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A B S T R A C T   

The novel coronavirus (SARS-CoV-2) is the third coronavirus this century to threaten human health, killing more 
than two million people globally. Like previous coronaviruses, SARS-CoV-2 is suspected to have wildlife origins 
and was possibly transmitted to humans via wet markets selling bushmeat (aka harvested wild meat). Thus, an 
interdisciplinary framework is vital to address the nexus between bushmeat, wet markets, and disease. We 
reviewed the contemporary scientific literature to: (1) assess disease surveillance efforts within the bushmeat 
trade and wet markets globally by compiling zoonotic health risks based on primarily serological examinations; 
and (2) gauge perceptions of health risks associated with bushmeat and wet markets. Of the 58 species of 
bushmeat investigated across 15 countries in the 52 articles that we analyzed,one or more pathogens (totaling 60 
genera of pathogens) were reported in 48 species, while no zoonotic pathogens were reported in 10 species based 
on serology. Burden of disease data was nearly absent from the articles resulting from our Scopus search, and 
therefore was not included in our analyses. We also found that perceived health risks associated with bushmeat 
was low, though we could not perform statistical analyses due to the lack of quantitative perception-based 
studies. After screening the literature, our results showed that the global distribution of reported bushmeat 
studies were biased towards Africa, revealing data deficiencies across Asia and South America despite the 
prevalence of the bushmeat trade across the Global South. Studies targeting implications of the bushmeat trade 
on human health can help address these data deficiencies across Asia and South America. We further illustrate 
the need to address the nexus between bushmeat, wet markets, and disease to help prevent future outbreaks of 
zoonotic diseases under the previously proposed “One Health Framework”, which integrates human, animal, and 
environmental health. By tackling these three pillars, we discuss the current policy gaps and recommend suitable 
measures to prevent future disease outbreaks.   

1. Introduction 

The novel coronavirus (SARS-CoV-2) outbreak is possibly the 
greatest humanitarian crisis since the second World War (Anastasso
poulou et al., 2020; Arshad Ali et al., 2020). Three months after its initial 
reporting in Wuhan, China, the World Health Organization declared the 
2019 coronavirus disease a pandemic on March 11, 2020 (Cucinotta and 
Vanelli, 2020). As of April 10, 2021, more than 135 million people 
across 192 countries have been infected, and global deaths have sur
passed 2.9 million (Dong et al., 2020). For the third time this century, a 
coronavirus poses a grave threat to human health (Memish et al., 2020; 
Paden et al., 2018; Perlman, 2020). 

The World Health Organization (WHO) defines Zoonosis as any 

disease or infection that is naturally transmissible from non-human 
animals to humans, which requires a natural reservoir (WHO, 2020). 
For example, dromedary camels are suspected to be the animal hosts 
responsible for the spillover of the 2012 Middle East Respiratory Syn
drome Coronavirus (MERS-CoV) (Mohd et al., 2016). However, origins 
and reservoirs of zoonotic diseases are often difficult to identify (Haydon 
et al., 2002; Viana et al., 2014). Thus, despite global efforts by inter
national organizations such as the WHO, the origin of the coronavirus 
that caused the outbreak of severe acute respiratory syndrome in 
2002–2004 (SARS) and the novel coronavirus (COVID-19) remain un
resolved (Wacharapluesadee et al., 2021). However, there is some evi
dence suggesting that previous coronaviruses were transmitted to 
humans from intermediate animal hosts, and thus are suspected cases of 
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zoonosis (Cui et al., 2019; Han et al., 2016; Li, 2013). In 2002–2004, the 
coronavirus that caused the outbreak of severe acute respiratory syn
drome (SARS-CoV-1) likely originated in horseshoe bats (family Rhino
lophidae) (He et al., 2014; Hu et al., 2017; Wendong Li et al., 2005); and 
was likely transmitted to humans from raccoon dogs (Nyctereutes pro
cyonoides) found in live-animal markets (Guan et al., 2003; Wenhui Li 
et al., 2006; Song et al., 2005). Although the origin has yet to be 
described in detail, some scientists, including the recent report from the 
WHO, theorize that the novel coronavirus likely has wildlife origins and 
spread to humans via wild meat sold at a wet market in Wuhan, China 
(Andersen et al., 2020; Lu et al., 2020; Maxmen, 2021; Shereen et al., 
2020; Tang et al., 2020; Wu et al., 2020). Therefore, the connection 
between wild meat, wet markets, and zoonotic diseases should be 
investigated. 

