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Abstract

Background and Aim: Wildlife markets are centers of trade involving live animals and their derivatives from wild-caught
and captive-bred non-domesticated animals, including for the culinary, fashion, traditional medicine, curio, and pet sectors.
These markets occur in Southeast Asia, India, North America, Latin America, Europe, Africa, and elsewhere. This study aims
to address a diversity of related issues that have a one-health bearing while focusing on wildlife markets in relation to the pet
trade. Across relevant regions and countries, all major animal classes are traded at wildlife-pet markets. Wildlife markets, in
general, are considered distinct from so-called “wet markets” at which domesticated animals, fish, and other “seafood” are
offered only for consumption. Several aspects of wildlife markets have attracted scientific and popular scrutiny, including
animal welfare concerns, species conservation threats, legality, ecological alteration, introduction of invasive alien species,
presence of undescribed species, and public and agricultural animal health issues.

Materials and Methods: Onsite inspections were conducted for markets in the United States, Spain, Germany, The
Netherlands, and the UK, as well as observational research of visual imagery of market conditions, and we compared these
conditions with evidence-based standards for animal welfare and public health management.

Results: Wildlife markets globally shared common similar structures and practices including the presence of sick, injured, or
stressed animals; mixing of animals of uncertain origin and health state; and no specific or any hygiene protocols, with issues
of animal welfare, public health and safety, agricultural animal health, and other one-health concerns being inherently involved.

Conclusion: We conclude that wildlife markets are incompatible with responsible standards and practices, and we

recommend that such events are banned globally to ameliorate inherent major problems.
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Introduction

Wildlife markets are centers of trade involving
live animals and their derivatives from wild-caught
and captive-bred non-domesticated animals, includ-
ing for the culinary, fashion, traditional medicine,
curio, and pet sectors [1-8]. These markets occur in
Southeast Asia, India, North America, Latin America,
Europe, Africa, and elsewhere. Definitions of “wild”
and “non-domesticated” animals vary, although for
this study we have adopted the position that these
refer to species other than traditional domesticated
forms such as household dogs and cats. The character
of wildlife markets and the types of species displayed
and sold are highly variable, and the fate of animals
differs according to the intention of the purchaser; thus
trading entities may be regarded as multi-purpose sell-
ers. Across relevant regions and countries, all major
animal classes (invertebrates, fishes, amphibians,
reptiles, birds, and mammals) are traded at wildlife
markets [1-4,6-37]. Wildlife markets are considered
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distinct from so-called “wet markets” at which domes-
ticated animals, fish, and other “seafood” are offered
only for consumption, even though some of these
animals (fish and other seafood) are also effectively
“wildlife.” Wildlife markets include both static cen-
ters in which animals are displayed and sold through
semi-permanent or permanent stalls and floorspaces,
as well as itinerant events for which animals are trans-
ported regionally or across international borders to be
displayed and sold at periodic venues [1,2,4,38].
Several aspects of wildlife markets have attracted
scientific and popular scrutiny and criticism, includ-
ing their association with use of large numbers of indi-
vidual animals, species conservation threats arising
from uncontrolled or poorly monitored and regulated
trade, legality, ecological alteration due to removal
of large numbers of animals from indigenous habi-
tats, introduction of invasive alien species, presence
of undescribed species, and in particular, animal wel-
fare due to abusive handling and husbandry practices,
and public and agricultural animal health due to the
presence of diverse pathogens and epidemiologic out-
breaks and pandemics [2,4,5,34,35,39,40]. All these
issues are relevant to this report, although in particu-
lar, we will focus on animal welfare and public health
implications of wildlife markets in relation to the pet
trade. Wildlife-pet markets involve diverse yet often
interrelated issues that collectively assume one-health
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importance; thus the present study includes various
subjects with impacts relevant to these events.

Wildlife-pet markets are a global phenomenon
that attracts multifactorial concerns. Accordingly,
this study is significant because it investigates both
the interrelatedness of these concerns as well as their
implications across animal, human, and environmen-
tal health domains.

This study aims to address a diversity of related
issues that have a one-health bearing while focusing
on wildlife markets in relation to the pet trade. In par-
ticular, implications of wildlife-pet markets in rela-
tion to animal, human, and environmental health are
examined, and recommendations are offered to rem-
edy ongoing concerns.

Materials and Methods

Ethical approval
Ethical approval is not need for this study.

Databases search criteria

A literature search was conducted using online
engines Google, Google Scholar, and PubMed data-
bases, including the following key terms individually:
“Wildlife markets,” “exotic pet market,” “live animal
market,” “wildlife markets”/“exotic pet market”/“live
animal market”/+ “zoonoses,” “pathogen,” “virus,”

“bacteria,” “infection,” “disease,” “pet fair,” “inver-

tebrate expo,” “invertebrate show,” “koi fish fair,”
“koi fish expo,” “koi fish show,” “amphibian fair,”
“amphibian expo,” “amphibian show,” “reptile fair,”
“reptile expo,” “reptile show,” “bird expo,” “bird
fair,” “bird show,” “mammal fair,” “mammal expo,”

and “mammal show.”

LR I3

Inclusion and exclusion criteria

The search returned 143 results, which included
both scientific and semi-scientific reports, of which 38
were directly relevant to wildlife markets after exclu-
sion of references dealing exclusively with domes-
ticated animals and traditional wet market venues.
Several journalistic articles were also included due to
their value as visual resources for identifying which
classes of animals were on sale at certain venues.
On-file library database resources were also used in
respect of zoonoses and public health information.

