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Abstract: The practice of consuming wild fauna in Brazil is both culturally and socioeconomically
questionable. Wild animals and their byproducts are sought for nutritional, medicinal, and/or
supernatural reasons, with some taxa (e.g., songbirds) being kept as pets. This practice is concentrated
in traditional and rural communities, as well as the rural exodus populations in large urban centers,
maintained both by cultural preferences and for their role in food safety in part of the rural exodus
community. A total of 564 taxa are known to be sold in wet markets in Brazil, with birds, fish,
and mammals being the most commonly listed. There is great zoonotic outbreak potential in this
consumption chain given the diversity of species involved (with several listed being known reservoirs
of zoonotic pathogens), invasion of wild environments for hunting, unsanitary processing of carcasses,
and consumption of most/all biotopes of the animal, as well as the creation of favorable conditions
to cross-species pathogen transmission. Given its socioeconomic situation and the global trends
in disease emergence, there is a risk of the future emergence of a Public Health Emergency of
International Concern in Brazil through wildlife consumption.
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1. Introduction

Zoonotic pathogens are a matter of great concern to the public health community at
large. The majority of novel human pathogens discovered in recent decades are of zoonotic
origin [1,2], mainly from wild fauna, as a result of the continuous encroachment of sylvatic
habitat by human activity [3]. Anthropic impacts on the biosphere and globalization have
ushered in a new epidemiologic scenario, where diseases considered under control might
reemerge (e.g., tularemia [4], Lassa fever [5], plague [6]), as well as give way to rising
pathogens [7]. The latter was made clear with the pandemic spread of SARS-CoV-2, whose
origin is likely animal, although this is not completely elucidated [8,9].

One of the main animal–human interfaces that allow a pathogen to jump from its
original host into human populations is the consumption of wildlife. Wildlife is sought
after in several contexts, such as a food source, human medicine (both physiological and
metaphysical), veterinary medicine, and pet rearing [10–14].

Given their status as a potential point of contact with the transmission cycles of novel
wild pathogens, wet markets (as a collective term for any sort of market or outlet that sells
fresh foods and/or live animals) are places of high interest for One Health professionals,
especially given the recent history of global health emergencies whose outbreaks can be
traced back to fauna commercialized in them (e.g., avian influenza [15], SARS [16]); the
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ongoing COVID-19 pandemic is one of the more dire examples, with a current death toll of
over 5.83 million people as of February 2022 [14,17].

Wet markets are a tradition in Brazil, presenting as open street fairs and public markets,
occurring in almost every settlement or city. Brazilian wet markets present a wide offering of retail
products, which include animals (domestic and wildlife) and animal byproducts [18–21]. Despite
wildlife trafficking being a crime under Brazilian law, there is a growing ethnobiological
record of this illegal commerce in wet markets (e.g., [11,22,23]), although the risks to public
health in this human–wildlife interface remain mostly unexamined. Here, we characterize
the situation of wildlife consumption in Brazil and discuss the potential for novel and
reemerging zoonotic pathogen outbreaks arising from the chain of activities involved in
this social phenomenon.

2. Methods

In order to characterize the practices of animal extractivism, consumption, and com-
merce, as well as contextualize it in terms of the risk of infectious disease transmission asso-
ciated with the practice, between 15 and 20 March 2021, a nonexhaustive literature search
was performed on Web of Science (https://app.webofknowledge.com/author/search (ac-
cessed on 15 March 2021)). The descriptors used in the search delimited the region of study
(Brazil) and focused on the concepts of wild fauna and the activities in the wild fauna
supply chain (e.g., “hunting”, “bushmeat”, “traditional remedy”, “folk medicine”). Entries
focused on plants, and other nonanimal items were excluded. Data extraction focused on
detecting information on (1) supply chains and commerce practices; (2) sourcing practices,
techniques, and regions; (3) legal information regarding the practice, potential regulation,
surveillance, and control measures; and (4) reports on zoonotic disease transmission in-
volving bushmeat. Given the constant presence of inventory lists of species involved in the
practices, a table was prepared to compile the available information on the taxa explored,
their type of use (when discriminated), and what parts were used (Table S1). A table of the
articles consulted for ethnobiological information and the type of study that originated the
information is presented in Table S2. Of 39 publications with ethnobiological information
consulted and maintained for the study, 31 contained data on the medicinal uses of wild
animal products, while 12 contained information on their use as food.

