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Little is known about the global bat souvenir trade despite previous research efforts into

bat harvest for bushmeat. We screened eBay listings of bats in Australia, Canada, Italy,

Switzerland, United Kingdom and USA to assess the nature and extent of the online

offers. A total of 237 listings were retrieved in between the 11th and 25th of May 2020with

a median price per item of US$38.50 (range: US$8.50–2,500.00). Items on offer were

mostly taxidermy (61.2%) or skull (21.1%) specimens. Overall, 32 different species of bat

were advertised, most of which (n= 28) are listed as “Least Concern” on the International

Union for Conservation of Nature (IUCN) Red List. One species (Nycteris javanica) is

classified as “Vulnerable” and one (Eidolon helvum) as “Near Threatened.” Pteropus spp.

specimens were the most expensive specimens on offer and the conservations status of

these species may range from “Critically Endangered” to “Data Deficient” by IUCN and

the entire genus is listed in the Appendix II by the Convention on the International Trade

in Endangered Species of Wild Fauna and Flora (CITES). However, the exact species

concerned, and their respective conservation status, could not be confirmed based

on the listings’ photos. The sourcing of bat was restricted to mostly South-East Asian

countries (a third of items sourced from Indonesia) and to two African countries. Our

survey revealed that the online offer of bat products is diverse, abundant, and facilitated

by worldwide sellers althoughmost offered bats species are from South-East Asia. With a

few exceptions, the species on offer were of little present conservation concern, however,

many unknowns remain on the potential animal welfare, biosecurity, legal implications,

and most importantly public health risks associated with this dark trade.

Keywords: bat taxidermy trade, bat online trade, zoonosis, conservation, biosecurity, IUCN, CITES,

wildlife souvenirs

INTRODUCTION

Bats (order: Chiroptera) fill many ecological trophic levels and provide essential services to
ecosystems in the form of pollination, seed dispersal, and insect control (1). Their presence can act
as indicators of ecosystem health (2–4). With ongoing anthropogenic changes such as harvesting
for bushmeat, increased agricultural expansion and deforestation the conservation of these species
is increasingly compromised.
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The International Union for Conservation of Nature (IUCN)
Red List of Threatened Species (2020) lists 23 bat species
as “critically endangered,” 60 as “endangered” and 109 as
“vulnerable,” suggesting that close to 200 bat species are currently
threatened with extinction. The Convention on the International
Trade in Endangered Species of Wild Fauna and Flora (5) is
an international agreement between governments to ensure that
international trade in specimens of wild animals and plants does
not threaten their existence. The species covered by CITES are
listed in three appendices according to the degree of protection
they need. CITES lists 11 Pteropodid species as Appendix I
(no trade allowed) and two bat genera (other Acerodon spp.,
and Pteropus spp. not included Appendix I) in Appendix II
(controlled trade) and another bat species in Appendix III
(protected in at least one country).

Many bats are harvested to create collectables and souvenirs in
the form of taxidermy, preserved specimens or treated skeletons.
The offer of these products is suspected to extend from the streets
in South East Asia into the online trade, taking advantage of e-
commerce platforms such as eBay, Amazon or Etsy (6). However,
the extent, and the implications, of the online trade for bat
products has not been evaluated so far. It is reasonable to consider
that the souvenir trade of bats may act as a conservation as well
as a potential biosecurity threat.

Bats are known reservoirs of emerging and highly pathogenic
viruses, some with pandemic potential (7, 8). More than
60 viruses have been detected in bat tissues and many are
transmissible to humans, including Nipah-, Lyssa-, Hendra-,
Ebola-, and Corona- viruses (9, 10). The wildlife trade may
facilitate the exposure of viruses of zoonotic potential which can
have catastrophic socioeconomic consequences, as demonstrated
by the 2003 SARS outbreak, the Ebola epidemic in 2013–2016 and
the current global pandemic of COVID-19.

We surveyed the offerings for bat products listed on the
eBay platform in May 2020 from six different countries spread
across three continents. From the sampled offers, we assessed
(i) the taxonomic accuracy and diversity of the listed bats, (ii)
the diversity of the items (e.g., taxidermy, dried specimens, and
skeletons), and (iii) the diversity and geographical distribution
of the countries of origin of the listed bats as well as the sellers.
According to our findings, we have elaborated a preliminary
structure of the online bat trade and discussed its potential
implications on conservation and public health.

METHODS

Online Search for Bat Products
Here, we define a “specimen” as an individual bat or part for
sale, an “item” as the smallest saleable unit which may include
one or several bat specimens, and a “listing” as an online entry
created by a seller that describes the item/s for sale, its costs and
any relevant or advertising information. The eBay homepages of
Australia, Canada, Italy, Switzerland, United Kingdom and USA
were interrogated for listings of bat products using the search
terms “bat” and “souvenir” or “taxidermy” between the 11th and
25th of May 2020. Only listed items with whole or parts of bats
(i.e., taxidermy specimens, skeletons, or skulls) and available for

purchase at the time of the search were retrieved. The location
and name of the seller, the species and origin of the bat on offer,
the available and sold item counts, the shipping distribution and
price (USD) were recorded for analysis.

Items Speciation, Conservation Status, and
CITES Listing
The pictures associated with each listed bat were examined
for secondary speciation by two of the authors with extensive
experience in the identification of bats from the Indo-
Australasian region (KA, SW). These authors used standard
external identification keys including skull and wing shapes
and pelage colors. References to physical specimens at the
Museum Zoologicum Bogoriense as well as to comprehensive
field guides (11–13) were made where necessary. The confirmed
bat species were then matched with their corresponding IUCN
(14) conservation status and their CITES (5) listing. Information
on threats were compiled from the current individual IUCN Red
List accounts for each species listed.

Data Management and Analyses
Data management and descriptive statistics were performed in
MS Excel and IBM SPSS statistics v27. Counts and frequencies
of bat products available and sold for each species and each
category (i.e., skull, taxidermy, and skeleton) were summarized.
Minimum, maximum and total value were converted into
USD for comparison. Maps of countries distribution were
generated from the retrieved list of countries using STATA v.15.1
(StataCorp Ltd., Texas, USA).

RESULTS

Diversity of Online Offerings
A total of 237 listings of bat products offered by 25 sellers
were retrieved between the 11th and 25th of May 2020 from
eBay websites from six countries across North America, Europe,
and Australia. The median number of listings per seller was
9.5 (range: 1–91). Of the 171 listings where the count of items
was described, a median of four items per listing was on
offer (range: 1–46). Bat items were sold either as individual
specimens or as collections of up to 50 specimens. The most
common item description was taxidermy (60.2%, see example
in Figure 1) followed by skull (21.1%) and skeleton (8.0%, see
example in Table 1). A total of 4,467 bat specimens were on
offer−1,873 taxidermy, 1,829 skulls, 516 skeletons, 239 dried
bats, and 10 entomology frames. Taxidermy specimens made up
41.9% (1,873/4,467) of the total available items yet accounted
for 72% of the total value of specimens available. The median
price of an item was US $38.50 and ranged from US $8.50 (dried
whole specimen of Miniopterus medius) to US $2,500.00 (whole
taxidermy specimen of flying fox of the genus Pteropus). The
next most expensive item was a whole taxidermy specimen of the
advertised species Pipistrellus javanicus (US$1,950.00).