Categorization of wildlife markets

Categorization of wildlife markets by
region or country and character
(Table-1) [1-4,6,8,11-13,15-36,41,42] was deter-

mined by onsite inspections of wildlife-pet markets in
the US, Spain, Germany, The Netherlands, and UK,
from descriptions within published reports, and from
visual assessment of imagery within published reports.
Comparison of similarities and differences in hus-
bandry and animal welfare, hygiene, and public access
at wildlife markets by region or country (Table-2)
[2-4,6,7,12,15,18,26,27,29-32,34-36,43-49] was based
on onsite observations at markets in the US, Spain,
Germany, The Netherlands, and UK, and of publicly

available (photographic and film) images pertaining
to wildlife markets for all relevant regions and coun-
tries. Evaluations of standards were based on scientific
guidelines for global pet animal husbandry in commer-
cial establishments [43] (Table-2). Reported minimum
number and class of potential human pathogens associ-
ated with wild-pet animals (Table-3) [26,27,44,45,50-
59], and for example, wildlife-associated infections
and zoonotic epidemics or pandemics (Table-4) [60-
89], were developed from the search-based published
literature results. We also circulated drafts of Tables-1
and 2 to eight authors of published scientific investi-
gations into wildlife markets to obtain experiential
comments and/or verification. Seven responses were
received, all of which provided valuable insight and
information that was subsequently added to the tables.

Results and Discussion

Character and distribution of wildlife-pet markets

Southeast Asian wildlife markets and related
cultural wildlife markets in other regions, such as
“Chinatowns” in North America, and Europe, commonly
share similar structures and practices such as: Disorderly
and arbitrary husbandry and display of animals; pres-
ence of diseased, injured, or stressed animals; mixing of
animals of uncertain origin and condition; and no spe-
cific or any hygiene protocols [30-32]. North American
and European wildlife markets typically present as more
orderly and many include specific hygiene protocols,
such as recommendations for hand-washing and pro-
vision of antimicrobial cleansers [2]. However, issues
such as the presence of sick, injured, or stressed ani-
mals; mixing of animals of uncertain origin and health
state; and no specific or any hygiene protocols also
remain common to Western (occurring in the western
global hemisphere) wildlife-pet markets. Thus, whereas
husbandry standards may appear better (or less poor)
and involve a greater degree of operational hygiene at
Western-pet wildlife markets than at Latin American,
Southeast Asian, Indian, and African markets, problem-
atic issues differ by degree but remain implied. Table-1
provides examples of wildlife-pet markets by region or
country, and character.

Animal welfare

Animal welfare is a globally recognized evi-
dence-based scientific discipline. Despite profound
morphological, behavioral and other characteristic dif-
ferences between species and classes, issues of variation
regarding sentience (e.g., pain perception, emotions,
consciousness, stress, and other factors) appear simi-
larly common to both human and non-human animal
biology, including among studied invertebrates, fishes,
amphibians, reptiles, birds, and mammals [90-116].

Relatedly, these and many other reports confirm
that, for example, habitat variation, species-relevant
spatial ranges and requirements, expression of nor-
mal behaviors, sociality, control over environment,
and preference selection are biological needs associ-
ated with positive physiological, psychological, and
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Table-1: Example wildlife-pet markets by region or country, and character.

Region or country Animals by class

Common character
of events

Sample references

Southeast Asia
For example, China, Cambodia,
Japan, Thailand, Vietnam,
Philippines, Indonesia
Cultural (e.g., Toronto, San
Francisco, New York, European
“Chinatowns")
For example, Canada (Toronto), USA
(San Francisco, New York, Illinois)

mammals

Invertebrates, fishes,
amphibians, reptiles, birds,

Invertebrates, fishes,
amphibians, reptiles,

Static centers/
itinerant events

[1,3,4,6,8,11,15,17,
28,29,33,41]

Static centers [12,30-32]

Itinerant events [22,24,25,36,42]

Itinerant events [19,20,23,26,27]

“Chinatowns” birds, mammals
North America
Canada Invertebrates, fishes,
amphibians, reptiles, birds,
mammals
USA Invertebrates, fishes,
amphibians, reptiles, birds,
mammals
Europe

For example, United Kingdom,
Germany, Czech Republic, The
Netherlands, Spain

Latin America
For example, Bolivia, El Salvador,
Mexico, Peru

mammals

Invertebrates, fishes,
amphibians, reptiles, birds,

Invertebrates, fishes,
amphibians, reptiles, birds,

Itinerant events [2,21,26,27,34,35]

Static centers

[13,14,37]

Static centers [7,9,10,13,16,18,26]

mammals
Africa
For example, Congo, Mali, Nigeria, Invertebrates, fishes,
Togo amphibians, reptiles, birds,

mammals

Static centers=Animals displayed and sold through semi-permanent or permanent stalls and floor spaces. Itinerant
events=Animals transported regionally or across international borders to be displayed and sold at periodic venues

behavioral health states and good welfare. Conversely,
deprivations of any or all of these biological needs are
implicit in multifactorially poor health and welfare.
Furthermore, factors such as capture, handling; trans-
portation; confinement; inappropriate temperatures
and thermal gradients; inappropriate humidity and
light; noise and vibration disturbance; inappropriate
diets; and inappropriate or deficient enrichment, con-
stitute additional imposed stressors associated with
negative physiological, psychological, and behavioral
health states and poor welfare [43,90-114,117,118].
Commerce in animals as pets through wildlife
markets raises several particular welfare issues. The
following examples provide a relevant summary:
Spatial provisions — minimum spatial standards deter-
mine that animals should be able to fully stretch, per-
form a range of normal behaviors, and exercise, and
that all animals must be able to access any provision
(such as drinking bowls, food bowls, bathing pools,
basking sites, and shelters) at any one time [43]. Food
and water provisions — nutritional materials and drink-
ing fluids should be of balanced values where appro-
priate, stored, and prepared in suitably hygienic con-
ditions, offered in suitable containers, and provided
in adequate amounts and at regular frequencies [43].
Enrichment provisions — environmental enrichment
should be present and reflect the relevant habitat and
behavioral needs of animals [43]. Handling — animals
should be handled considerately and in a “fear-free”

manner [119]. Positioning of animals and cages —
enclosures should be rationally positioned, cage
stacking (e.g., cage on cage) should be avoided due to
risks of descending waste contamination, predator and
prey species should not be kept proximally, and cages
generally should not be positioned on floors or other
vulnerable areas [43]. Welfare assessments — regular
examinations should be conducted for signs of stress,
injury, or disease [43].