3. Characterizing Wildlife Consumption in Brazil
3.1. Faunal Diversity Involved

Similar to Brazil’s high biodiversity, a large variety of taxa, both invertebrate (e.g., Annelida,
Mollusca, Panarthropoda, Cnidaria) and vertebrate species, are consumed [10,13,24–27]. A
nonexhaustive literature search retrieved records of 564 taxa being consumed in Brazilian
territory (Table S1). Of the species with declared specific usage, most (230, 40.7%) were
sought solely for medicinal purposes, 91 (16.1%) solely for food, and 203 (36%) for both. The
taxonomic groups with the highest number of species and records found were mammals
(85 species, 15%), birds (190, 33.6%), and fishes (102, 17.8%). Birds were also being traded
as pets.

3.2. Uses and Culture

This phenomenon is part of a complex sociocultural network that can include tradi-
tional, indigenous, or rural communities and settlements [28], with heavier participation of
the elder generations from lower socioeconomic status. There is a strong involvement of
rural exodus and urban migrants from traditional communities [29–32].

Participation of bushmeat in the diet is likely linked to income, as extractivist activities
can be a source of income and more affordable protein for lower-income families [12,33].
Animal-based medicine is divided between complementary alternative medicine (CAM)
and its role as a substitute for allopathy in areas and contexts where access to a regular
medical center is not viable [13,34]. The maintenance of supply chains is in part given
by bushmeat as a source of accessible protein (by lower costs and by potentially being
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accessed directly by hunting) but also due to the cultural resilience of the ethnobiological
and ethnopharmacological relationship of traditional communities and peoples with these
resources [12,13,23,35]. The wares presented in wet markets can vary widely. Animals sold
for food and medicine can be offered both alive and dead (some of the prescribed medical
practices require a live animal), as a whole animal, as a treated carcass, or sold in pieces or
processed (Figure 1) [26,33,36,37]. Medicines, both animal and herbal, are sold together in
specialized vendors, with the vendor usually providing instructions for use.
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rostral expansion on Pristis perotteti, and an exemplar of Oreaster reticulatus. Photo: Rômulo Alves.

3.3. Origins of Consumed Animals

Most species traded are native to the area where they are sold [11,24,26,38,39]. How-
ever, certain taxa have high demand countrywide, with extractivist chains responsible for
shipping and supplying the animal product over long distances, commonly in coast-to-
continent routes or from the Amazon to the remaining territory [27,30,40,41].

3.4. Supply Chain and Associated Economic Activity

Fauna trafficking removes 38 million individuals from the wild and generates USD
2 billion [42]. The illegal status forces the supply chain to the underground, causing it to
be poorly understood in spite of the increase in research interest in Brazil [11,13,39,43,44].
Particular taxa with ubiquitous high demands, such as Podocnemis turtles in the Amazon
region, are better understood, given the size and accessibility of the operations [43]. The
traffic of wild birds is the more understood of the supply chains, boasting profits estimated
at USD 30/animal (at 2018 exchange rates), with rare taxa reaching USD 170 each [12]. Wild



Pathogens 2024, 13, 222 4 of 10

pets generate approximately USD 36 million BRL/year in the legal market alone [45], with
increasing demand due to biophilia.

“Professional” hunting (i.e., people whose main source of income is hunting activities,
in spite of its illegal status in Brazilian law) is commonly the job of locals, with middlemen
funding part or all of the hunt with loans used for supplies and expenses [35]. Sourcing
and preparation of specimens are carried out in mostly artisanal fashion with simple tools
and employment of dog-aided hunting, traps, and firearms (Figure 2) [46–48].
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Figure 2. Different populations in Brazil have hunting as a source of animal protein. (Left) Trap made
by hand for hunting small mammals; (Right, above) specimen of Didelphis albiventris being prepared
by the hunter for consumption; and (Right, below) specimen of Nasua nasua packaged and without
skin ready for consumption. Photo: Ianei Carneiro.

Product transport can be the task of specialized smugglers or could involve profes-
sionals that work on long-distance travel (e.g., truck drivers, migrant rural workers) to
avoid suspicion. Different products have their supply chains tailored to their particular
characteristics. “Shelf-stable” products such as dry materials (teeth and bones, claws,
horns, feathers, snake rattles, etc.), animal preserves (e.g., in alcohol or oil), tanned or
sundried goods (leather, whole dry animals, etc.), and preparations (powdered products,
concoctions) can be stored and sold at convenience. Perishable goods and other products
that require refrigeration or freezing (meat, eggs, milk, viscera, blood, lard, suet, etc.) are
normally obtained based on demand.

