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Abstract

Wildlife trade has been widely discussed as a likely origin of the COVID-19 pandemic. It
remains unclear how the main actors in the wildlife trade chain responded to these discussions
and to the campaigns advocating wildlife trade bans. We analyzed the content of ~ 20,000 posts
on 41 Facebook groups devoted to wild pet trade and ran a breakpoint and a content analysis
to assess when and how the COVID-19 pandemic was incorporated into the discourse within
trade communities. Only 0.44% of advertisements mentioned COVID-19, mostly after WHO
declared COVID-19 a pandemic. No traders discussed the role of trade in spreading diseases;
instead, posts stimulated the trade in wild species during lockdown. COVID-19 potentially
offers persuasive arguments for reducing wildlife trade and consumption. This effect was not
demonstrated by on-the-ground actors involved in this market. Bans in wildlife trade will not

be sufficient and additional strategies are clearly needed.
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1 Introduction

Amidst the current global pandemic of COVID-19 (respiratory disease caused by the virus
SARS-CoV-2), the topic of emerging infectious diseases (EID) has come to the spotlight once
again (Morens et al. 2020). The World Health Organization (WHO) defines EID as those
diseases that appear or reappear in a population and that demonstrate a rapid spreading in terms
of the number of infected people or new geographical areas (WHO, 2014). Many of these EID
are zoonoses, 1.¢. the disease has originated from an animal and crossed the species barrier to

infect humans (e.g. Nipah virus - Epstein et al. 2006).

Human animal transmission has been documented in all three deadly outbreaks of beta-
coronaviruses, including SARS-CoV, MERS-CoV and SARS CoV-2. These viruses were
responsible for outbreaks of severe acute respiratory syndrome (SARS) in 2002, Middle East
respiratory syndrome (MERS) in 2012 and COVID-19 in 2019 respectively (Ye et al., 2020).
While still too early to assess in SARS-CoV-2, it has been suggested that the highly pathogenic
SARS-CoV and MERS-CoV have not adapted sufficiently to humans to exclude the need for
animal reservoirs to maintain and propagate themselves (Ye et al., 2020). In this sense, wild
animals, even when not the natural reservoir of a coronavirus, may serve as the intermediate
amplifying host (Ye et al., 2020). Natural infection by SARS-CoV was identified in wild-
caught masked palm civets (Paguma larvata) for sale in wildlife markets, but was not present
in farmed civets (Guan et al., 2003). Further, it was found that 40% (n=8) of wild-animal traders
and 20% (n=3) of workers who slaughtered animals showed presence of anti-bodies to SARS-
CoV, however only 5% (n=1) of vegetable traders and none of the human controls (n=60) were
seropositive (Guan et al., 2003). Additionally, phylogenetic differences between human and
animal S-CoV viruses indicate that, in this case, transmission from humans to animals is highly
unlikely (Guan et al., 2003). Although no natural wild reservoir has been confirmed, the
hypothesis of a wild civet-to-human transmission pathway brought attention to the role of live-
animal markets in increasing the opportunity for transmission of infection to humans (Guan at
al., 2003). The potential for infection was emphasized because in many live-animal markets,
animals such as poultry, fish, reptiles, and mammals are slaughtered on the spot, and either

legally or illegally traded as medicines, meat and pets (Webster, 2004).

For COVID-19, although not yet confirmed, it was initially reported that the intermediate
animal hosts of SARS-CoV-2, the virus responsible for the COVID-19 pandemic, were among

the wildlife species sold and killed in a live-animal market in Wuhan, where many of the initial



COVID-19 cases were associated (Ye et al., 2020). As a precaution to the possibility that some
animals in that live-animal market were involved in the SARS-CoV-2 epidemic, China issued
a nationwide ban on terrestrial wild animal consumption, including captive-bred exotic species
(Wang et al., 2020). Subsequently, the potential association of COVID-19 with wet markets
featured in the media drew attention from those who disagreed with wild animal consumption;
thus petitions and campaigns emerged to discourage the purchase of wildlife products and to

demand governments to ban wildlife trade in several countries (e.g. Anonymous, 2020a,b).