However, wildlife-pet markets typically
involve conditions that severely deprive animals of
all the above-stated husbandry protocols and wel-
fare needs [2,7,26,27,34,35,44-47,77,120]. Indeed,
objective investigations of animal welfare at wild-
life-pet markets appear to involve universally neg-
ative descriptions (Table-2). Conditions typically
involve a series of stalls at which animals are highly
restrictively confined and crowded together in various
wire cages, glass vivaria, large bowls, trays, buckets,
nets, wooden boxes, or plastic tubs that are frequently
positioned on the ground or on floor areas, or stacked
onto each other [15]. Hygiene is commonly poor, and
cage-stacking allows animal waste to descend to lower
enclosures, increasing contamination [ 15]. Positioning
of wire cages on streets [15] or on table-tops [2,35]
causes animals to be exposed to passers-by, and this
potential stressor combined with a generalized lack
of seclusion contributes to probable stress factors.
Often animals are exposed to direct sunlight [15],
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Table-2: Similarities and differences in husbandry and animal welfare, hygiene, and public access between Southeast
Asian, Indian, Cultural, Western (USA, Canada, Europe), Latin American, and African wildlife-pet markets.

Southeast Asian wildlife-pet markets (e.g., China, Cambodia, Thailand, Vietnam, the Philippines, and
Indonesia)

Husbandry and animal welfare Hygiene Proximity to Figures Sample references
public/access

Criteria Determination Poor Proximal and 1,2,3,4 [15,29,34,43] and visual material

Spatial provisions Overly restrictive/ direct contact observations based on Warwick

Food and water provisions  overcrowded/poor et al. [43]

Enrichment provisions None/poor

Handling frequency None

Handling (considerate/ Common

abusive) Abusive/poor

Number of proximal animals High
Positioning of animals and  Extremely poor
cages Direct/close
(e.g., floor, table top, cage Common

on cage) High/extreme
Proximity to other animals/

species

Signs of stress, injury or

disease

Animal welfare concerns

Cultural wildlife-pet markets (e.g., Toronto, San Francisco, New York “Chinatowns”)

Husbandry and animal welfare Hygiene Proximity to Sample references
public/access

Criteria Determination Poor Proximal and [12,30-32] and visual material

Spatial provisions Overly restrictive/ direct contact observations based on Warwick

Food and water provisions  overcrowded/poor et al. [43]

Enrichment provisions None/infrequent/

Handling frequency poor

Handling (considerate/ None/poor

abusive) Common

Number of proximal animals Abusive/poor
Positioning of animals and  High

cages Poor

(e.g., floor, table top, cage Direct/close
on cage) Common
Proximity to other animals/ High/extreme
species

signs of stress, injury or

disease

Animal welfare concerns

North American and European wildlife-pet markets (e.g., Canada, USA, and Europe)

Husbandry and animal welfare Hygiene Proximity to Figures Sample references
public/access

Criteria Determination Variable: Proximal and 5,6,7,8,9[2,26,27,34-36,44-49] and visual

Spatial provisions Overly restrictive/ Low/ direct contact material observations based on

Food and water provisions  overcrowded/poor moderate Warwick et al. [43]

Enrichment provisions None/infrequent/

Handling frequency poor

Handling (considerate/ None/infrequent/

abusive) poor

Number of proximal animals Common
Positioning of animals and  Poor/considerate

cages High

(e.g., floor, table top, cage Poor

on cage) Direct/close
Proximity to other animals/ Common
species High

Signs of stress, injury or

disease

Animal welfare concerns

(Contd...)
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Table-2: (Continued).

Latin American wildlife-pet markets (e.g., Bolivia, El Salvador, Mexico, and Peru)

Husbandry and animal welfare

Hygiene Proximity to
public/access

Sample references

Determination Poor
Overly restrictive/

Criteria
Spatial provisions

Food and water provisions  overcrowded/poor
Enrichment provisions None/poor
Handling frequency None/poor
Handling (considerate/ Common

abusive) Abusive/poor
Number of proximal animals High
Positioning of animals and  Poor

cages Direct/close
(e.g., floor, table top, cage Common

on cage) High/extreme
Proximity to other animals/

species

Signs of stress, injury or

disease

Animal welfare concerns

Proximal and
direct contact

Visual material observations
based on Warwick et al. [43]

African wildlife-pet markets (e.g., Congo, Mali, Nigeria, and Togo)

Husbandry and animal welfare

Hygiene Proximity to
public/access

Figures Sample references

Criteria Determination Poor
Spatial provisions Overly restrictive/

Food and water provisions  overcrowded/poor
Enrichment provisions None/poor

Handling frequency None/poor

Handling (considerate/ Common

abusive) Abusive/poor
Number of proximal animals High
Positioning of animals and  Poor

cages Direct/close
(e.g., floor, table top, cage Common

on cage) High/extreme
Proximity to other animals/

species

Signs of stress, injury or

disease

Animal welfare concerns

Proximal and 10
direct contact

[7,27] and visual material
observations based on Warwick
et al. [43]

Resources for imagery analysis: [2-4,6,7,15,18,27,29-32,35]

increasing potential for heat stress. Predator and prey
species are frequently held in close visual and olfac-
tory proximity [15,35], which presents additional
possible causes of stress. Food and water provision
is subject to stall-holder habits and may be regularly,
occasionally, rarely or never provided [2,15,35], and
husbandry in general is poor [2,7,15,27,35]. Frequent
inconsiderate and abusive handling are also a major
concern [2,7,15,27,35,121]. Meta-issues regarding
stress are also commonly reported as associated with
“behind scenes” capture, transportation, and storage
— with some animals being held captive or displayed
for days or weeks [2,7,15,18,26,27,35]. Observations
of stress-related behavior, morbidity, and injury are
also often reported [2,7,15,27,35], indicating frequent
poor physiological, psychological, and behavioral
condition.

Animals used for their derivatives are com-
monly subject to live-boiling [29-32,121-123], live
evisceration and dismemberment [29-32,124], and

live decapitation [7,29-32,125]. Live-boiling of any
animal across all classes can be considered inhu-
mane [126-129]. Live-evisceration of any animal
across all classes can be considered inhumane, and
live-decapitation of fishes, amphibians, and reptiles
has been shown to involve long periods (commonly
30 min to over 1 h) of post-severance consciousness,
and thus exposure to pain and stress, due to inherent
resistance of neurological tissue to hypoxia, a feature
also probably relevant to invertebrates [126-130].
Therefore, none of the commonly used methods for
killing animals at wildlife markets can be considered
humane or acceptable.