In light of the recent COVID-19 pandemic, some have called for bans 
on wildlife trade and the closure of wet markets altogether. However, 
others caution that blanket bans on wildlife trade may not necessarily 
improve pandemic preparedness, while undermining its importance in 
providing food and financial security for certain communities (Eskew 
and Carlson, 2020; Roe et al., 2020). Following the outbreak of the Ebola 
virus disease in West Africa 2013–2016, studies revealed unintended 
consequences of a wildlife trade ban (Ayegbusi et al., 2016; Bonwitt 
et al., 2018). Without producing the desired degree of public health 
awareness, the ban drove illicit activity underground, which not only 
thwarted surveillance for future disease control efforts, but also weak
ened community stakeholders’ trust in authority and worsened food 
accessibility for already food-insecure populations (Bonwitt et al., 
2018). 

Bushmeat (aka wild meat) refers to any non-domesticated animal 
harvested for food (Nasi et al., 2008) and provides food and financial 
security to millions of people globally (Nielsen et al., 2018). The na
tional value of the bushmeat trade is estimated to be hundreds of mil
lions USD/year for certain African countries (Bowen-Jones et al., 2003; 
Davies, 2002; Lescuyer and Nasi, 2016). Bushmeat consumption acts as 
a significant driver behind the disproportionate loss of wildlife, partic
ularly large mammals and herbivores (Ripple et al., 2016). Estimates 
suggest that about 273 tonnes of bushmeat are transported from Africa 
to Europe annually (Chaber et al., 2010) and that globally more than 5 
million tonnes of bushmeat is consumed every year (Kanagavel et al., 
2016). Animal-source foods are a major source of high quality protein 
and bioavailable nutrients, especially in the poorer regions of the world 
(Adesogan et al., 2020; Neumann et al., 2003). On the other hand, 
livestock, such as intensively-raised commercial meat chickens, provide 
more energy from fat than protein (Wang et al., 2010), further demon
strating the higher nutritional value of bushmeat (Sarti et al., 2015). 
Factors that trigger bushmeat consumption include, among others, 
population growth, poverty, limited market access, war and conflict, 
unequal wealth distribution, occupation as well as preference of wild 
meat over farm-grown meat (Brashares et al., 2011; Friant et al., 2020; 
Golden et al., 2014; Kanagavel et al., 2016; Lindsey et al., 2013; Rogan 
et al., 2018; Schulte-Herbrüggen et al., 2013). 

Conversely, demand for bushmeat consumption in urban areas are 
often driven by culture and consumer preferences (Chausson et al., 
2019; McNamara et al., 2019; van Vliet and Mbazza, 2011). In recent 
decades, the spike in production, trade, and consumption of meat has 
tied Asian countries to each other and global markets through meat 
commodities, leading to the emergence of a meat complex in Asia 
(Jakobsen and Hansen, 2020; Nam et al., 2010; Sans and Combris, 
2015). This Asian meat complex has the potential to exacerbate the 
health risks associated with meat consumption. For bushmeat con
sumption, long-term health risks associated with bushmeat consumption 
include exposure to hazardous levels of heavy metals, such as lead. 
(Ahmadi et al., 2018; Cang et al., 2004; Gbogbo et al., 2020; Pain et al., 
2010). Short-term risks associated with bushmeat consumption may 
include exposure to zoonotic diseases, which can be fatal (Jones et al., 
2008; Karesh and Noble, 2009; Kurpiers et al., 2015). These same risks 

also occur from animal-source foods in domestic animals, especially 
those produced intensively (WHO, 2020). The domestic meat market is 
roughly 60 times larger than the bushmeat market. However, despite the 
smaller proportionate risks associated with bush meat consumption, 
there is evidence connecting the bushmeat trade in the spread of in
fectious diseases including Ebola (Leroy et al., 2004, 2005; Rewar and 
Mirdha, 2014) and HIV (Aghokeng et al., 2010; Chitnis et al., 2000; 
Faria et al., 2014; Peeters et al., 2002; Sharp and Hahn, 2011). Despite 
associated health and injury risks, bushmeat consumption is widespread 
across various socio-economic communities. Bushmeat is often sold at 
wet markets across the Global South (Nielsen et al., 2018), which pose 
additional health risks to humans. 

Wet markets and wildlife markets are often conflated. However, not 
all wet markets sell bushmeat. Therefore, in this paper, we focus on wet 
markets that include live or slaughtered bushmeat. Generally, wet 
markets feature densely-packed, open-air vendors that sell produce and 
various species of bushmeat. Thus, wet markets, like factory-farmed 
meat, can amplify the risks associated with the bushmeat trade by 
facilitating cross-species transmissions of zoonotic diseases (Karesh 
et al., 2005; Parrish et al., 2008). Thus, wet markets have been a major 
concern of disease experts across the globe (Cui et al., 2019; Webster, 
2004). Notably, humans with ties to certain wet markets in Asia have 
been infected with coronaviruses with suspected animal origins, 
including the outbreak of the Middle East respiratory syndrome (MERS) 
in live animal markets (Khudhair et al., 2019; Li et al., 2017; Yusof et al., 
2017), SARS (Guan et al., 2003; Li et al., 2006; Park et al., 2020; Song 
et al., 2005), and COVID-19 in wet markets (Chen et al., 2020; Li et al., 
2020). 

