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Abstract

The comparative medicine approach, as applied to the
study of laboratory animals for the betterment of human
health, has resulted in important medical and scientific
progress. Much of what is known about the human health
risks of many toxic and infectious hazards present in the
environment derives from experimental studies in animals
and observational (epidemiological) studies of exposed
human populations. Yet there is a third source of “in vivo”
knowledge about host-environment interactions that may
be underused and -explored: the study of diseases in natu-
rally occurring animal populations that may signal poten-
tial human health threats. Just as canaries warned coal
miners of the risk of toxic gases, other nonhuman animals,
due to their greater susceptibility, environmental exposure,
or shorter life span, may serve as “sentinels” for human
environmental health hazards. Traditionally, communica-
tion between human and animal health professionals about
cross-species sentinel events has been limited, but progress
in comparative genomics, animal epidemiology, and bioin-
formatics can now provide an enhanced forum for such
communication. The “One Health” concept involves mov-
ing toward a comparative clinical approach that considers
“shared risks” between humans and animals and promotes
greater cooperation and collaboration between human and
animal health professionals to identify and reduce such
risks. In doing so, it also creates new opportunities for the
field of comparative medicine that can supplement tradi-
tional laboratory animal research.
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Introduction

Animals as Sentinels for Human Health

n the early part of the 20™ century, miners in Great Britain

and the United States took caged canaries into coal mines

to provide warning of the presence of toxic gases such as
carbon monoxide and methane. This use of a canary in the
coal mine to provide ‘“sentinel” warning about a human
health hazard rested on three facts. First, laboratory expo-
sure experiments had shown that canaries were more suscep-
tible than both humans and other animals (e.g., mice) to the
toxic effects of carbon monoxide (Burrell and Seibert 1914).
Second, the birds shared the same air space exposures as the
humans. Third, the occurrence of carbon monoxide poison-
ing in a bird (as opposed to a rodent) was readily recogniz-
able to the miners—sick birds fell off their perches and
appeared visibly ill—so the miners had time to put on emer-
gency equipment and take other steps to avoid being over-
come by the mine gases.

In the early 1960s, Rachel Carson’s publication of Silent
Spring helped launch the modern environmental movement
(Carson 1962). The implication of the book was that, like the
canaries in the coal mine, dying birds above ground were
acting as sentinels: through their deaths resulting from higher
susceptibility, increased exposure, and/or recognizable signs
of adverse (nonfatal) health events, they were warning hu-
mans of the health risks of widespread use of chemical pes-
ticides such as DDT and other organochlorine compounds.

Just as with toxicants, zoonotic infectious disease agents
may be better detected and prevented through the use of ani-
mal sentinels. Many zoonotic agents cause symptomatic dis-
ease in a number of host animal species or are detectable by
serology, polymerase chain reaction, or other diagnostic
methods, all of which facilitate their detection, which can in
turn provide sentinel warning to humans. For example, the
appearance of West Nile virus in the Western hemisphere
was discovered by a veterinary pathologist investigating sus-
picious mortality events in crows and other birds in the vi-
cinity of the Bronx zoo (Lanciotti et al. 1999).

There are at least three reasons why animals can be use-
ful sentinels for zoonotic disease threats to humans. First,
animals may be more susceptible than humans to a particular
zoonotic agent. Anthrax, for example, is not only a disease of
livestock but also a potent human pathogen and potential
bioterrorism agent. In 1979, when an unintentional release of
anthrax from a Russian biological weapons facility resulted
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in human cases of pulmonary anthrax in the local area down-
wind from the plant, cattle and sheep died as many as 50 ki-
lometers further downwind from the human cases (Meselson
et al. 1994). The animals, with their increased sensitivity to
the pathogen, thus served as sentinels for a much wider geo-
graphic area than where human disease was reported. Second,
animals may have a shorter incubation period for an infec-
tion compared to humans. And third, animals could be at
greater exposure risk than humans due to factors such as diet
and more time outdoors.

Animals as Sentinels for Animal Health

The concept of sentinel surveillance and sentinel health events
to protect animal health is already familiar to laboratory animal
veterinarians who monitor the health of “sentinel colonies” of
rodents or other species to determine whether pathogens or
toxicants could affect the captive animal population. Beyond
the laboratory, “sentinel herds” of domestic livestock are rou-
tinely tested for brucellosis and other communicable diseases.

Humans as Sentinels for Animal Health

Comparative medicine works in both directions, and veteri-
nary medicine has adapted therapeutic approaches developed
in humans for the treatment of nonhuman animals. In addi-
tion, humans may provide sentinel health information about
health risks to animals. Because humans are more likely than
many animal species to get medical care, including diagnos-
tic services for a particular problem, they may be more likely
to be diagnosed with a disease caused by an environmental
agent, even if an animal species is more susceptible. Likewise,
systems for disease surveillance in a particular area may be
more developed for humans than for domestic or wildlife ani-
mals, with the result that humans may serve as the “canaries”
for animal populations in the area.

