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Abstract
Discussions around managing hunting and the consumption of wild animal meat increasingly emphasizes public health concerns and 
the risk of zoonotic spillover. In this article, we explore factors that may lead to under- or overestimating health risks from wild meat 
and break down key terminology for a multidisciplinary audience. We outline key principles of disease ecology and epidemiology that 
are often overlooked when quantifying spillover risk, and reflect on the importance of contextualizing health risks relative to food- 
health systems more broadly. We discuss how misrepresenting risks, intentionally or unintentionally, to justify conservation 
practices can have unintended negative conservation and public health consequences—despite the importance of conservation in 
protecting human health more broadly. We stress the importance of considering individual and local health outcomes (food security, 
neglected tropical diseases, etc.), not only those impacting global health (i.e. pandemic prevention). Finally, we advocate for evidence- 
informed, context-appropriate strategies for wild meat management.
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Introduction
From research and policy to social media, there are growing con
cerns about the potential health risks from wild meat (i.e. the 
meat and other body parts of nondomestic, free-ranging animals) 
(see Table 1). Concerns often focus on the risk of spillover events 
associated with zoonotic emerging infectious diseases, the ma
jority originating from wildlife (9). An estimated 60% of all human 
pathogens have been linked to zoonotic spillover events from do
mestic or nondomestic species (10, 11). Zoonotic spillover events 
can represent isolated or periodic events and can cause a range 
of health outcomes: from benign infections to diseases with 
high individual morbidity/mortality but limited onward transmis
sion, to large-scale communicable disease outbreaks, including 
COVID-19 and Ebola virus disease. Caused by SARS-CoV-2, 
COVID-19 has resulted in an estimated >27 million deaths world
wide (12). Meanwhile, Ebola virus disease is notorious for its high 
case fatality rates between 30 and 90% across past outbreaks (13). 
Both diseases illustrate how a pathogen spillover event can lead to 
snowballing human-to-human transmission, resulting in regional 
or global outbreaks, and have both been suppositionally linked 
with wild meat. Such outbreaks can strain public healthcare sys
tems, cause widespread illness and loss of life, destabilize govern
ance and public trust, and can cause economic recessions 
following movement and trade restrictions (14, 15). The 

consequences associated with a spillover event vary widely across 
this continuum. Accurately understanding and transparently de
scribing the risks associated with spillover events is key for de
signing effective mitigation strategies to reduce the human 
burden of disease.

In response to COVID-19 and Ebola virus disease outbreaks, 
many governments increased enforcement of illegal wildlife 
trade. Several also instigated temporary or permanent bans on 
otherwise legal trade and consumption at local, regional, or na
tional scales (16–18). These bans range from blanket bans on all 
wildlife markets to species-specific bans, e.g. prohibiting the sale 
of bats and pangolins, for taxa purported to be high risk (19). In 
some cases, conservation organizations have leveraged these 
public health concerns to garner support for restricting or banning 
hunting. However, wild meat can be important for food security 
and health in some communities (20, 21) and plays an important 
cultural component in many people’s lives (22). For others, hunt
ing is a recreational activity and wild meat is a food preference, 
not a necessity. Motivations for, and practices of, consuming 
wild meat also differ greatly across communities. For example, 
between consumption for subsistence by Indigenous, tribal, or 
traditional peoples, urban or rural consumers, and consumption 
related to local, regional, or global market chains. These contexts 
may include differences in which species are consumed.
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Table 1. Glossary of terms.

Term Definition

Consumption and 
contamination

Consumption: Ingestion of food, water, or other material. 
Contamination: Indirect contact transmission, in which the hazard has been transferred from a source to a previously 

nonhazardous object.
Dead-end hosts and 

dead-end events
Dead-end host: A host that can be infected with an infectious agent but cannot or has limited capacity to transmit the 

agent to new hosts. 
Dead-end events: Spillover events into dead-end hosts.

Disease, infectious disease, 
and communicable 
disease

Disease: A set of clinical symptoms and signs of illness resulting from damage and disruption to host tissues. The cause 
of disease can be from infectious agents. 

Infectious disease: A disease caused by an infection from a pathogen. The pathogen may or may not be transmissible 
from person to person. 

Communicable disease: An infectious disease that can be transmitted between people.
Emerging and re-emerging 

infectious diseases
Diseases that have recently emerged in a population. This can represent diseases already known but that are rapidly 

increasing in incidence or geographic range, or diseases that have recently been discovered for the first time.
Epidemiology The study of the distribution and determinants of health including disease, and the application of this study to the 

control of diseases and other health problems.
Epizootic An outbreak of a disease within an animal population.
Exposure The point at which a potential host comes into contact with an infectious agent. Exposure may or may not lead to an 

infection.
Foodborne diseases Diseases caused by consumption or exposure to contaminated food and drink at any stage of the food supply chain. 

Foodborne diseases may or may not be caused by pathogens capable of zoonotic transmission.
Hazardous A substance, activity, or condition that poses a risk to a person’s health or safety. Foodborne hazards include biological 

hazards (i.e. pathogens), chemical hazards (e.g. mycotoxins, heavy metals), physical hazards (e.g. sharp objects), or 
allergens.

Host species A species that can harbor an infectious agent, either internally or externally. The agent may not necessarily be able to 
replicate in the host and may or may not cause disease. The host may not be capable of maintaining the pathogen in 
nature, be essential in an agent’s life cycle, or be able to transmit the agent to new hosts. In contrast, see Reservoir/ 
maintenance hosts.

