reports only 
counts, prevalences, 
incidences, etc., with or 
without p-values would be 
considered descriptive. 
 
Studies that compare two 
populations and aim to detect 
a statistical difference are 
considered hypothesis 
testing.  They usually have 
p-values and/or confidence 
intervals reported.  They may 
also have conducted 
recognizable statistical 
hypothesis tests, e.g. t-tests, 
linear regression. 
 
Theoretical studies largely 
refer to simulation modeling 
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product 
● Comparison of 

software product 

studies.  These studies may 
utilize data or may assume a 
range of values believed to 
be representative of data that 
could be collected.   

13) Select all sources of data 
used in the study. 

● Biologic sample 
● Genetic or 

bioinformatic 
information systems, 
databases or 
pipelines 

● Electronic medical 
records 

● Farm production 
records 

● Internet search 
engines or social 
media 

● Scientific literature 
databases 

● Geographic 
(measured by 
researchers, e.g. 
collection of GPS 
coordinates) 

● Climate, weather, 
plant life, soil 
(measured by 
researchers, e.g. soil 
samples, atmospheric 
temperature 
measurements) 

● Government: 
provincial/state, 
national, international 
organizations, 
including surveillance 
(e.g. Ontario Animal 
Health Network 
(provincial), USDA 
(national), WHO 
(internationl), FAO 
(international)) 

● Questionnaire/survey 
● This study did not 

utilize data (e.g. 
simulation modeling 
based on assumed 
parameters). 
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14) Is machine learning or 
artificial intelligence used to 
describe the analytical 
techniques in the study? 
  
This question will not be used 
in the write-up of the scoping 
review, but for future studies 
of the literature. 
 

Yes. 
 
No. 

 

15) Select the type of review, 
editorials... articles.  Check all 
that apply. 

● Systematic review 
● Scoping review 
● Narrative review 
● Conference 

proceedings 
● Commentary, 

editorial, letter-to-the 
editor 

Any “review”, e.g. systematic, 
scoping or narrative, must be 
a literature review.   
 
Articles that do not describe 
research, but instead provide 
descriptions, e.g. software, 
an analytical technique, lab 
technique, surveillance 
system, existing attitudes, 
should be placed under 
commentary, editorial, 
letter-to-the-editor. 

 
 
  



 
 

233 

Appendix M.  Full Health Informatics Competency Framework. 
Competency Skills, knowledge, abilities 

HI Competency 1: 
The graduate actively seeks engagement and leadership 
within emerging technology in the non-veterinary animal 
health market. 
 
Description: The graduate actively seeks leadership roles 
within emerging models of animal healthcare. The 
graduate uses their veterinary knowledge to help 
strengthen and enhance the human-animal bond, advance 
animal husbandry, and ensure the health and wellness of 
all animals. 
 

Skills (5) 
● Approaches new technologies with an evidence-based 

methodology. 
● Reports emerging animal health innovation that 

inappropriately offers veterinary health services. 
● Maintains  awareness of the changing landscape within 

the animal health community. 
● Ethically promotes the voice of the veterinarian in the 

animal health community. 
● Seeks involvement with the animal startup community. 

 
Knowledge, abilities (4) 

● The graduate is aware of emerging technologies and 
their potential impact on the veterinary profession. 

● The graduate believes veterinarians should be actively 
involved in emerging technologies in the non veterinary 
animal health market. 

● The graduate has a strong degree of respect for the 
human animal bond and how technology could impact 
that bond. 

● The graduate is driven to be involved in emerging non 
veterinary animal health technologies. 

 
Assessment: Outside of their day-to-day practice responsibilities, 
the graduate is actively involved with animal health innovation 
external to the veterinary community. Example: The graduate 
consults or serves as a board member of newly formed pet-
consumer startup companies. 
 
 
 

HI Competency 2: 
The graduate advocates for effective use of current 
communication technology while respecting the privacy 
and regulatory implications on quality medical practice. 
 
Description: The graduate is aware of current 
communication technologies and how they could impact 
the clinic's ability to promote animal well being. The 
graduate is knowledgeable in current regulatory and 
privacy law and how they impact the use of technology. 
The graduate can effectively communicate to the practice 
how technology can improve client experience, facilitate 
case management, strengthen continuity of care, and 
improve work-life balance. 
 