While the ultimate impact on wild populations remains unclear, some have argued that these
measures could be a blessing in disguise for wildlife if halting wild animal trade reduces over-
harvesting and limits the contact between human populations and wild species (Pearson et al.,
2020). It has been shown, however, that when prohibitions are implemented, clandestine
markets often expand to supply the demand; in this context, wildlife trade prevails and
monitoring becomes nearly impossible (Harrison et al., 2016). Thus, consumer behavior
change, which involves promoting a reduction on the demand for wildlife by understanding
consumer’s motivations and preferences, has been suggested as a complementary or alternative
strategy to blanket bans (Verissimo & Wan, 2019). The hypothetical but well-advertised link
between the COVID-19 pandemic and wildlife trade may reduce consumer demand for wild
animals. For instance, when domestic pets and animals from zoos tested positive for COVID-
19 after having contact with infected humans, the fear of pets spreading the disease, even with
no scientific evidence, resulted in pets being abandoned or killed worldwide (Parry, 2020). It
remains yet unknown whether on-the-ground actors involved in the wildlife trade responded to
the COVID-19 pandemic and campaigns dissuading wildlife trade or discouraging consumer

desire at some level.

Here, we aimed to assess whether, when and how COVID-19 was incorporated into the
discourse of traders and consumers of wild animals when selling or purchasing wild species
online as pets, and the need of additional strategies to curb wildlife pet trade. Physical wildlife
markets may have been forced to close or lessen due to measures to slow the spread of COVID-
19. Trade via Web 2.0 platforms such as Instagram and Facebook have already largely replaced
brick and mortar trade in many countries (Lavorgna, 2015; Sung & Fong, 2018; Siriwat &
Nijman, 2020) and does not suffer the same limitations. For this reason, we recorded the
occurrence of wildlife trade over 20,000 posts on 41 social media groups devoted to wild pet

trade in two megadiverse countries during the COVID-19 pandemic and examined mentions



of pandemic-related terms in posts uploaded by vendors and potential consumers. We discuss
our findings in the light of the potential for behavior change in relation to trading and

purchasing wildlife.

2 Methods

2.1 Data collection

We monitored the online trade in two megadiverse countries, Indonesia and Brazil, over seven
weeks between 15 February and 5 April 2020. We focused on the early phase of the COVID-
19 pandemic, when the public attention was concentrated on the origin of the pandemic
associated with wildlife wet markets. We monitored 31 Facebook groups in Indonesia and ten
Facebook groups in Brazil, previously known to advertise wildlife for sale. There is minimal
overlap of membership between these geographically and language-specific groups. We
recorded the total number of posts uploaded during the period and the number of members. For
each post, we recorded the number of comments and likes. We compiled the number and
content of the posts containing reference to ‘COVID-19°, ‘corona virus’, ‘lockdown’ or
‘quarantine’, in Bahasa Indonesia for Indonesia and Portuguese for Brazil. We anonymized all
records and we did not interact directly with any of the sellers, group members or

administrators (following Siriwat et al. 2019’s ethical considerations).
2.2 Data Analysis

We conducted a linear regression analysis to assess the trends of accumulated number of posts
related to COVID-19. Afterwards, we ran a break point analysis to investigate any links
between the main pandemic landmarks — first case reported, national lockdown, and World
Health Organization (WHO) classifying COVID-19 as a pandemic (Ali et al., 2020) — and the
incorporation of COVID-19-related terms into the advertisements. We used the function
‘breakpoints’ in the R-package ‘strucchange’ (version: 1.5-2), which informs the existence of
structural changes in linear regression models. For the statistical analysis we used R software

(version 3.6.3) and considered significance at p < 0.05.