In developing countries, wet markets/slaughterhouses are a signifi
cant source of wastewater or effluents (blood flow, hair, gut content, 
urine and contaminated water) due to meet processing, burning and 
boiling of bones, hooves, fat, meat, etc. (Seiyaboh and Izah, 2017; Singh 
et al., 2014). Based on the water quality index, it is reported that 
wastewater from wet market falls under the lowest category (i.e., 
severely polluted), making the receiving water bodies highly vulnerable 
to organic and inorganic pollutants; and hence calls for sustainable 
management and treatment of the effluents before discharging into the 
environment (Amneera et al., 2013). Poor management and treatment of 
this effluent poses different threats to both environment and human 
health (Singh et al., 2014). These threats are exacerbated in water-scarce 
places where humans and wildlife are forced into close proximity for 
available resources, a contributing risk factor for transmission of 
water-associated diseases (e.g. leptospirosis) (Group, 2011). Despite 
known health risks and alternative sources of food, wet markets have 
persisted in both developed and developing parts of the globe. In 
developing economies, the lack of reliable cold chains could contribute 
to the continued presence of wet markets (Joshi et al., 2009). Further
more, culture and consumer preferences for fresh produce has been cited 
for the persistence of wet markets globally (Huang et al., 2015; Zhong 
et al., 2020). 

One Health is an interdisciplinary framework that addresses human 
health, animal health, and environmental health. Recently, this defini
tion has been expanded to include plants and soil ecosystems, linking the 
One Health approach to food systems (Durso and Cook, 2019). Thus, the 
One Health approach provides an avenue to combat emerging infectious 
diseases, especially zoonotic diseases (Atlas, 2013; Mazet et al., 2009). 
For example, the Ebola crisis could have been better handled with a One 
Health approach by proactively monitoring infection and transmission, 
educating stakeholders about zoonotic disease outbreak and manage
ment plans, and enhancing food security to reduce dependence on 
bushmeat and minimize exposure to zoonoses (Mwangi et al., 2016). 
Applying the One Health approach can guide research to help prevent 
the emergence of zoonotic diseases by acknowledging the nexus be
tween bushmeat, wet markets, and disease. This nexus approach pro
vides a framework for transformative change by integrating efforts 
between health and science experts, government officials, and local 
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stakeholders (Eskew and Carlson, 2020; Roe et al., 2020; World Health 
Organization, 2012). To our knowledge, however, this nexus has not yet 
been described in detail. Thus, the nexus between bushmeat, wet mar
kets, and disease must be examined to bolster disease control efforts 
globally and better prepare for future pandemics. 

In this study, we reviewed the literature to explore the nexus be
tween bushmeat, wet markets, and disease. Our aim was to evaluate 
disease monitoring and surveillance efforts within the bushmeat trade 
by compiling established zoonotic health risks based on serology; and to 
characterize perceptions of the health risks associated with bushmeat 
and wet markets to better inform education campaigns and public pol
icy. Based on this review, we provide recommendations to prevent 
future pandemics by addressing and controlling the nexus between 
bushmeat, wet markets, and disease control. 

2. Methods 

2.1. Literature search 

To explore the nexus between bushmeat, wet markets, and disease, 
we searched the Scopus literature database (https://www.scopus.com/) 
on November 9, 2020 using the Boolean search string: TITLE-ABS-KEY 
(Bushmeat) AND TITLE-ABS-KEY (disease) OR TITLE-ABS-KEY (wet 
market) OR TITLE-ABS-KEY (wild AND meat). The search was not 
restricted by publication date nor language. However, only articles that 
provided full text in English were considered for analyses. The search 
yielded 299 articles (see Appendix 1 for a full list of articles). Eight ar
ticles that did not provide full text in English were omitted. Thereafter, 
we manually screened the resulting article abstracts to include only 
primary literature that explicitly established zoonotic pathogens (here
after risk assessment studies) associated with hunting, handling, or 
consumption of non-domesticated animals, which the author(s) referred 
to as ’bushmeat’ or matched the definition of the term described in the 
Convention on Biological Diversity (CBD) Technical Series No. 33 (Nasi 
et al., 2008). Health risks were determined generally by serological 
evidence. Our Scopus search yielded inadequate scientific disclosures 
that calculated actual burden of zoonoses, and thus we did not consider 
disease burden in determining risk of zoonosis. We also included studies 
that surveyed the perception of health risks associated with bushmeat 