Host specificity and 
susceptibility

Specificity: The diversity of host species that an agent is capable of infecting. 
Susceptibility: The ability of an individual to resist infection or limit disease given exposure.

Incidence rate The number of new cases in a population over a given period of time.
Infection An agent has established within the host tissues. Infection does not always result in disease (i.e. clinical manifestation).
Infectious agent and 

pathogen
Infectious agent: A microorganism or other biological agent that can cause an infection in a host organism. These include 

viruses, bacteria, fungi, protozoa, parasites, and prions. 
Pathogen: An infectious agent that can cause disease or illness in a host organism.

Infectivity (of a pathogen) The likelihood that an agent will infect a host given exposure.
Neglected tropical disease Diseases that disproportionately affect people living in impoverished communities and that are mainly prevalent in 

tropical areas. As such, they often receive disproportionately less research attention and investment than other human 
diseases. They include diseases caused by viruses, bacteria, parasites, fungi, and toxins, and include both zoonotic 
diseases and foodborne diseases. They are responsible for devastating health, social, and economic consequences in 
many tropical countries.

Outbreak, epidemic, and 
pandemic

These 3 terms refer to the geographic scope of the disease, not the disease severity: 
Outbreak: An increase in cases of a particular disease or other specific health-related behavior in a population at a local or 

regional scale above expected occurrence rates. 
Epidemic: An outbreak of disease that impacts humans over larger spatial scales, affecting multiple regions or countries. 
Pandemic: A global outbreak of a disease.

Pathogenicity The ability of an agent to cause disease given infection.
Prevalence The proportion of a population infected by a particular agent at a specific point in time or a given time period.
Reservoir (of infection), 

reservoir/maintenance 
host, and environmental 
reservoir

Reservoir: Definitions regarding what constitutes a reservoir remain inconsistent. In this paper, we define a reservoir as 
one or more epidemiologically connected populations or environments in which an agent can be permanently 
maintained and from which infection is transmitted to another susceptible host species. This secondary host may or 
may not develop disease. 

Reservoir host: A host species that maintains an agent in nature, often with no effect on their fitness. Agents may be 
affiliated with a single host species (e.g. a primary reservoir species) or several host species may act as reservoirs. 

Environmental reservoir: Nonanimal reservoirs, typically nonliving habitats, which maintain agents outside of hosts and 
vectors. Environmental reservoirs can transmit agents to new hosts. Diseases caused by zoonotic agents that are 
maintained by environmental reservoirs are known as saprozoonoses.

Reverse spillover and 
Spillback

Reverse spillover: The transmission of an agent from humans to animals (including wildlife) in which humans can be a 
reservoir species. 

Spillback: The cross-species transmission of an agent from a host species back to a previously infected host species. This 
term often relates to reverse zoonoses in which the agent originally had a zoonotic origin.

Surveillance: general 
surveillance, targeted 
surveillance, and 
untargeted surveillance

General surveillance: A top-down approach to monitoring health threats, starting with signs of illness in a population, 
identifying the causal agent, and then identifying the source/method of exposure. 

Targeted surveillance: Monitoring specific populations or environments to detect known zoonotic agents, infectious 
agents, and health threats. This approach often involves systematic sampling of seemingly healthy populations to 
understand host-agent relationships, determine agent prevalence, and assess the likelihood of disease emergence. 

Untargeted surveillance: Broad, nonspecific monitoring that does not focus on predefined zoonotic health threats or 
specific host species. This approach is well suited to identifying novel infectious agents or host-agent relationships.

(continued)
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Risk mapping to identify possible “hotspots” for zoonotic spill
over from wild meat is useful in guiding policy, funding, and man
agement action (23, 24). However, accurately assessing risk relies 
on cross-disciplinary understanding of epidemiology, landscape 
ecology, food systems, and social behavior, among others. 
Language remains a major barrier to collaborations across disci
plines where terminology may be inconsistent, highly technical, 
or poorly defined. For example, wild meat, game, and bushmeat 
are all used to describe meat from wild animals in different geo
graphical regions. Differences in terminology can lead to biases 
when mapping risk and prejudice perceptions toward food practi
ces in particular regions. Whether a pathogen is considered zoo
notic can also differ depending on the definition used (25). Even 
more simply, whether research refers to infectious agents versus 
pathogens, pathogens versus diseases, or host species versus a 
reservoir species can be confusing for researchers from non
medical or nonveterinary backgrounds and misinterpreted. For 
example, Woolhouse and Gowtage-Sequeria (10), Jones et al (9), 
and Taylor et al (11) are frequently misquoted as stating that ap
proximately 60% of human diseases (i.e. all diseases that cause ill
ness in humans, including those without infectious origins) have a 
zoonotic origin or 75% of emerging infectious diseases (that cause 
illness in humans) are zoonotic. Rather, these studies state that 
58% to 61% of human pathogens have a zoonotic origin (10, 11), 
60% of emerging infectious disease spillover events are caused 
by zoonotic pathogens (72% of which originate from wildlife) (9), 
and 75% of emerging pathogens have a zoonotic origin (11).

Effective communication also depends on a mutual under
standing of what constitutes risk, a factor often overlooked. Is 
risk defined as the diversity of infectious agents associated with 

animals in a food supply chain; the likelihood of a spillover occur
ring; or the potential health risks associated with a spillover event, 
for individual, local, and global human health? Different meas
ures provide different information for decision making. From 
this point forward, we define risk as the likelihood of exposure 
to a hazard (i.e. a potential source of harm; an infectious agent) 
and the likelihood and impact of harm to human health given ex
posure (e.g. the resulting infection or illness).