Accordingly, husbandry practices and treatment
of animals in a welfare context at wildlife markets
can probably be objectively regarded as inherently
inconsiderate to extreme abuse. The following fig-
ures provide examples of wildlife-pet markets glob-
ally: Figures-1-4 Southeast Asia (Indonesia); Figure-5
North America (United States); Figures-6-9 Europe

International Journal of One Health, EISSN: 2455-8931

46



Available at www.onehealthjournal.org/Vol.7/No.1/7.pdf

Figure-1: Wildlife market (birds and mammals), Jatinegara, Jakarta. (Credit: Aaron Gekoski, World Animal Protection).

(United Kingdom and Germany); and Figure-10
Africa (Egypt).

Public health

Wildlife-associated human infections and infes-
tations involve both strictly zoonotic diseases in
which infections or infestations from diseased indi-
viduals are passed in either direction between animals
and people (trans-species diseases) [131,132], such as
rabies [133], and animal-associated human infections
or infestations in which commensal or opportunistic
microbes are passed from unaffected animals to peo-
ple (trans-species pathogens) [44], such as reptile-as-
sociated salmonellosis [134]. Over 200 animal-asso-
ciated human infections, infestations, and zoonoses
are known [135], of which at least 70 are associated
with exotic pets [44]. Wildlife-associated pathogens
constitute significant sources of disease in humans.

For example, 75% of global emerging human infec-
tions are linked to wildlife [131], and of more than
1400 surveyed human diseases, 61% were found to be
of potentially zoonotic origin [11]. Animal-associated
human infections and infestations involve all classes
of pathogenic agent (viral, bacterial, mycotic, micro-
parasitic, macroparasitic, and prion) [44]. While
much is known regarding epidemiology and man-
agement for some diseases and pathogens (e.g.,
reptile-associated salmonellosis [Salmonella spp.]
and rabies [Rhabdovirus spp.]), comprehensive data
regarding incidence and prevalence for most zoonotic
and related issues are lacking [40,50,132,136]. In
addition, concern has been raised that wildlife mar-
ket-acquired infections may be routinely under-ascer-
tained in both primary [137] and secondary [138] care
environments due to temporal disassociation between
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Figure-4: Wildlife market (reptiles), Jatinegara, Jakarta. (Credit: Aaron Gekoski, World Animal Protection).

attendance and onset of signs and symptoms, and
because health-care professionals frequently do not
enquire about possible contact between patients and
zoonotic sources [137].

Many potentially pathogenic agents have been
isolated from wild and captive animal gut and other tis-
sue (Table-3). Furthermore, specific studies of diverse
commercial captive breeding operations identified a
range of pathogens, for example: Sa/monella bacteria
associated with pet turtle ranching [139]; Salmonella
bacteria, Kalicephalus, Capillaria,  Pinworm,
Strongyloides ova, and Ascarid ova parasites associ-
ated with the wholesale pet trade environment [140];
Pseudomonas bacteria associated with marine turtle
farming [141]; Salmonella bacteria associated with

green iguana ([guana iguana) farming [142]; and
Acinetobacter, Aeromonas, Anaplasma, Bacteroides,
Bordetella, Chlamydophila, Citrobacter, Clostridium,
Elizabethkingia, Enterobacter, Enterococcus,
Escherichia, Klebsiella, Leptospira, Lysobacter,
Moraxella, Morganella, Mycoplasma, Proteus,
Providencia, Pseudomonas, Salmonella, Serratia,
Staphylococcus, Stenotrophomonas, ITsukamurella
bacteria associated with pet ball python ranching [26].
A study of fecal samples from 741 zoo animals of 40
species of carnivores, hoofed mammals, primates,
ratites, and reptiles found that 45% contained intestinal
parasites, all of which were zoonotic [51]. Therefore,
whether animals are wild-caught or captive-bred,
pathogenic reservoirs remain important considerations.
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Figure-6: Wildlife/reptile market, Doncaster, UK. (Credit: Animal Protection Agency).

In addition, at least 138 viral infections are asso-
ciated with pet animals [50]. Many potential human
pathogenic micro-organisms, particles and parasites
are inherently normal and commensal among other ani-
mal species [44], and practicably non-eradicable [44].
For example, commensal Salmonella bacteria in prey
mice are known to harmlessly invade snake guts to be
excreted and become human pathogens through fecal-
oral transmission [143,144]. A survey of Salmonella
at a wildlife-pet market in Germany found novel rep-
tile-associated S. ramatgan and S. subspecies-V to be

present on door handles [44]. Despite use of liberal
guidance on preventing infection, and provision of
hand sanitizers to the public by organizers of Western
pet markets, control of contaminants was found to be
unresolvable [2,44,45].

Many human and nonhuman animal diseases are
vector-borne and have generated large epidemics, for
example, West Nile virus (Flaviviridae spp.) is noted
in amphibians and reptiles that originated in Africa and
caused over 15,000 human deaths in United States alone
[60]. Reasonably, many potentially pathogenic agents
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Figure-7: Wildlife/reptile market, Doncaster, UK. (Credit: Animal Protection Agency).
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Figure-8: Wildlife market (birds), Stafford, UK. (Credit: Animal Protection Agency).

could transcend diverse hosts, for example, from inver-
tebrates through to humans through the predator-prey
food chain. Accordingly, microbial human pathogens
and macroparasites may be presumed to occupy any
animal from any world region or supply source, not
least given the cross-contamination implications of
wildlife markets and meta sectors (Figure-11).
Furthermore, many non-commensal and novel
human pathogens may feasibly become introduced to

=1

' ] wmm
el o
e

s b5 e w—n

wild-caught predatory animals that ingest diverse prey
along with their microbiome and virome loads. For
example, severe acute respiratory syndrome coronavi-
rus 2 (SARS-Cov-2) coronavirus, or potentially a more
serious pathogen such as Ebola virus, could become
present in the guts of snakes that prey on virus-carry-
ing bats. Although the role of snakes as a focal link in
transmission of SARS-Cov-2 is ambiguous [ 145], their
potential role continues to be scrutinized [146]. Thus,
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Figure-9: Wildlife market (reptiles/others), Hamm, Germany. (Credit: none).