(hereafter perception-based studies) directly by questioning respondents 
about their perceived health risks or indirectly, for example, by 
measuring behavioral changes in bushmeat consumption following 
health campaigns on zoonotic diseases. We retrieved the full-text of the 
articles meeting these criteria and manually screened out the articles 
that did not provide evidence on the same criteria in full-text. After 
screening abstracts and full-texts, 247 articles were excluded that did 
not meet the criteria specified above, leaving 52 relevant articles: 32 risk 
assessment and 21 perception-based studies. One article met the criteria 
specified for both risk assessment and perception-based studies (Fig. 1). 

2.2. Meta-analysis 

We extracted the following information from the relevant risk 
assessment studies that were identified: (1) type and species of bushmeat 
investigated, (2) location from which the samples were collected, and 
(3) type and genus of zoonotic pathogen associated with the bushmeat in 
question. We categorized bushmeat according to broad taxonomic 
groups. Pathogen type was categorized as virus, bacteria, helminth, or 
protozoa. For meta-analysis of the extracted information from the rele
vant risk studies, we counted each species of bushmeat collected from 
each country in each article as a case. The results presented in the 
following section derive from cross-tabulation of the attributes of all 
cases. 

For the relevant perception-based studies, we extracted the following 
information: (1) location from which respondents were surveyed, (2) 
population type of respondents, (3) type of bushmeat handler surveyed, 
and (4) perceived health risks associated with the bushmeat trade. We 
used descriptions of study sites to determine the population type of re
spondents as either urban or rural. We categorized bushmeat handler as 
hunter, trader, or other (non-hunter/non-trader). We extracted author’s 
description (both quantitative and qualitative) to categorize re
spondents’ perceived health risks as either high or low. For example, in 
addition to noting that few participants were aware of transmission of 
zoonotic infections via bushmeat, Ozioko et al. (2018) reported that 
91.2 % and 76.2 % of hunters and traders valued bushmeat more than 
their health, respectively. For this study, we categorized the perceived 
health risks as low. On the other hand, we categorized the perceived 
health risks as high for the study by Gbogbo and Kyei (2017), which 

Fig. 1. Flowchart of methods and Scopus literature screening process.  
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reported that 68 % of respondents believed that the consumption of 
bushmeat can result in zoonotic disease infection. For meta-analysis of 
information from perception studies, we counted each population type 
from each country in each article as a case. The results presented in the 
following section derive from cross-tabulation of the attributes of all 
cases. 

2.3. Data analysis 

The data on species of bushmeat were subject to phylogenetic anal
ysis. All figures were constructed in R (v.3.6.2) (R Core Team, 2014). We 
used the package ‘rotl’ (Michonneau et al., 2016) to match taxonomic 
names to the Open Tree of Life (Hinchliff et al., 2015). The unique 
taxonomic names from the Open Tree of Life matched the 59 species that 
we compiled. Using the ott identification tags of these species as search 
properties, we identified studies that included these unique taxonomic 
tags and found 9 studies that contained relevant phylogenetic trees. We 
used existing phylogenies from these studies to construct a phylogenetic 
tree for the species of bushmeat reported in the relevant risk studies. We 
used the study (Hedges et al., 2015) that contained a rooted phylogeny 
with branch lengths and kept tips corresponding to the 59 species. The 
resulting phylogeny contained 58 tips. The blond capuchin (Sapajus 
flavius) was the only species that could not be included in our recon
structed phylogenetic tree. The number of cases was mapped onto the 
phylogeny as a continuous variable. We mapped the global distributions 
of risk assessment and perception-based studies using the package 
‘rworldmap’ (South, 2011). 

3. Results 

From all 299 Scopus search results, we observed topical spikes in 
published papers following the SARS epidemic (2002–2004) and MERS 
epidemic (2009), as well as the African Ebola epidemic (2013–2016) 
(Fig. 2). After screening irrelevant studies, our analyses included 52 
articles, with 88 % of the total cases (137/156 cases) in Africa; 5% (8/ 
156 cases) in Europe; 4% (7/156 cases) in North America; 2% (3/156 
cases) in Asia; and 1% (2/156 cases) in South America. 