For these reasons, greater linkage between human and
animal disease surveillance could benefit animal health as
well as human health, and help in identifying gaps in animal
disease control and reporting systems.

Animal Sentinel Research

One of the great advantages of laboratory animal research is
the ability to perform carefully controlled experiments. Yet
methods for studying animals outside the laboratory can pro-
vide equally useful scientific information.

One method is to place animals in a cage or other enclo-
sure and then expose them to a particular environment (this
is the model of the canary in the coal mine). In some areas of
the United States, sentinel flocks of poultry are used to mon-
itor and research the environmental risk of West Nile virus or
other pathogens (Trevejo and Reeves 2005). Similarly, labo-
ratory rats have been placed under high-voltage power lines
to study the effect of electromagnetic field (EMF) exposures
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to help determine whether EMF poses a human health threat
(Svedenstal et al. 1999). Such research is a form of cohort
study, considered in human epidemiology one of the strong-
est observational study methods.

Another way to closely track an animal population co-
hort is by capturing, tagging, and recapturing individuals in
a naturally occurring animal population, a technique used to
study endocrine disruption in fish exposed to effluent from
paper mills (Fentress et al. 2000).

Other observational epidemiological techniques include
retrospective case control studies of animals. For instance, in
a case control study of bladder cancer in Scottish terriers,
researchers found an association between herbicide expo-
sure and an increased risk of tumors (Glickman et al. 2004).
The well-known historical case example of the “Dancing
Cats of Minamata” is described in Box 1.

Comparison of Laboratory Animal Studies and
Naturally Occurring Animal Sentinels

There are advantages and disadvantages to studying animals
in either the laboratory or the field to learn more about the
health effects of toxic and infectious exposures. Table 1 shows
some differences between studies using laboratory animals
versus natural animal sentinels.

It is costly to maintain laboratory animals in long-term
studies of chronic low-level exposures, even though that is
how chemical exposures tend to occur in the real world, but
animal populations outside the laboratory may naturally ex-
perience such exposures. Similarly, reproducing exposures to
complex chemical mixtures may be a challenge in the labora-
tory but is the way exposures normally occur in nature. Fur-
thermore, in contrast to naturally occurring animal populations,
emerging environmental hazards are unlikely to be identified
in a laboratory experiment and the diversity of animal species
that can be studied to look for environmentally induced health
effects is restricted in the laboratory setting.

At the same time, there are disadvantages and challenges
to studying natural animal populations, including the inabil-
ity to study controlled exposures in an experimental fashion,
the difficulty of tracking individual animals, and the diffi-
culty of controlling other variables.

The Need for Comparative Medicine
to Move Beyond the Laboratory

Major breakthroughs in medical research have resulted from
comparative medicine and its use in research involving labo-
ratory animals. Yet clinical human medicine as currently
practiced remains quite noncomparative, with little clinical
interaction between human health clinicians and their veteri-
nary counterparts to compare clinical experience regarding
shared health risks.

The clinical management of asthma in humans is an ex-
ample of this disconnect. Most human clinicians who treat
asthma are unaware that some cats naturally develop an airway
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Box 1 Case example of shared health risk between animals and humans: The Dancing
Cats of Minamata

The scientific literature reveals many examples in which animals and humans share risk of exposure to toxins or infectious
agents. These accounts highlight the value of animals as sentinels for human health and the need to systematically com-
pare animal and human health surveillance data, as illustrated in this case example.

In the early years after World War Il, the Nippon Chisso plant in Minamata, Japan, became the major producer of vinyl
chloride in that country, with a process that involved the use of mercury. Waste from the plant was dumped into the nearby
bay, and die-offs of fish were soon observed. In 1952, cats in the town began developing neurological symptoms that in-
cluded an abnormal, prancing gait and bizarre behavior such as throwing themselves against stonewalls or into the bay
where many drowned. The “dancing cat disease” resulted in the death of many local cats.

It was not until several years later that local physicians began to recognize human cases of central nervous system
disease, characterized by stumbling gait, confusion, and progression to stupor, coma, and death. Preliminary epidemio-
logical surveys revealed that all of the patients had in common a diet high in fish from the bay.

