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Mitigating Wildlife Spillover in the Clinical Setting:

How Physicians and Veterinarians Can Help Prevent

Future Disease Outbreaks
Tam Tran, MD, PhD, MA,1 Sherrie Xie, VMD, PhD2
Introduction: The transmission of pathogens from wildlife to humans is a major global health
threat that has been highlighted by the proposed origins of the COVID-19 pandemic. Numerous
barriers impede pathogen spillover events from ensuing widespread human transmission, but
human activity has accelerated the frequency of spillovers and subsequent disease outbreaks, in part
through a booming wildlife trade whose impacts on health are not well understood.

Methods: A literature review was conducted to examine the risk that the wildlife trade poses to
public health and the degree to which these risks are recognized and addressed in clinical practice
and medical and veterinary education.

Results: The illicit aspects of the wildlife trade challenge efforts to understand its impacts on health.
The U.S. and Europe play a leading role in the global wildlife trade that often goes unacknowledged.
In particular, the consumption of wild meat and ownership of exotic pets poses public health risks.
The potential role of clinicians is underutilized, both in the clinical setting and in clinical education.

Discussion: Physicians and veterinarians have the unique opportunity to utilize their clinical roles
to address these knowledge gaps and mitigate future outbreaks. We outline a multifaceted approach
that includes increasing clinical knowledge about the ecology of zoonotic diseases, leveraging
opportunities for mitigation during patient/client−clinician interactions, and incorporating One
Health core competencies into medical and veterinary school curricula.
AJPM Focus 2024;3(2):100193. © 2024 The Authors. Published by Elsevier Inc. on behalf of The American Jour-
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INTRODUCTION

The identification and early spread of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), the etio-
logic virus behind the coronavirus disease 2019
(COVID-19) pandemic, offers crucial insights for future
disease mitigation. On December 30, 2019, ophthalmol-
ogist Dr. Li Wenliang was credited as the first to alert
the world of a potential outbreak after 7 patients devel-
oped a pattern of severe acute respiratory syndrome
(SARS)−like illness at his hospital.1 All 7 patients were
linked to the Huanan Seafood Wholesale Market, where
vendors sold an array of animals and animal products,
including live wildlife, and to which the earliest cases in
the pandemic had been associated or were in close
rg/10.1016/j.focus.2024.100193
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proximity.2 These events underscore 2 important points:
(1) there are ecologic underpinnings to this pandemic
and recent 21st-century outbreaks and (2) clinicians
have an important role to play in detecting emerging
infectious diseases.
In this study, we argue that clinicians have the poten-

tial to proactively mitigate disease outbreaks if given
greater knowledge of the ecologic underpinnings of
many infectious disease outbreaks, specifically the trans-
mission of disease from animals to humans. We use the
term clinician to refer to those charged with the medical
management of diseases in either humans or animals.
Clinical medicine’s focus on disease pathology and treat-
ment often precludes consideration of disease ecology
during educational training and practice. Despite this
traditional view of treating disease at the individual level,
clinicians have the unique ability to be among the first to
detect disease outbreaks in populations, as illustrated by
the late Dr. Li with COVID-19. Subsequent discussion
will focus on anthropogenic drivers of pathogen trans-
mission from animals to humans and how clinicians are
uniquely poised to mitigate the risk of disease spillover.
Although much of the initial pandemic news coverage
focused on factors promoting spillover risk in Asia, these
threats are also present and need to be addressed in the
U.S. and Europe.
METHODS