For the 32 risk assessment studies, 58 species of bushmeat (and 
humans [Homo sapiens]) were studied in 15 countries (Fig. 3a), totaling 
133 cases (see Appendix 2 for a list of the 133 risk assessment cases and 
the type of pathogenic risk(s) established in each case). Several species 
were reported in more than one article, and one study was conducted in 
two countries. Mammals were most frequently reported (95 %; 126/133 
cases), followed by reptiles (4%; 5/133 cases) and birds (1%; 2/133 
cases). Greater white-nosed monkeys (Cercopithecus nictitans) and 
humans were cited the most times with 9 and 8 cases, respectively (Fig. 4 
and see Appendix 3 for a list of the number of cases and type of pathogen 
for each species of bushmeat). Based on serological evidence, sixty 
pathogens were established as health risks in 58 bushmeat species, with 

several species of bushmeat harboring one or more pathogens; further
more, ten bushmeat species harbored no zoonotic pathogens. Most of the 
zoonotic pathogens established as health risks were helminth (37 %; 22/ 
60) and bacteria (33 %; 20/60), followed by viruses and protozoa (15 %; 
9/60 each). The predominate zoonotic pathogens identified were ret
roviruses: Lentivirus (immunodeficiency viruses) and Deltaretrovirus (T- 
cell lymphotrophic viruses), which were identified in 18 and 14 species 
of bushmeat, respectively. Other predominate zoonotic pathogens 
identified were parasitic roundworms Ascaris, Strongyloides, and Tri
churis, which were identified in 14, 13, and 12 species of bushmeat, 
respectively. The predominate protozoa and bacteria identified were 
Entamoeba and Leptospira, which were identified in 9 and 3 species of 
bushmeat, respectively (Fig. 5 and see Appendix 4 for a full matrix of 
bushmeat-zoonotic pathogen infections). Four viruses were identified in 
humans. Regarding pathogen richness in each species of bushmeat, 
health risks were highest for greater cane rats and greater white-nosed 
monkeys, harboring 14 genera of pathogens (1 protozoa, 4 bacteria, 
and 9 helminth) and 13 genera of pathogens (3 viruses, 4 protozoa, and 
6 helminth), respectively. 

For the 21 perception-based studies, perceived health risks associ
ated with the bushmeat trade was documented in 11 countries (Fig. 3b), 
totaling 23 cases (see Appendix 5 for a list of the 23 perception cases and 
the perceived health risk described in each case). Two studies were 
conducted in both rural and urban population types. Altogether, 12 and 
11 cases were reported in rural (52 %) and urban (48 %) population 
types, respectively. Our analyses found that nearly half (48 %; 11/23 
cases) of the perception-based studies were conducted in the context of 
the Ebola virus disease outbreak. In both urban and rural populations, 
perceived health risks associated with the bushmeat trade was generally 
low (Fig. 6). 

4. Discussion 

4.1. Literature compilation 

There was a clear dominance of publications following major health 
crises, such as SARS, MERS, and Ebola, demonstrating that scientific 
investigations on bushmeat and wet markets retroactively follow disease 
outbreaks. Furthermore, after screening irrelevant articles, there was 
geographical bias in the remaining studies, with a majority of studies 
conducted in Africa. Our analysis clearly revealed studies lacking in Asia 
and South America, despite the prevalence of the bushmeat trade across 
the Global South. Altogether, these factors contribute to the speculative 
narrative surrounding disease outbreaks originating in these regions of 
the world and expose our knowledge gaps that may thwart disease 
control efforts. 

Fig. 2. Distribution of Scopus search results by publication date. Topical spikes of publications following the outbreak of severe acute respiratory syndrome (SARS), 
the Middle Easter respiratory syndrome (MERS), and the Ebola virus disease illustrate that science retroactively follows disease outbreaks. 
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4.2. Zoonotic pathogens 

Although disease burden was not calculated, our findings demon
strate that zoonotic viruses may have the potential to pose significant 
health risks to humans. Based on serological investigations, we found 
that bushmeat handlers were infected with four zoonotic viruses: Del
taretrovirus, Spumavirus (foamy viruses), Ebolavirus, and Henipavirus 
(Nipah virus). Our results showed that these virus were found in various 
bushmeat species, such as fruit bats (Eidolon helvum) and nonhuman 
primates, which can thus pose greater risk of spillover events to humans. 
Accordingly, consumers of these species, which can be vectors of these 
viruses among other zoonotic pathogens, may be at greater risk of 
infection. In our study, we found that fruit bats hosted Ebolavirus, Lys
savirus (rabies virus), and Henipavirus. The risks of consuming 
nonhuman primates are multifold. Infectious viruses are abundant in 
nonhuman primates (Devaux et al., 2019). Accordingly, the total num
ber of cases for nonhuman primates was high (65 %; 86/133 cases). We 
found that nonhuman primates hosted Lentivirus, Deltaretrovirus, Spu
mavirus, Cytomegalovirus, Lymphocryptovirus, and Mastadenovirus. 
Nonhuman primates may also act as intermediate host species and may 
transmit other zoonotic diseases to humans (Devaux et al., 2019; Han 
et al., 2015; Weingartl et al., 2012). By contrast, we found that certain 
species of bushmeat hosted no zoonotic pathogens based on the sero
logical evidence, which may pose less health risks to humans. These 
lower-risk species can help provide options for safer consumption of 
bushmeat. Altogether, our results demonstrate how bushmeat-pathogen 

matrices can inform bushmeat regulation policies and visualize disease 
surveillance efforts. 