Exchange can take place in fairs and markets or directly in the client’s household [35].
Animals employed in Afro-Brazilian religious ceremonies can usually be sourced from
stores that supply other types of products for this purpose [19], alongside other edible
items, earthenware, musical instruments, and other utilities.

The relationship between public wet markets and wildlife trafficking is ubiquitous,
and the target of regulation and law enforcement surveillance is to curb the practice [19].
As a response, less conspicuous ways have been procured to conduct business and avoid
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scrutiny. Alves and Rosa [18,49] observed organizational strategies, such as whole animals
being stored in separate containers of bags, being exposed only during transactions, as a
precaution to elude the environmental police.

Social media and instant messenger platforms such as Facebook and WhatsApp have
gained popularity as marketplaces due to their accessibility, in many cases eliminating the
need for middlemen [12,13]. Virtual environments have several important characteristics
for this type of commerce, such as avoiding conspicuous gatherings, easy and wider access
to vendors, and the gatekeeping measures made possible by digital means (e.g., closed
groups with strict entry criteria and end-to-end encryption on messages that can be deleted
from all devices involved simultaneously) [50].

4. Zoonotic Risk

Hunting is considered a high-risk zoonotic activity in Brazil, with hunter populations
being considered potential sentinels for zoonotic spillover [30,51] and highly vulnerable
to the acquisition of new and reemerging zoonotic pathogens [52,53]. Hunting is a risk
exposure both directly, by the manipulation and treatment of the downed animals, and by
moving the frontier of human activity into areas that favor pathogen transmission or into
contact with novel transmission systems [52,54].

Animals are commonly consumed in their entirety, either as a single item or dismem-
bered into different pieces/products [10]. This increases the amount of contact with the
carcasses, the variety of tissues and organs with potentially distinct parasite groups (e.g.,
helminths and Giardia from the intestines, ectoparasites from the skin, or protist and bac-
terial pathogens from bodily fluids), and the amount and types of risk exposures in the
process. Cross-contamination could occur in places where wild animal-based products and
other foodstuffs are stored or transported together if inadequate hygiene and preservation
conditions are not observed—something likely to happen in irregular activities such as
bushmeat trafficking [29,35].

The absence of hygiene and biosafety standards on wild animal preparation and
processing is another window for cross-contamination, as “cleaner” tissue (such as muscle
or fat) could come into contact with gut, skin, and excretory system bacteria, as well as
environmental contaminants. Wet markets also contribute to the problem by frequently
having lax sanitary conditions, with animals being stored in cramped spaces with poor
ventilation and inconsistent hygiene practices [14].

Animal trafficking is also a strong potential source of mammal-to-mammal zoonotic in-
fection [55]. Commonly consumed species, in particular mammals, are known for carrying
zoonotic pathogens (Figure 3) [10]. Bird-to-human contamination in pet bird commer-
cialization has also been detected recently and makes rearing and captivity breeding of
wild birds a potential source of risk [56]. Mammals are a group of particular concern, as
phylogenetic proximity is a contributor to pathogen spillover, likely due to similarities in
physiology and immunity [57]. Contact between pets, livestock, and wildlife—in particular,
if pets are involved in activities that enhance contact with either of the groups, such as
herding or hunting, and are present during processing activities—is commonly one of the
stages of zoonotic spillover, with pathogens brought closer to human populations after their
establishment in livestock [14]. Hunting and transportation itself is a potential amplifier
of zoonotic risk, as the stress experienced by the animal during hunting and transport (if
alive) can be linked to immunosuppression and changes to pathogen shedding [58].
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Figure 3. Mammals and reptiles are the most hunted species for consumption. (Left) Specimen of
Kerodon rupestris, a rodent found in the Caatinga biome, and (Right) lizard of the genus Tupinambis
sp. hunted and sold at an open market in a Brazilian city. Photo: Ianei Carneiro (Left) and Poliana
Mascarenhas (Right).