This narrative review was inspired by the authors’
multidisciplinary training in both clinical veterinary
and human medicine and research expertise in dis-
ease ecology, epidemiology, and One Health. The lit-
erature review was conducted with Google Scholar
and PubMed. Well-referenced disease ecology litera-
ture was synthesized to briefly identify the ecologic
factors that impact the transmission of zoonotic
pathogens to humans. The anthropological factors
that have favored the emergence of infectious diseases
were described with examples from recent disease
outbreaks. Research was supplemented with a review
of publications and policy guidelines from profes-
sional organizations and both international and
domestic regulation agencies to assess the extent to
which wildlife trade is recognized as a source of path-
ogen transmission. Recommendations for clinical
practice were guided by the authors’ clinical training
and a broad search of examples of how recognition
of the disease ecology cycle impacted patient care.
Finally, a literature search was conducted to identify
ways that One Health curricula can be integrated
into medical and veterinary education.
RESULTS/DISCUSSION

When Spillover Sparks a Pandemic: The Ecologic
Underpinnings of SARS-CoV-2
The majority of emerging infectious diseases are zoo-
notic (transmitted from an animal source), and over
70% of zoonotic pathogens originate in wildlife.3 Novel
zoonotic diseases in humans often stem from spillover
events, where a pathogen in a reservoir host (a natural
population in which a pathogen can reproduce and be
transmitted) successfully infects a new host species.4

SARS-CoV-2 likely first entered the human population
in November−December 2019 through spillover events
at the Huanan Market, where a number of wildlife spe-
cies susceptible to SARS-CoV-2 (e.g., raccoon dogs)
were sold.5,6 Wildlife at the market has been implicated
in playing the role of bridge host, acquiring SARS-CoV-
2 from its natural animal reservoir (believed to be a bat
species7) and continuing the interspecies transmission
chain by subsequently transmitting it to humans.5,8

The emergence of transmissible human diseases by
pathogens initially confined to animals is arguably an
uncommon and stochastic process because there are
many biological impediments to a successful spillover
(Figure 1).4 Pathogens have a natural host species range
that is determined in part by genetic adaptations they
undergo during coevolution with their natural hosts,
which create an impediment to infection of new species.4

If a pathogen is able to infect a host of a new species, it
often fails to establish disease because the pathogen
must then overcome the host’s immune system to suc-
cessfully disseminate into a population by shedding and
transmitting to susceptible hosts.4 However, pathogen
predilection for conserved host targets and anthropo-
genic drivers can overcome these barriers. For example,
the SARS-CoV-2 virus has the potential to infect a vari-
ety of mammalian hosts by binding the angiotensin-con-
verting enzyme 2 protein, a receptor that is highly
conserved across mammalian species.9

Human activities are accelerating the frequency of
spillover events (Figure 1).10 Expansion of human settle-
ments, agricultural lands, and road networks into wild-
life habitats has brought people in closer proximity to
wildlife, increasing opportunities for disease transmis-
sion at the human−wildlife interface. Furthermore,
increased global connectivity and the wildlife trade
(introduced in the following section) have resulted in
the translocation of animals and pathogens to non-
native locations.10 For example, severe acute respiratory
syndrome coronavirus 1 (SARS-CoV-1)—the etiologic
agent of SARS—has been traced back to Chinese wildlife
markets where the virus’ proposed animal host (i.e.,
palm civets) was thrust in close proximity to
www.ajpmfocus.org



Figure 1. Simplified diagram depicting the ecology of emerging infectious diseases.
Natural ecologic barriers impede zoonotic pathogens from infecting humans and causing outbreaks. Anthropogenic activity can alter conditions to
favor pathogen spillover and evolution for greater pathogenicity in humans, allowing for eventual dissemination in human populations. Increased
travel and global connectivity further increase a pathogen’s epidemic potential.
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humans.11,12 SARS-CoV-1 and SARS-CoV-2 are just 2
of many 21st-century outbreaks that are attributable to
pathogen spillovers facilitated by human activity; others
include Middle East respiratory syndrome coronavirus
(domesticated camels, close contact),13 2013−2015
Ebola virus (bats, forest fragmentation from human
activity),14 Nipah virus (bats and livestock pigs, agricul-
tural intensification),15 and 2009 H1N1 influenza virus
(livestock pigs, close contact) (Table 1).16

Given the significant role of human activity in recent
epidemics, we seek to explore some of the societal factors
that have brought humans into close contact with non-
domesticated animals. More specifically, we aim to
understand the aspects of the wildlife trade that pose a
risk to public health. Early responses to the pandemic
included closure of Chinese live animal markets and
calls to regulate the country’s wildlife trade. However,
these demands do not address the substantial role that
Western countries play in the wildlife trade, which leaves
open opportunities for future pathogen spillover.
Throughout the following sections, we argue that clini-
cians through their clinical duties may uniquely address
the drivers of the wildlife trade to mitigate spillovers
(Figure 2).