We translated the text content of the posts related to COVID-19 from both countries into
English and ran it through the content analysis software Leximancer (version 4.5.1). This
program uses automated machine learning to create a concept map that details the most
significant themes and concepts in posts using an algorithm that analyses word frequency and

co-occurrences. A ‘Topical analysis’ using a linear clustering algorithm was chosen as it is the



most appropriate for discriminant analysis and provides stability where overlapping of themes
occur (Wilk et al., 2017). The program uses weighted word frequencies to identify ‘concepts’
(displayed as gray circles and identified with black text) that are grouped together with similar
‘concepts’ to show broader ‘themes’, identified with colored circles. This process produces a
concept map output that can be read as a heat map, such that the warmer the color of the theme,
the more salient it is within the data. The higher the number of concepts within a theme implies
that it is more prevalent in the text; the size of the circle itself is not indicative of importance.
The more overlap the themes have with one another the more linked the two are within the text

and direct lines between concepts suggests that they are directly linked through co-occurrence.
3 Results

We compiled 20,615 advertisements including legal and illegal wild species or wildlife-related
products — 11,243 in Indonesia and 9,372 in Brazil — posted on the monitored groups. Of these,
only 90 posts (0.44% of the total) contained expressions related to COVID-19. Together, the
groups presented a potential to reach an upper bound of 201,803 members. The largest
monitored group was found in Brazil, which holds around 45,000 members, but the average
number of members was 9,305 (SD 1,355). For Indonesia the largest group had 27,253
members, but the average number of members was 5,254 (SD 6,769). The average number of

comments per post was 5 (SD 6.7).

The first posts mentioning COVID-19 were published right after the first case confirmed in
Brazil and slightly before the first case confirmed in Indonesia (Figure 1). For both countries,
there was a significant increase in the number of COVID-19-related posts over time (Brazil:
R?=0.91, R=0.95, p<0.01; Indonesia: R?>=0.65, R=0.80, p<0.01). The break point analysis
showed that in the week of 11 March 2020, which coincided with when WHO declared the
disease as a pandemic, there was a major change in the number posts related to COVID-19 for
Brazil (09 March 2020 + 1 day CI, F=88.15, p < 0.01). The same happened a week later for
Indonesia (20 March 2020 + 1 day CI, F=563.85, p<0.01) (Figure 1).
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Figure 1. Accumulated number of posts with COVID-19-related content on Facebook groups
focused on wildlife trade in Indonesia and Brazil, with the respective important landmarks, i.e.
first confirmed case and decreed lockdown in each country and WHO classifying COVID-19
as pandemic.

The topical concept map identified Sales to be the most prominent theme within the discourse,
followed by ‘COVID-19’ and ‘lockdown’ (Figure 2). The importance of the theme was
supported by the clear overlap and close connection between the concepts recommend,
services, delivery services, transport and time, all of which reflect the traders’ ability to
complete their sale successfully and deliver their product to the consumer. This theme also
showed direct links to the themes sorry and WhatsApp, which were found to be due to the
traders apologizing for delays in delivery and offering further information using the mobile

application WhatsApp, which offers encrypted messaging services (Figure 2).
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Figure 2. Heat map showing the greatest overlap between the concepts recommend, services,
delivery services, transport and time, and the most prominent themes: Sales (red), followed
by COVID-19 (orange) and Lockdown (yellow). The warmer the colors (i.e. the closer to red
tones) the more salient the theme is within the data. The size of the circle does not indicate

importance.

The second most important theme was COVID-19, reflecting that while all posts refer to
COVID-19 or lockdown within their text, more posts mentioned it only as context to their
trading activities, such as delivery delays, as opposed to discussing the impact or risk of the
virus actively as their main thought. Three posts from Brazil specifically mentioned the link
between animals and COVID-19: two of them stated that animals could not be infected with
or transmit COVID-19 and one linked the outbreak to Asian pangolins (Manis spp.). One post
from Indonesia mentioned the link between SARS and wildlife but prompted no discussion
regarding COVID-19. Where posts did have the main theme of COVID-19 itself, the concepts

were mostly linked around personal health and hygiene (Table 1).



Table 1. [llustrative quotes from the posts and comments that were qualitatively analyzed
show no discourse that positively links the wildlife trade to the spread of COVID-19.

Country

Posting date

Content of the post

Indonesia

Indonesia

Indonesia

Indonesia

Indonesia

Brazil

Brazil

Brazil

Brazil

Brazil

1/4/2020

31/3/2020

28/3/2020

21/3/2020

17/3/2020

02/04/2020

23/03/2020

15/03/2020

15/03/2020

12/03/2020

All available, ready to be sold. Lovebird babies and adults. If you come
to the warehouse, we will have hand sanitizer to prevent the spread of
Corona Virus.