5. Current Evidence for Brazil

In spite of its potential importance to public health and the ubiquity of the practice of
bushmeat consumption, studies investigating the link between the practice and zoonotic
transmission in Brazil are still scarce. A recent review identified 173 parasite species
interacting with 63 species of mammals targeted by hunting activities [59]. There is evidence
of game meat being linked to 32 confirmed cases of infection by Trypanosoma cruzi [60].
Armadillos (genera Dasypus and Euphractus) are recognized as reservoirs for Mycobaterium
leprae, Trypanosoma sp., Paracoccidioides brasiliensis, and Leishmania sp. [61,62], with the
consumption of armadillos being associated with higher titers of anti-PGL-I (the M. leprae-
specific antibody) in Amazonian populations [63]. However, a causal nexus between the
consumption of armadillos and the incidence of leprosy in humans is yet to be firmly
established [64]. Feral pigs/boars (Sus scrofa) are reservoirs of the tuberculosis bacterium,
and there is evidence of an association between feral boar hunting practices and the
acquisition of Toxoplasma infection [65,66]. Consuming the liver of wild ungulates (Pecari
or Tayassu sp.) was detected as a risk factor for parasitism by the helminth Calodium
hepaticum [67].

6. Final Considerations

Current trends in the sociopolitical and ecoepidemiological dynamics indicate that
the risk of the emergence of pathogens with pandemic potential is high [68]. Thirteen
and a half million Brazilians, or 6.4% of the national population, live in conditions of
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extreme poverty according to data from 2019 [69], with the majority of this contingent
concentrated in the northern and northeastern regions—the regions most affected by the
COVID-19 pandemic [70]. In the same regions, ethnobiological studies highlight the close
bond and reliance of these populations on ethnobiological and ethnomedical applications
of the fauna, suggesting that the most socioeconomically marginalized portion of the
population is also highly vulnerable and more heavily taxed by zoonotic disease [71].
The impacts of disease are exacerbated by extreme economic and environmental poverty,
ecosystem erosion, and human-accelerated climate change. This changing scenario is
highly concerning given the importance of game species for the survival and subsistence of
populations that are particularly sensitive to these changes which, in turn, could further
increase their risk of exposure to zoonotic sources [72]. Forest suppression increases local
temperatures and facilitates the spread of zoonotic and vector-borne diseases [73,74]. The
current scenario indicates the high risk of the emergence of novel public health threats
and potential Public Health Emergencies of International Concern (PHEIC) in the context
of wildlife consumption in Brazil, highlighting the necessity of the One Health approach
that allows for the survival and subsistence of such populations, enable the protection
of ecosystems and biodiversity services, and mitigate the risks of establishing novel and
known wildlife-borne pathogen transmission.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/pathogens13030222/s1, Table S1: List of animal species consumed
in Brazil, classified by major taxonomic groups, as observed in literature. Species names are as
reported in the references. Species in bold lettering are domestic/introduced species. Species without
an assigned usage in the table either have no clear usage expressed in their publication of origin, or
are reported to be bred/kept in captivity; Table S2: Sources of ethnobiological data explored in the
manuscript. References [75–82] are cited in Table S1.

Author Contributions: Conceptualization and supervision: A.K.L., F.C. and R.R.N.A. Data sourcing:
C.G.Z., I.d.O.C., P.M.d.A. and R.R.N.A. Manuscript writing—first draft: C.G.Z., I.d.O.C. and P.M.d.A.
Final version: C.G.Z., I.d.O.C., P.M.d.A., A.K.L., F.C. and R.R.N.A. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no funding.

Acknowledgments: We would like to thank the staff of UFBA’s central library for their assistance in
remote accessing periodicals and Francisco T. Corrêa for the final proofing of the manuscript.

Conflicts of Interest: The authors disclose no conflicts regarding this manuscript.

References
1. Jones, K.E.; Patel, N.G.; Levy, M.A.; Sotrreygard, A.; Balk, D.; Gittleman, J.L.; Daszak, P. Global trends in emerging infectious

diseases. Nature 2008, 451, 990–994. [CrossRef]
2. El Amri, H.; Boukharta, M.; Zakham, F.; Ennaji, M.M. Emergence and Reemergence of Viral Zoonotic Diseases: Concepts and

Factors of Emerging and Reemerging Globalization of Health Threats. In Emerging and Reemerging Viral Pathogens; Academic
Press: Cambridge, MA, USA, 2020; pp. 619–634.