Skills (6) 
● Respects evolving regulation relating to telemedicine. 
● Promotes the use of telecommunication technology to 

improve the client and patient experience. 
● Improves triage of clinical cases by using relevant 

communication technology. 
● Improves case management and continuity of care by 

using telecommunication technology. 
● Utilizes technology with a focus on improving the client 

and patient experience. 
● Retrieves and reviews medical data using telehealth 

technology ahead of physical appointments. 
 
Knowledge, abilities (5) 

● Promotes the use of telecommunication technology to 
improve the client and patient experience. 

● The graduate recognizes the limitations in the 
application of new technologies. 

● The graduate is aware of how data is stored regarding 
communication technology. 
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● The graduate believes communication technology can 
improve practice, client experience, work-life balance, 
and animal welfare. 

● The graduate is aware of current communication 
technologies. 

 
Assessment: The graduate promotes adoption of a new 
communication technology to a practice. Remains current with 
local regulatory, and privacy, legislation 
 

HI Competency 3: 
The graduate advocates the use of technology and 
innovation to facilitate quality practice management and 
improve work-life balance. 
 
Description: The graduate is aware of situations in their 
practice environment that could be improved through the 
use of technology and/or data management practices. The 
graduate evaluates technologies that could save time 
and/or improve workflow. 
 

Skills (5) 
● Selects the right combination of internal and external 

technologies and services to streamline practice and 
improve work-life balance. 

● Demonstrates the use of technological solutions to 
improve the efficiency of patient care, i.e., client 
communication, medical record keeping, follow up etc. 

● Integrates external resources (technologies and 
services) to improve practice management and work-
life balance. 

● Advocates for technological solutions that enhance 
quality of practice and work-life balance. 

● Evaluates emerging technologies and their impact on 
practice management and work-life balance. 

 
Knowledge, abilities (3) 

● The graduate recognizes that efficiency gained through 
the use of technology can have a positive impact on 
workplace productivity. 

● The graduate recognizes where technology could 
improve practice and work-life balance. 

● The graduate appreciates the importance of work-life 
balance. 

 
Assessment: The graduate evaluates new medical record software 
that decreases the amount of time spent entering data. 
 

HI Competency 4: 
The graduate seeks opportunities to further their 
knowledge in data management, informatics, and 
communication technology. 
 
Description: The graduate devotes a reasonable effort to 
exploring, critically evaluating, and understanding new 
methods of data management, informatics, and emerging 
trends in communication technology. The graduate 
actively learns new technology and processes with respect 
to informatics and promotes new ideas and practices with 
their peer group. 
 

Skills (4) 
● Participates in relevant conferences and webinars to 

learn new skills and processes or stay current on 
emerging technologies. 

● Joins and maintains an active participation in relevant 
professional networking groups. 

● Evaluates, shares, and discusses emerging technologies 
with peers and colleagues. 

● Searches literature in a critical fashion to retrieve 
relevant journals and information. 

 
Knowledge, abilities (3) 

● The graduate believes in continuing education in data 
management, informatics, and communication 
technology. 

● The graduate has a passion for advanced data 
management and information technology. 
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● The graduate finds quality continuing education 
resources (courses, classes, webinars, etc.). 

 
Assessment: The new graduate enrolls themself in a social media 
data analytics course. 
 

HI Competency 5: 

The graduate selects appropriate communication 
technologies and manages their virtual footprint in a way 
that reflects well on the profession. The graduate 
navigates online controversies involving veterinary 
medicine in a professional manner and supports wellness 
of the profession. 
 
Description: The graduate evaluates communication 
technologies and tools to ensure they are professional. The 
graduate communicates effectively using these tools in a 
way that reflects well on themselves and the veterinary 
profession. The graduate's communications respect 
privacy law and uphold professionalism. 
 

Skills (6) 
● Contributes to the public's knowledge and awareness of 

pertinent veterinary issues. 
● Applies secure and effective communication 

technology. 
● Evaluates communication technologies and tools to 

ensure they are professional. 
● Manages social media and web presence in a way that 

reflects core veterinary values. 
● Upholds privacy law related to communication 

technology. 
● Can identify privacy risks of communication 

technologies. 
 
Knowledge, abilities (2) 

● The graduate applies privacy law and regulatory law 
regarding telemedicine. 

● The graduate believes it is important to maintain a 
professional image when using technology. 