Drivers of Wildlife Trade and Consumerism
A brief overview of the global wildlife trade. Wildlife
trade—the commerce of living or dead wild animals and
their derived products—is a large legal and illegal global
financial operation that transports thousands of diverse
species worldwide for a variety of uses (Figure 3). The
April 2024
extent of wildlife trade and consumption is unknown
because illegal wildlife trade also consists of products
derived from protected animals, which may be reported
under false names or not at all.29 The wildlife trade is esti-
mated to include thousands of animal species, including
mammals, birds, amphibians, reptiles, and fish.30 The U.
S. and the European Union are among the top importers
of legal and illegal wildlife shipments,31−33 and this global
translocation of wild animals can result in the uninten-
tional movement of the pathogens they harbor and intro-
duce infectious diseases to new and potentially
immunologically naïve populations.10

There are major regulatory gaps with regard to the
wildlife trade, despite the significant risks posed to pub-
lic health. There are currently no international or
national conventions on pathogen surveillance for wild-
life and wildlife products,34 and the U.S. does not screen
for pathogens when importing wildlife shipments, so the
majority of imports are untested.35 Furthermore, knowl-
edge of both potential disease risk and safe handling
practices is lacking, and guidance is limited. The poten-
tial function of physicians and veterinarians in address-
ing emerging infectious diseases is increasingly
acknowledged, but their roles in mitigating potential dis-
ease outbreaks in the clinical setting remain poorly
defined.36,37 In this study, we consider the function that
clinicians can play in addressing zoonotic disease risk
from wild animals because this is a neglected topic, espe-
cially when contrasted with the widespread awareness of
zoonotic risk posed by domestic animals in the human
and animal health professions.



Table 1. Examples of 21st-Century Outbreaks With Links to Wildlife or the Wildlife Trade

Pathogen Year(s) active
Role played by wildlife and/or the wildlife trade
in the origin or amplification of the outbreak

Ebola virusa 2000−2001, 2003−2005, 2007−2008, 2011
−2012, 2014, 2017−2018, 2020−2022

Bats are the suspected reservoir host, and
nonhuman primates and duikers have been
implicated as bridge hosts in spillover events to
humans.17 Several outbreaks have been associated
with consumption of chimpanzees that were found
dead.18

Hanta virus 2000−2023 Transmitted from rodents to humans through
inhalation of rodent droppings and saliva.
Transmission is hypothesized to stem from increased
human exposure due to climate factors and land
development.19 Sporadic cases/outbreaks have
been linked to exposure to rodents with no evidence,
to date, of human-to-human transmission.20

Mpox virusa 2003, 2022−2023 2003 U.S. outbreak: Mpox virus entered the U.S.
through a pet trade shipment from Ghana that
included infected giant pouched rats, rope squirrels,
and dormice.21 The virus spread from imported
animals to American native prairie dogs housed in the
same facility, who then spread the disease to humans
after they were adopted as pets.22,21

2022−2023 global epidemic: Initial cluster of cases
were confirmed in the United Kingdom in May 2022,
and human-to-human transmission has been rapid
and widespread, affecting over 100 countries. The
animal origins of the epidemic are unknown.23

Nipah virus 2001, 2003−2004, 2007−2012, 2015, 2018, 2023 Fruit bats are the reservoir host and transmit the
virus to domestic pigs (bridge host), who get infected
by eating fruit contaminated by infected bats.24 Pigs
transmit the virus to humans through direct contact,
and human-to-human transmission can occur
through direct contact, aerosols, or fomites.24