According to the seller’s description, bats were sourced from
South-East Asia (22 countries) and from Africa (two countries)
(Figure 2). Approximately a third (91/247) of the listed bats
were sourced in Indonesia. However, sellers’ locations spanned
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FIGURE 1 | Picture of a “Fire bat” preserved in a wooden box sold on Ebay.

TABLE 1 | Diversity of item’s description across bat listings retrieved from eBay

Australia, Canada, Italy, Switzerland, UK, USA between 11th and 25th of May

2020.

Item description Listing count (%) Specimen count (%)

Taxidermy 145 (61.2) 1,873 (41.9)

Skull 50 (21.1) 1,829 (40.9)

Skeleton 19 (8.0) 516 (11.6)

Dried 13 (5.5) 239 (5.4)

Entomology frame 10 (4.2) 10 (0.2)

Total 237 (100) 4,467 (100)

across 11 countries in four separate continents—Australia,
Canada, China, Germany, Indonesia, Netherlands, Russia, Spain,
Thailand, UK, and USA (Figure 3 and Table 2). Shipping was
claimed to be available worldwide in all listings but one.

Species Confirmation and Conservation
Status
Based on 215 listing where the seller’ description include species
name, a total 32 different bat species from 21 genera and
9 families were advertised (Table 3). The species Rousettus
leschenaultii and Hipposideros diadema were the most frequently
listed (22 listings each) followed byKerivoula picta and Eonycteris
spelaea (18 listings each), and Cynopterus minutus (17 listings).
Of the top-5 listed species all were described as originating
from Indonesia. Of the listings with examinable pictures (n =

204), only 33.8% (69/204) had advertised species that could
be confirmed by experts and 68.6% (140/204) had the correct
genus advertised. The advertised taxa of 33 listings could not be
identified at all.

Of the 32 advertised species, 27 are classified as “Least
Concern” and one species (Nycteris javanica) is classified as
“Vulnerable” by the IUCN (Table 3). One of the advertised
species (Eidolon helvum) could not be confirmed by the experts
but is classified as “Near Threatened” by IUCN. Although
Pteropus spp. may range from “Critically Endangered” to “Data
Deficient” by IUCN, the entire genus is listed in the CITES
Appendix II.

DISCUSSION

The results presented here identified over 4,200 bat specimens
on e-commerce sites from 237 listings over a 15-day period only.
Bat specimens, especially taxidermy specimens, cost thousands
of dollars. We discuss the risks associated with this trade to bat
populations, the risks to bat health and to public health.

Risks to Bat Populations
The online trade in bat souvenirs has the potential to add
significantly to the already numerous causes of pressure on wild
bat populations. Most of the species documented in this study
were sourced from South East Asia, in particular Indonesia and
Malaysia. The harvesting of bats for trade has been described as
unsustainable and the cause of population declines (1, 15, 16).
The review of the IUCN Red List profiles of all Asian species
identified deforestation (47% of the 28 Asian species identified)
as the most common threat, disturbance at roost sites (38%) and
hunting for food and/or medicine (31%) were also commonly
identified. For some species such as Kerivoula picta, the large
demand for dried specimens and skulls as tourist souvenirs in
local and foreign shops, as well as online (1), is well-known (17).
The killing of bats for use as curios and souvenirs is generally
undertaken at roost sites, and this represents just one of several
types of disturbance at roosts, which has not been quantified.
Caves are also visited for the extraction of guano, the collection
of edible nests of swallows, tourism, and for the hunting of bats
for food and medicine, and mining for limestone is a growing
threat (18–23).

Bats are most vulnerable in their roosts because they
congregate in relatively confined spaces for around half of
their circadian cycle, and roosts are used as breeding sites
(24). For those species offered for sale (Table 3), around
half use caves and rocky overhangs as diurnal roosts, and
half find refuge in tree hollows, amongst foliage, or in the
hollow bases of trees. Some species use both caves and
trees for roosting. Conservation assessments consider the
vulnerability of species that congregate (25) and this behavior
is associated with a higher risk of population decline. Bats
in the families Emballonuridae, Hipposideridae, Rhinolophidae,
and Miniopteridae, as well as selected medium-sized species
in the Pteropodidae (species of Eonycteris and Rousettus)
generally roost in caves and overhangs. Such species with large
colony sizes have concentrations of individuals representing
significant proportions of a population in relatively few
areas, which are then relatively vulnerable to regular or
catastrophic events that result from human intrusion, hunting
or collecting activity. Flying-fox camps are similarly noticeable
and accessible. Bat species that form smaller colonies, or that
roost amongst foliage, are still vulnerable to exploitation by
individuals skilled in finding them—a case in point are the
colorful species of Kerivoula that roost within human reach
in broad-leafed plants (17). Vespertilionids sometimes roost in
buildings, and Tylonycteris roosts in bamboo, where capture is
relatively straightforward.

According to the online sellers, most bats originated from
Asia and especially Indonesia, where the over-exploitation of
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FIGURE 2 | Map highlighting the advertised countries of origin of bats listed on eBay Australia, Canada, Italy, Switzerland, UK, USA between 11th and 25th of May

2020.

FIGURE 3 | Map highlighting the advertised countries of origin of sellers offering bat items on eBay Australia, Canada, Italy, Switzerland, UK, USA between 11th and

25th of May 2020.

wildlife for human consumption is severe (18, 19, 26–30). This
has been well-documented in Sulawesi where hunting rather
than deforestation was identified as the primary cause of wildlife
declines on this island. Throughout Indonesia, bats can be
seen for sale in local markets. In North Sulawesi, the demand
for bushmeat is so high that species such as flying foxes are
imported from other provinces further south [500 metric tons
per annum; (16)]. This volume is orders of magnitude greater
than that supporting the international online trade in bats, but
both practices continue despite the establishment of a Wildlife
Crimes Unit (6), and the promotion of specific assessment
efforts for threat categorization by CITES. There are simply

too few resources allocated to protect wildlife against over-
exploitation and flying foxes are not considered as threatened by
the Indonesian government. Indonesian law allows the hunting
and trading of unprotected animals such as bats, but there
is a legal permit (Law Number 5, year 1990; Government
Act Number 8, year 1999) that is seldom enforced at a local
level. Legally mandated quotas for inter-provincial trade of
unprotected animals have also not been implemented (16).
Within the context of hunting for bushmeat it appears that
precipitating direct action against the relatively few individuals
involved in the online trade of bat souvenirs will be challenging,
unless other risks such as biosecurity can be usefully applied.
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TABLE 2 | Geographical distribution of 24 sellers and 237 bat products retrieved from listings on eBay Australia, Canada, Italy, Switzerland, UK, USA between 11th and

25th of May 2020.

