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RESEARCH AND DEVELOPMENT 

Epidemiology and its Application 
to Animal Health

Health research is diverse and varied and covers 
a spectrum from basic research – which describes 
the early discovery and development phase –
to applied research. Each phase of research is 
essential to move scientific discovery forward and 
advance health. 

The production of new therapeutic compounds, for 
example, begins at the laboratory bench (basic) 
and proceeds through rigorous testing in clinical 
settings (applied) before they can be widely used 
in regular practice. Basic or ‘bench’ research usually 
focuses on identifying mechanisms of disease, 
understanding physiologic pathways, and developing 
new technologies, compounds, and therapeutics. 
Applied research provides the link between bench 
research and clinical application. It is through close 
cross-talk between the worlds of bench and applied 
research that researchers are able to innovate. The 
purpose of this editorial is to discuss details about 
the types of studies that fall under the umbrella of 
applied research, including their advantages and 
limitations, and their utility in advancing animal health.

Interventional Research
Applied research studies fall into one of two categories: 
interventional and observational studies. Each type serves 
distinct and important purposes. Interventional applied 
research consists of clinical trials. At their simplest, clinical 
trials (also known as randomised controlled studies) 
compare subjects in two groups: those who receive an 
intervention (a new drug or therapy) and those who do 
not (the control group). The groups are randomly chosen 
from the study population for placement into the different 
treatment arms. Subjects in a clinical trial for a new therapy 
receive either the therapy (for example a new compound 
or procedure or a novel combination of therapies) or 
the current standard of care, which may be placebo or 
an existing treatment. Clinical trials also can be used to 
measure a lifestyle or dietary intervention. The process 
of bringing new drugs and products to market requires 
clinical trials to establish drug safety and efficacy prior to  
licensing.  

The process of randomisation serves to prevent 
factors other than the intervention, such as age or gender, 
from affecting the outcome of the intervention. When 
randomisation works correctly, confounding is implicitly 
controlled, both for the factors that we can measure and 
those that we cannot (unmeasured confounding). For 
effective randomisation, three conditions must be met: 
a) investigators must not pre-determine treatment 
allocation for a study subject prior to enrolment;
b) treatment allocation cannot be changed after a 
study subject is enrolled (with a few exceptions); and 
c) the subjects and their doctors must be kept naïve to 
the treatment allocation (known as masking) to prevent 
biased results.1 For obvious ethical reasons, we aren’t able 
to randomise study subjects to potentially deleterious 
exposures. 

An alternative to traditional randomised controlled 
design in clinical trials is a cross-over design. In this type 
of study, a subject is allocated to all treatment arms at 
different periods of time with a wash-out period between 
treatment arms. This approach is useful because each 
study subject serves as his own control, thus confounding 
is minimal. Cross-over designs are only practical when the 
effects of the intervention are reversible, and are typically 
used to test drugs that have a short half-life.

Study subject recruitment for clinical trials is tightly 
controlled: inclusion and exclusion criteria are often 
very narrow, and the results may not be applicable to all 
populations. For example, when testing a new therapeutic 
to treat canine diabetes, comorbidities (other diseases 
within the subject) are often an exclusion criterion. However, 
in practice, diabetic dogs frequently have multiple other 
conditions, potentially limiting the utility of results obtained 
from a study from which these dogs would have been 
excluded. 

Clinical trials usually are not designed to include 
enough study subjects to identify rare adverse events, 
nor do they typically last long enough to identify long-
term outcomes associated with the intervention. An 
advantage of performing clinical trials in animals is that 
health outcomes tend to be achieved on an abbreviated 
timescale relative to humans; therefore, clinical trials on 
animals with spontaneous disease can serve to inform 
the intent and design of human trials, as well as advance 
veterinary medicine. 

Observational Research
Observational studies are those that do not involve 
intervention and they can be descriptive or analytic. 
Researchers enroll study subjects and observe the study 
population to identify correlations between exposures and 
outcomes. In general, the advantages of observational 
studies include data collection on study subjects in the “real 
world” (i.e., the study conditions are not tightly controlled 
and subjects are simply observed as they go about their 
normal routines). Most observational research is aimed 
at etiology, or identifying potential causal associations for 
disease. Disadvantages of observational studies include a 
potential for unmeasured confounding (confounding that 
we cannot control for using statistical methods). There 
are many different types of observational studies. For the 
purposes of this editorial, we will focus on the most common 
types and their applications in animal health. 