 
Assessment: The graduate uses appropriate technologies to carry 
themselves in a professional manner. 
 

HI Competency 6: 
The graduate leverages medical and production software 
systems, and maintains records in a format that allows 
analysis and sharing. 
 
Description: The graduate is aware of key aspects of 
medical record systems and the importance of maintaining 
medical records in an accurate and consistent format. The 
graduate evaluates the medical record content and systems 
with consideration to the potential for medical data 
sharing and analysis internally and externally. 
 

Skill (3) 
● Maintains awareness of current and emerging 

regulatory requirements. 
● Monitors emerging technologies and trends in medical 

and production software systems. 
● Inputs medical, production, and other data in a format 

that allows for extraction and analysis. 
 
Knowledge, abilities (3) 

● The graduate inputs data in a way that allows for 
analysis. 

● The graduate extracts data from medical record and 
production software systems. 

● The graduate believes that improved data analysis will 
be essential to the advancement of knowledge within 
and outside the profession. 

 
Assessment: The graduate keeps medical records in a format that 
is consistent and practical for larger scale analysis. 

HI Competency 7: 
The graduate utilizes technology to advance the 
surveillance and management of public health risks. 
 
Description: The graduate reports and informs authorities, 
peers, and clients of public health risks. The graduate is 

Skills (6) 
● Organizes disease outbreak data using formats that 

facilitate collection and analysis by authorities. 
● Utilizes communication systems that allow for better 

educating of public risks to clients. 
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aware of reporting and surveillance platforms and stays 
current with both at local, regional, national, and global 
levels. The graduate understands the importance of 
reporting potential risks and diseases that could affect the 
public and how they could protect animals and people by 
sharing information. The graduate is willing to contribute 
new ideas to help advance the practice of surveillance and 
public health risk management. 
 

● Engages clients to report diseases to aggregate better 
data. 

● Maintains awareness of government reporting processes 
and platforms. 

● Promotes new methods of surveillance and management 
that advance public health. 

● Reports public health risks using appropriate reporting 
channels. 

 
Knowledge, abilities (4) 

● The graduate recalls the various surveillance platforms 
at a local, regional, and national level. 

● The graduate believes in sharing information and 
disseminating public health risks to peers, clients, and 
the public. 

● The graduate demonstrates they are up-to-date on 
reportable diseases. 

● The graduate specifies which authorities to report 
public health risks. 

 
Assessment: The graduate leverages current communication 
technology to inform their clients and the public of public health 
concerns in their community. 

HI Competency 8: 
The new graduate utilizes data within an evidence based 
process to better promote animal health and welfare. 
 
Description: The new graduate utilizes current or 
emerging technology to analyze data in the promotion of 
evidence-based medicine, improving animal health and 
welfare decisions. 
 

Skills (4) 
● Iterates to improve work processes and case 

management based on evidence and feedback. 
● Incorporates responses (clicks, ratings, views, etc.) as 

constructive feedback. 
● Leverages appropriate technology for a particular 

purpose. (Ex: Animal-friendly handling practices video 
on Youtube.) 

● Analyzes data to enhance decisions pertaining to animal 
health and welfare. 

 
Knowledge, abilities (3) 

● The graduate believes that continuous advancement in 
data analytics can improve health and animal welfare 
decisions. 

● The graduate finds evidence-based data. 
● The graduate utilizes data to promote animal health and 

welfare. 
 
Assessment: The graduate reviews existing electronic medical 
records to improve medical decision making for case 
management. 
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Appendix N.  Full questionnaire. 

Telemedicine survey 

 
 

Start of Block: Introduction 

 
 You are invited to participate in a research study. The purpose of this investigation is to 
determine what types of information and communication technologies are currently being used in 
veterinary practice and gain insights into future applications of these tools. The results will be 
published in an academic journal.  You must be a veterinarian to take this survey. 
     
 This research study is being conducted by Dr. Ben Ouyang, a PhD student under the supervision 
of Dr. Theresa Bernardo and Dr. Zvonimir Poljak in the Department of Population Medicine at 
the University of Guelph in Ontario, Canada. 
   
 Please feel free to contact Dr. Ben Ouyang (zouyang@uoguelph.ca) or Dr. Theresa Bernardo 
(bernardt@uoguelph.ca) with any questions you might have about the research study.   
  