Origin Europe North

America

Asia Oceania Total

Sellers (%) 10 (40.0) 8 (32.0) 5 (20.0) 2 (8.0) 25 (100)

Listing (%) 55 (23.1) 82 (34.6) 96 (40.5) 4 (1.7) 237 (100)

Countries

(no of sellers,

no of listings)

UK (6, 28)

Spain (1, 19)

Russia (1, 5)

Netherlands (1, 2)

Germany (1, 1)

USA (7, 57)

Canada (1, 25)

Indonesia (1, 91)

Thailand (3, 4)

China (1, 1)

Australia (2, 4) 11 countries

(25, 237)

Infectious Disease Risks
The methods by which the listed bats were sourced, collected,
and killed for the purpose of taxidermy are unknown. Many of
these listings did not specify the taxidermy method used, rather
most listings advertised the specimen as “dried.” No further
information regarding the processing method was provided.
Indeed, knowledge of the procedures, including biosecurity
protocols for the preparation of bat taxidermy specimens is
limited and as a consequence the infectious disease risks during
processing, exportation and importation are unknown. To more
fully understand the risks, there is a requirement to understand
which species act as reservoirs of infectious disease agents of
zoonotic potential and the ability for the infectious disease agents
to spillover from handled live bats and for them to survive and
remain infectious in the tissues of the harvested animals and in
contact materials.

Risks to Bat Health

The route and likelihood of transmission of pathogens to bats
from the online bat trade is not obvious and specimens and
curios will presumably remain in people’s collections. One of
the greatest biosecurity threats identified recently to bats is the
pathogenic fungus Pseudogymnoascus destructans that causes
White nose syndrome and has led to significant losses of bats
in North America (31).The greatest risk of entry into countries
that are free of this pathogen such as Australia is from fomites
on unclean caving equipment brought in from North America,
Europe or north-eastern China. At least seven Australian species
of bat have been identified as susceptible to exposure (32).
While the likelihood of the introduction of a foreign pathogen
to native Australian bats from the online trade in bat souvenirs
might be low, the consequences could be catastrophic, and place
additional pressure on critically endangered species that are
already declining from a range of threats (33).

Risks to Public Health

Individuals having contact with wildlife bear the greatest risk
of contracting novel infectious agents, since transmission often
occurs via bites, scratches, and exposure to body fluids, tissues
and excrement (9). Therefore, trade that brings wildlife into close
proximity to humans enhances the risk of pathogen transmission.
It is unknown, but we suggest unlikely, that bat harvesters
are using effective personal protective equipment (PPE) that

protects them against bites, scratches or secretions. In a study
conducted by Kamins et al. (9), that investigated Ghanaians’
understanding of bat-borne diseases, 86% of participants who
hunted bats did not believe handling them posed any sort of
risk. If similar beliefs are held by those harvesting bats for
taxidermy, it is likely they are at risk of a zoonotic infection.
Observations of bush meat preparation in Laos, revealed only
one bat vendor washed their hands, only four of the seven
markets had access to running water, and most markets
stalls showed evidence of blood or entrails (34). Individuals
preparing bats for taxidermy might follow similar poor hygiene
standards to those in Laos or Ghana and could be exposed
to zoonotic risks. Most of the specimens listed online are
of South East Asian origin and this region is considered a
hotspot for emerging infectious diseases of zoonotic potential,
in part because it contains 30% of the known global bat
species (35).

There are several species of zoonotic viruses that may
constitute a risk to public health along the harvesting—
processing—seller—buyer continuum including Lyssaviruses,
Henipaviruses, Ebolaviruses, and Coronaviruses (Table 4).
Transmission of lyssaviruses commonly occurs following
contact with infected saliva or neural tissue. As the virus
can survive in saliva for 24 h and, is likely to persist within
the neural tissue, harvesters and taxidermists are at possible
risk of zoonosis if safety precautions are not taken (58).
Environmental contamination by lyssavirus infected bats is
considered negligible, since the classical rabies virus is fragile
and does not survive for long outside the host. Henipaviruses,
including Hendra virus and Nipah virus, are a group of highly
pathogenic zoonotic viruses. Hendra virus has caused disease
in Australia in horses and humans and Nipah virus has caused
disease in pigs and humans in Malaysia and directly in humans
in Bangladesh and India. Flying foxes are the reservoir hosts
(59) and viruses can be transmitted to humans directly or
indirectly via contact with saliva, urine or other bodily fluids.
One specimen from each of these taxa is available for purchase
online, excluding E. helvum, where there are nine specimens
available. Fogarty et al. (39) investigated the persistence of
Henipaviruses under various environmental conditions in a
laboratory setting (Table 4). The risks of transmission to a new
host requires close contact with an infected bat or exposure to
contaminated material shortly after excretion. Under optimal
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TABLE 3 | List of bat species advertised from listings retrieved from eBay Australia, Canada, Italy, Switzerland, UK, USA between 11th and 25th of May 2020.

Advertised species in listing na Confirmed taxa IUCN categoryb CITES listing Roost type Defo Hunt Dist Mine Chem Fire Pers