4.3. Perceptions 

Despite multiple disease outbreaks globally and well-documented 
zoonotic diseases associated with bushmeat, we found that perceived 
health risks are typically low among bushmeat handlers. We found that, 
in some cases, simply awareness of zoonoses among respondents was 
low (Ozioko et al., 2018; Philavong et al., 2020; Pruvot et al., 2019). We 
also found that there was a critical knowledge gap between awareness of 
disease and mode of transmission to humans, which can serve an 
important role in shaping perceived risks associated with bushmeat 
(Ayegbusi et al., 2016; Bair-Brake et al., 2014; Duonamou et al., 2020; 
Lucas et al., 2020; Mwangi et al., 2016; Saylors et al., 2021; Sub
ramanian, 2012). For example, one perception-based study found a high 
level of awareness about the Ebola virus disease outbreak among 
bushmeat handlers, however, most of the handlers did not believe that 
wild animals are carriers of Ebola virus disease, citing supernatural and 
conspiracy theories surrounding its transmission to humans (Ayegbusi 
et al., 2016). Regarding perceived health risks, the skepticism of re
spondents from other studies stem from cultural ties to bushmeat 
practices (Ayegbusi et al., 2016; Bonwitt et al., 2018; Saylors et al., 
2021). These views were conflated with trust issues in local authorities, 
which ultimately frustrated public health campaigns (Ayegbusi et al., 
2016; Bonwitt et al., 2018; Saylors et al., 2021). Our analysis on 

Fig. 3. Global distribution of risk assessment (top) and perception-based (bottom) studies on bush meat, represented by the number of cases in each country 
identified from the literature. Global distributions were depicted using the package ‘rworldmap’ (South, 2011). 
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perception-based studies found a deficiency of quantitative reporting, 
which prevented statistical modeling in our meta-analyses. We highlight 
the need for standardizing perception-based studies that are grounded in 
quantitative analyses. Quantitative data is necessary to inform educa
tional campaigns aimed at raising awareness and conveying zoonotic 
risks associated with bushmeat. 

4.4. Importance of nexus approach 

An interdisciplinary framework is vital to address the nexus between 
bushmeat, wet markets, and disease. There is extensive research on each 
of these three topics in isolation, however, few investigations have 
explored these topics together. Additionally, oversight of these topics is 
often handled separately by different governing bodies. For example, 
budgets and policies on bushmeat likely fall under the responsibility of 
wildlife departments; wet markets likely by commerce departments; and 
health departments likely handle diseases. However, these isolated ef
forts fail to acknowledge the synergistic risks induced at the interface of 
these three issues, as exemplified by the current COVID-19 pandemic. 

Thus, efforts that extend across the borders of traditional governing 
bodies is paramount to properly address this nexus. Effective campaigns 
require coordinated efforts between health and science experts, gov
ernment officials, and local stakeholders (Roe et al., 2020; Van Vliet, 
2011), which is especially important for those communities whose 
livelihoods depend on the bushmeat trade (Cooney et al., 2018; Friant 
et al., 2020). The One Health approach by World Health Organization, 
which addresses human, animal, and environmental health, provides a 
framework to improve pandemic preparedness across the globe. The 
One Health framework recognizes that zoonotic diseases, environmental 
pressures, animal and human health are linked interdependently. As 
such, a recent study implicated biodiversity loss with increased risk of 
human exposure to both new and established pathogens (Keesing and 
Ostfeld, 2021), further demonstrating the need to assess the impacts 
anthropogenic land-use change on disease spillover (Plowright et al., 
2021). In Industrial safety engineering, Fire Triangle is a model that 
illustrates how to extinguish fires by removing one of its three necessary 
ingredients: oxygen, heat, and fuel. Similarly, we argue that future 
disease outbreaks can be prevented by tackling what we call the three 

Fig. 4. Total number of cases identified for each species of bush meat mapped onto the phylogeny as a continuous variable. The length of the bars indicates the genus 
richness of zoonotic pathogens identified for each species of bush meat. Phylogenetic scale bar indicates 200 million years. 
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pillars of pandemics: bushmeat, wet markets, and disease. A majority 
(72 %) of emerging infectious diseases are zoonotic (Jones et al., 2008). 
Opportunities for transmission of zoonotic diseases increase with the 
hunting, handling, and consumption of bushmeat (Karesh and Noble, 
2009; Kurpiers et al., 2015). Further closing the gaps between human 
and wildlife, wet markets facilitate cross-species disease transmission 
and spillover events to humans (Chen et al., 2020). Thus, these syner
gistic effects underscore the importance of acknowledging the nexus 
between bushmeat, wet markets, and disease to help prevent future 
pandemics. 