Baby long-tailed macaque available, male female ready. Healthy and
tame. Suitable as a lockdown friend.

We are eager to fulfill the requests from government about lockdown
#stayathome, but if our warriors, our family's backbone #stayathome
who will take care of our household? our stomach, our children, our debt
repayment? We are not those who have a bank account with zeros lined
up and even when used for a month or two the money never diminishes.
We are daily fighters and the impact will be felt if we don't earn a day's
income. We are not following the government's plea to #stayhome but as
I stated above if we don't work, we don't eat.

Death is determined by Allah, so don't be scared of corona virus. In
Banyumas, one person is infected. For people who hoarded the face
masks and hand sanitizer, please donate. Please don't use it for yourself.

Silver linings of the corona virus. Flowerpecker birds discount 10-30
percent. For more information please call or chat via WhatsApp.

Animals do not transmit corona virus to humans. There is no need to
abandon or sacrifice any animal (such as we have seen in the yellow-
fever outbreak when people killed monkeys).

Hello customers, I come to inform everyone that up to this date we do
not have any information about likely suspension in the delivery
services. We do not know how long the delivery services will be
maintained during lockdown. To help you, we will give a 10% discount
to all, and free delivery fees for Sdo Paulo State. Stay at home!

A large proportion of mammals can be infected by a type of corona
virus, however, COVID19 only infects humans.

It is a pangolin, a rare animal found in Asia, who they suspect that can
carry corona virus.

I am interested in buying if you can bring me the animal because in
times of corona virus, it is not suitable to take public transportation.
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The concept quarantine exists on the map at the exact overlap of lockdown and COVID-19,
perhaps indicating a change of meaning due to semantics between lockdown and quarantine.
Within the Jockdown theme, the only concept that did not relate specifically to staying at home
was the concept babies. We found this to be due to the number of baby animals being offered
as lockdown was deemed a good time to spend with infant animals, as one would have more

time to care for them.

We identified a direct pathway between the concepts of lockdown and price as many of the
traders in both countries were offering discounted prices throughout lockdown duration. The
theme ‘not afraid’ represents a facet of the posts, in which commenters encouraged others not
to be afraid of the virus, as illustrated in the quotes “Death is determined by Allah, so don't be
scared of corona virus” and “Only "LosGan’ (a prestigious class of bird) hunters aren’t afraid
of corona virus”. The themes not afraid and Allah were only recorded in Indonesian groups;

the remaining themes were shared between Indonesian and Brazilian groups.

4 Discussion

Although there are yet few examples of confirmed clinical diseases in humans arising from the
wildlife trade, this activity may have the potential to pose a threat to public health. For instance,
with increased Internet access and transportation, the origins of traded animals can be (and
often are) many hundreds of miles from their point of sale (Bell et al, 2004; Bush et al., 2014)
and during transportation or sale, species that would not naturally contact each other are often
kept close in facilities (Woo et al., 2006; Reed et al., 2004). Those are examples of paths to
break existent geographical, ecological or behavioral separations between humans, livestock
and wild animals, which increases the likelihood of cross-species pathogen transmission
(Johnson et al., 2020). Although the COVID-19 pandemic represents a challenge for human
health, it also offers an anthropocentric argument for persuading people to stop wildlife trade
and consumption. Our findings show the actors involved in the trade of wild pets discussed the
connection to zoonosis at a low rate, despite public outcry generated around COVID-19 and
calls for widespread wildlife market bans. Among all landmarks, the WHO declaration of
COVID-19 as a pandemic seems to have sparked the most engagement in COVID-19
discussions for both countries. Our breakpoint findings differ substantially to those for the
number of comments containing COVID-19 related terms recorded on Twitter by Lopez et al.

(2020). In their study, both Portuguese and Bahasa Indonesia comments on COVID-19 peaked
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when each country had their first case confirmed. It is possible that the WHO declaration may
have increased awareness of the risk posed by the virus and influenced the inclusion of COVID-
19 related terms in the advertisements (Wise et al., 2020). Considering that many posts
addressed concerns about maintenance of sales and delivery services due to a possible
lockdown, the breakpoint reflects changes in their logistical and operational arrangements

during the pandemic.