Pteropodidae

Cynopterus brachyotis 7 Genus LC – Veg X

Cynopterus minutus 17 Genus LC – Veg

Cynopterus sphinx 12 Genus LC – Veg X X

Eidolon helvumc 6 Not confirmed NT – Veg X X

Eonycteris spelaea 18 Species LC – Cave X X

Hypsignathus monstrosusc 7 Species LC – Veg X X

Macroglossus minimus 5 Species LC – Veg

Micropteropus pusillusc 1 Not confirmed LC – Veg X X

Nanonycteris veldkampiic 1 Not confirmed LC – Veg

Pteropus sp. 2 Genus CE to DD Appendix II Veg

Rousettus leschenaultii 22 Genus LC – Cave X X X

Emballonuridae

Taphozous melanopogon 1 Genus LC – Cave X X X X

Megadermatidae

Megaderma spasma 2 Species LC – Cave X X X X

Nycteridae

Nycteris javanica 4 Species VU – Cave, veg X

Hipposideridae

Hipposideros bicolor 3 Species LC – Cave X X

Hipposideros diadema 22 Species LC – Cave X X X

Hipposideros larvatus 6 Species LC – Cave X X

Hipposideros madurae 2 Genus LC – Cave X X X

Rhinolophidae

Rhinolophus acuminatus 1 Genus LC – Cave X

Rhinolophus lepidus 5 Genus LC – Cave

Rhinolophus luctus 2 Genus LC – Cave X X

Vespertilionidae

Kerivoula pellucida 2 Species LC – Veg X X X

Kerivoula picta 18 Species LC – Veg X X X

Pipistrellus javanicus 7 Genus LC – Veg X X

Pipistrellus kuhlii 6 Genus LC – Veg X

Pipistrellus imbricatus 6 Genus LC – Veg

Scotophilus kuhlii 10 Species LC – Veg X

Tylonycteris pachypus 10 Genus LC – Veg X X X

Tylonycteris robustula 1 Genus LC – Veg X X X

Miniopteridae

Miniopterus medius 9 Genus LC – Cave X X X

Miniopterus shortridgei 1 Genus DD – Cave

Molossidae

Otomops formosus 5 Genus DD – Veg

International Union for Conservation of Nature (IUCN) Red List of Threatened Species (2020) categories; CE, Critically Endangered; VU, Vulnerable; NT, Near Threatened; LC, Least

Concern; DD, Data Deficient. Roost type; veg, vegetation. Threats to species; Defo, deforestation following logging and agriculture; Hunt, hunting for food andmedicines; Dist, disturbance

at roosts for a variety of reasons; Mine, includes mining and quarrying for road base; Chem, chemicals used in agriculture; Fire, fire associated with practices such as agriculture;

Pers, persecution.
aNumber of listings for each taxon. Note that a given listing may include more than one bat species.
bThese classifications are based on the advertised species.
cOriginating from Africa.

conditions it is possible for the virus to persist for several
days and fomite transmission may be possible under these
circumstances. Ebola viruses, members of the Filoviridae
family, are highly pathogenic and are associated with infection

in bats in Africa (43, 60) included the Hammer-headed bat
(Hypsignathus monstrous) which is listed seven times as available
for purchase on eBay [(61); see Table 4]. Human transmission
is possible via direct contact between mucous membranes, open
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TABLE 4 | Examples of bat associated viruses of public health concern, their hosts, excretion pathways, and factors affecting the virus’s survival.

Virus family Examples of bat

associated virus of

known public health

concern

Associated bat reservoir

host taxa

Excretion and transmission

pathways of public health

concern

Factors affecting survival of virus

outside the host

Paramyxoviruses Hendra virus (HeV) Pteropus alectoa

Pteropus conspicallatusa

Eidolon helvumb

Pteropus alecto

In order of decreasing risk—urine,

blood, feces, nasal discharge, salivaa

Urine-oronasalc

saliva to intermediary species

Stable in urine for 4 days at 22◦C at pH =

7d

Inactivated <1 day at 37◦C

Increasingly inactivated by desiccation

plus temperatures < or >22◦C and pH<

or > pH = 7d

19 h half-life in urine pH = 7d

HeV and NiV broad tolerance to pH

changes d

Nipah virus (NiV) Pteropus vampyruse

Pteropus hypomelanus

Urine, saliva to intermediary species

or, aerosol, saliva (food) directf
Stable in blood for 3 days at 20 or 30◦Cg

18 h half-life in urine pH = 7d

HeV and NiV broad tolerance to pH

changes d

Filoviruses Ebola Zaire virus Hypsignathus monstrous

Epomops franqueti

Myonycteris torquata

Micropteropus pusillus

Mops condylurus

Rousettus aegyptiacus h

Saliva/Aerosol to wounds, mucous

membranes, via fruiti,j
Stable in dried blood for 4–5 daysk

Persistence in feces for 21 days

post-infection l

Marburg virus Rousettus aegyptiacus

Hypsignathus monstrousi
Stable for 5 days on a surfacem

Coronaviruses SARS-CoV-1 Rhinolophus spp.n

Scotophilus spp. o
Droplets, fomites, fecal-oralp Stable for 5 days at 22–25◦Cq

MERS-CoV Taphozus perforatus

Rhinopoma hardwickii

Pipistrellus kuhlii r

Droplets, fomitesp Stable for 2 days at 20◦C and 40% RHs

Inactivated at temperatures >30◦C and

high relative humidity s

SARS-CoV-2 Rhinolophus spp.t Droplets, fomites, fecal-oralp Stable 5 days on metal, 5 days on paperu

HCoV-229E

& HCoV-NL63

Hipposiderid spp.l

Perimyotis subflavus v

Droplets, fomitesp

Rhabdoviruses Rabies virusu American batsw Bite/scratch associated with saliva Stable in saliva for 24 h at 0–4◦C

Inactivated by heat and direct sun

Bats dead >4 h not infectious

European bat lyssa virus 1

& 2u
European batsw Bite/scratch associated with saliva Likely similar to rabies virus

Lagos bat lyssavirusu African batsw Bite/scratch associated with saliva Likely similar to rabies virus

Duvenhage bat lyssavirusu African batsw Bite/scratch associated with saliva Likely similar to rabies virus

Australian bat lyssavirusu Pteropus spp.

Saccolaimus spp.

Bite/scratch associated with saliva Likely similar to rabies virus

aEdson et al. (36).
bHayman et al. (37).
cField (38).
dFogarty et al. (39).
eMoratelli and Calisher (7).
fSayed et al. (40).
gSmither et al. (41).
hPourrut et al. (42).
iMarkotter et al. (43).
jPiercy et al. (44).
kSinclair et al. (45).
lSwanepoel et al. (46).
mBelanov et al. (47).
nBanerjee et al. (48).
oChen et al. (49).
pYe et al. (50).
qChan et al. (51).
rAnthony et al. (52).
svan Doremalen et al. (53).
tZheng (54).
uWiktorczyk-Kapischke et al. (55).
vHuynh et al. (56).
wConstantine (57).
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wounds and excreta, bites and consumption of contaminated
fruit and other objects (43). Persistence of the virus in dried
blood for 5 days and in feces for up to 21 days suggests
harvesters, taxidermists, sellers and buyers might be at risk.
Coronaviruses (CoV) are capable of causing severe enteric
and respiratory diseases in domestic animals and humans and
include SARS-CoV-1, MERS-CoV, and SARS-CoV-2 (62, 63).
Bats including Rhinolophus spp. are thought to be the reservoirs
of the SARS coronaviruses (63, 64). This genus was identified
in over 380 listings. Reports of coronavirus survival in the
environment is limited (see Table 4), however viability can be
prolonged in optimal conditions and therefore we consider that
coronavirus could pose a risk to harvesters, taxidermists, sellers,
and buyers.