Salmonella agbenia 2016−2017 2017 U.S. outbreak with 76 confirmed cases linked
to domestically farmed pet turtles.25 Traceback
investigation did not identify a single common
source farm, but genetic analysis indicated that the
offending strain was the same as one isolated from a
turtle in 2015 and one that caused a smaller 2016
outbreak (63% of cases linked to pet turtles).25

Small outbreaks of Salmonella species with links to
exotic pets occur almost annually in the U.S. (e.g., S.
typhimurium outbreak linked to pet turtles in
202026 and S. typhimurium outbreak linked to pet
hedgehogs in 201927)

SARS-CoV-1a 2002−2004 Originated in bats and transmitted to farmed palm
civets (bridge host) that were eventually transported
to live animal markets in Guangdong where the
virus spread among market civets before spillover to
humans.28

SARS-CoV-2a 2019−ongoing Originated in bats and transmitted to 1 or more wild
mammalian species sold at the Huanan live animal
market, where initial spillover to humans likely
occurred.5,7

Note:Wildlife species and aspects of wildlife trade that played a role in outbreaks are indicated by bold and bold/underlined text, respectively.
aPathogen name denotes outbreaks mediated by the wildlife trade.
SARS-CoV-1, severe acute respiratory syndrome coronavirus 1; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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In addition to recognizing sentinel events of emerging
zoonotic disease, physicians may also serve as an impor-
tant source of information while gathering patient data
to fill a knowledge gap. The confidential visits between
physicians and patients offer an unrealized opportunity
to use screening questions to determine the extent to
www.ajpmfocus.org



Figure 3. Types of wildlife commodities and the spillover risks associated with their use in a local or global context.
Wildlife commodities can be roughly divided into wild meat, exotic pets, and wildlife products, which can be further subdivided into luxury goods and
products intended for medicinal use. The spillover risks associated with both locally acquired and globally imported wildlife commodities are highest
when contact is with live or freshly killed animals (e.g., handling exotic pets or freshly killed meat). Global importation of wildlife heightens the risk of
disease outbreaks by increasing the likelihood of introducing pathogens to an immunologically naive population.

Figure 2. Expanding the clinician’s role.
Recommendations for expanding the role of clinicians in the mitigation of zoonotic disease are provided.

Tran and Xie / AJPM Focus 2024;3(2):100193 5

April 2024



6 Tran and Xie / AJPM Focus 2024;3(2):100193
which wildlife products are being used at the individual
and community levels. By learning about their patients’
usage of wildlife products, physicians would be better
equipped to recognize the potential risk for disease out-
breaks by broadening their differential diagnoses and
counseling safer behavioral practices. Similarly, veteri-
narians who care for companion animals can educate
clients about the zoonotic disease risks posed by exotic
pets, and wildlife veterinarians can detect diseases in
wildlife that may pose a risk to human health. We focus
our discussion in the following section on 2 of the 3 cate-
gories of wildlife commodities that are depicted in Figure
3: wild meat and exotic pets. Although the trade in wild-
life products is a massive industry, we reason that its
health risks are minor compared with those of the other
categories because these products (e.g., furs or horns)
are processed before import to the U.S. and Europe and
are significantly less likely to harbor pathogens than live
or recently killed animals.
Wild meat. Wildlife is essential for food security

because it is a crucial protein source in many regions
around the world.38 Most wild meat is sourced and con-
sumed locally, but international demand has resulted in
both legal and illegal trading overseas.38 Although wild
meat does not form a major part of the standard West-
ern diet, imported bushmeat is considered a luxury good
in some high-income countries and can drive demand
for illegal imports.39 For example, an estimated 5 metric
tons (about 11,000 pounds) of wild meat is smuggled in
personal luggage from Africa into Paris, France, through
Charles de Gaulle airport each week.39 The wild meat
trade involves hunters, middle markets, and consumers,
resulting in an extensive network of billions of direct
and indirect contacts between humans and animals,40