Despite suspicion that pollution in the harbor was responsible for the outbreak of human illness, the company and local
politicians refused to accept that the company’s actions could be responsible for the “Minamata disease.” Then in 1959, 3
years after reporting the first human cases, the chief physician for the city hospital, Dr. Hajime Hosokawa, conducted an
experiment that consisted of giving a cat food sprinkled with waste from the Chisso factory. The cat developed cramps,
salivation, tremor, abnormal movements, and other neurological problems. When the study was criticized as being the
reaction of only one cat, Dr. Hosokawa repeated the experiment with 10 cats. The results were originally suppressed but
eventually provided some of the key evidence that Minamata disease was methylmercury poisoning from consumption of
fish contaminated with mercury.

It has been estimated that as many as 10,000 persons were affected in this tragic incident. If the outbreak of neurologi-
cal disease in the cats had been adequately investigated at the time it occurred, many of the human cases could have
been prevented (Aronson 2005; Eto et al. 2001).

syndrome that closely resembles human asthma (compared to
many laboratory animal models). It is likely that environ-
mental exposures play a role in the pathophysiology of cat
asthma, so cats could be sentinels for environmental asthma-
gens that also affect humans. But there is little significant
communication between the animal and human health
communities about this possible connection (Reinero et al.
2009).

Barriers to Implementation of the Animal
Sentinel Concept

Factors preventing the better integration of human and ani-
mal disease information and the vigorous use of human and
animal sentinel surveillance to identify shared health risks
fall into three interrelated categories: professional segrega-
tion, data separation, and evidence gaps.

Table 1 Comparison of health hazard studies using laboratory animals vs. natural animal populations

(animal sentinel data)

Characteristic

Studies of
laboratory animals

Studies of natural
animal populations

Suitability for testing long-term, low-dose Difficult and expensive Good
exposures
Suitability for testing chemical mixtures Difficult Good
Ability to detect emerging novel pathogens No Yes
or chemical hazards in the environment
Species diversity Limited Not limited
Generalizability to “real world exposures” Often limited Good
Tracking of individuals Easy Difficult
Control of exposure and other variables Easy Difficult
Study methodology Experimental Experimental,
observational
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Professional Segregation

Despite the interrelatedness of many human and animal health
issues, in most parts of the world human health and veterinary
professionals develop in isolation from each other, from grad-
uate school throughout professional training, and thereafter
there are no significant channels of communication between
the two types of health care providers. One manifestation of
this professional segregation is that while many academic
medical centers employ veterinarians in their departments of
comparative medicine, these animal health professionals fre-
quently have very little contact with human health clinicians
in the same institution. They may also be isolated from their
colleagues at schools of veterinary medicine.

One result of professional segregation is the tendency,
among human health professionals, to adopt an “us vs. them”
approach to animal health issues, considering animals only
in terms of the risks they may pose to human health. Thus a
deer mouse can pose a human health risk as a reservoir of a
disease pathogen deadly to humans (hantavirus). From this it
logically follows that management strategies to reduce the
risk of zoonotic disease due to deer mouse exposure include
avoidance of animal contact and elimination of rodent popu-
lations near human habitations where possible. In the same
way, human health professionals may express concern that a
household pet is a source of zoonotic disease exposure.
While such concern is important for the health of the hu-
mans, it neglects the fact that both animals and humans may
serve as sentinels for the “shared risk” of exposure to patho-
gens in the environment (Rabinowitz and Conti 2009).

Data Separation

In the United States, clinical data are not shared between
human and animal health providers, and disease surveillance
for human and animal disease is also performed separately.
Human cases of reportable disease are reported to local and
state health departments, and farmers, veterinarians, and
regional veterinary diagnostic laboratories report animal
disease data to the state department of agriculture. Other
agencies, such as state departments of environmental protec-
tion and of fish and wildlife, participate in wildlife disease
surveillance. But although environmental protection agen-
cies are responsible for monitoring forest and wildlife
resources and may be aware of wildlife die-offs or other dis-
ease events, contact between such agencies and veterinary or
public health authorities is frequently limited. Furthermore,
in contrast to public health reporting requirements, there are
few mandates for disease reporting in wildlife populations.
On an international level there has been limited sharing
of surveillance data between human health agencies such as
the World Health Organization and animal health organiza-
tions such as the World Organisation for Animal Health
(OIE) and the United Nations Food and Agriculture Organi-
zation. This situation appears to be changing, however, as in
2006 these three organizations launched a Global Early
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Warning System for Major Animal Diseases Including
Zoonoses (GLEWS; www.glews.net).