Transmission of bacterial pathogens from bats to humans via
direct or indirect contact is also possible and may affect bat
harvesters and taxidermists. The zoonotic potential of bacterial
pathogens from bats to humans is less well-studied (65, 66) but
bacterial diseases, such as Bartonellosis and Leptospirosis and
diseases associated with enteric bacteria are common human
infections that have also been detected in bats. As an example,
Leptospirosis is reported to colonize the kidneys of infected
bats and can be excreted in urine. The estimated prevalence
within bat populations varies between 2 and 35% (65). Similarly,
studies have reported that enteric bacteria, Salmonella spp.
and Escherichia coli isolated from infected bats share similar
characteristics with those from infected humans suggesting the
infection was from bat origins (65, 67).

Without understanding the methodology of harvesting and
the specific processing and treatment conditions the bats undergo
before being listed for sale online, it is reasonable to suggest
that on-line bat trade could pose a human health risk. The
potential for viral recombination events needs to be considered
as we have no understanding if harvesters keep species alive
before processing. At this stage the risks cannot be qualitatively
determined without undertaking a detailed risk assessment
process which is outside the brief of this paper. Nonetheless, this
preliminary study shows that specimens canmove from the point
of harvesting, to processors, to sellers and then onto buyers and
these actions could pose a potential health risk.

Legislation, Biosecurity, and Permits
Import and export legislations differ in each country. Australia
has a relatively strict biosecurity control infrastructure and legal
instruments and will be used as an example for the purpose
of this discussion. Certain commodities are only allowed legal
entry into Australia upon the importer being granted an import
permit from the Department of Agriculture, Water and the
Environment (DAWE) but taxidermy specimens imported for
personal use may be imported without a permit if the specimen
is fully tanned, free of adhering fat, muscle, bone and evidence
of decay. If the specimen of interest is a skull, horn or skeleton,
it must be boiled. Lastly, prior to the arrival and subsequent
entry into Australian territory the specimen must be clean and
free of contaminants such as seed, soil, animal and plant debris,

and other biosecurity risk material. In addition, the Environment
Protection and Biodiversity Act 1999 (EPBC) outlines laws and
regulations that assist in the protection of the environment
from biosecurity risks associated with the importation of wildlife
from overseas. The EPBC Act further allows Australia to meet
the international agreement outlined by the Convention of
International Trade in Endangered Species of Wild Fauna and
Flora (CITES) (68). CITES was implemented to ensure the
international trade in plants and wild animals does not threaten
their survival. None of the import requirements were highlighted
on the e-advertisements and it is difficult, without physical
examination of a specimen(s) to accurately identify it and ensure
that they are indeed fully tanned or simply just dried.

CONCLUSION

This preliminary study identifies that over a 15-day period in
May 2020, 4,467 bat specimens reflecting 32 different species
sourced from 24 countries were being traded online. They
included species that are considered threatened with extinction
and taxa that are listed on Appendix II of CITES. The
threat to conservation and biodiversity is evident and is a
genuine concern due to bats’ important role in ecosystems.
Current legislation exists to prevent the movement and trade
of threatened species as well as CITES listed animals, including
bats, into and out of Australia, Canada, Europe, and the
United Kingdom but enforcement is challenging due to the
high volume of items traded on the internet and shipped
daily. The study also highlights that as bats are known to be
reservoir hosts of significant zoonotic viruses, that spillover
events associated with this trade could possibly occur especially
Ebolaviruses and Coronaviruses which can remain stable for
some time in variable conditions. As most pathogen spillover
events have wildlife trade origins, it is important we improve
our understanding of this specific wildlife trade; bat E-
commerce, with respect to viral transmission and how to adjust
current social and cultural practices in order to mitigate the
risk of zoonoses.

The data presented is most likely a vast underestimation of
the true extent of the online bat trade. We suggest further studies
are required to determine the sustainability of this trade, its
welfare implications and the health risks posed to harvesters,
taxidermists, sellers and buyers. By getting a better understanding
of the extent of this commodity chain and which species are
involved, it may help to identify higher risk groups for zoonotic
transmission. Research should include a detailed risk analysis
following accepted international guidelines, investigating the
buyer’s awareness, attitude and perception of bat trading to
assess whether they understand the health and conservation
risks, reviewing importation laws and what extension education
services can be provided to reduce the trade and associated risks.
To ignore this particular type of wildlife trade, Bat E-commerce,
risks the emergence of spillover events into humans that could
have far reaching consequences.

Frontiers in Veterinary Science | www.frontiersin.org 8 June 2021 | Volume 8 | Article 651304

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Chaber et al. Online Bat Trade

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

A-LC conceived of the original idea. VX and A-LC performed the
data mining. KA and SW identified the species on sale. CC and
TN analyzed the data. A-LC, VX, and KA wrote the manuscript

with support from TN. WB, SW, CC, and A-LC supervised the
project. All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The authors want to express their sincere gratitude to Dr.
Hampus Persson-Modig; Dr. Serena Hawes; Dr. Taylor Hawkins;
and Dr. Henry Basedow for their assistance in preparing this
manuscript and their help in reviewing the eBay listings.

REFERENCES

1. Lee BPY-H, Struebig MJ, Rossiter SJ, Kingston T. Increasing concern

over trade in bat souvenirs from South-East Asia. Oryx. (2015) 49:204.

doi: 10.1017/S0030605315000034

2. Izhaki I, Korine C, Arad Z. The effect of bat (rousettus aegyptiacus) dispersal

on seed germination in Eastern Mediterranean habitats. Oecologia. (1995)

101:335–42. doi: 10.1007/BF00328820

3. Medellin RA, Wiederholt R, Lopez-Hoffman L. Conservation relevance of bat

caves for biodiversity and ecosystem services. Biol Conserv. (2017) 211:45–50.

doi: 10.1016/j.biocon.2017.01.012

4. Baldwin JW, Dechmann DKN, Thies W, Whitehead SR. Defensive fruit

metabolites obstruct seed dispersal by altering bat behavior and physiology

at multiple temporal scales. Ecology. (2020) 101:e02937. doi: 10.1002/ecy.2937

5. CITES. Convention on International Trade in Endangered Species of Wild

Fauna and Flora - The CITES Species. (2021). Available online at: https://www.

cites.org/eng/disc/species.php (accessed May 18, 2021).

6. Lee RJ, Gorog AJ, Dwiyahreni A, Siwu S, Riley J, Alexander H,

et al. Wildlife trade and implications for law enforcement in Indonesia:

a case study from North Sulawesi. Biol Conserv. (2005) 123:477–88.

doi: 10.1016/j.biocon.2005.01.009

7. Moratelli R, Calisher CH. Bats and zoonotic viruses: can we confidently link

bats with emerging deadly viruses? Memórias Do Instituto Oswaldo Cruz.