This study addresses 3 critical challenges in accurately com
municating and assessing health risks from zoonotic spillover 
connected to wild meat: (1) scientific and methodological chal
lenges in defining and quantifying zoonotic disease risk from 
wild meat, (2) contextual factors that influence actual risk ex
posure and health outcomes in food systems, and (3) implica
tions for risk management and the need for evidence-based 
management strategies. We break down key terminology and 
principles for a multidisciplinary audience and demonstrate 
how differences in how we define key terms, quantify risk, and 
contextualize the results within larger food-health systems 
frame our perceptions. This may ultimately lead to under- or 
overestimating health risks, intentionally or unintentionally, at 
local or global scales. We explore differences between pathogens 
that predominantly impact individuals (e.g. foodborne bacteria 
or parasites) versus pathogens with greater relevance for “glo
bal” health (e.g. respiratory RNA viruses) and echo concerns 
that misrepresenting risk will lead to negative conservation 
and health outcomes, and erode public trust in national and 
international institutions (24, 26). Finally, we provide guidance 
for future research to ensure transparency and avoid miscom
munication or fear mongering.

Table 1. Continued

Term Definition

Spillover events An event during which an agent from one species infects another species. A zoonotic spillover refers specifically to 
animal-to-human transmission.

Vector and vector-borne 
diseases

Vectors: Definitions regarding what constitutes a vector remain inconsistent. In this paper, we define vectors as 
invertebrates that act as carriers to transport infectious agents between vertebrate hosts through biological or 
mechanical transmission. However, the definition of a vector can vary greatly across studies with the broadest 
definition encompassing any organism (vertebrate or invertebrate) that can act as a carrier of an infectious agent 
between other organisms. 

Vector-borne diseases: Diseases caused by an infectious agent that can be transmitted between hosts via (invertebrate) 
vectors.

Virulence A measure of disease severity given infection (i.e. a decrease in host fitness associated with an infection).
Vulnerability: 
clinical/medical/structural/ 
socioeconomic

Clinical vulnerability: an individual’s risk of negative health outcomes based on internal factors such as age, gender, 
ethnicity, pre-existing medical conditions, and pregnancy. 

Structural vulnerability: An individual’s risk of negative health outcomes based on external structures (i.e. 
socioeconomic, political, and cultural conditions) that affect their ability to access healthcare and pursue a healthy 
lifestyle.

Wet market Markets in an open-air or partially open-air setting often comprising individual vendor stalls offering 
consumption-oriented, perishable goods (i.e. fresh meats and produce). Markets range from those exclusively selling 
fruits and vegetables to those selling fresh or preserved meat, or live animals for consumption. Meat or live animals can 
represent domestic, captive-bred, or wild-caught animals. Wet market typically refers to markets in an Asian context. 
Wet markets do not necessarily sell wild animals or their meat.

Wild meat, bushmeat, and 
game

Wild meat: The meat and other body parts of wild terrestrial and aquatic animals (excluding fish) used for food. 
Bushmeat: The meat and other body parts of wild terrestrial vertebrates used for food, typically in sub-Saharan Africa. 
Game: The meat and other body parts of wild terrestrial vertebrates used for food or sport hunting, typically in Europe, 

North America, and Australasia.
Wildlife disease Animal diseases that affect free-roaming/non-domesticated species. These diseases may or may not be caused by 

infectious agents that can infect humans.
Zoonotic origin Infectious agents that originated from animal hosts.

Please note the definitions here represent a common consensus across multiple sources but may differ from other sources. Sources: van Seventer and Hochberg 2017 
(1); Haydon et al., 2002 (2); Salkeld et al., 2023 (3); Quesada et al., 2011 (4); Wilson et al., 2017 (5); World Health Organization 2024 (6); Lin et al. 2021 (7); Ingram et al. 
2021 (8).
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Scientific and methodological challenges
Defining what is meant by zoonotic
Quantifying risks to human health requires defining what we 
mean by zoonotic or zoonosis/zoonoses. Broadly, a zoonosis may be 
characterized as a pathogen, infection, or disease that originated 
in animal populations (i.e. zoonotic origin) and is known to—or 
has the potential to be—transmitted from nonhuman animals 
to humans (i.e. zoonotic transmission). However, there is a great 
deal of discrepancy in how these terms are used. As highlighted 
by Singh et al. (25), the World Health Organization lists 4 defini
tions of a zoonosis/zoonoses; differing in terms of the relevant 
species included (nonhuman animals versus exclusively verte
brates), the direction of transmission (i.e. unidirectional from 
nonhuman animals to humans or bidirectional between non
human animals and humans), whether transmission occurs nat
urally, and whether it pertains to an infection (or agent thereof) 
versus a disease. Definitions may also differ depending on the evi
dence used to determine whether an agent/pathogen is capable of 
animal-to-human transmission and/or causing disease, whether 
(invertebrate) vector-borne pathogens or those with environmen
tal reservoirs should be included (e.g. Zika virus, anthrax), and 
whether a pathogen requires ongoing spillover events to maintain 
human infections (Box 1). However, inconsistencies are not neces
sarily apparent as many studies do not state how they define 
zoonoses.