Importantly, neither sellers nor consumers discussed the risk of local wildlife trade or human-
wildlife interactions as a source of spillover for zoonotic diseases on the monitored online
groups. Among the ¢. 20,000 posts recorded, only one post in an Indonesian group shared a
link from ProFauna, an Indonesian wildlife organization, quoting a Chinese doctor, Dr. Zhong
Nanshan, attesting a suspicion that SARSCoV-2 had spread from wild animals in a Wuhan
market; no comments were prompted by this post. This lack of response is shared by two
culturally different countries assessed, one geographically close to the first COVID-19
epicenter and the second far away. Surprisingly, some of the posts and comments encouraged
trade in wild animals during the pandemic, affirming that wild animals would provide good
companionship during the quarantine period and promoting temporarily reduced prices to

stimulate purchases before lockdown.

It is important to recognize that the degree to which people can fully comprehend a risk is based
on their own lived experiences. It is possible that if the majority of the traders and consumers
have not experienced a known event of direct contamination from contact with animals, they
may not perceive a risk. Spillover of pathogens through a pet trade chain was unequivocally
confirmed in the past, as in 2003, when a large shipment intended to supply the pet market
entered in the USA containing some African rodents infected by Monkeypox virus (Reed et
al., 2004). Those infected individuals were housed in close proximity to other animals at pet
shop facilities, and infected prairie dogs (Cynomys spp.), a North American rodent (Guarner et
al., 2004; Reed et al., 2004). Several people from six different states became ill exclusively
after having contact with infected prairie dogs purchased as pets, and ever since the importation
of African rodents is banned in the country (CDC, 2018). In addition, consumer demand for
rodent species in the USA changed considerably after this event (Lankau et al. 2017). A
different situation is described for Ebola, in which the natural reservoir of Ebola virus still
remains unknown. Close contact with wildlife during Ebola outbreaks has been discussed as a
factor of risk after some primary human infections of 2001-2003 Ebola outbreaks were traced

back to butchering or contact with infected carcasses of dead gorillas, chimpanzees and duikers
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in the wild (Leroy et al., 2004). After the Ebola outbreak in 2018 in the Democratic Republic
of the Congo, local wild meat vendors did not consider themselves at occupational risk for
infection (Lucas et al., 2020). Yet, local populations interviewed during the Ebola outbreak in
West Africa recognized wild meat consumption as associated with the risk of Ebola infection.
However, they did not support the decision of banning wild meat consumption because they
believed the ban occurred for political reasons instead of human health concerns (Mufunda et

al., 2016).

We believe a similar perception may be occurring in the case of COVID-19 and its relationship
with wildlife trade. The most common way to be infected by the SARS-CoV2 is by human-to-
human contact. This causality can lead to misconceptions. For example, it has been reported
that Dayak hunters in Indonesian Borneo associate COVID-19 with modern life and technology
due to their perception that the disease travels by plane and impacts urban areas as opposed to
the isolated forests in which they live (Thung, 2020). Similarly, Shepherd et al. (2020) found
from analysis of both in person interviews and online discussions that Indonesian bird traders
were not convinced that Avian influenza existed. They reported that there were instead
numerous theories about existence and spread of the virus, including a belief that songbird
competitors from other countries had concocted it as a rumor, and determined that while it was
recognized as a hindrance to acquiring birds, it was not considered a health threat to the traders.
While our sample did not include any markets that were outside of urban cities, nor explore the
theories or rumors regarding its origin, we believe sellers and buyers may similarly reject the
association of the pandemic with their own activities if they do not experience this pathway of
infection themselves. Rather, they may see the claims for banning wildlife trade as a
conservationist or political debate that does not reach people involved on the ground. A study
of Hong Kong inhabitants detected that 25% of the interviewees had not ceased going to live-
animal markets during the pandemic. Although 70% mentioned avoiding visiting live-animal
markets as a precautionary measure to prevent transmission of COVID-19, this proportion was
considerably lower compared to other activities, such as going to other crowded places (93%)

(Kwok et al., 2020).