Descriptive studies
Descriptive studies have multiple purposes, including: 
monitoring and reporting on health status in populations, 
identification of emerging health problems, surveillance for 
health threats, establishing health priorities for a population, 
and helping generate hypotheses about the determinants of 
disease. These studies are not designed to test hypotheses 
but are an essential tool both for researchers to generate 
hypotheses and public health experts to allocate resources 
and identify areas of need. For example, researchers in Chile 
used documented occurrences of rabies in bats to make 
predictive maps of where the prevalence of rabies in the 
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wild bat population is likely to be high.2 These results might 
be used to focus efforts to vaccinate domestic species in 
areas where the prevalence of rabies is predicted to be 
high.

Ecologic studies 
In ecologic studies, researchers observe exposures 
and health outcomes in populations in order to identify 
correlations from these observations. The distinguishing 
feature of ecologic study is that it uses aggregate data; no 
individual-level data are included. Ecologic studies should 
not be confused with studies of ecology. 

Ecologic studies can be completed quickly and 
inexpensively. They are useful as hypothesis-generating 
research, to identify questions for more definitive studies, 
and often identify emerging diseases faster than other 
study designs. Because animals can often be sentinels for 
environmental toxins or emerging infectious diseases, they 
can be useful to identify health concerns for animals and 
humans alike. 

Because researchers are not measuring outcome or 
exposures in individual animals, ecologic studies cannot 
be used to determine whether the exposure and disease 
occurred in the same subject. In addition, it is difficult to 
establish temporality of exposure and disease in this study 
type. 

In animal health, an example of an ecologic study 
design was published by Rohr et al. In this study, one of 
the factors they studied was extinction events among a 
genus of amphibians and their distance from a pathogenic 
and invasive fungus. Authors found a positive correlation 
between extinction events and distance from areas where 
the fungus of interest exists.3 What the researchers were 
unable to say was that the extinct species were exposed 
to this fungus. This study demonstrates that the ecologic 
study design is important to establish potentially important 
associations; it cannot definitively say that fungal infection 
and mortality occurred in the same individual. 

Case-series
Case-series studies are used to describe characteristics 
among a group of study subjects who have an outcome of 
interest (such as a disease). These studies can be useful to 
inform more definitive research but because only diseased 
subjects comprise the study population, no conclusions 
may be drawn about potential associations between 
exposures and disease. The scientific literature has many 
examples of case-series. A recently published case-series 
described the presence of selenium deficiency in eight 
foals with white muscle disease and went on to show that 
each of these foals come from areas in the Netherlands 
with selenium-deficient soil. Authors conclude from this 
study that selenium supplementation in selenium-deficient 
areas is indicated to prevent white muscle disease.4 This 
conclusion may be supported by additional research on 
this topic, though this study alone does not support that 
conclusion; from their data we do not know selenium levels 
in foals who are not affected by white muscle disease. 
Readers and researchers alike must take care not to draw 
conclusions that the data from this type of study cannot 
support.

An exception is a study design called the self-controlled 
case series. This study design employs study subjects 
who have both the exposure and outcome of interest, and 
the study subject serves as his own control. It is typically 
used in pharmacoepidemiology to identify rare or long-

term adverse events associated with a drug or biological. 
Because it is necessary to establish that the exposure 
preceded disease, the self-controlled case series requires 
access to the subjects’ prior medical records. Researchers 
use this type of study when it isn’t feasible to compare 
subjects who got a drug to those who did not because 
those two populations are systematically different in ways 
that may bias results.

Case-control studies 
In case-control studies, the study population is identified 
based on the outcome of interest. Cases (subjects with the 
outcome of interest) and controls (study subjects without 
the outcome of interest) are identified for inclusion in the 
study. Two types of case recruitment approaches may be 
taken: researchers can recruit cases that are prevalent (with 
existing disease) or incident (as they develop disease). It is 
generally preferable to recruit incident cases but that is not 
always feasible, particularly when a disease is especially 
rare. Researchers then gather data about exposures of 
interest, through a variety of methods including review of 
medical records, physiologic testing, or interview of study 
subjects or caregivers. 

Case-control studies are useful to study novel 
associations between exposure and disease because 
they are relatively inexpensive and expedient to carry out. 
They are also useful for studying rare diseases since the 
population is selected based on disease status. However, 
case-control studies have potential for bias because 
subjects (or their caregivers) may not correctly remember 
the chronology of exposure or clinical presentation of the 
disease, and they may remember exposures differentially 
based on disease status. If researchers are identifying 
exposures of interest in diseased patients at the time of 
study enrolment, it is impossible to say that exposure 
preceded disease, which is necessary to establish causal 
associations. Another limitation to the case-control study 
is that researchers can’t estimate absolute risk for an 
outcome in a population.