and this global translocation of animals can subse-
quently facilitate the transmission of pathogens into
new, densely populated regions.
In both the SARS-CoV-1 and SARS-CoV-2 outbreaks,

significant attention was paid to the role of wet markets,
a broad term that is used to describe markets where fresh
foods—including fresh produce, meat, and fish—are
sold. In this section, we focus specifically on the subset
of wet markets that include the sale of live animals or
slaughter of live animals upon purchase. These live ani-
mal markets pose a threat to human health because
transport and market environments are characterized by
close, dense quarters, which create stressful conditions
that increase potential host animals’ susceptibility to
disease.41,42 These conditions are conversely optimal for
pathogen development and transmission to other
hosts.43 For example, stress in animals has been sug-
gested to lead to increased microbial invasion of the gas-
trointestinal tract, more severe and frequent infections,
and increased shedding of microbes in excretions.44

Congregating diverse animals, especially those that are
rare and are normally isolated, into close quarters
increases opportunities for pathogens to jump from nat-
ural to novel hosts outside their native habitat. Success-
ful pathogen spillovers can then be disseminated in
human populations by heavy human traffic through the
markets.
A survey of a live animal market after the first SARS

outbreak demonstrated that along with palm civets (the
proposed bridge host), raccoon dogs, ferret badgers, and
humans also tested positive for the virus.45 Similarly, the
Huanan Seafood Wholesale Market likely included
infected animals and those that were SARS-CoV-2 sus-
ceptible at the start of the pandemic.5 In addition, almost
two thirds of the over 36,000 birds observed in Thai
markets were non-native species to the country,40 and a
recent survey of wild meat commerce in Malaysia identi-
fied 51 zoonotic pathogens that could be hosted in the
wild species for sale.46

Although the examples in this section are from over-
seas, this discussion is certainly pertinent to the West.47

Live animal markets in Minnesota with close swine
−human contact have resulted in multiple human infec-
tions of swine-origin influenza A viruses,48 and the
COVID-19 pandemic has fueled demands to not only
shut down live animal markets overseas but in the U.S.
as well. Furthermore, tens of thousands of pounds of
meat from wild animals are smuggled into the U.S. for
human consumption each year and pose an additional
risk of pathogen transmission,49,50 such as simian foamy
virus and herpesviruses identified in meat originating
from nonhuman primates that were confiscated at U.S.
international airports.51

In addition to wild animals imported for food con-
sumption, the hunting and trapping of wild animals on
domestic soil poses additional spillover risks. Human
pathogen exposure can occur directly from wild game,
through companion animals (e.g., hunting dogs) that
may act as bridge hosts, or through insect vectors
encountered in the outdoors. Americans who hunt wild
game (estimated at 11.5 million in 2016) are at risk of
zoonotic infection, such as tuberculosis and toxoplasmo-
sis, which can be acquired from exposure to wild deer.52
−54 In addition, SARS-CoV-2 has been circulating
widely in white-tailed deer populations in many regions
of the U.S. and has even resulted in a handful of sus-
pected deer-to-human transmission events.55,56 Believed
to stem from multiple reverse zoonotic (i.e., human-to-
deer) transmission events followed by efficient deer-to-
deer transmission,57,58 widespread SARS-CoV-2 trans-
mission in white-tailed deer raises concern for their
emergence as a stable reservoir species for SARS-CoV-2
www.ajpmfocus.org
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and a conduit for the evolution of novel viral variants;
this could complicate the control of transmission in
humans in addition to endangering those with close
deer contact.56−59