There was no clear evidence that the volume of online wildlife trade decreased amidst the
pandemic and we still found thousands of posts advertising wild individuals, with a potential
audience of 200,000 people. These results mirror those of Ordaz-Németh et al. (2017) on wild
meat consumption during the 2014-2016 Ebola outbreak. Despite widespread health and

hygiene campaigns and the consequent temporary ban on wild meat trade, wild meat
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consumption never stopped — although it was temporarily reduced — and some wild meat
markets were still operating in West African countries during the critical phase of the Ebola
outbreak (Georges-Courbot et al., 1997; Leroy, 2004; Lucas et al., 2020). In contrast, the 2003
outbreak of Avian Flu, Influenza A (H5N1), originated from domestic birds, and the 2009
outbreak of Swine Flu, Influenza A (HINI), originated from farmed pigs, caused the
consumption and export of poultry and pork to decrease substantially, especially as a result of
consumers’ fear of being infected by consuming the meat (Taha, 2007; Rassy & Smith, 2013).
It is unclear whether this pattern demonstrates a difference in consumer perception of wild and
domestic species, given that the knowledge of zoonosis from pigs and poultry is established
and sustained by the educational system and cultural practices (Burniston et al., 2015; Kuiken
et al., 2012; Pappas, 2013), or whether it is a result of nomenclature, with pandemics named
after vector species creating more evocative mental imagery and a stronger association between

the species and the disease in consumers’ minds (Mikhailitchenko et al., 2009).

The intense media coverage and public pressure to ban wildlife trade and consumption in Asian
countries, such as China and Vietnam, may contribute to encourage the development of
governmental policies on the matter (Carpenter and Song 2016; TRAFFIC, 2020). We found
no evidence that they produce behavioral or attitudinal changes within the trade actors selling
online. Behavior change literature has shown that health initiatives that aim to reduce risky
behaviors trigger psychological reactance in which the campaign viewer becomes angry that
their behaviors and freedoms are being restricted (Kim et al., 2020). This reaction has been
best illustrated with respect to COVID-19 through the commitment to health and hygiene
initiatives (Kirk & Rifkin, 2020); it appears possible that this is occurring within wildlife trade
communities as well. Campaigns aimed at reducing wildlife trade deal with a complex and
uncertain scenario, in which interventions must be context-specific to reduce the impact of
psychological pushbacks and increase the likelihood of success (Esmail et al., 2020; Thomas-
Walters et al., 2020). The majority of interventions aimed at reducing wildlife demand still do
not result in major behavior changes; for instance, only 8% of the target audience changed their

behavior due to the mediated health campaigns (Thomas-Walters et al., 2020).

Although associating wildlife trade with the COVID-19 pandemic initially seemed like an
opportune behavior change campaign, we could not find evidence that it discourages trade in
wild pet markets. Governments, private sectors and communities have to work in collaborative
partnerships to develop strategies that also include stakeholders directly involved in the trade

(Roe et al., 2020). Additional efforts are needed to ensure that stakeholders interpret the
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information on discouraging trade, especially if unregulated or illegal, as economically,
morally and medically relevant. In addition, we still lack information on the transmissibility of
different zoonosis between humans and wildlife, especially the mode of transmission and the
role of intermediate hosts (Daszak et al., 2007). At the same time, countries still lack policies
to require mandatory testing for pathogens before or after imports and exports of wild animals
(e.g. Smith et al., 2009). Therefore, efforts to detect and monitor pathogens in wild reservoirs
and disease outbreaks in animal populations targeted by wildlife markets are particularly
relevant. Other actions may include improved regulations addressing enforced hygiene and
sanitation procedures by certified breeders (Webster, 2004). Given the evident potential of
traded wild animals in increasing the risk of disease spread, educational campaigns directed
towards sellers and especially consumers to inform them about the health risks of trading and
keeping wild pets would be beneficial. As advocated by Karesh et al. (2005), improved market
regulations, or reduction in trade in wild-caught animals could provide a cost-effective
approach to decrease the risks for disease for humans, domestic animals, wildlife, and
ecosystems. Thus, it is essential to create long-term strategies that are rooted in socio-cultural

contexts that adapt to emerging global phenomena such as new pandemics.
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