3. Keesing, F.; Belden, L.K.; Daszak, P.; Dobson, A.; Harvell, C.D.; Holt, R.D.; Hudson, P.; Jolles, A.; Jones, K.E.; Mitchell, C.E.; et al.
Impacts of biodiversity on the emergence and transmission of infectious diseases. Nature 2010, 468, 647–652. [CrossRef]

4. Faber, M.; Heuner, K.; Jacob, D.; Grunow, R. Tularemia in Germany—A Re-emerging Zoonosis. Front. Cell. Infect. Microbiol. 2018,
8, 40. [CrossRef]

5. Balogun, O.O.; Akande, O.W.; Hamer, D.H. Lassa Fever: An Evolving Emergency in West Africa. Am. J. Trop. Med. Hyg. 2020, 104,
466–473. [CrossRef] [PubMed]

6. Gracio, A.; Gracio, M.A.A. Plague: A Millenary Infectious Disease Reemerging in the XXI Century. Biomed. Res. Int. 2017,
2017, 5696542. [CrossRef] [PubMed]

7. Pongsiri, M.J.; Roman, J.; Ezenwa, V.O.; Goldberg, T.L.; Koren, H.S.; Newbold, S.C.; Ostfeld, R.S.; Pattanayak, S.K.; Salkeld, D.J.
Biodiversity Loss Affects Global Disease Ecology. BioScience 2009, 59, 945–954. [CrossRef]

8. Liu, S.L.; Saif, L.J.; Weiss, S.R.; Su, L. No credible evidence supporting claims of the laboratory engineering of SARS-CoV-2. Emerg.
Microbes Infect. 2020, 9, 505–507. [CrossRef] [PubMed]

9. World Health Organization. WHO-Convened Global Study of Origins of SARS-CoV-2: China Part; World Health Organization:
Geneva, Switzerland, 2021; p. 120.

https://www.mdpi.com/article/10.3390/pathogens13030222/s1
https://www.mdpi.com/article/10.3390/pathogens13030222/s1
https://doi.org/10.1038/nature06536
https://doi.org/10.1038/nature09575
https://doi.org/10.3389/fcimb.2018.00040
https://doi.org/10.4269/ajtmh.20-0487
https://www.ncbi.nlm.nih.gov/pubmed/33236712
https://doi.org/10.1155/2017/5696542
https://www.ncbi.nlm.nih.gov/pubmed/28904964
https://doi.org/10.1525/bio.2009.59.11.6
https://doi.org/10.1080/22221751.2020.1733440
https://www.ncbi.nlm.nih.gov/pubmed/32102621


Pathogens 2024, 13, 222 8 of 10

10. Alves, R.R.N.; Oliveira, T.P.R.; Rosa, I.L. Wild animals used as food medicine in Brazil. Evid. Based Complement. Altern. Med. Ecam
2013, 2013, 670352. [CrossRef] [PubMed]

11. Alves, R.; Feijó, A.; Barboza, R.; Souto, W.; Fernandes-Ferreira, H.; Cordeiro-Estrela, P.; Langguth, A. Game mammals of the
Caatinga biome. Ethnobiol. Conserv. 2016, 5. [CrossRef]

12. Dos Santos Soares, V.M.; de Lucena Soares, H.K.; da Silva Santos, S.; de Lucena, R.F.P. Local knowledge, use, and conservation of
wild birds in the semi-arid region of Paraíba state, northeastern Brazil. J. Ethnobiol. Ethnomed. 2018, 14, 77. [CrossRef] [PubMed]

13. Souto, W.M.S.; Barboza, R.R.D.; Fernandes-Ferreira, H.; Júnior, A.J.C.M.; Monteiro, J.M.; Abi-Chacra, É.d.A.; Alves, R.R.N.
Zootherapeutic uses of wildmeat and associated products in the semiarid region of Brazil: General aspects and challenges for
conservation. J. Ethnobiol. Ethnomed. 2018, 14, 60. [CrossRef]

14. Magouras, I.; Brookes, V.J.; Jori, F.; Martin, A.; Pfeiffer, D.U.; Durr, S. Emerging Zoonotic Diseases: Should We Rethink the
Animal-Human Interface? Front. Vet. Sci. 2020, 7, 582743. [CrossRef]

15. Chen, Y.; Liang, W.; Yang, S.; Wu, N.; Gao, H.; Sheng, J.; Yao, H.; Wo, J.; Fang, Q.; Cui, D.; et al. Human infections with the
emerging avian influenza A H7N9 virus from wet market poultry: Clinical analysis and characterisation of viral genome. Lancet
2013, 381, 1916–1925. [CrossRef]

16. Wang, L.F.; Shi, Z.; Zhang, S.; Field, H.; Daszak, P.; Eaton, B.T. Review of bats and SARS. Emerg. Infect. Dis. 2006, 12, 1834–1840.
[CrossRef]

17. World Health Organization. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed
on 22 January 2024).

18. Alves, R.R.N.; Rosa, I.L. Zootherapy goes to town: The use of animal-based remedies in urban areas of NE and N Brazil.
J. Ethnopharmacol. 2007, 113, 541–555. [CrossRef]