Risk assessment methods and limitations
There are three main approaches for identifying and quantifying 
the number of infectious agents associated with a given host spe
cies, and the corresponding risk those agents may have on human 
health (Fig. 1). Researchers can work backward from a known 
symptomatic infection in humans and identify the pathogen 
and its relevant hosts (34). This approach provides strong evi
dence that an agent has clinical relevance to human health. 
However, this general surveillance of known infections may 
underestimate the number of zoonotic pathogens present in a 
population given many infections cause minor symptoms or are 
not documented, especially in regions with limited access to 
healthcare. It can also be very difficult to postcircumstantially 
identify which animals were involved in a spillover event, as dem
onstrated by SARS-CoV-2 and Ebola virus (3, 35). Alternatively, re
searchers can use untargeted or targeted surveillance to sample 
seemingly healthy animals, identify potential agents of infection, 
and predict their likelihood of zoonotic transmission (36). These 
two surveillance approaches can provide a greater understanding 
of the distribution and evolutionary relatedness of microbial 
agents across species. Where possible, researchers may assess 
factors such as the capacity of novel agents to replicate in human 
cells, the likelihood of the agent causing disease, and the likeli
hood of human-to-human transmission. However, these ap
proaches likely overestimate the number of agents of clinical 
relevance to humans as many viruses, bacteria, parasites, etc. 
result in the same disease, cause minimal illness, or are non- 
pathogenic. Moreover, these approaches do not necessarily 
consider the mode of transmission and other factors that prevent 
exposure to a pathogen. Ultimately, all three approaches 
have strengths and weaknesses that are important to caveat for 
researchers to avoid miscommunicating risk.

The information needed to understand the zoonotic potential 
of most infectious agents is incomplete. In particular, we often 
lack knowledge of the pathogenesis and epidemiology of many 
wildlife diseases (37), i.e. the determinants underpinning the 

distribution and prevalence of agents within animal populations 
and the processes by which an infection causes disease. To miti
gate these knowledge gaps, infectious agents are grouped based 
on phylogeny, with the assumption that closely related agents 
share similar zoonotic transmission risks and health outcomes 
(38, 39). Grouping agents can be useful for predicting the pool of 
potential hosts for host-generalist pathogens capable of infecting 
and causing disease in a wide range of animal species, such as ra
bies lyssavirus. However, many pathogens have a narrow host 
range, and although they may cause disease in one species, they 
may not in another (40). Several filoviruses are highly pathogenic 
in humans (e.g. including Ebola virus, Sudan virus, and Marburg 
virus); however, others are not known to cause any adverse health 
effects in humans (e.g. Reston virus and Bombali virus) (41). On a 
molecular level, host specificity is driven by a range of interac
tions between pathogen and host biology. In the case of viruses, 
these determinants include how and where a virus can bind and 
enter a cell, as well as whether the virus can replicate using the 
new host cell machinery and overcome the host’s immune sys
tem, all of which can impact the resulting symptoms. When quan
tifying the number of novel infections or diseases, it is important 
to consider that multiple pathogens may cause the same clinical 
presentation or disease (10). Therefore, identifying novel agents 
does not necessarily equate to more diseases but may impact 
treatment and prevention strategies (Box 1). In many cases, 

Box 1. Example of a disease with both zoonotic 
and non-zoonotic transmission.

There were an estimated 249 million malaria cases globally 
in 2022, resulting in approximately 608,000 fatalities (27). 
The disease is caused by protozoan parasites of the genus 
Plasmodium. From over 200 Plasmodium spp., five are known 
to frequently infect and cause malaria in humans, 
Plasmodium falciparum, P. vivax, P. malariae, P. ovale, and P. 
knowlesi. They are transmitted exclusively by Anopheline 
mosquitoes. Four species do not require nonhuman verte
brate hosts to complete their lifecycle and are transmitted 
primarily between human hosts (so-called non-zoonotic 
malaria). In contrast, P. knowlesi is transmitted mainly be
tween Southeast Asian primates but can cause so-called zoo
notic malaria in humans (28). Other simian Plasmodium 
species, e.g. P. cynomolgi, P. simium, and P. brasilianum, have 
also resulted in rare natural cases of zoonotic malaria (29– 
31). Cases of zoonotic malaria are rising and now represent 
the sole cause of malaria in regions previously declared 
malaria-free. However, the delineation between zoonotic 
and non-zoonotic malaria species is not always clear-cut. 
P. vivax is the second most prevalent Plasmodium sp. in hu
mans. There are two distinct phylogenetic clades of P. vivax 
known to circulate in Africa: a “human clade” and a distinct 
clade circulating in great apes. Prugnolle et al. (32) showed 
that both clades can cause infection in apes and humans 
and have suggested that apes may serve as reservoirs for P. 
vivax. Current malaria elimination efforts focus on eradicat
ing non-zoonotic malaria and thus do not address the risk of 
future re-establishment following zoonotic spillover events 
(33). Malaria is a good example of how we do not yet under
stand the dynamics underpinning some of the world’s 
most important human infectious diseases.
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pathogens require a chain of minor and major evolutionary adap
tations to be able to infect new hosts (including humans) and suf
ficient opportunity for this evolution to occur [e.g. Bansal et al. 
(42)]. The factors that predict a host’s susceptibility and the rela
tionship between pathogenesis/virulence and transmission 
routes are actively researched. However, there is not one univer
sal way in which evolutionary relatedness impacts pathology, 
and an oversimplified grouping of agents (or hosts) can lead to 
misrepresentation of spillover risk and potential health outcomes.

Contextual factors influencing health outcomes
Exposure through meat supply chains
The supply and consumption of wild meat provide multiple op
portunities for pathogen spillover (43, 44). Wild meat consump
tion is a global phenomenon; however, consumption in much of 
Europe and North America remains infrequent or largely associ
ated with hunters and their social connections, or local and high- 
end specialized restaurants. In contrast, wild meat consumption 
in subtropical and tropical regions, and among Indigenous/trad
itional peoples, is more commonplace, although motivations dif
fer greatly across regions and products, as does the role of 
market chains (8). Hunting, handling, butchering, transport and 
storage, food preparation, market exchange, and consumption 
all provide pathways for potential spillover events, including for 
emerging or reemerging infectious diseases. Since 1996, the num
ber of journal articles investigating zoonotic disease risks linked to 
wild meat has risen, with 37% published since 2020 (45). However, 
given the complexities of infectious disease and food systems, our 
understanding of risk remains limited.