(2015) 110:1–22. doi: 10.1590/0074-02760150048

8. Garland-Lewis G, Whittier C, Murray S, Trufan S, Rabinowitz PM.

Occupational risks and exposures among wildlife health professionals.

EcoHealth. (2017) 14:20–8. doi: 10.1007/s10393-017-1208-2

9. Kamins AO, Rowcliffe JM, Ntiamoa-Baidu Y, Cunningham AA, Wood JLN,

Restif O. Characteristics and risk perceptions of ghanaians potentially exposed

to bat-borne zoonoses through bushmeat. EcoHealth. (2015) 12:104–20.

doi: 10.1007/s10393-014-0977-0

10. Paterson BJ, Butler MT, Eastwood K, Cashman PM, Jones A, Durrheim

DN. Cross sectional survey of human-bat interaction in australia:

public health implications. BMC Public Health. (2014) 14:589.

doi: 10.1186/1471-2458-14-58

11. Francis CM, Payne J. A Field Guide to the Mammals of Borneo. Kuala Lumpur:

Sabah Society (2007).

12. Francis CM, Barrett P. A Guide to the Mammals of Southeast Asia. Vol. 392.

New Jersey, NJ: Princeton University Press Princeton (2008).

13. Monadjem A, Taylor PJ, Cotterill FPD, Schoeman MC. Bats of Central

and Southern Africa: A Biogeographic and Taxonomic Synthesis. Vol. 459.

Johannesburg: Wits University Press. (2010). p. 14.

14. IUCN. The IUCN Red List of Threatened Species. (2020). Available online

at: www.iucnredlist.org (accessed May 18, 2021).

15. Mickleburgh SP, Hutson AM, Racey PA. A review of the global conservation

status of bats. Oryx. (2002) 36:18–34. doi: 10.1017/S0030605302000054

16. Sheherazade, S, Tsang SM. Quantifying the bat bushmeat trade in North

Sulawesi, Indonesia, with suggestions for conservation action. Glob Ecol

Conserv. (2015) 3:324–30. doi: 10.1016/j.gecco.2015.01.003

17. Huang JCC, Lim LS, Chakravarty R. Kerivoula picta. The IUCN

Red List of Threatened Species. 2020: E.T10985A22022952 (2020).

doi: 10.2305/IUCN.UK.2020-2.RLTS.T10985A22022952.en

18. Cardiff SG, Ratrimomanarivo FH, Rembert G, Goodman SM.

Hunting, disturbance and roost persistence of bats in caves at

Ankarana, Northern Madagascar. Afr J Ecol. (2009) 47:640–9.

doi: 10.1111/j.1365-2028.2008.01015.x

19. Mickleburgh SP, Waylen K, Racey P. Bats as bushmeat: a global review. Oryx.

(2009) 43:217–34. doi: 10.1017/S0030605308000938

20. Thorburn C. The edible birds’ nest boom in Indonesia and South-

East Asia: a nested political ecology. Food Cult Soc. (2014) 17:535–53.

doi: 10.2752/175174414X14006746101439

21. Furey NM, Racey PA. Conservation ecology of cave bats. In: Voigt C, Kingston

T, editors. Bats in the Anthropocene: Conservation of Bats in a ChangingWorld.

Cham: Springer (2016). p. 463–500. doi: 10.1007/978-3-319-25220-9_15

22. Tanalgo KC, Tabora JAG, Hughes AC. Bat cave vulnerability index

(BCVI): a holistic rapid assessment tool to identify priorities for

effective cave conservation in the tropics. Ecol Indic. (2018) 89:852–60.

doi: 10.1016/j.ecolind.2017.11.064

23. Quibod M, Niña Regina M, Alviola PA, O, de Guia AP, Cuevas VC,

et al. Diversity and threats to cave-dwelling bats in a small Island

in the Southern Philippines. J Asia Pacific Biodiv. (2019) 12:481–7.

doi: 10.1016/j.japb.2019.06.001

24. Kunz TH, Lumsden LF, Fenton MB. Ecology of cavity and foliage roosting

bats. Bat Ecol. (2003) 1:3–89.

25. Hoffmann M, Brooks TM, Da Fonseca GAB, Gascon C, Hawkins AFA, James

RE, et al. Conservation planning and the IUCNRed List. Endangered Spec Res.

(2008) 6:113–25. doi: 10.3354/esr00087

26. Tanalgo KC, Teves RD, Salvaña FRP, Baleva RE, Tabora JAG. Human-bat

interactions in caves of South Central Mindanao, Philippines. Wildlife Biol

Pract. (2016) 12:1–14. doi: 10.2461/wbp.2016.12.2

27. Anti P, Owusu M, Agbenyega O, Annan A, Kofi Badu E, Nkrumah EE,

et al. Human–bat interactions in rural West Africa. Emerg Infect Dis. (2015)

21:1418. doi: 10.3201/eid2108.142015

28. Mildenstein T, Tanshi, I, Racey PA. Exploitation of bats for bushmeat

and medicine. In: Voigt C, Kingston T, editors. Bats in the Anthropocene:

Conservation of Bats in a Changing World. Cham: Springer (2016). p. 325–75.

doi: 10.1007/978-3-319-25220-9_12

29. Ripple WJ, Abernethy K, Betts MG, Chapron G, Dirzo R, Galetti M, et al.

Bushmeat hunting and extinction risk to the world’s mammals. R Soc Open

Sci. (2016) 3:160498. doi: 10.1098/rsos.160498

30. Frick WF, Kingston, T, Flanders J. A review of the major threats and

challenges to global bat conservation. Ann NY Acad Sci. (2019) 1469:5–25.

doi: 10.1111/nyas.14045

31. Foley J, Clifford D, Castle K, Cryan P, Ostfeld RS. Investigating and

managing the rapid emergence of white-nose syndrome, a novel, fatal,

infectious disease of hibernating bats. Conserv Biol. (2011) 25:223–31.

doi: 10.1111/j.1523-1739.2010.01638.x

32. Holz P, Hufschmid J, Boardman WSJ, Cassey P, Firestone S, Lumsden LF,

et al. Does the fungus causing white-nose syndrome pose a significant

risk to Australian Bats? Wildlife Res. (2020) 46:657–68. doi: 10.1071/WR1

8194

33. Lumsden LF, Jemison ML. National Recovery Plan for the Southern Bent-

Wing Bat Miniopterus Schreibersii Bassanii. East Melbourne, VIC: Victorian

Government Department of Environment, Land, Water and Planning (2015).