 The survey will take approximately 10 min to complete and is completely voluntary. You will 
be asked about your experience using various technologies to communicate with clients. No 
identifying information will be collected.  Please note that confidentiality cannot be 
guaranteed while data are in transit over the internet. To begin, select the 'Start' button at the 
bottom of the page.  If you decide that you do not want to finish the survey, you may exit the 
survey at any time.  Data from incomplete surveys will be discarded.   Survey responses cannot 
be withdrawn once submitted. You do not waive any legal rights by agreeing to take part in this 
study.  There are no foreseeable risks of harm in completing this survey, and your contribution 
may increase the understanding of how information and communication technologies affect 
veterinary practice.  This research will not be commercialized.  
 
 This project has been reviewed by the Research Ethics Board for compliance with federal 
guidelines for research involving human participants.  If you have questions regarding 
your rights and welfare as a research participant in this study (REB # 19-03-025: ), please 
contact: 
   Director, Research Ethics 
  University of Guelph 
  reb@uoguelph.ca 
  (519) 824-4120 (ext. 56606)      
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Q1. Which statement best describes your work as a veterinarian? 

o I work FULL-TIME at a practice AND provide care to client-owned animals. 

o I work PART-TIME at a practice AND provide care to client-owned animals. 

o I provide care to client-owned animals but DO NOT work at a practice. 

o I DO NOT provide care to client-owned animals. 
 

Q2. Which best describes your type of practice? Select all that apply. 

▢ Companion animal (dogs, cats) 

▢ Exotic pets (reptiles, hamsters, gerbils, rabbits, ferrets) 

▢ Food Animal 

▢ Equine 

▢ Other (please describe your type of practice):  

________________________________________________ 
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Q3. Based on your current knowledge of veterinary telemedicine, which of the following best 
describes your use of telemedicine? 
(Please check your answers before you proceed to the next question.  You will not be able to 
change this or previous answers after you answer this question.) 

o I use telemedicine in clinical practice. 

o I do not use telemedicine in clinical practice. 

o I am unsure if I use telemedicine in clinical practice. 
 

Q4. Which of the following do you currently use to communicate remotely with clients in your 
practice and for what purpose? Select all that apply. 

 Email Text/instant 
messaging 

Voice/telephone 
- audio only 

(includes phone 
calls, FaceTime 

audio only, 
Skype audio) 

Live video chat 

Help clients 
decide whether 
to bring animal 

to clinic 
▢  ▢  ▢  ▢  

Facilitate or 
communicate 

diagnostics with 
clients  

▢  ▢  ▢  ▢  

Facilitate or 
communicate 

treatments with 
clients 

▢  ▢  ▢  ▢  

Provide 
educational 

content to clients ▢  ▢  ▢  ▢  

Facilitate 
prescriptions for  
clients for their 

animals 
▢  ▢  ▢  ▢  

Other ▢  ▢  ▢  ▢  
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Q5. Please rate how you would like your current usage of these technologies to change. 
 
(You must click on or tap each slider to record a response.) 

 Use less No change Use more 
 

 1 2 3 4 5 
 

Email - text only 
 

Email - text with images, audio and/or video 
 

Text/instant messaging - text only 
 

Text/instant messaging - text with images, 
audio and/or video  

Telephone/voice - audio only (includes phone 
calls, FaceTime audio only, Skype audio)  

Live video chat 
 

Q6. Do you currently bill your clients for any communication via email, text/instant message, 
voice or live video chat?  

o Yes. 

o No. 

o In general, I don't consult with my clients via remote communication. 
 
Q7. Would you like to bill your clients for any communications via email, text/instant message, 
voice or live video chat? 

o Yes. 

o No. 

o I prefer not to consult with my clients via remote communication. 
  



 
 

241 

 
Q8. Assume you have a veterinary-client-patient relationship and the following activities are 
legal in your jurisdiction, select the remote communication technologies you feel veterinarians 
can use to adequately address each situation. 

 Email Text/instant 
messaging 

Voice - 
audio only 

Live video 
chat 

Should not or 
cannot be done 

by remote 
communication  

Perform 
triage (assign 

a level of 
urgency and 
direct clients 

and their 
animals to the 

appropriate 
caregiver).  

▢  ▢  ▢  ▢  ▢  

Diagnose 
some diseases 
in an animal.  ▢  ▢  ▢  ▢  ▢  

Guide clients 
in the 

treatment of 
some diseases 

for their 
animal. 