Several recent studies have compiled available data to sum
marize the current understanding of the links between wild 
meat and known pathogens (46–50), as well as zoonotic disease 
risk more broadly (9, 51, 52). Such studies use lists of agents/ 
pathogens affiliated with host species of interest to assess 

geographic and taxonomic disease risk based on phylogeny, diver
sity, and distribution. It is rarely possible for these studies to con
sider infection prevalence and therefore the likelihood of 
encountering an infected individual is treated as equal across spe
cies, pathogens, and time. Studies often focus on tropical regions 
explicitly, given that these are perceived as higher risk (49, 50), or 
by using search terms that disproportionately correspond to cer
tain geographic regions [e.g. bushmeat; as acknowledged in 
Moloney et al. (48)]. Despite this, bacterial spillover events have 
most frequently been documented in North America, and twice 
as many spillover events have been documented in Europe com
pared with South America (47). In Europe, most studies focus on 
endemic foodborne diseases (such as salmonellosis), whereas re
search in Africa largely focuses on emerging/reemerging viral in
fectious diseases (e.g. Ebola virus disease) (45). These geographic 
differences partly reflect not only differences in disease surveil
lance and reporting capacity, but also motivations behind surveil
lance and study efforts.

Wild versus domestic animals
Wildlife is not the only source of zoonotic pathogens (Fig. 2). 
Domestic animals can constitute important reservoirs and inter
mediary hosts, particularly those for food production (53). 
Animal husbandry plays an important role in determining the 
likelihood of zoonotic spillover from domestic animals by affect
ing infection prevalence within a population. For example, over
crowding has a two-fold impact on disease spread; stress 
compromises an animal’s immune system, increasing the likeli
hood of infection, and cramped conditions increase the likelihood 
of exposure (54) (Fig. 3). Hence, intensive agricultural practices 
can cultivate large-scale epizootic outbreaks and opportunities 
for a pathogen to evolve, and introduce new exposure pathways 
for spillover into human populations and wildlife. Recent human 
cases of H5N1 avian influenza A have been associated with 

Fig. 1. Simplified approaches for identifying zoonotic pathogens and their reservoir hosts. (A) General surveillance of human illness and (B) untargeted or 
targeted surveillance of wildlife populations.
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widespread outbreaks of the virus in domestic cattle across dairy 
farms in the United States, sparking concerns of a newly emerging 
public health threat (55). The handling and transport of wildlife, 
and the configuration of wild meat markets, can also determine 
the likelihood of intra- and interspecific species disease spread, 
directly or via bodily fluids between living and dead, or domestic 
and wild animals (7, 56). Pathogen prevalence is only one factor 
impacting the risk of spillover. Risk also depends on factors in
cluding exposure (i.e. the type, length, and frequency of expos
ure), the environmental stability and infectivity of a pathogen, 
and any barriers to infection. The likelihood of exposure and the 
resulting probability of infection differ across sociodemographic 
groups and their respective roles in meat consumption and supply 
chains. In the United States, farm workers currently represent 
most cases of H5N1 infection (55). Farm workers in the United 
States, often migrant or seasonal workers, face health inequities 
related to unsafe working conditions, crowded or unsafe housing, 

their immigration status, and limited access to healthcare, among 
other factors (57, 58). Such conditions create an ideal environment 
for viral spillover and adaptation with a low risk of detection.

Food safety and exposure factors
Most consumers do not come into contact with live animals, rather 
contamination and consumption are the main exposure pathways. 

Fig. 2. Examples of factors to consider when assessing the risk of human 
exposure to animal pathogens, and the subsequent risk to an individual’s 
health, in meat supply chains. Animals in the meat supply chain may 
vary from non-domesticated species to semi-domesticated to 
domesticated. Animals may also represent captive-bred, captive 
wild-caught, or captive-reared.

