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“Comparative Medicine” may be defined
as a field of study concentrating on simi-
larities and differences between veterinary
medicine and human medicine. However,
this is a redundant definition that needs
to be updated, modernized, and refined.
The nineteenth century German physi-
cian Rudolf Ludwig Carl Virchow, widely
known as the “Father of Modern Pathol-
ogy” and the founder of the science of
veterinary pathology wrote:

Between animal and human and med-
icine, there is no dividing line – nor
should there be. The object is dif-
ferent, but the experience obtained
constitutes the basis of all medicine.

In his 1927 paper entitled “What is Com-
parative Medicine?” published in the Pro-
ceedings of the Royal Society of Medicine
(1), O. Charnock Bradley defined “Com-
parative Medicine”as two branches of “One
Medicine.” He wrote:

Inasmuch as it includes the study
of disease in a considerable number
of animals belonging to widely dif-
ferent species, there is some ground
for regarding veterinary medicine as
being comparative medicine. But this
is held to be too narrow an application
of the term.

Clearly, even by the late 1920s the definition
of “Comparative Medicine”was considered
too narrow and inadequate. Bradley went
further by proposing:

Human and veterinary medicine are
confronted with similar problems
and employ similar means for their
solution; and, taken together, they
deal with a large group of animals

sufficient to justify the contention
that they are two branches of one
medicine.

THE EVOLVING CONCEPT OF ONE
MEDICINE
The concept of “One Medicine”emerged in
1970s and is credited to Dr. Calvin Schwabe
(1927–2006), a veterinary epidemiologist
and parasitologist in his textbook “Veteri-
nary Medicine and Human Health” (2).
“One Medicine” eventually gave rise to
the present “One Health” initiative, which
aims to unite human and veterinary medi-
cine. However, it is important to point out
that in the decades and centuries prior to
the emergence of the “One Health, One
Medicine” concept, “Comparative Medi-
cine” was already recognized as a field of
study within medicine, a field that was
synonymous with“laboratory animal med-
icine compared with human medicine.”
The twentieth century witnessed enormous
advances in “Comparative Medicine” and
numerous biomedical research contribu-
tions involved the use of laboratory animals
(i.e., rodents, non-human primates, dogs,
cats, and more recently, new laboratory
species such as the zebrafish). Discussion of
these contributions is beyond the scope of
this Specialty Grand Challenge article and
will be the subject of a future paper in this
section of Frontiers in Veterinary Science.

MICE ARE NOT MEN
It is pertinent to mention the many limita-
tions and challenges of relying on labora-
tory animals as models of human disease.
Clearly, “mice are not men” and informa-
tion obtained from mouse models does not
always translate well to humans. Rodents

are not always reliable as preclinical models
for human disease. Mice have traditionally
been used in immunology but recent stud-
ies have shown that mice do not reproduce
the patterns of gene expression induced
by human inflammatory disease (3). The
scientific literature and clinical trial data-
bases are littered with numerous examples
of drugs that worked well in laboratory ani-
mals but turned out to be ineffective in
clinical trials on humans. For example, in
1990s, cancer and arthritis were regarded
as the most suitable diseases for the use
of MMP inhibitors (MMPIs) and although
results from animal studies suggested that
MMP inhibition could be an effective ther-
apeutic approach, clinical trials in humans
failed and seriously diminished interest
in MMP inhibition as a valid therapeutic
option (4). MMPIs are not the only exam-
ples; there are many others in the litera-
ture. Such failures have been significant and
extremely costly to the global pharmaceuti-
cal industry. These findings have provoked
renewed discussion and debate concerning
the validity of animal models in transla-
tional research (5). Researchers in favor of
mouse models insist that gene expression
patterns in mouse models closely align to
those in human inflammatory conditions
and continue to argue for the utility of
mice as animal models of human disorders
(6). Despite the drug development failures
mice undoubtedly have an important place
in basic research, preclinical testing, and
the development of translational research
pathways. In order to facilitate transla-
tional research, the use of chimeric rodents
and humanized mouse models has been
proposed (7, 8). Clearly, there are other
obligations involved here since regulatory
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authorities require certain species to be
used in toxicity as well as efficacy profiling.
However, it is always important to recog-
nize the inherent weakness and limitation
of mouse models and we hope that contrib-
utors to Frontiers in Veterinary Science will
submit papers relevant to this important
topic.