Frontiers in Veterinary Science | www.frontiersin.org 9 June 2021 | Volume 8 | Article 651304

https://doi.org/10.1017/S0030605315000034
https://doi.org/10.1007/BF00328820
https://doi.org/10.1016/j.biocon.2017.01.012
https://doi.org/10.1002/ecy.2937
https://www.cites.org/eng/disc/species.php
https://www.cites.org/eng/disc/species.php
https://doi.org/10.1016/j.biocon.2005.01.009
https://doi.org/10.1590/0074-02760150048
https://doi.org/10.1007/s10393-017-1208-2
https://doi.org/10.1007/s10393-014-0977-0
https://doi.org/10.1186/1471-2458-14-58
http://www.iucnredlist.org
https://doi.org/10.1017/S0030605302000054
https://doi.org/10.1016/j.gecco.2015.01.003
https://doi.org/10.2305/IUCN.UK.2020-2.RLTS.T10985A22022952.en
https://doi.org/10.1111/j.1365-2028.2008.01015.x
https://doi.org/10.1017/S0030605308000938
https://doi.org/10.2752/175174414X14006746101439
https://doi.org/10.1007/978-3-319-25220-9_15
https://doi.org/10.1016/j.ecolind.2017.11.064
https://doi.org/10.1016/j.japb.2019.06.001
https://doi.org/10.3354/esr00087
https://doi.org/10.2461/wbp.2016.12.2
https://doi.org/10.3201/eid2108.142015
https://doi.org/10.1007/978-3-319-25220-9_12
https://doi.org/10.1098/rsos.160498
https://doi.org/10.1111/nyas.14045
https://doi.org/10.1111/j.1523-1739.2010.01638.x
https://doi.org/10.1071/WR18194
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Chaber et al. Online Bat Trade

34. Greatorex ZF, Olson SH, Singhalath S, Silithammavong S, Khammavong K,

Fine AE, et al. Wildlife trade and human health in lao PDR: an assessment

of the zoonotic disease risk in markets. PLoS ONE. (2016) 11:e0150666.

doi: 10.1371/journal.pone.0150666

35. Jones KE, Nikkita GP, Levy MA, Storeygard A, Balk C, Gittleman JL, et al.

Global trends in emerging infectious diseases. Nature. (2008) 451:990–3.

doi: 10.1038/nature06536

36. EdsonD, Field H,McMichael L, VidgenM, Goldspink L, Broos A, et al. Routes

of Hendra virus excretion in naturally-infected flying-foxes: implications

for viral transmission and spillover risk. PLoS ONE. (2015) 10:e0140670.

doi: 10.1371/journal.pone.0140670

37. Hayman DT, Suu-Ire R, Breed AC, McEachern JA, Wang L, Wood JL, et al.

Evidence of henipavirus infection in West African fruit bats. PLoS ONE.

(2008) 3:e2739. doi: 10.1371/journal.pone.0002739

38. Field HE. Hendra virus ecology and transmission. Curr Opin Virol. (2016)

16:120–5. doi: 10.1016/j.coviro.2016.02.004

39. Fogarty R, Halpin K, Hyatt AD, Daszak P, Mungall BA. Henipavirus

susceptibility to environmental variables. Virus Res. (2008) 132:140–4.

doi: 10.1016/j.virusres.2007.11.010

40. Sayed A, Bottu A, Qaisar M, Mane MP, Acharya Y. Nipah virus: a narrative

review of viral characteristics and epidemiological determinants. Public

Health. (2019) 173:97–104. doi: 10.1016/j.puhe.2019.05.019

41. Smither SJ, Eastaugh LS, Findlay JS, O’Brien LM, Thom R, Lever MS. Survival

and persistence of Nipah virus in blood and tissue culture media. Emerg

Microb Infect. (2019) 8:1760–2. doi: 10.1080/22221751.2019.1698272

42. Pourrut X, Souris M, Towner, JS, Rollin PE, Nichol ST, Gonzalez

JP, et al. Large serological survey showing cocirculation of Ebola and

Marburg viruses in Gabonese bat populations, and a high seroprevalence

of both viruses in Rousettus aegyptiacus. BMC Infect Dis. (2009) 9:159.

doi: 10.1186/1471-2334-9-159

43. Markotter W, Coertse J, De Vries L, Geldenhuys M, Mortlock M. Bat-

borne viruses in Africa: a critical review. J Zool. (2020) 311:77–98.

doi: 10.1111/jzo.12769

44. Piercy T, Smither S, Steward J, Eastaugh, Lever LM. The survival of

filoviruses in liquids, on solid substrates and in a dynamic aerosol.

J Appl Microbiol. (2010) 109:1531–9. doi: 10.1111/j.1365-2672.2010.

04778.x

45. Sinclair R, Boone SA, Greenberg D, Keim, Gerba PCP. Persistence of category

A select agents in the environment.Appl EnvironMicrobiol. (2008) 74:555–63.

doi: 10.1128/AEM.02167-07

46. Swanepoel R, Leman PA, Burt FJ, Zachariades NA, Braack LE, Ksiazek TG,

et al. Experimental inoculation of plants and animals with Ebola virus. Emerg

Infect Dis. (1996) 2:321–5. doi: 10.3201/eid0204.960407

47. Belanov EF, Muntianov VP, Kriuk V, Sokolov AV, Bormotov NI, P’iankov, OV

et al. Survival of marburg virus infectivity on contaminated surfaces and in

aerosols. Vopr Virusol. (1996) 41:32–4.

48. Banerjee A, Kulcsar K, Misra V, Frieman M, Mossman K. Bats and

coronaviruses. Viruses. (2019) 11:41. doi: 10.3390/v11010041

49. Chen YN, Phuong VN, Chen HC, Chou CH, Cheng HC, Wu CH.

Detection of the severe acute respiratory syndrome-related coronavirus and

alphacoronavirus in the bat population of Taiwan. Zoonoses Public Health.

(2016) 63:608–15. doi: 10.1111/zph.12271

50. Ye ZW, Yuan S, Yuen KS, Fung SY, Chan CP, Jin DY. Zoonotic origins

of human coronaviruses. Int J Biol Sci. (2020) 16:1686. doi: 10.7150/ijbs.

45472

51. Chan KH, Peiris JM, Lam SY, Poon LLM, Yuen KY, Seto WH The

effects of temperature and relative humidity on the viability of the

SARS coronavirus. Adv Virol. (2011) 2011:734690. doi: 10.1155/2011/

734690

52. Anthony SJ, Gilardi K, Menachery VD, Goldstein T, Ssebide B, Mbabazi

R, et al. Further evidence for bats as the evolutionary source of

Middle East respiratory syndrome coronavirus. mBio. (2017) 8:e00373–17.

doi: 10.1128/mBio.00373-17

53. Van Doremalen N, Bushmaker, Munster TVJ. Stability of Middle

East respiratory syndrome coronavirus (MERS-CoV) under different

environmental conditions. Eurosurveillance. (2013) 18:20590.

doi: 10.2807/1560-7917.es2013.18.38.20590

54. Zheng M, Zhao X, Zheng S, Chen D, Du P, Li X, et al. Bat SARS-Like

WIV1 coronavirus uses the ACE2 of multiple animal species as receptor

and evades IFITM3 restriction via TMPRSS2 activation of membrane fusion.