Evidence Gaps

The third major barrier to use of a “One Health” approach is
the persistence of important gaps in scientific information and
understanding about linkages between human and animal dis-
ease outcomes in response to environmental health threats
(Rabinowitz et al. 2008). As a result, when an outbreak of
disease occurs in an animal population, there may be a delay
in recognizing the human health relevance. For example, the
etiology of recent outbreaks of limb deformities in amphib-
ians, colony collapse disorder in honeybees, and white nose
syndrome in bats remains unclear, although environmental
factors are believed to be responsible. And even if an etiology
were established, so little is known about the susceptibility of
these species to a particular hazard compared to humans that
extrapolating to human health may be difficult or impossible.
Yet even identifying the causative agent in the animals could
help generate hypotheses about human health risks.

Part of the reason little is known about susceptibility dif-
ferences between humans and many animal species is that
the research has not been done. As mentioned above, surveil-
lance data are rarely compared between animal and human
populations, and there remains a paucity of evidence about
the actual use of animal sentinels to effectively predict and
mitigate human health risk for many infectious and toxic
hazards in the environment.

At a time when human health professions have em-
braced the concept of evidence-based medicine, more effort
is necessary to systematically assemble the evidence to sup-
port routine (and expanded) use of animals as sentinels for
human health.

Strategies to Overcome Barriers to
Use of Animal Sentinels

Support from Professional Groups

The One Health resolutions adopted in recent years by the
American Veterinary Medical Association (www.avma.org/
onehealth) and the American Medical Association (Nolen
2007) represent unprecedented attempts to overcome profes-
sional segregation and enhance the flow of information be-
tween human and animal health professionals. Comparative
medicine specialists are trained and more experienced than
many of their professional colleagues in the use of animal
sentinel information, so they would seem to be natural lead-
ers in this effort.

Adaptations in Professional Training
Thinking comparatively about human and animal health in

the clinical realm leads naturally to the “shared risk” para-
digm. Training clinicians in this paradigm could help identify
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key environmental health risks that affect—or, as in the
recent wildlife examples cited above, may turn out to affect—
both humans and animals, and also help discover ways to
jointly address such risks.

Creation of Registries and Databases

Promising developments in the field of comparative oncol-
ogy—dogs, for example, have been recognized as the only
nonhuman species that develops a lethal prostate cancer
(Waters and Wildasin 2006; also see Gordon and Khanna
2010 for a discussion of comparative oncology, Withrow
and Wilkins 2010 for dog models of osteosarcoma)—have
led to the creation of animal tumor registries to track can-
cer occurrence, and these may eventually be linked with
human tumor registries to better identify environmental
causes of cancer.

In infectious diseases, there is also a greater willingness
to link epidemiological and molecular information about
pathogens that occur in humans and nonhuman animals. In
addition to GLEWS there is the Global Initiative on Sharing
Avian Influenza Data (http://platform.gisaid.org) for the inter-
national sharing of influenza virus sequences from both hu-
man and animal isolates.

To make use of animal sentinels as a source of in vivo
data, there is a need to apply principles of evidence-based
medicine to observational research on animal populations and
environmental hazards. To that end, the Canary Database
(http://canarydatabase.org) is a web-based effort to charac-
terize the current state of scientific evidence on animals as
sentinels for human health hazards. The database includes
information about comparative susceptibility and exposure
between humans and nonhuman animals, and will feature
systematic reviews highlighting key issues for research as
well as successful models of sentinels. This work can provide
a framework for future evidence-based approaches to linking
human and animal health.

These initiatives may facilitate the linkage of human and
animal disease information in the future as well as the devel-
opment of the interspecies sentinel disease concept.

Areas of Research to Reduce Gaps in Evidence

Linking animal and human health in clinically informative
ways using species found outside laboratories will require an
extension of existing comparative medicine techniques. In
particular, the following types of research could contribute
to progress in this area:

e Greater characterization of the genomes of multiple
species will enable molecular approaches for examining
shared genetic susceptibilities to toxic and infectious
environmental hazards.

* Epigenetic research is needed to understand the impact
of environmental factors on the expression of genes in
multiple species.
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e Molecular techniques such as strain fingerprinting and
genetic sequence analysis can improve understanding of
the evolution of pathogens that cross between animal and
human populations and the factors that drive pathogen
adaptation.

Conclusion

It appears that there is scientific value in expanding the
application of the comparative medicine approach outside
the tightly controlled laboratory environment. Greater
interaction between comparative medicine specialists and
their colleagues in both human and animal medicine could
result in improved disease surveillance and wider applica-
tion of animal models. Scientists in other disciplines are
discovering ways to encourage collaboration among di-
verse groups of professionals working toward a common
goal, as demonstrated by the Large Hadron Collider at the
European Organization for Nuclear Research, a project
involving over 7,000 scientists from 85 countries (Holly
2009). Applying this collaborative model to the challenges
of comparative medicine could result in a productive One
Health effort leading to the enhanced identification and
prevention of health risks that affect both humans and
other species.
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