▢  ▢  ▢  ▢  ▢  

Provide 
prescriptions 
to clients for 
their animal. 

▢  ▢  ▢  ▢  ▢  

 
Q9. In which country do you primarily practice? 

o Canada (please enter your province).  

o United States (please enter your state).  

o Mexico (please enter your state).  

o Other country.  
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Q10. Please enter the state or province of the country in which you primarily practice. 

________________________________________________________________ 
 
Q11. What year were you born? 

________________________________________________________________ 
 
Q12. What year did you receive your Doctor of Veterinary Medicine or equivalent degree? 

________________________________________________________________ 
 
Q13. Which gender do you most identify with? 

o Male 

o Female     

o Other 

o Prefer not to answer 

 
Q14. Thank you for completing the survey!  By clicking the 'Submit' button below, your answers 
will be sent to the research team.  Please note that once submitted the information cannot be 
withdrawn. 
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Appendix O.  Inclusion/exclusion criteria for cases and controls. 

  Criteria for: 
  Inclusion Exclusion 
Cases 

 Patient must be canine. 
Patient has chronic cough or any cough 
greater than seven days duration at time of 
visit. 

 Patient may be any age. Patient was treated with systemic 
antibiotics in the two months prior to visit. 

 Patient must have an acute cough of less 
than seven days duration at time of visit. 

Patient has comorbidities (e.g. congestive 
heart failure, pneumonia) that could lead to 
coughing at time of visit. 

  Patient must have signs typical of CIRDC 
at time of visit. 

Patient has oral or intranasal B. 
bronchiseptica vaccines in the three months 
prior to visit. 

Controls  

 Patient must be canine. Patient has acute or chronic cough on 
presentation. 

 Patient must be in the same age range as 
most recently enrolled case. 

Patient has significant illness upon physical 
examination. 

 Patient must be historically healthy for at 
least three months prior to visit. 

Patient was treated with systemic 
antibiotics in the two months prior to visit. 

  Patient must be normal on physical 
examination. 

Patient received an oral or intranasal 
CIRDC vaccine in the month prior to visit. 
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Appendix P.  Survey to collect data on patient age, breed and sex and vaccination status.  
Completed by veterinarians. 

2017 Canine Infectious Respiratory Disease Complex (CIRDC) Medical Information 
 
Demographics: 
 
Q.1 Clinic:___________________________________________     
 
Q.2 Pet Name:______________________________________ 
 
Q.3 Pet Owner Name:_____________________________________________________ 
 
Q.4 Pet age (years): _______________________________________________________ 
 
Q.5 Breed: _________________________________________________________________ 
 
Q.6 Sex: ____________________________________________________________________ 
 
Q.7 Antech Lab ID: ________________________________________________________ 
 
 
Clinical signs (for cases only): 
 
Q.8 Date when clinical signs observed :__________________________ 
 
Q. 9 Clinical signs and their severity observed during the examination 

Clinical sign Very 
mild 
(1) 

 
(2) 

 
(3) 

 
(4) 

 
(5) 

 
(6) 

Very 
severe 

(7) 
Cough        
Sneezing        
Runny nose        
Inappetence        
Epiphora        
Other,         

 
Q.10 Body temperature  
 
_____________________*C 
 
 
 
 
 
 



 
 

245 

 
 
 
 
 
 
Q.11 Vaccination history:  What vaccines has this patient been administered in the last 3 
years (pathogens, route of vaccination and dates of vaccines): 
 
 
 
 
 
________________________________________________________________________ 
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Appendix Q.  Survey for collection of data for environmental risk factors for, completed by 
patient owner.  Cases only. 

2017 Canine Infectious Respiratory Disease Complex (CIRDC) Case Lifestyle Survey 
 
Demographics: 
 
Q.1 Clinic:___________________________________________    Q.2 Date 
:__________________________ 
 
Q.3 Pet Name:______________________________________ 
 
Q.4 Pet Owner Name:_____________________________________________________ 
 
 
Lifestyle: 
 
Q.5 How many dogs live in your household? ________________  
 
Q.6 Over the past 2 months on average how many times does your dog go outside of your house 
or your backyard? (check the appropriate answer): 
  
o >2 times per day 
o 1 -2 times per day 
o 1-4 times per week 
o Does not go outside 
o Other, please specify________________________________ 
 