Fig. 3. Three examples of food safety contexts across the continuum of 
meat supply chains, from no market chain to wholesale production. All 
three contexts require an understanding of food hygiene and disease 
transmission to implement control measures necessary to avoid the 
possibility of spillover. (A) Field dressing of a locally hunted white-tailed 
deer (Odocoileus virginianus) in Michigan, USA [Photo by MJCdetroit, 
CC-BY-SA-3.0, via Wikimedia Commons, edit: face obscured]. (B) A 
roasted pig for sale left uncovered at a market in Yaoundé, Cameroon, 
either a domestic or wild-sourced pig [Photo by Gertruide Dalila Massoh]. 
(C) Industrial-scale, commercial broiler chicken (Gallus gallus domesticus) 
rearing facility in Europe illustrating high-density, mass production 
[Photo by Otwarte Klatki, CC-BY-2.0, via Wikimedia Commons].
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All meat is potentially hazardous when prepared and stored incor
rectly. Foodborne disease causes approximately 600 million cases 
of illness and 420,000 documented deaths worldwide annually (59), 
predominantly affecting individual health or health at a local scale. 
Lower-income countries disproportionately suffer the health bur
dens of foodborne diseases due to less access to safe foods, clean 
drinking water, and treatment (59). The risk of foodborne illness is af
fected by factors such as whether meat is fresh or preserved, access 
to clean water, sanitation, cold storage, and opportunities for cross- 
contamination (Fig. 3b). National food safety regulations aim to re
duce exposure in the food supply chain by outlining minimum safety 
requirements for businesses and recommendations for consumers. 
Food safety practices vary worldwide but disease surveillance and 
traceability systems are much more established for formal commer
cial supply chains, typically dominated by livestock meat (56). 
Advocates for wild meat consumption argue that the risks of zoonot
ic transmission can be mitigated by enforcing similar meat hygiene 
practices used to prevent foodborne illnesses in domestic meat pro
duction (56). By the same rationale, Karesh et al. (60) argued that in
creasing livestock production to substitute wild meat may ultimately 
lead to higher pathogen emergence in countries that cannot apply 
appropriate disease-management practices. Regardless, we note 
that different species are not inherently interchangeable within 
food cultures (43, 61), and research comparing the relative safety of 
wild meat to domestic meat is limited outside of the Global North. 
It is unclear whether it is the species consumed (hazard) or the ani
mal or food handling practices implemented (exposure) that have a 
greater impact on overall health risks. The Global North is not im
mune to the challenges of managing disease risk in meat supply 
chains (Fig. 3C). For example, inadequate hygiene and biosecurity 
measures have failed to prevent outbreaks of highly pathogenic avi
an influenza (HPAI) subtype H5N1 in US dairy cattle following 
farm-to-farm transmission (62). Continued transmission of HPAI 
H5N1 across US dairy herds represents a global human health con
cern given the pandemic potential of HPAI viruses (63).

Clinical and structural vulnerabilities
Studies that quantify risk based on the number of novel agents 
across species fail to consider their relevance for human health. 
Many known zoonotic infections present asymptomatically or 
cause mild illness in all or the majority of cases (41, 64). 
Nevertheless, a disease’s severity, incidence, prevalence, and like
lihood of human-to-human transmission need to be considered 
when quantifying risk to an individual or for local, regional, or glo
bal populations. For example, although Toxoplasma gondii predom
inantly causes no or mild symptoms in healthy individuals (65), 
due to the scale of infection, toxoplasmosis is one of the most clin
ically important parasitic zoonoses globally (66). A person’s sus
ceptibility to a given disease following exposure is shaped by a 
complex interaction of individual and environmental factors, in
cluding a person’s clinical or structural vulnerability.

Malnutrition (undernutrition or obesity) can weaken the body’s 
ability to combat infections, elevating an individual’s risk of fall
ing ill, and increasing the severity of symptoms (67). Infectious 
diseases such as tuberculosis can in turn worsen malnutrition 
(68). In this way, food insecurity and limited medical care can 
cause a cyclical pattern of illness in vulnerable communities 
which may otherwise be preventable or treatable. Infections 
may also go unreported in areas where health care is limited or 
in communities using alternative or traditional medicine options. 
Thus, it is important to consider potential vulnerabilities when 
predicting health outcomes for a given population and informing 

preventative strategies. Wild meat consumption contributes sub
stantially to the food security and nutrition of people around the 
world but particularly in rural areas of the tropics. Wild meat pro
vides important nutrients (e.g. iron, zinc, vitamin B12, and pro
tein) that may be limited in people’s diets (20, 69, 70), directly 
contributing to positive health outcomes. Restricting people’s ac
cess to wild meat in these cases could exacerbate malnutrition, re
sulting in greater vulnerability to disease.

Perception of risk in food systems
Perceptions of risk not only impact people’s willingness to con
sume wild meat but can also predict whether individuals engage 
in activities, such as butchering, and whether they follow food 
safety practices during preparation and consumption. Food safety 
concerns can act as a barrier to wild meat consumption, entirely 
or for certain species or animal parts, or circumstantially (71). In 
Poland, differences in risk perception impact willingness to con
sume wild meat outside of the home (72). However, for some con
sumers, meat from hunted animals is perceived as healthier than 
farmed meat (both from non-domesticated and domesticated 
species), as it is considered more natural, nutritious, and fresher, 
which can outweigh concerns surrounding exposure to pathogens 
(73–76). There may also be other factors influencing how someone 
engages with wild meat. For instance, many believe Nipah or 
Ebola virus disease are not natural phenomena, but rather spirit
ual ones (i.e. resulting from witchcraft or as punishment from 
God) (77, 78). Therefore, an individual may see no value in adher
ing to food safety practices. A survey of 2725 hunters in Colorado, 
USA, found that 42% believed that there was no risk to their health 
from chronic wasting disease given the lack of evidence to indi
cate this disease (which primarily affects ungulates) can also 
cause human illness—impacting adherence to safety legislation 
(Fig. 3A) (79). However, recognizing risk does not necessarily 
mean that people can or will choose to avoid it. In rural commu
nities along the Kenya-Tanzania border, Patel et al. (80) found 
that 156 of 299 respondents were worried about diseases from 
wild meat, but only 21% had reduced their consumption. This 
lower-than-expected decrease was mostly due to costs and avail
ability. “Risky” food may still pose a safer alternative to no food.