Figure-10: Wildlife market (birds), Ca|ro, Egypt. (Credit: Emily Marie Wilson shutterstock.jpg).

Table-3: Reported minimum number and class of potential human pathogens associated with animal wildlife.

Animal class Human pathogen class Sample references

Viral Bacterial Mycotic Microparasitic Macroparasitic Prion

Invertebrates 2 13 1 1 2 - [53-56]

Fishes 6 10 - 1 7 1 [44,45,50,57]
Amphibians 3 34 3 2 5 - [44,45]
Reptiles 5 36 3 5 10 - [26,27,44,45,51,58,59]
Birds 40 28 3 2 4 - [44,45,50]
Mammals 96 27 5 11 17 1 [44,45,51,52]

whether or not snakes have a direct relationship as a  act as an incidental harborer and excreter of the virus,
transmitter of SARS-Cov-2, they could nevertheless  as has been reported possible for felines [147] and
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Figure-11: Basic guide to handling, transport, and storage dynamics regarding animals and wildlife markets, inferring
significant recurrent stressful conditions for animals, and many opportunities for cross-contamination of potential
pathogens. The reader should follow the diagram from the bottom (“Wild-caught animals”) to top (“Private homes” and

“Retail outlets”).

humans [145]. It is unclear whether intermediary ani-
mals may act as transmitters of Ebola virus disease
to humans [61,62]. However, Ebola virus is endemic
in Africa [63] and Thailand [148], which are hubs of
wildlife trade and international distributors to various
global markets, including pets.

On a precautionary basis it cannot be ruled out
that a wide range of potentially pathogenic prey-de-
rived agents may long survive gut occupation in
many animals, and thus viably persist lengthy stor-
age, transportation, and housing conditions resulting
in global distribution of established and novel enti-
ties from infection hubs to other (including naive)
regions [11,39,44,52,149]. Therefore, any animal
(such as a snake) may be regarded as a potential
atypical epidemiological source for pandemics. In
addition, domesticated and other animals, including
dogs, cats, chickens, and rabbits, could also become

contaminated at wildlife markets by wild animals and
potentially also act as ad hoc infection reservoirs (Li
and Jiang, unpublished).

Both culinary-based wet markets and wildlife
markets involve direct and indirect handling of poten-
tially infectious live animals and their derivatives. It is
arguable that human and non-human animal exposure
to body fluids due to handling of potentially infectious
materials arising from butchering practices at wet
markets may involve greater direct and indirect con-
tamination risks than handling associated with wildlife
markets. However, it is also arguable that human expo-
sure to live animals at wildlife markets may involve
proportionately significant coexisting risks in certain
respects. For example, at wet markets, handling-asso-
ciated contamination factors for potentially infectious
animals and their derivatives are more intensive and
shorter-term, whereas at wildlife markets such factors
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are less intensive but longer-term [2,45]. Furthermore,
because pet animals acquired at wildlife markets are
transferred to domestic environments, those ani-
mals may occupy households indefinitely, involving
greater contact and exposure. Regardless, operators of
market stalls frequently handle diverse animals, their
derivatives, enclosures, and related materials, as well
as engage with public visitors [45]. Accordingly, oper-
ator-environment-public interactions are common-
place and imply multiple significant opportunities for
cross-contamination.

Table-3 provides a basic list of reported mini-
mum number and class of potential pathogens asso-
ciated with wildlife-pet animals. While reasonable
data exist for vector-borne diseases [150], little spe-
cific investigatory work appears to have been done
on invertebrate pet zoonoses, thus these animals are
minimally represented in Table-3. Table-3 includes
only potential pathogens and diseases that are fre-
quently tabulated in published reports rather than all
known potential pathogens and diseases. As indicated
elsewhere, large numbers of viral, bacterial, mycotic,
microparasitic, and macroparasitic agents are also
known, for which benign or pathogenic nature has not
been well determined. Table-4 provides a summary of
example wildlife-associated infections and zoonotic
epidemics or pandemics.

Agricultural animal health

Although agricultural animal health is not
directly salient to this report, the issue is often strongly
associated with animal-human cross-contamina-
tion epidemics and outbreaks, thus we provide brief
mention and examples. Several pathogenic threats
to agriculture from, especially imported, wildlife are
well established. For example, since 1926, Newcastle
disease (Paramyxovirus spp.) has been recognized
as a viral infection typically associated with poul-
try [151]. The disease results in respiratory, neuro-
logical, and gastro-intestinal signs leading to loss
of productivity or mortality variably up to 100% of
animals; thus it is of significance to the agricultural
industry, and its quarantine surveillance is mandatory
[151]. Since 2000, heartwater disease or ehrlichio-
sis (Ehrlichia spp.) was identified as a vector-borne
bacterial infection typically associated with rumi-
nants [152] and was introduced to the United States
through ticks (Amblyomma spp.) hosted by imported
African wild pet tortoises [153]. The disease results in
debilitation, loss of productivity, or mortality variably
up to 100% of animals; thus its potential to become
endemic in the US and invade large-scale cattle pro-
duction remains highly concerning, and its potential
impact has been managed using a combination of spe-
cies bans and passports [152,154]. Since at least 1996,
avian influenza H5N1 has affected regions globally,
having originated from wild birds in Asia [155]. The
disease results in various inflammatory, respiratory,
gastro-intestinal, and other signs in birds, leading to

loss of productivity or mortality, or imposed destruc-
tion of variably up to 100% of animals; thus its signif-
icance to the agricultural industry, and its quarantine
surveillance is mandatory [156]. Relatedly, in 2005,
an outbreak of avian influenza HSN1 was identified
in imported consignments of quarantined pet birds of
several species from Taiwan, bringing avian influenza
to the United Kingdom [157]. Despite the imported
consignments of wild pet birds having been deliber-
ately isolated proximal to control specimens, the sen-
tinel birds were unaffected, demonstrating that quar-
antine protocols must be considered circumspect even
for well-known infectious agents.