JUSTIFYING THE USE OF ANIMAL
MODELS
There is increasing pressure on researchers
to defend and justify the validity of their
animal models. Researchers, funding bod-
ies, and publishers have been advised to pay
more attention to the “3Rs” (replacement,
refinement, and reduction of animals in
research). Guidelines have been devel-
oped by the National Centre for the
Replacement, Refinement, and Reduction
of Animals in Research (NC3Rs) in the
United Kingdom to improve the reporting
of research using animals in order to maxi-
mize information published and minimize
unnecessary studies. These guidelines,
known as animal research: reporting of
in vivo experiments (ARRIVE) were devel-
oped in consultation with the scientific
community as part of the NC3Rs initiative
to improve the standard of reporting of
research using animals (9). These initia-
tives have led to the refinement of the
definition of “Comparative Medicine”
and how “One Health” may encompass
it. Unfortunately, almost 5 years after the
publication of the ARRIVE guidelines,
very few journals and funding bodies
are actually enforcing these guidelines
and there has been very little improve-
ment in reporting standards since then
(10). Clearly, there is still a huge amount
of work that needs to be done in order
to encourage the entire scientific com-
munity to be more transparent about
animal research and engage more openly
with the general public. The European
Commission has released guidance and
issued legislation for the protection of ani-
mals used for scientific purposes (http:
//ec.europa.eu/environment/chemicals/
lab_animals/legislation_en.htm).

SHARED HERITAGE OF ONE MEDICINE
Despite a century of achievements and
advances in “One Health, One Medi-
cine”and“Comparative Medicine,”we have
made scant progress and learned very little

from Virchow, Bradley, and the scholars
that followed in their footsteps. “One
Health, One Medicine” has largely failed
to realize its true potential in the twenti-
eth century (11). The reason for this fail-
ure is quite simple and does not need to
be explained using complex mathematical
and statistical techniques: veterinary and
medical sciences do not interact enough.
The veterinary and medical professions are
steeped in a rich history of “One Medicine,”
but they have paradoxically parted ways
(12). Veterinarians and medical practition-
ers still do not recognize that they speak
different dialects of the same language.
With the exception of the annual experi-
mental biology meeting, which is organized
by the Federation of American Societies
for Experimental Biology (FASEB) veteri-
narians and physicians rarely attend the
same conferences, conceive concepts for
grant proposals and co-author scientific
papers.

PROMOTING MULTIDISCIPLINARY
COLLABORATION
The author concedes that there are numer-
ous examples where veterinarians and
physicians collaborate successfully and
productively. However, these are excep-
tions rather than the rule. Indeed, there
are many examples where veterinary, med-
ical, dental, and bioscience schools within
the same academic institution are sepa-
rated by miles and located in separate cam-
puses. Interestingly, there is evidence that
the fruitful collaborations occur in institu-
tions where veterinary, medical, and bio-
medical faculties co-exist in the same cam-
puses and buildings (examples, Duke Uni-
versity, University of Pennsylvania, West-
ern University of Health Sciences, Boston
University, Tufts University, University of
California, Berkeley and Davis). In these
institutions, “Comparative Medicine” is a
thriving multidisciplinary discipline where
veterinarians, physicians, biomedical sci-
entists, and researchers from physical sci-
ences, engineering, and humanities focus
on fundamental biomedical questions.
By studying pathologies that co-exist in
humans and animals, we are much more
likely to uncover common denominators
of disease and identify new therapeutic
targets.

However, “Comparative Medicine” is
not just about common mechanisms of

disease and has the potential to transform
and revolutionize translational medicine
(the bench to bedside paradigm) and
provide real-life solutions to unresolved
challenges in healthcare. And as the dis-
cipline evolves new opportunities arise
to reduce, refine, and replace animals in
biomedical research and boost the drug
discovery and development pipelines.

FACILITATING DRUG DEVELOPMENT
The global pharmaceutical industry, gov-
ernments, and the major funding bod-
ies recognize the need for interdiscipli-
nary collaboration. New funding schemes
are increasingly placing greater emphasis
on interdisciplinarity due to the realiza-
tion that societal challenges in health are
unlikely to be met by medical researchers
alone. If we are to tackle complex diseases
such as cancer, we need to think outside the
box. Veterinarians and physicians need to
talk to each other as well engineers, mathe-
maticians, and social scientists. They need
to seek advice from physicists and statis-
ticians. Multidisciplinary collaboration is
the only way to ensure that accelerating
advances in basic science can be translated
into diagnostics, therapeutics, and most
important of all, new preventive strategies
for the most common and hard to treat
diseases in the twenty-first century.