Q.7 In the two weeks prior to your pet’s illness has he/she spent time in or at any of the 
following: 
 
Boarding Kennel   Y N 
 
Doggy Day Care   Y N 
 
Dog Park    Y N 
 
Veterinary Clinic   Y N 
 
Grooming Salon   Y N 
 
Other Canine Group Activity Y N    If yes, what was the activity?: 
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Q.8 Has your pet visited (in the 2 weeks prior to becoming ill) any other area where they were in 
contact with dogs (please describe where this contact occurred)  
 
______________________________________________________________________________
___________________ 
 
______________________________________________________________________________
___________________ 
 
 
Q.9 When was your dog last vaccinated for kennel cough  
 
o Don’t know if he/she was vaccinated 
o Never vaccinated  
o Vaccinated  
                        Date MM/DD/YYYY   ______________________________________________ 
                        Product                          
_______________________________________________ 
 
Q.10 How many times was your dog vaccinated against kennel cough over the past 1 year?  
 
______________________________ 
 
  
Follow up question after two weeks  
 
 
Q.11 When did your dog recover 
MM/DD/YYYY  
 
__________________________________________________________________________ 
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Appendix R.  Survey for collection of data for environmental risk factors for, completed by 
patient owner.  Controls only. 

2017 Canine Infectious Respiratory Disease Complex (CIRDC) Control Lifestyle Survey 
 
Demographics: 
 
Q.1 Clinic:___________________________________________    Q.2 Date 
:__________________________ 
 
Q.3 Pet Name:______________________________________ 
 
Q.4 Pet Owner Name:_____________________________________________________ 
 
 
Lifestyle: 
 
Q.5 How many dogs live in your household? ________________  
 
Q.6 Over the past 2 months on average how many times does your dog go outside of your house 
or your backyard? (check the appropriate answer): 
  
o >2 times per day 
o 1 -2 times per day 
o 1-4 times per week 
o Does not go outside 
o Other, please specify________________________________ 
 
Q.7 In the two weeks prior to the date of visit has he/she spent time in or at any of the following: 
 
Boarding Kennel   Y N 
 
Doggy Day Care   Y N 
 
Dog Park    Y N 
 
Veterinary Clinic   Y N 
 
Grooming Salon   Y N 
 
Other Canine Group Activity Y N    If yes, what was the activity? 
 
 
Q.8 Has your pet visited (in the 2 weeks prior to this visit) any other area where they were in 
contact with dogs (please describe where this contact occurred)  
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______________________________________________________________________________
___________________ 
 
______________________________________________________________________________
___________________ 
 
 
Q.9 When was your dog last vaccinated for kennel cough  
 
o Don’t know if he/she was vaccinated 
o Never vaccinated  
o Vaccinated  
                        Date MM/DD/YYYY   ______________________________________________ 
                        Product                          
_______________________________________________ 
 
Q.10 How many times was your dog vaccinated against kennel cough over the past 1 year?  
 
______________________________ 
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Appendix S.  Causal diagram illustrating the relationship between the risk factors 
(demographics, pathogens detected, vaccination status, environmental exposure. 

 
c Confounding variable for both pathogen and environmental exposure models. 
1 Predictor variable for pathogen model. 
2 Predictor for environmental exposure model. 
o Outcome variable for both pathogen and environmental exposure model. 
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Appendix T.  Coefficient of determination for random forest models with each clinical 
score as outcome. 

  Outcomes 

    Cough Sneeze Nasal discharge Inappetence Epiphora 

Pathogens 5.58 <0 <0 <0 4.38 

Demographics <0 <0 <0 <0 <0 

  Highest ranked Sex Sex Age Age Sex 
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Appendix U.  Linear regression with robust standard errors with cough score as outcome 
and pathogens and demographics as risk factors built with forward selection and with age 
forced into model throughout the model building process. 

Risk factors Coefficient (95% CI) p-value 

Mycoplasma cynos 
 + 0.95 (0.20-1.70) 0.01 
 - Reference - 

Canine parainfluenza virus 
 + 0.56 (-0.15-1.27) 0.12 
 - Reference - 

Age (years) 0.0065 (-0.09-0.10) 0.89 
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Appendix V.  Predicted vs. observed values for each cough score. 
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Appendix W.  Histogram of prediction errors for cough score. 
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Appendix X.  Median prediction errors. 