Importantly, intensive animal production can
involve significant stress and animal welfare-related
issues that may increase susceptibility to introduce
potentially pathogenic agents [115]. However, poten-
tial impacts on agricultural animal species from
many wildlife-borne diseases are under-ascertained
or unknown. Of current relevance, SARS-Cov-2
has recently been found in farmed mink in The
Netherlands, resulting in the proactive culling of all
animals [158].

Quarantine and screening

While quarantine of selected animals occurs for
specific pathogens and diseases in some nations, the
scope of such measures is minimalistic and arguably
of low significance to the prevention or control for
a myriad of possible wildlife-borne human and agri-
cultural animal diseases. In addition, quarantine pro-
tocols for ectothermic animals (invertebrates, fishes,
amphibians, and reptiles) are typically minimalistic
or absent, which compounds prevention and control
deficits. Quarantine screening for disease symptoms
in wild or domesticated animals is usually limited
to 30 days [159,160]. However, incubation times
and disease onset latency for many infections and
infestations (commonly associated with ectother-
mic animals) greatly exceeds this period [51], and
infers minimum quarantine periods of 6 months are
warranted for all wild as well as many domesticated
animals [161-163], thus commonly shorter screening
protocols of, for example, 30 days can be considered
inadequate and involve disproportionate epidemiolog-
ical risk. In addition, invertebrate vectors may harbor
viable pathogens for several years [164], further rais-
ing risk concerns. These risks are well identified, for
example, a United States government report on zoo-
notic disease and home security concluded that col-
laborative incongruities between official departments
provided open gateways to importing disease [165].

Furthermore, deficiencies among microbial data-
bases and technical processes, as well as application
impracticalities, severely limit generalized screening
abilities for both non-quarantined and quarantined
animals. Accordingly, animals of uncertain origin and
health state (which includes most examples of both
wild-caught and captive-bred organisms) should be
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cautiously considered as contaminated with potentially
relevant epidemic and pandemic agents. Relatedly,
because wildlife-pet markets are regularly implicated
in the supply chain for high street and online suppliers
of wildlife as pets to private homes, endpoint acquirers
should also be regarded as potentially naive and vulner-
able custodians of epidemiologically suspicious animals
— a concern known as the “Trojan horse” factor [149].

Wildlife trade scale and diversity

Exact data regarding the number of wild-caught
and captive-bred wild animals and species involved
in trade are incomplete. In terms of legal trade, var-
ious reports offer some insight. For example, a study
of Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) listed verte-
brates identified 5579 species (amphibians = 609 [9%
of extant amphibian species], reptiles = 1184 [12% of
extant reptile species], birds = 2345 [23% of extant
bird species], and mammals = 1441 [27% of extant
mammal species]) in international trade or 18% of
globally known vertebrate species [166]. However,
across all animal classes, including invertebrates and
fishes, tens of thousands of animal species are thought
to be traded globally [167,168]. At least 13,000 wild-
life species are known to be included in the interna-
tional exotic pet trade alone, with most species and
individuals being wild-caught [5,169]. A study of
CITES-listed species found that between 1975 and
2014 trade in plants, invertebrates, reptiles, birds, and
mammals quadrupled from 25 million to 100 million
whole organism equivalents annually [170]. A study
of Southeast Asian wildlife exports over a 10-year
period found that more than 35 million CITES-listed
animals alone were shipped abroad, including to other
Asian countries, as well as to Canada, United States,
and Europe, of which approximately 30 million were
wild-caught [171]. A 2017 study of imports to the
United States for the years 2000-2013 found that 11
billion wildlife specimens, and further 977 million
kilograms of wildlife were involved, mostly for the
pet trade, of which 77.8% were wild-caught [5]. The
USA is the single largest consumer of wildlife and may
import over 224 million live animals annually [172].

Volume of animals traded at wildlife markets is
unknown, although some examples are reported. A
2003 Chinese government raid of wildlife markets in
Guangzhou removed over 838,000 wild animals [11].
A market in North Sulawesi, Indonesia, reportedly
sold as many as 90,000 mammals annually [173].
Another survey of one market in Thailand conducted
over 25 weekends found that more than 70,000 birds
of 276 species were sold [174]. A 2014 study of seven
cities in Guangdong and Guangxi Provinces in China
identified more than 7000 animals and 97 species of
(in majority order) reptiles (51%), birds (21%), and
mammals (10%) [4].

A 2012 survey of wildlife-pet markets selling
amphibians and reptiles in Europe (Germany, Spain,

and the United Kingdom) identified at least 179 species
at three itinerant events [2]. A 2019 survey of wild-
life markets in Togo, Africa, selling various animals
found at least 286 species were involved [7]. In terms
of illegal trade, more than 350 million wild plants
and animals are exploited annually [175] (= 25% of
total trade [11]), with an estimated economic value
of 8-20 bn USD [166]. Some sectors of wildlife trade
(i.e., amphibians and reptiles) may involve 44% ille-
gal activity [176]. Accordingly, although potentially a
single individual animal may causally introduce novel
pathogens to a region or country leading to outbreaks,
the vastness and poorly regulated nature of both legal
and illegal wildlife trade involves unprecedented
endemic pathogenic opportunities of scale and species
diversity reservoirs for further epidemics or pandem-
ics [11,37].
Legality, regulation, and enforcement at wildlife
markets

Wildlife markets are subject to varying degrees
of legal regulation and enforcement. For example, in
China wildlife markets are illegal and enforcement
intermittent [177]. Since the SARS-CoV-2 corona-
virus disease-2019 (COVID-19) outbreak, China,
has reputedly increased monitoring and enforcement
measures to maintain an effective ban [177]. In North
America (Canada and the United States) wildlife mar-
kets are subject to variable regulation, in that cultural
markets, based on overseas traditional culinary hab-
its, are endemic and permitted in numerous areas,
but are subject to limited public health conditions,
although greater regulation on both animal welfare
and public health grounds is being pursued in some
cases. In Europe (e.g., Germany, Czech Republic, The
Netherlands, and Spain) despite wildlife markets being
typically legal, illegalities occur involving sale of pro-
tected species [2,34,35]. In the United Kingdom, the
trading of any vertebrate animals as pets at markets
1s unlawful, and in recent decade’s occurrence has
been largely eliminated, although some British local
authorities continue to fail to act to curtail illegal and
open selling [2].