5. Recommendations 

Here we discuss some preventative actions outlining bushmeat 
consumption, management of wet markets, and controlling disease 
outbreaks, particularly on the overlapping interfaces. Given the global 

distribution of bushmeat consumption and wet markets, we provide 
generic recommendations under the One Health framework that can 
facilitate transformative change and instigate localized efforts to address 
context-specific issues. 

As shown in Fig. 7, proactive management and regulation of the 
bushmeat trade can benefit both wildlife and humans. We recommend 
routine monitoring of wildlife for infectious diseases (Watsa, 2020) in 
tandem with the Convention on International Trade in Endangered 
Species and Wild Fauna and Flora (CITES) (D’Cruze and Macdonald, 
2016) to better inform bushmeat trade regulations. This may not only 
reduce spillover events to humans (Halliday et al., 2012; Hattendorf 
et al., 2017), but also provide information on overall ecosystem health 
(Leroy et al., 2004; Smith et al., 2009; Thompson et al., 2010). Illegal 
bushmeat hunting is an existential threat for some species, particularly 
primates (Benítez-López et al., 2017; Ripple et al., 2016; Rogan et al., 
2017). At the national level, regulating the bushmeat trade for 

Fig. 5. Heat map of the number of cases for each bush meat-pathogen infection. As one or more pathogens was established in some species of bush meat, the total of 
number of cases reported for risk assessment studies do not agree with the total number of bush meat-pathogen infection cases here. 
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higher-risk and endangered species is vital to ensure both animal and 
human health. Monitoring wildlife for disease may also highlight species 
suitable for lower-risk consumption of bushmeat, as our results showed 
that no zoonotic pathogens were associated with other bushmeat species 
based on serological evidence. We also recommend participatory sur
veillance of bushmeat sold at wet markets. Species of bushmeat are 
sometimes misreported in the marketplace (Minhós et al., 2013; Schil
ling et al., 2020). Even worse, a recent article illustrated the concept of 
"species deception," in which bushmeat is purposefully misrepresented 
by sellers and sold as another species of bushmeat (Dell et al., 2020). 
This can contribute to misinformed knowledge of pathogen spillover risk 
to humans. Species identification of bushmeat sold in wet markets can 
also support efforts to better regulate the bushmeat trade. Stakeholder 
representation, implementing concrete monitoring and evaluation 
structures, and mutual understandings of disease transmission across 

disciplines are challenges to implementing a One Health approach 
(Johnson et al., 2018; Khan et al., 2018). Benefits of participatory 
monitoring help address these challenges, and include developing 
research capacity, fostering stakeholder relationships, and earlier 
detection of emerging infectious diseases (Mooney-Somers and Maher, 
2009). Integrating bushmeat policies into CITES enforcement can help 
consolidate efforts to safeguard both wildlife and human health. 

Wet market policies should focus on sanitization and safe meat 
storage. The temperature storage and packing conditions impact 
spoilage and the proliferation of subsequent pathogen populations, 
particularly bacteria (Chaillou et al., 2015; Doulgeraki et al., 2012). 
These microbial developments generate volatile organic compounds, 
which may serve as indicators of meat spoilage (Casaburi et al., 2015). 
Proper wastewater management from wet markets can minimize threats 
to humans and surrounding ecosystems. We recommend harnessing 
wastewater as an alternative superior medium for micro algae biomass 
(Jais et al., 2015; Maizatul et al., 2017). Microalgae biomass produced 
during the phycoremediation of wastewater from wet markets provides 
high quality fish food and reduces the dependency on freshwater for 
production of micro-algal biomass. Management of wastewater from 
wet markets around the world have proven successful among different 
advanced wastewater treatment technologies, like Static granular bed 
reactor with anaerobic reactor (Debik and Coskun, 2009); Up-flow 
anaerobic sludge blanket reactors (UASB) reactors (Menezes Lima 
et al., 2020); Dissolved-air floatation system (de Nardi et al., 2008); and 
Biological wastewater treatment with combination of anaerobic and 
aerobic system (Aziz et al., 2019). These treatment technologies not only 
manage effluent from wet markets but also generate biogas energy 
(Bustillo-Lecompte and Mehrvar, 2015), and thus provide a sustainable 
solution to wastewater management. Wastewater generation should be 
minimized by analyzing their quality at critical stages of production 
process in wet markets using qualitative and quantitative flow charts 
(Kist et al., 2009). A decade long study on market characteristics 
revealed poor sanitization conditions and cross-species blood 

Fig. 6. Perceived health risks associated with the bush meat trade.  