What is the physician’s role in mitigating the risks
associated with wild meat and hunting? A survey of
medical students, a cohort notable for taking extensive
social history during patient visits, found that the major-
ity did not believe that primary care physicians would
ask about wildlife exposure when considering a disease
of unknown etiology, highlighting a potential gap in
medical education.60 During the routine social history
component of clinical encounters, identifying patients
who have frequent contact with wild animals would pro-
vide an opportunity for an open dialogue on safe, pre-
ventive practices. Recognizing the connection between
wildlife and disease can be powerful in endorsing safe
behavior. For example, there was a reduction in the con-
sumption of bushmeat, a suggested source of initial
pathogen spillover, during the Ebola virus outbreak.61

Furthermore, an interventional study with wet markets
in Malaysia demonstrated changes in attitude and avoid-
ance practices with leptospirosis in market workers.62

Patient education can similarly lead to beneficial
behavioral changes, and clinical counseling has demon-
strated efficacy in mitigating infectious disease risks, such
as increasing vaccination rates before travel63,64 and guid-
ing reproductive behavior during the 2015−2016 Zika
epidemic.65 In addition to behavior counseling, clinical
encounters also offer the opportunity to prophylactically
decrease the risk of zoonotic disease transmission by
offering vaccinations to those with significant animal
contact or who are at increased risk owing to age, preg-
nancy, or immunocompromised status. Vaccination
guidelines for groups at increased risk of animal-trans-
mitted diseases have been published in other countries
and can be adapted for use in the U.S.66,67 Additional
resources for patient education on visiting food mar-
kets, handling meats, and safe hunting practices can be
found in guidelines provided by the WHO, Codex Ali-
mentarius, the U.S. Centers for Disease Control and
Prevention, and the American Veterinary Medical
Association.68−72

Veterinarians have long been integral in safeguarding
the U.S. food supply from zoonotic and foodborne
pathogens because they oversee health and preventative
care for food animals, conduct federal inspections of ani-
mal products in slaughter and processing establish-
ments, and provide food safety oversight for
corporations. The role of wildlife veterinarians in moni-
toring and mitigating zoonotic disease risk in wild ani-
mals that could end up in the food supply is less often
discussed but arguably equally crucial for the millions of
April 2024
Americans who hunt and consume wild game each year.
Veterinarians who surveil and treat diseases in wildlife
should alert state officials and researchers about con-
cerning trends so that appropriate measures can be
taken to safeguard public health.
Exotic pets. Exotic pets are wild animals that are kept

within a domestic setting, either for companionship,
entertainment, or other personal interests.73 The multi-
billion-dollar exotic pet trade consists of both legal and
illegal trafficking of wild animals that are acquired
through a variety of means, including those captured in
the wild or taken from the wild as eggs as well as those
born or bred in captivity.73,74 The American Veterinary
Medical Association estimates that about 13% of Ameri-
can households owned specialty or exotic pets in 2016,
representing a 25% increase from 2011,75 and a recent
report that included 10 of 27 European Union member
states estimated that there were 62 million exotic pets
kept in private households in 2021.76 In addition to
threatening local biodiversity,72 exotic pets also threaten
human health because they can serve as a source of
human infections, such as severe salmonellosis in chil-
dren acquired from pet reptiles and ringworm acquired
from African pygmy hedgehogs and chinchillas.47,77,25

The first community-acquired human cases of mpox
in the U.S., which occurred nearly 2 decades before the
current global outbreak, resulted from contact with pet
prairie dogs (Table 1).22 The 2022 mpox outbreak, which
has resulted in over 50,000 cases in over 100 countries,
has focused less on animal-to-human spillover transmis-
sion than the potential for human-to-animal spillback
transmission, which could introduce the virus to new
reservoir species outside of endemic regions in
Africa.78,79 These fears have already been partially real-
ized by the first documented case of human-to-animal
mpox transmission, which occurred in a pet dog that
was infected by its owners in France.80