Global one-health dynamics

Animals for wildlife markets may be wild-
caught or captive-bred within their country
of origin and sold locally, nationally, or glob-
ally [1,2,4,6,7,9,12-18,26,28,33-35,37]. Welfare of
animals at all points in the exploitative chain can be
described as poor to abusively brutal, and such treat-
ment is known to impact immunocompetence, sus-
ceptibility to infection, and pathogen shedding issues
among affected animals [113,115,178-183]. Relatedly,
direct mixing of diverse species and individual ani-
mals, as well as their confinement in close proximity,
probably propagates cross-pollination of commensal,
opportunistic and pathogenic micro-organisms and par-
ticles, presenting many opportunities for spill-over of
potentially infectious agents [11,40,60,140,184,185].
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Pathogen spill-over invites manifest risks of gen-
erating epidemics and pandemics of highly diverse
backgrounds.

Identification of wild-caught versus captive-bred
animals is challenging and false and misleading
claims regarding origin are a matter of concern [186].
Regardless, even where animals may be identifiable as
captive-bred and locally sourced, common prior mix-
ing with animals of uncertain origin and health-state
increases contamination or infection risk and compli-
cates biosecurity and the tracing of epidemiological
origins [140,149]. These dynamics infer that the mul-
tiple handling, transportation, and disturbance events
endemic to wildlife markets are relevant to animal
welfare and to potentially diverse wildlife-associated
pathogens, which should be considered viably present
in all animals regardless of apparent source and their
endpoint sale circumstances (Figure-11).

Modern transportation allows worldwide dis-
tribution of animals within very short periods after
capture, handling, and storage, thus also enabling
rapid global dispersal of large numbers of probably
stressed, immunocompromised, or diseased individu-
als as well as harbored pathogens [11,39,44,149,184].
Moreover, wildlife markets and associated trade hubs,
being dependent on high footfall business generally
occupy centers of significant human population densi-
ties, encouraging possibly rapid liberal dissemination
of pathogenic agents [2,44,45]. Disease and human
population modeling indicate that emerging infectious
diseases are more likely to occur in more densely pop-
ulated areas, and where there is greater diversity of
wildlife [40]. Around 1.7 million viruses [187,188],
and many additional bacterial, mycotic, parasitic,
and other potentially pathogenic entities are thought
to exist in wildlife reservoirs that could invade
humans [44,189,190]. Extant human behavior and
practices are currently and regularly narrowing histor-
ically protective distances between atypical pathogens
and naive human or agricultural populations [150]. As
indicated earlier, major animal, and public health out-
breaks have already been linked to wildlife markets
as their probable originating sources, including avian
influenza, swine flu, monkeypox, SARS-CoV-1, and
most recently SARS-CoV-2/COVID-19. Other pos-
sible and perhaps anticipated, outbreaks from wild-
life markets include further novel coronaviruses,
and arguably far more seriously, ebolaviruses, and
hantaviruses.

Warnings have enduringly persisted regarding
anthropogenic deforestation and other habitat destruc-
tion; commercial exploitation of wildlife biodiver-
sity; abusive practices towards animals; the role of
modern globalized transportation in allowing easy
encroachment of humans into relatively naive eco-
systems as well as the facilitation of rapid pathogen
spread from remote areas to domestic environments;
and threats from emergent diseases associated with
wildlife trade and wet/wildlife market conditions

[2,11,39,40,44,52,60,131,132,149,185,191-194].
Accordingly, animal, human, and environmental
health and welfare are intimately connected within
the “one health, one welfare, and one biology”
concept [15,60,115,192,193,195].

A raft of recent calls has arisen from scientific,
animal welfare, conservation, international govern-
mental, and popular communities for closure of exist-
ing wildlife markets for all purposes, and prohibitions
against their future emergence [13,120,48,196-201].
Some have argued that bans on wildlife trade could be
of limited effect regarding prevention and control of
future epidemics and pandemics, and also counter-pro-
ductive against biodiversity conservation [202,203].
However, complete well-enforced wildlife trade bans
are the accepted and proven gold-standard mechanism
for prevention and control of animal welfare abuses,
public health epidemics and pandemics, and threats to
biodiversity conservation [134,204-210].

Governments are traditionally locked-in to pro-
tocols that allow disproportionate weight and strong
influence to commercial interests on the presumed
basis of their local, regional, international or global
value, without taking proportionate account of animal
welfare, public health, environmental and economic
harms and implications inherent to wildlife trade prac-
tices or relevant opposing perspectives [211-213]. This
disproportionality of representative weight reflects a
paradigm responsible for historical and current inac-
tion to resolve global issues with serious problematic
outcomes and extensive amelioratory costs. A major
paradigmatic shift is warranted in which precaution-
ary principles constitute the mainstay of government
actions, inferring that wildlife exploitative practices
are barred until or unless independently and scien-
tifically verified as possessing low or no negative
impacts [214]. This precautionary principle of opera-
tion is enshrined in the concept of “positive lists” (also
known as “green lists,” “reverse lists” or “white lists”)
that provide the normal foundation for almost all
accepted responsible commercial and other practices
(e.g., medicine, dentistry, drug development, pilotage,
vehicle or vessel safety, and construction) and have
been demonstrated to be effective and economic mea-
sures for regulating wild animals in captivity [214].

Conclusion

Wildlife-pet markets, although standalone phe-
nomena, also have ties to the endpoints of wider rel-
evant issues, including anthropogenic habitat loss,
ecological disturbance, encroachment, globalization,
transport facilitation, trade, wildlife capture, cap-
tive-breeding, culinary habits, and wildlife-pet keep-
ing. These elements involve a range of negative fac-
tors from poorly moderated introductions of humans
to atypical environments, through to removal of wild-
life from ecologically stable systems, to placement of
animals into abnormal conditions of captivity in com-
merce and the home. Individually and cumulatively,
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these factors, and the diversity of divisional elements
within each, probably constitute the primary causes of
suffering, morbidity, and mortality among wildlife-pet
animals and the emergence of wildlife-associated
human and agricultural epidemics and pandemics.