In terms of drug discovery and devel-
opment, most of the low-hanging fruit
is gone. The challenge is to reach higher
and tackle polygenic diseases with com-
plex etiologies using multidisciplinary
approaches. To reap the rewards, we need to
leave our preconceived prejudices behind,
communicate and collaborate openly and
more effectively. Today’s veterinary and
medical graduates are truly outstanding,
but they have the potential to be even bet-
ter. To achieve this, they need not com-
pete – they simply need to communicate
and collaborate. They must communi-
cate openly, share their knowledge, and
discard their preconceptions and preju-
dices, especially when they deal with the
public, politicians, and scientists with-
out clinical qualifications. Many veterinary
schools have begun initiatives to encour-
age their students to spend time with
other stakeholders (e.g., funding agen-
cies, research organizations, government
departments, organizations, and pharma-
ceutical companies).
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MEETING THE CHALLENGES OF BIG
DATA
In order to meet the health challenges of the
twenty-first century, we need to change the
way research and development is carried
out. We must first accept that in order to
make informed decisions about health and
health care choices, we need high-quality
data – or “big data.” Collecting “big data”
requires collaboration and the formation
of large consortia funded by public–private
partnerships that can overcome the dimin-
ishing resources of funding bodies and
break the traditional barriers to multidis-
ciplinary and inter-institutional research
(13). Academic veterinarians and physi-
cians need to communicate, conquer their
silo guardians (14), and embrace new and
more effective methods of working. Col-
laboration in “Comparative Medicine” will
allow us to collect “big data,” which can
be analyzed and “mined” using computa-
tional, bioinformatic (15), and “machine
learning” techniques (16). The true value
of large amounts of data hinges on the
ability of researchers to put aside their
paranoia and share data, methodologies,
and findings in an open setting and allow
free and unrestricted access to their data-
bases (17). This strategy could change the
bench to bedside paradigm and facilitate
translational research. Fortunately, some
progress is already being made in this
area. Various consortia have been formed
to take a One Health approach to dis-
ease prediction, control, and prevention
(18). Of course, it is important to point
out that this concept is not new. Rudolf
Virchow the Father of Modern Pathology
and Sir William Osler the Father of Mod-
ern Medicine were both outspoken advo-
cates of the concept. However, these pio-
neers did not have access to the power-
ful genomic and post-genomic tools that
we possess today. Genomic medicine has
the potential to solve many of the unan-
swered questions in medicine and biol-
ogy. However, the promise and success
of genomic medicine will depend on rig-
orous comparative effectiveness research
to compare outcomes for genome-based
applications in practice to traditional non-
genome-based approaches. This approach
will be essential for assessing the evidence
that will be used to enhance knowledge-
driven practice of medicine in the twenty-
first century (19).

EXPLOITING THE POWER OF GENOMIC
MEDICINE
“Comparative Medicine” indeed is the
medicine of the future and is paving the
way forward for “personalized medicine”
(20). However, “Comparative Medicine” in
the twenty-first century should not solely
focus on similarities between disease mech-
anisms in different species. In the era of
genomic and post-genomic medicine, we
have the opportunity to integrate epidemi-
ological, clinical, and genetic information
into sophisticated biomimetic virtual sys-
tems, which can help us develop sensitive
in silico tools for modeling disease mecha-
nisms by capitalizing on recent advances in
genomic medicine. We need to take advan-
tage of spontaneous analogs of human
disease in companion animals to learn
more about the pathogenesis of multifac-
torial diseases (11). Closer alignment of
human and veterinary medicine and better
communication between veterinary, med-
ical, and biomedical sciences will help us
achieve this challenge.

A NEW COMMUNICATION CHANNEL
The veterinary and medical professions will
face many new challenges in the twenty-
first century. However, many of the chal-
lenges that will face these two commu-
nities are the same. Age-related diseases
including cancer, neurodegenerative dis-
eases, cardiovascular diseases, diseases of
bones and joints (e.g., osteoarthritis, osteo-
porosis), and metabolic diseases (e.g., dia-
betes and insulin resistance) are common
to humans and animals. Age-related dis-
eases, emerging infectious diseases, and
environmental threats are “One Health”
challenges that need to be tackled using
collaborative and interdisciplinary strate-
gies. The convergence of human and ani-
mal health requires appropriate channels
of communication. One of these chan-
nels of communication is Frontiers in Vet-
erinary Science, a new journal developed
by Frontiers Media S.A. and Nature Pub-
lishing Group (NPG). This open access
journal is dedicated to the communi-
cation, discussion, and dissemination of
all aspects of veterinary research. The
journal’s core mission in animal health
embraces the One Health concept in all
of its specialty sections. “Comparative
Medicine” is a specialty section of Fron-
tiers in Veterinary Science devoted to the

publication and dissemination of basic
and translational research that focuses on
laboratory animals and animal models,
including experimental rodent and pri-
mate models, small and large domestic
animal models of naturally occurring dis-
ease (inherited or acquired), and compara-
tive anatomy, physiology,and immunology,
including vaccines and immunization. This
section has a broad scope that includes
all animal species (including humans) and
aims to encourage publication of com-
parative studies that address fundamen-
tal questions relating to One Health and
One Medicine using molecular, cellular,
tissue, and organ models. Our mission
is to take a comparative approach to
structure, function, and disease in ani-
mals and enhance our understanding of
human health and disease. Multidiscipli-
nary studies that tackle parallel diseases
in humans and animals by engaging both
veterinary and medical sciences are espe-
cially welcome. We also welcome papers
that critically evaluate animal models and
assess their suitability as models for human
disease.

FUTURE PERSPECTIVES
This is an exciting time to be involved
in “Comparative Medicine” research. We
have the opportunity to take advantage of
post-genomic technologies and advances
in analytical techniques and develop bet-
ter and more representative animal models
for studying disease. The “One Health, One
Medicine” concept is still evolving and it
is hoped that in the twenty-first century
it will realize its full potential. We there-
fore challenge and invite all the relevant
stakeholders to contribute to this exciting
section of “Comparative Medicine” section
of Frontiers in Veterinary Science to dis-
seminate new knowledge for the mutual
benefit humans and animals.
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