   Median prediction error   
      ≤ -2 ≥ 2 Between -2 and 2 Total 
Clinic 

  A  2 (8) 3 (12) 19 (80) 24 

  B  2 (10) 2 (10) 16 (80) 20 

  C  2 (10) 3 (15) 15 (75) 20 

  D  0 (0) 0 (0) 4 (100) 4 

  E 1 (17) 0 (0) 5 (83) 6 
    Total 8 (11) 7 (9) 59 (80) 74 
Pathogens 

 Mycoplasma cynos 

  (+) 7 (16) 4 (9) 33 (75) 44 

  (-) 1 (3) 3 (10) 26 (87) 30 

   Total 8 (11) 7 (9) 59 (80) 74 

 Canine parainfluenza virus 

  (+) 3 (17) 1 (5) 14 (78) 18 

  (-) 5 (9) 6 (11) 45 (80) 56 

   Total 8 (11) 7 (9) 59 (80) 74 

 Bordetella bronchiseptica 

  (+) 1 (20) 0 (0) 4 (80) 5 

  (-) 7 (10) 7 (10) 55 (80) 69 

             

 Canine respiratory coronavirus 

  (+) 0 (0) 1 (10) 9 (90) 10 

  (-) 8 (13) 6 (9) 50 (78) 64 
    Total 8 (11) 7 (9) 59 (80) 74 
Vaccination status 

 Bordetella bronchiseptica 

  Vaccinated 7 (14) 5 (10) 37 (76) 49 

  Unvaccinated 1 (5) 2 (9) 19 (86) 22 

  Unknown 0 (0) 0 (0) 3 (100) 3 

   Total 8 (11) 7 (9) 59 (80) 74 

 Canine parainfluenza virus 

  Vaccinated 8 (16) 7 (14) 35 (70) 50 

  Unvaccinated 0 (0) 0 (0) 21 (100) 21 

  Unknown 0 (0) 0 (0) 3 (100) 3 

   Total 8 (11) 7 (9) 59 (80) 74 

 Canine adenovirus 

  Vaccinated 6 (15) 4 (10) 30 (75) 40 

  Unvaccinated 2 (6) 3 (10) 26 (84) 31 

  Unknown 0 (0) 0 (0) 3 (100) 3 

   Total 8 (11) 7 (9) 59 (80) 74 

 Core vaccination protocol 

  Vaccinated 7 (14) 7 (33) 43 (86) 50 

  Unvaccinated 1 (5) 0 (0) 13 (62) 21 

  Unknown 0 (0) 0 (0) 3 (100) 3 

    Total 8 (11) 7 (9) 59 (80) 74 
Demographics 

 Brachycephaly 

  Yes 1 (8) 2 (17) 9 (75) 12 

  No 5 (11) 3 (6) 39 (83) 47 

  Other 2 (13) 2 (13) 11 (74) 15 

   Total 8 (11) 7 (9) 59 (80) 74 

 Age (years) 
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  1 1 (14) 1 (15) 5 (71) 7 

  2 4 (19) 2 (10) 15 (71) 21 

  3 0 (0) 0 (0) 6 (1) 6 

  4 0 (0) 2 (33) 4 (67) 6 

  5 2 (25) 0 (0) 6 (75) 8 

  6 0 (0) 0 (0) 6 (1) 6 

  7 0 (0) 0 (0) 2 (1) 2 

  8 0 (0) 0 (0) 1 (1) 1 

  9 1 (20) 2 (40) 2 (40) 5 

  10 0 (0) 0 (0) 1 (1) 1 

  11 0 (0) 0 (0) 2 (1) 2 

  12 0 (0) 0 (0) 4 (1) 4 

  13 0 (0) 0 (0) 3 (1) 3 

  14 0 (0) 0 (0) 1 (1) 1 

  15 0 (0) 0 (0) 1 (1) 1 

   Total 8 (11) 7 (9) 59 (80) 74 

 Sex 

  Male 3 (27) 2 (18) 6 (55) 11 

  Castrated male 3 2 25 (83) 30 

  Female 0 0 8 (1) 8 

  Spayed Female 2 2 19 (83) 23 

  Unknown 0 1 1 (50) 2 

   Total 8 (11) 7 (9) 59 (80) 74 

 
 
 
 
 
 