Epidemiological trace-back indicates that the
majority of human and key agricultural epidemic and
pandemic diseases are directly or indirectly causally
linked to wildlife (whether direct, indirect, or vec-
tor-borne) [150]. However, it is important to iterate
that primary or incidental involvement of wildlife spe-
cies in human or agricultural epidemics and pandemic
should not be considered a reason for their demoni-
zation [215]. Although particular species groups may
be correctly regarded as primary focal reservoirs of
human pathogenic agents (e.g., bat-associated viruses
and reptile-associated bacteria), all wild animals
including invertebrates (e.g., arthropods, molluscs, and
crustaceans), fishes (fishes, eels, and rays), amphibians
(e.g., frogs, toads, and caecilians), reptiles (e.g., chelo-
nian, lizards, and snakes), birds (e.g., parrots, finches,
and hawks), and mammals (e.g., rodents, marsupials,
and primates) may act as primary or secondary sources
of emerging infectious and zoonotic disease.

Southeast Asian, Indian, cultural, North
American, Latin American, European, and African
wildlife markets have long been associated with both
animal welfare and public health concerns, regarding
inconsiderate and abusive conditions of captivity and
epidemiological risk and manifest emergent disease
— including specific outbreaks and national epidem-
ics and global pandemics. Whether or not the recent
example of SARS-Cov-2 virus may have emerged
only at Southeast Asian wildlife markets or potentially
from elsewhere, it remains probable that alternative
infectious agents across all pathogenic classes viably
occupy wildlife markets globally.

While there are notable degrees of variabil-
ity in less versus more developed countries and
regions regarding aesthetics, animal husbandry, ani-
mal sourcing, hygiene, and regulation across and
between Southeast Asian, cultural, Western and
African wildlife markets, this variation is, in our
view, operationally modest. Accordingly, key prob-
lematic features, including: Sourcing wild animals
(whether wild-caught or captive-bred), unacceptable
standards of animal welfare, extent and diversity of
potentially pathogenic animal biomes and viromes,
interspecies cross-contamination, major quarantine
and screening inabilities, and complexities of micro-
bial transmission, remain intact to all types of wildlife
market. Therefore, in our view, there are no signifi-
cant grounds for regarding events in well-developed
areas as harboring significantly lower risks to animal
welfare or public health compared with other hosting
areas, and that these problems are incapable of ame-
lioration within a permissive control system.

Wildlife markets constitute a relatively small
component of wildlife culinary consumption [177], in

that they may involve hundreds of thousands to several
millions of animals annually, whereas wildlife trade
overall involves hundreds of millions of animals annu-
ally (see also “Wildlife trade scale and diversity”) and
comprise a relatively low component of overall trade
in wildlife for pets. Historical and current permissive
regulation, as well as poorly enforced prohibitive reg-
ulation at all levels, has failed to provide reasonable
control of wildlife markets and the prevention of com-
mon regional or global major and catastrophic animal
welfare and public health problems.

China has been variously criticized concerning
inadequate historical action to maintain domestic bans
imposed on wildlife markets because of their role in
poor animal welfare and as potential hubs of emer-
gent disease. However, such criticisms can also be
levied at all globally relevant regions in which wild-
life markets occur — perhaps most ironically at the
China-accusatorial Western commentators and gov-
ernments that have themselves failed to act decisively
against wildlife markets within their own domains.
Arguably, governments of regions that continue to
accommodate wildlife markets should strive to set
exemplary measures for managing animal welfare
and controlling emergent diseases. Western-nation
failings of example are arguably similarly responsible
for coexisting issues of international concern includ-
ing gross animal welfare abuses [2,140,205,216,217];
public health matters endemic to wildlife trade gen-
erally [5,11,44,45,131,132,134,184,218-223], antimi-
crobial resistance [224-226]; and ecological matters
including threats to species conservation, habitat loss
and shifts from natural habitat to agricultural land
use, invasive alien organisms, and negative economic
impacts [40,49,190,196,227-233].

Recommendations
We have considered three elements in our recom-
mendations: (1) Animal welfare: Prevention of abuses;
(2) Public health: Prevention of epidemics and pandemics
at source; and (3) Wildlife trade dependents: Supporting
local people. Although our proposed measures are similar
and overlapping for elements 1 and 2, we have itemized
these separately because particular readers and actors
may wish to consider each subject independently.
1. Animal welfare: Prevention of abuses
We propose that the only pragmatic amelioratory
measures for prevention and control of inade-
quate husbandry or extreme and brutal abusive
treatment of animals inherent to wildlife markets
are government sanctioned bans on the collection,
transportation, storage, keeping, sale, or slaughter
of wild-caught or captive-bred wildlife at markets
for pet, culinary, medicinal, and other purposes. It
is administratively imperative, and economically
prudent that bans are emboldened with strong
monitoring and enforcement.
2. Public health: Prevention of epidemics and pan-
demics at source
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We propose that the only pragmatic amelioratory
measures for prevention and control of future
anthropogenic wildlife-market-associated epi-
demics and pandemics from originating hubs of
contamination are government sanctioned bans
on the collection, transportation, storage, keeping,
sale, or slaughter of wild-caught or captive-bred
wild animals for pet, medicinal, culinary, and
other commercial purposes. It is administra-
tively imperative, and economically prudent that
bans are emboldened with strong monitoring and
enforcement.
3. Wildlife trade
people
Bans may have significant impacts on at least
some former economic dependents within local
wildlife supply sectors. Arguably, such impacts
may be comparable to any sector that faces dis-
benefits from income reduction or collapse of cor-
responding commercial activities from bans that
affect diverse businesses and cottage industries.
Whether such commercial activities inherently
fail or are curtailed by government is not new,
and support for those formerly dependent on local
wildlife can be considered in accordance with
existing formal remedies. However, proportionate
essential support for previous dependents of wild-
life trade can be viewed as a potentially import-
ant investment against novel disease outbreaks as
well as a deterrence from illegal activity.

dependents: Supporting local
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