Emerg Microbes Infect. (2020) 9:1567–79. doi: 10.1080/22221751.2020.17

87797

55. Wiktorczyk-Kapischke N, Grudlewska-Buda K, Walecka-Zacharska E,

Kwiecinska-Piróg J, Radtke L, Gospodarek-Komkowska E, et al. SARS-CoV-2

in the environment–non-droplet spreading routes. Sci Total Environ. (2021)

145260. doi: 10.1016/j.scitotenv.2021.145260

56. Huynh J, Li S, Yount B, Smith A, Sturges L, Olsen JC, et al. Evidence

supporting a zoonotic origin of human coronavirus strain NL63. J Virol.

(2012) 86:12816–25. doi: 10.1128/JVI.00906-12

57. Constantine DG, Blehert DS. Bat Rabies and Other Lyssavirus Infections. VI:

US Geological Survey (2009). p. 68.

58. Rabies Virus and Other Lyssavirus (Including Australian Bat Lyssavirus)

Exposures and Infections, CDNA National Guidelines for Public Health

Units. (2018). Available online at: https://www1.health.gov.au/internet/main/

publishing.nsf/Content/cdna-song-abvl-rabies.htm (accessed February 10,

2021).

59. Boardman WSJ, Baker ML, Boyd V, Crameri G, Peck GR, Reardon T, et al.

Seroprevalence of three paramyxoviruses; hendra virus, tioman virus, cedar

virus and a rhabdovirus, Australian bat lyssavirus, in a range expanding fruit

bat, the grey-headed flying fox (Pteropus poliocephalus). PLoS ONE. (2020)

15:e0232339. doi: 10.1371/journal.pone.0232339

60. Beer B, Kurth R, Bukreyev A. Characteristics of filoviridae: marburg and ebola

viruses. Naturwissenschaften. (1999) 86:8–17. doi: 10.1007/s001140050562

61. Laing ED, Mendenhall IH, Linster M, Low DHW, Chen Y, Yan L, et al.

Serologic evidence of fruit bat exposure to filoviruses, Singapore, 2011–2016.

Emerg Infect Dis. (2018) 24:122. doi: 10.3201/eid2401.170401

62. Afelt A, Lacroix A, Zawadzka-Pawlewska U, Pokojski W, Buchy P, Frutos R.

Distribution of bat-borne viruses and environment patterns. Infect Genet Evol.

(2018) 58:181–91. doi: 10.1016/j.meegid.2017.12.009

63. Li X, Zai J, Zhao Q, Nie Q, Li Y, Foley BT, et al. Evolutionary history, potential

intermediate animal host, and cross-species analyses of SARS-CoV-2. J Med

Virol. (2020) 92:602–11. doi: 10.1002/jmv.25731

64. Gabutti G, d’Anchera E, Sandri F, Savio M, Stefanati A. Coronavirus: update

related to the current outbreak of COVID-19. Infect Dis Ther. (2020) 9:241–53.

doi: 10.1007/s40121-020-00295-5

65. Mühldorfer K. Bats and bacterial pathogens: a review. Zoonoses Public Health.

(2013) 60:93–103. doi: 10.1111/j.1863-2378.2012.01536.x

66. Veikkolainen V, Vesterinen EJ, Lilley TM, Pulliainen AT. Bats as reservoir

hosts of human bacterial pathogen, bartonella mayotimonensis. Emerg Infect

Dis. (2014) 20:960. doi: 10.3201/eid2006.130956

67. Allocati N, Petrucci AG, Di Giovanni P, Masulli M, Di Ilio C, De

Laurenzi V. Bat–man disease transmission: zoonotic pathogens from wildlife

reservoirs to human populations. Cell Death Discov. (2016) 2:16048.

doi: 10.1038/cddiscovery.2016.48

68. Environment Protection and Biodiversity Conservation Act (1999).

Australian Government, Department of Agriculture, Water and the

Environment. Available online at: https://www.environment.gov.au/epbc

(accessed February 10, 2021).

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Chaber, Amstrong, Wiantoro, Xerri, Caraguel, Boardman and

Nielsen. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 10 June 2021 | Volume 8 | Article 651304

https://doi.org/10.1371/journal.pone.0150666
https://doi.org/10.1038/nature06536
https://doi.org/10.1371/journal.pone.0140670
https://doi.org/10.1371/journal.pone.0002739
https://doi.org/10.1016/j.coviro.2016.02.004
https://doi.org/10.1016/j.virusres.2007.11.010
https://doi.org/10.1016/j.puhe.2019.05.019
https://doi.org/10.1080/22221751.2019.1698272
https://doi.org/10.1186/1471-2334-9-159
https://doi.org/10.1111/jzo.12769
https://doi.org/10.1111/j.1365-2672.2010.04778.x
https://doi.org/10.1128/AEM.02167-07
https://doi.org/10.3201/eid0204.960407
https://doi.org/10.3390/v11010041
https://doi.org/10.1111/zph.12271
https://doi.org/10.7150/ijbs.45472
https://doi.org/10.1155/2011/734690
https://doi.org/10.1128/mBio.00373-17
https://doi.org/10.2807/1560-7917.es2013.18.38.20590
https://doi.org/10.1080/22221751.2020.1787797
https://doi.org/10.1016/j.scitotenv.2021.145260
https://doi.org/10.1128/JVI.00906-12
https://www1.health.gov.au/internet/main/publishing.nsf/Content/cdna-song-abvl-rabies.htm
https://www1.health.gov.au/internet/main/publishing.nsf/Content/cdna-song-abvl-rabies.htm
https://doi.org/10.1371/journal.pone.0232339
https://doi.org/10.1007/s001140050562
https://doi.org/10.3201/eid2401.170401
https://doi.org/10.1016/j.meegid.2017.12.009
https://doi.org/10.1002/jmv.25731
https://doi.org/10.1007/s40121-020-00295-5
https://doi.org/10.1111/j.1863-2378.2012.01536.x
https://doi.org/10.3201/eid2006.130956
https://doi.org/10.1038/cddiscovery.2016.48
https://www.environment.gov.au/epbc
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Bat E-Commerce: Insights Into the Extent and Potential Implications of This Dark Trade
	Introduction
	Methods
	Online Search for Bat Products
	Items Speciation, Conservation Status, and CITES Listing
	Data Management and Analyses

	Results
	Diversity of Online Offerings
	Species Confirmation and Conservation Status

	Discussion
	Risks to Bat Populations
	Infectious Disease Risks
	Risks to Bat Health
	Risks to Public Health
	Legislation, Biosecurity, and Permits



	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References