Human and animal health clinicians have multiface-
ted roles in addressing the role of exotic pets and the
potential for pathogen spillover. For physicians, asking
about household pets is routine during the environmen-
tal/social examination but should explicitly encompass
questions about exotic and specialty pets. Patient confi-
dentiality needs to be reiterated, especially because there
may be hesitation to report if animals were obtained
illicitly. For those who handle exotic animals, such as
through occupational exposure, additional counseling
on disease risk and preventative behavior may be war-
ranted.81 In addition, physicians providing care for
patients with zoonotic diseases with potential for
human-to-animal spillback transmission should counsel
patients about preventing transmission to their pets.
These protective measures may include avoiding close
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contact with their pets and isolating exposed pets from
contact with people or other animals.
Veterinarians have unique capabilities in disease sur-

veillance because they are among the first to recognize
the potential emergence of infectious diseases in animals.
Similar to human clinicians, veterinarians may educate
owners, be familiar with current outbreaks, and report
concerns appropriately. Veterinarians should also coun-
sel clients about their choice of exotic pet and perhaps
even broach discussions with potential owners about
whether they should get an exotic pet at all. Emphasizing
the substantial health risks that exotic pets can pose to
potential owners and their families may be particularly
persuasive because research shows that people are less
interested in obtaining exotic pets when presented with
facts about their associated zoonotic disease risks.82,83

One Health in Medical and Veterinary Education
Properly addressing spillover risks associated with
human−wildlife interactions requires a One Health
approach characterized by collaboration between the
medical, veterinary, and environmental health sectors.
One Health curricula in medical and veterinary schools
are important for exposing the next generation of
human and animal health clinicians to the tenets of One
Health (i.e., that the health of humans and animals are
interconnected and bound to the health of the environ-
ment); however, although One Health concepts are fre-
quently introduced in veterinary schools, they seldom
feature in medical school curricula.60 An interprofes-
sional longitudinal health curriculum, such as case-based
scenarios with students from pharmacy or dental
schools, has been implemented in some medical schools
to emphasize the importance of multidisciplinary care.84

Establishing similar partnerships between veterinary
schools, medical schools, and environmental health pro-
grams could offer students invaluable insight into how
these different disciplines can act synergistically to
address many of society’s most pressing issues, including
climate change, antimicrobial resistance, global food
security, and emerging zoonotic diseases.85,86

Effective prevention of zoonotic outbreaks of epi-
demic/pandemic potential will require identification of
pathogens in the natural host before spillover occurs,
regular surveillance of wildlife, and risk analysis at the
human−wildlife interface.87,88 Although these activities
will likely be led by scientists rather than clinicians, they
will undoubtedly require the participation of physicians
and veterinarians, who should be prepared to rise to the
challenge posed by these types of interdisciplinary col-
laborations.89 Moreover, as we have argued in this paper,
clinicians are critical in detecting sentinel cases of
emerging diseases, and this role necessitates that they be
able to communicate their frontline detection appropri-
ately for further action by public health and environ-
mental health practitioners.85 To this end, medical and
veterinary program administrators can consider incor-
porating One Health core competencies into their
curricula.90,91 These competencies span domains that
include leadership, ability to work in and across teams,
and systems thinking; these curricula are aimed to equip
future clinicians and future leaders from other fields
with the ability to communicate, coordinate, and collab-
orate with those from other sectors.90,91
CONCLUSIONS

The current COVID-19 pandemic is the worst public
health crisis that most of the world’s population has
experienced in their lifetime, and it is unclear what perils
lie ahead. Pathogen spillovers leading to significant dis-
ease outbreaks are accelerating in frequency, with out-
breaks of Middle East respiratory syndrome
coronavirus, Ebola, Zika, and SARS-CoV-2 occurring in
just the last decade alone. Human activities contribute to
increased contact with wildlife, but there is a lack of
knowledge about the extent or demand for wild animals
and wildlife products. Clinicians, in both human and
veterinary medicine, have the unique opportunity not
only to educate those they serve but to fill this knowledge
gap. Rather than trying to adapt to a zoonotic outbreak
in real time, preventing the emergence of another zoo-
notic spillover by addressing relevant societal drivers
could reduce the cost in lives.
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