Fig. 7. A conceptual framework under the ‘One Health’ approach to prevent future disease outbreaks by tackling the three pillars of pandemics: bush meat, wet 
markets, and disease. 

C.S. Peros et al.                                                                                                                                                                                                                                 



Environmental Science and Policy 124 (2021) 1–11

9

contamination due to inadequate water availability (Saylors et al., 
2021). Also, our findings suggest that those who travel to wet markets, 
including bushmeat vendors, are not aware of these health risks (Ozioko 
et al., 2018; Philavong et al., 2020; Pruvot et al., 2019; Saylors et al., 
2021). Thus, investments in water supply coupled with increased 
accessibility to washing stations can minimize health risks to both 
humans and the surrounding ecosystems (Saylors et al., 2021). 

Finally, we stress the importance of fostering preventative healthcare 
infrastructures across national boundaries to improve global pandemic 
preparedness (Dey et al., 2020; Lal et al., 2020; Yager et al., 2008). The 
COVID-19 pandemic has showcased the shortfalls of current systems, 
crippling healthcare infrastructures across the world. Low testing ca
pabilities thwarted efforts to contain the spread of the disease (Babiker 
et al., 2020), and infected patients were not able to receive proper care 
due to inadequate hospital capacities (Moghadas et al., 2020; Shoukat 
et al., 2020). Accordingly, a study found that increasing testing and 
hospital beds, as well as improving government effectiveness, are 
associated with lower mortality rates (Liang et al., 2020). Although the 
timely development of effective vaccines has been possible in the past 
(Kieny, 2018; Peeling et al., 2019; Roberts, 2019), even in the case of the 
COVID-19 (Krammer, 2020), funding poses a major barrier for wide
spread vaccination (Gouglas et al., 2018). Furthermore, socio-economic 
disparities accentuate the challenges in vaccine development, 
manufacturing, and delivery at the local and global level (Plotkin et al., 
2017). Thus, we recommend proactive research and development to face 
future likely diseases. Despite having the technological capacity to 
improve pandemic preparedness, proactive strategies currently do not 
provide economic stability, failing to prioritize immunologics, such as 
vaccine or antibody developers (Bloom et al., 2017). This underscores 
the necessity of routine wildlife surveillance for diseases, which can 
position stakeholders to better invest in proactive research and devel
opment efforts. We also recommend campaigns to increase awareness of 
the health risks associated with bushmeat, including the transmission of 
diseases. We found a critical knowledge gap between awareness of dis
ease and spillover risks to humans (Ayegbusi et al., 2016; Bair-Brake 
et al., 2014; Duonamou et al., 2020; Lucas et al., 2020; Mwangi et al., 
2016; Saylors et al., 2021; Subramanian, 2012). This presents an op
portunity to not only raise the awareness on health risks associated with 
bushmeat but more importantly educate bushmeat stakeholders on 
cross-species transmission of zoonotic diseases. Stakeholders must be 
more informed decisions on bushmeat practices in order to minimize the 
risks of future pandemics. 

6. Conclusion 

Assessing the risks of future disease outbreaks require an interdis
ciplinary approach, such as the previously described, “One Health 
Framework”, which integrates human, animal, and environmental 
health. The One Health Framework provides a lens to address what we 
call the three pillars of pandemics: bushmeat, wet markets, and disease. 
Although these topics are extensively studied in their respective disci
plines, rarely do studies consider this nexus in preparing for future 
disease outbreaks. In this directed and systematic review, our findings 
show that scientific investigations on these topics follow major disease 
outbreaks, which inhibit investments in future pandemic research. 
Furthermore, the lack of studies in Asia and South America exposes 
current knowledge gaps and our susceptibility to disease outbreaks 
originating in these regions of the world. We also demonstrate how 
bushmeat-pathogen infection matrices can help regulate the hunting 
and trade of wildlife in tandem with current CITES policies. Despite 
evidence of bushmeat species harboring various zoonotic pathogens in 
scientific disclosures, the low perception of risks among stakeholders of 
the bushmeat trade highlights the importance of educating stakeholders 
about transmission risks of zoonoses as a tool to implement a proactive 
One Health approach. Acknowledging the nexus between bushmeat, wet 
markets, and disease is pivotal to improve pandemic preparedness. 
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