Public perception links the SARS-CoV-2 pandemic to a spillover 
event at the Huanan Seafood Wholesale market in Wuhan, China, 
in December 2019 (81). This narrative is circulated widely in public 
discourse and repeatedly written as fact in scientific literature. 
However, a joint World Health Organization (WHO)–China study 
determined that SARS-CoV-2 likely emerged earlier than reported 
but could not conclude when, where, or how it occurred (35, 82). 
To date (June 2025), the WHO has not found sufficient evidence 
to indicate that the outbreak originated in any market in 
Wuhan. Despite this, the blame was quickly attributed to wet 
markets (any market that sells fresh produce, that may or may 
not sell wild meat, typically associated with Asia) with media 
and politicians calling for their permanent ban (83–85). New stud
ies continue to shed light on the origins and spread of SARS-CoV-2 
(86, 87), but currently it is unknown whether the market was the 
source of the outbreak or acted as an amplifier for transmission 
given the high visitor turnover and crowded conditions. 
Scientific research is inextricably linked to the sociopolitical cli
mate in which it is funded and undertaken. As such, previous 
work has highlighted the impact that racism and colonialism 
can have in food health and conservation research (88, 89). 
Hence, pre-existing bias and complexity can foster misrepresen
tation or misinterpretation of the “facts” regarding zoonotic spill
over risk when uncertainty is not clearly explained (90, 91).
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Conservation agendas in health messaging
Hunting for wild meat consumption is a leading cause of species’ 
population declines, particularly for mammals in tropical regions 

(92). Therefore, campaigns advocating banning wild meat con

sumption have been presented as “killing two birds with one 

stone”—benefiting species conservation and public health. Done 

well, education campaigns can become a useful part of preventa

tive healthcare, empowering individuals with the knowledge to 

make their own healthcare decisions (though not necessarily 

leading to behavioral change) (93, 94). However, inappropriate 

health messaging advocating against wild meat consumption 

can clash with consumers’ lived experiences (95, 96). This discon

nect can foster distrust between the public and institutions that 

may be perceived as using health messaging to prioritize wildlife 

protection over people’s access to food, income, and culture. 

Inappropriate health messaging can have lasting legacies on pub

lic trust and damage the success of future health education cam

paigns beyond those related to conservation (97).
The conversation around the risks of eating wild meat rarely fo

cuses on an individual hunter, vendor, or consumer. Many zoo
notic diseases endemic in the Global South represent neglected 
tropical diseases, receiving little international attention as they 
are not seen as health threats to the Global North (61). Wild 
meat bans, however, are “marketed” to prevent future pandemics, 
potentially at the expense of food security (98). However, trans
mission connected to the wild meat supply chain is more likely 
to represent dead-end events, predominantly impacting the 
health of the individual. While there are many reasons a pathogen 
may not transmit human to human (e.g. insufficient replication), 
many pathogens simply lack suitable pathways for subsequent 
transmission (i.e. pathogens spread through animal bites or con
taminated food). This does not negate the need for urgent and ef
fective management and policy strategies to curb the risk of 
emerging infectious diseases (e.g. WHO Pandemic Agreement) 
(6). Campaigns focused on safe food handling and providing hy
giene infrastructure (where appropriate) could help reduce the 
risk of common infections and foodborne illness, while also redu
cing the risk of spillover of newly emerging pathogens (23, 56, 99, 
100). Improved food hygiene could also benefit conservation dir
ectly by reducing food spoilage (e.g. refrigeration helps traders 
store meat for longer, potentially reducing hunting pressure by re
ducing waste) (21, 101). Campaigns focused solely on minimizing 
risks to global public health ignore opportunities to improve 
healthcare for those at the forefront of the human-wildlife inter
face, often the same vulnerable communities most directly im
pacted by other conservation legislation (102).

Health rhetoric provides an alternative argument to reduce a per
son’s impact on wildlife by promoting “Protect yourself” instead of 
“Protect the wildlife,” perhaps based on the assumption that the lat
ter is not intrinsically important to the individual. However, there is a 
debate about whether we need health messaging to achieve conser
vation outcomes. Following the World Wildlife Fund Zero Wild Meat 
campaign, preserving nature remained the main reason people in 
Vietnam and the Lao People’s Democratic Republic intended to ab
stain from eating wild meat (103). In a study of local risk perceptions 
associated with wild meat in Tanzania-Kenya (80), 62% of 299 people 
agreed that wild meat should not be sold because of disease risk, rep
resenting less than the 69% who believed it should not be sold for con
servation reasons. Regardless of motivations, the majority (81%) 
stated they would stop buying wild meat if there were a cheaper al
ternative. Identifying barriers that prevent people from reducing 
their wild meat consumption (e.g. price, access, quality, values) can 

help inform conservation measures without relying on inappropriate 
public health messaging. This is not to say that conservation organ
izations cannot play a role in reducing the risk of zoonotic spillover 
for human health. Biodiversity declines, land-use change, urbaniza
tion, changes in connectivity, wildlife trade, and climate change have 
all been shown to impact disease dynamics and increase the likeli
hood of future spillover events (52, 104–106). Therefore, conservation 
actions that promote ecosystem health and reduce the rate of global 
warming help safeguard human health more broadly and help con
serve wildlife populations. In addition, conservation has an import
ant role in preventing reverse spillover events and spillover from 
captive to wild animals which pose significant threats to wildlife pop
ulations (23 , 107). Thus, lessons and practices from conservation are 
vital for policymakers seeking to balance human, animal, and eco
system health. However, leveraging public health fears to fund and 
justify strict conservation practices may ultimately undermine 
core conservation values, reducing societal tolerance of wildlife, 
and amplifying existing conflicts between authorities and local com
munities (61, 102, 108). In places where risks of undernutrition are 
high and wildlife contributes substantially to nutrient intake, re
stricting access to wildlife can undermine current health in the 
name of reducing potential risks in the future. Therefore, bans on 
wild meat consumption can have counterproductive consequences 
for conservation and human health (26, 108–110).