An important concern in case-control studies is that 
cases and controls may differ in exposures other than the 
exposure of interest; it would be impossible to determine 
which of these exposures is associated with disease. Case-
control matching is an attempt to address this problem by 
selecting cases and controls who share commonalities in 
pre-determined characteristics. For example, if age is an 
important risk factor for the development of an outcome 
(and not an exposure of interest), researchers will recruit 
cases and controls who are the same age. Matching, 
provided matched factors are not studied as a potential 
exposure, is an effective way to improve statistical efficiency 
in case-control studies. 

Because of their relative ease of execution, the scientific 
literature contains countless examples of case-control 
studies. In these studies, however, attributing causality can 
be complicated. For example, a recently published study 
compared vitamin D levels in dogs with osteosarcoma to 
age- and weight-matched controls. The authors found 
no difference in serum vitamin D levels between the cases 
and controls; they concluded that vitamin D insufficiency 
is not likely to play a role in the pathogenesis of canine 
osteosarcoma.5 However, if they had found lower vitamin 
D in osteosarcoma cases, it would not have been valid to 
conclude that that vitamin D insufficiency did play a role in 
the pathogenesis of canine osteosarcoma because of the 
potential for reverse causality. In other words, the research 
could not determine whether the deficiency caused the 
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disease, or vice versa, without determining the chronology 
of the exposure and outcome conditions. Moreover, their 
conclusion that vitamin D insufficiency does not play a role 
in disease pathogenesis does not take into account the 
possibility that dogs who developed disease may have had 
low vitamin D at a time prior to diagnosis. This possibility is 
especially important in chronic disease epidemiology since 
the disease process is often protracted. 

Longitudinal studies 
Longitudinal studies are also known as cohort studies. In 
this type of study, a population (cohort) is identified based 
on a characteristic or characteristics they have in common 
and then they are followed to watch for the incidence for 
pre-defined health outcomes. In this type of research, 
subjects are free from the outcomes of interest at the 
time of enrolment. Although they are usually undertaken 
to study specific outcomes, cohort studies are robust 
enough to investigate many different outcomes; as long as 
study subjects do not have evidence of a given disease at 
enrolment, it is possible to study risk factors for that outcome 
in the study population. In addition, researchers can use 
cohort studies to define absolute risk in a population, and 
establish temporality of exposure and subsequent disease. 
The latter is important when trying to establish causal 
associations and this attribute makes cohort studies 
particularly useful for identifying disease etiologies.

Cohort studies tend to take a long time to complete, 
making them ill-suited to studying urgent health issues. 
They also are expensive to execute and are usually 
designed and undertaken to build on the findings of less 
expensive study designs. Dogs make good cohort study 
subjects because we can feasibly study their entire life-
course, something that we can’t do with humans. Cohort 
studies using animals as study subjects may provide a 
model for disease in people and inform research needs in 
humans. 

The Golden Retriever Lifetime Study is an example of a 
cohort study in animal health; researchers recruited a large 
number of privately-owned golden retrievers in the United 
States and are following them throughout their life-course 
to identify the incidence of and risk factors for four types of 
cancer that are common in this breed of dog.6

Retrospective studies 
In this type of study, researchers reach back in time using 
health records, vital records, or information collected 
by study subjects or their caregivers to gather data 
about potential past exposures of interest. The important 
distinction of retrospective studies is that the people 
providing the information were naïve to disease status at 
the time of collection. With the advent of computerised 
health records, retrospective studies have become more 
feasible and popular. 

These studies are advantageous because the data are 
collected in real time and therefore similar conclusions as 
cohort studies may be inferred. In addition, they are less 
expensive and faster to perform than traditional cohort 
studies. However, because they often use clinical records, 
which are not collected for the purpose of research, 
researchers cannot control the way in which the data were 
collected, which can complicate making inferences about 
findings.  

The Future of Observational Studies in Animal Health
The human animal interface has undergone a sea change 
in the last 50 years. While we are generally much further 
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removed from the animals that provide food and fibre, 
we share our lives with companion animals ever more 
closely. With this change, the nature and goals of animal 
health research have also changed significantly. Animal 
health researchers are now studying animal disease in the 
context of improving the health and wellbeing of animals 
as a primary goal. This change also opens the door to 
comparative medicine. Our companion animals share 
almost every aspect of our lives, including exposures, and 
they are at risk for many of the same diseases as humans. 
For these reasons, they hold tremendous potential to inform 
disease risk in human health.

As biomedical technology and computational capacity 
continue to improve, the nature and sophistication of 
observational studies will continue to evolve, and the 
time required to move discoveries from the bench into 
practice will decrease. As technologies such as –omic 
assays become more precise, applied research can use 
these tools to identify disease mechanisms (thus getting 
closer to identifying the etiology of disease), improve 
diagnostic testing, and optimise treatments for many 
different diseases. Veterinary research is poised to be in the 
vanguard as these technologies become more common.
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