Implications for risk management and the need 
for evidence-based strategies
Improving scientific reporting
The complexities of understanding zoonotic disease transmission 
in socio-ecological systems have hindered our ability to effectively 
assess, communicate, and manage health risks linked to wild 
meat. We call for clearer definitions of zoonotic terms across stud
ies to enable better comparison. Simply defining a pathogen as 
zoonotic is insufficient to gauge its human health impact, as spill
over risk depends on many factors including exposure likelihood. 
Rather than creating more complex terminology to differentiate 
types of zoonoses [e.g. Singh et al. (25 )], we advocate for a tiered 
approach that considers transmission likelihood and health im
pacts [e.g. Grange et al. (111)]. Ideally, risk assessments would 
consider multiple information criteria to determine the relative 
health risks linked to different stages in the wild meat supply 
chain, including infectious agent taxonomy, an agent’s capacity 
to infect humans, subsequent health implications, known trans
mission pathways, the proportion of infections associated with 
zoonotic transmission versus human-to-human transmission, 
and relevant host information such as agent prevalence and 
host ecology. Including this detail of information will not be pos
sible in all circumstances but would serve as a useful framework 
to identify knowledge gaps. In all cases, studies should at least 
specify whether they are focused on agents, infections, or dis
eases; define their terms; and state the quality of evidence in
cluded in the data. Studies must acknowledge the uncertainties 
associated with the criteria above. Without such information, 
study findings may be incorrectly interpreted.

Contextualizing wild meat within food systems
Domestic animals can and do act as important reservoirs, inter
mediary hosts, or amplifier hosts of zoonotic pathogens (53). 
Livestock production occurs at industrial scales, raising animals 
in high concentrations with a focus on maximizing profits often 
at the expense of biosecurity, environmental sustainability, and 
animal welfare. Livestock production also provides greater 

8 | PNAS Nexus, 2025, Vol. 4, No. 12

D
ow

nloaded from
 https://academ

ic.oup.com
/pnasnexus/article/4/12/pgaf364/8322541 by Personal Social Services R

esearch U
nit user on 23 January 2026



opportunities for exposure given close, frequent contact between 
livestock and humans during animal rearing. Therefore, disease 
risks of consuming wild meat should be considered within the 
broader context of food safety and animal husbandry to prevent 
misrepresentation. Plourde et al. (112), Gibb et al. (52), Carlson 
et al. (113), GIDEON (41), and Zhou et al. (114) all provide data 
on infectious agents shared between animals and humans. 
However, not accounting for additional disease dynamics can in
flate zoonotic disease risk associated with wildlife. When studies 
aim to inform the management of wild meat consumption, local 
clinical and structural vulnerabilities in the supply chain should 
be considered. Social, economic, and environmental factors im
pact people’s ability to interpret risk and their knowledge of how 
to protect themselves, as well as having the resources to do so 
(115). Wild meat markets are not homogeneous, nor are motiva
tions behind wild meat consumption (7, 24, 56). Therefore, differ
ent contexts require different interventions to promote safe and 
sustainable food consumption.

Ensuring transparency and addressing bias
Transparency also means communicating an organization’s or re
searcher’s positionality, especially as we seek to increase biosurveil
lance capacities (102, 116). Recognizing and respecting local food 
sovereignty should be at the heart of food policies, including for 
wild meat (117). However, policymakers must balance sociocultural 
and health needs with environmental sustainability and disease 
risk, given the different roles that wild meat plays in people’s diets 
(i.e. from subsistence to luxury goods) (104). Arguments for banning 
hunting and wild meat consumption can stem from animal welfare 
concerns, rather than species conservation. Because transport/ 
market conditions affect the risk of zoonotic transmission, estab
lishing animal welfare standards for the legal and sustainable sale 
of wild meat is important to reduce disease spread. However, wel
fare arguments focus on the ethical implications of handling, hous
ing, and killing animals for food. While animal welfare presents a 
legitimate rationale against wild meat consumption, animal wel
fare policies should not be disguised as those protecting species con
servation or human health (88).

Public trust is critical in campaigns for behavior change for 
public health or conservation (118, 119). Public trust can be quick
ly eroded when a messenger is perceived to have a competing pol
itical, social, or economic agenda (97). The conservation sector 
must acknowledge how a legacy of current and historical injusti
ces against local and Indigenous communities, and more broadly 
those in the Global South, has impacted public trust (89, 119). 
Therefore, strategies implemented to reduce health risks must 
be based on robust evidence and, wherever possible, be co- 
designed by those they ultimately affect. Co-design should be 
open to mutual knowledge exchange, learning about existing 
practices used by communities to safeguard health. Co-design 
demonstrates a meaningful effort to meet the needs and values 
of the people involved, re-establishing trust and communication, 
while promoting safe, sustainable use (24, 61, 95, 120). During 
acute public health crises, rapid policy decisions may be neces
sary without consultation. In these circumstances, transparency 
relies on honest, clear communication of how decisions are being 
made and what we do and do not know (24, 118, 121).

Conclusion
Appropriate and well-informed management of wild meat is not 
only imperative for managing the risks of infectious disease to 

human health, locally and internationally, but also to ensure 
food security, public relations, and positive conservation out
comes. Improving our understanding of zoonotic disease risks 
will require more consistent terminology and clear, transparent 
communication to ensure effective solutions that balance envir
onmental, human, and animal health in different socioecological 
contexts. When determining risk, studies must clarify how risk is 
defined and acknowledge that increased agent diversity does not 
necessarily equate to human health impacts. Wild meat is just 
one component of much larger food systems, and wild 
meat-health research needs to be better contextualized within 
these systems.
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