19. Alves, R.R.N.; Rosa, I.L. Trade of animals used in Brazilian traditional medicine: Trends and implications for conservation. Hum.
Ecol. 2010, 38, 691–704. [CrossRef]

20. Alves, R.R.N.; Rosa, I.L.; Léo Neto, N.A.; Voeks, R. Animals for the Gods: Magical and Religious Faunal Use and Trade in Brazil.
Hum. Ecol. 2012, 40, 751–780. [CrossRef]

21. Alves, R.R.N.; Rosa, I.L.; Santana, G.G. The Role of Animal-derived Remedies as Complementary Medicines in Brazil. BioScience
2007, 57, 949–955. [CrossRef]

22. Teixeira, P.H.R.; Thel, T.d.N.; Ferreira, J.M.R.; de Azevedo, S.M., Jr.; Junior, W.R.T.; Lyra-Neves, R.M. Local knowledge and
exploitation of the avian fauna by a rural community in the semi-arid zone of northeastern Brazil. J. Ethnobiol. Ethnomed. 2014,
10, 81. [CrossRef] [PubMed]

23. Chaves, W.A.; Wilkie, D.S.; Monroe, M.C.; Sieving, K.E. Market access and wild meat consumption in the central Amazon, Brazil.
Biol. Conserv. 2017, 212, 240–248. [CrossRef]

24. Souto, W.M.S.; Mourão, J.S.; Barboza, R.R.D.; Mendonça, L.E.T.; Lucena, R.F.P.; Confessor, M.V.A.; Vieira, W.L.S.; Montenegro,
P.F.G.P.; Lopez, L.C.S.; Alves, R.R.N. Medicinal animals used in ethnoveterinary practices of the ‘Cariri Paraibano’, NE Brazil.
J. Ethnobiol. Ethnomed. 2011, 7, 30. [CrossRef] [PubMed]

25. Alves, R.R.N.; Pereira Filho, G.A.; Silva Vieira, K.; Silva Souto, W.M.; Mendonça, L.E.T.; Montenegro, P.; Almeida, W.d.O.;
Silva Vieira, W.L. A zoological catalogue of hunted reptiles in the semiarid region of Brazil. J. Ethnobiol. Ethnomed. 2012, 8, 27.
[CrossRef]

26. Barros, F.B.; Varela, S.A.M.; Pereira, H.M.; Vicente, L. Medicinal use of fauna by a traditional community in the Brazilian
Amazonia. J. Ethnobiol. Ethnomed. 2012, 8, 37. [CrossRef]

27. El-Deir, A.C.A.; Collier, C.A.; de Almeida Neto, M.S.; Silva, K.M.d.S.; Policarpo, I.d.S.; Araújo, T.A.S.; Alves, R.R.N.; de
Albuquerque, U.P.; de Moura, G.J.B. Ichthyofauna used in traditional medicine in Brazil. Evid. Based Complement. Altern. Med.
2012, 2012, 474716. [CrossRef]

28. Campos-Silva, J.V.; Hawes, J.E.; Freitas, C.T.; Andrade, P.C.M.; Peres, C.A. Community-Based Management of Amazonian
Biodiversity Assets. In Participatory Biodiversity Conservation; Baldauf, C., Ed.; Springer Nature: Cham, Switzerland, 2020;
pp. 99–111.

29. Alves, R.R.N.; Léo Neto, N.A.; Brooks, S.E.; Albuquerque, U.P. Commercialization of animal-derived remedies as complementary
medicine in the semi-arid region of Northeastern Brazil. J. Ethnopharmacol. 2009, 124, 600–608. [CrossRef] [PubMed]

30. Confessor, M.V.A.; Mendonça, L.E.T.; Mourão, J.S.; Alves, R.R.N. Animals to heal animals: Ethnoveterinary practices in semiarid
region, northeastern Brazil. J. Ethnobiol. Ethnomed. 2009, 5, 37. [CrossRef] [PubMed]

31. Ferreira, F.S.; Brito, S.V.; Ribeiro, S.C.; Saraiva, A.A.F.; Almeida, W.O.; Alves, R.R.N. Animal-based folk remedies sold in public
markets in Crato and Juazeiro do Norte, Ceará, Brazil. BMC Complement. Altern. Med. 2009, 9, 17. [CrossRef]

32. Garcia, D.; Domingues, M.V.; Rodrigues, E. Ethnopharmacological survey among migrants living in the Southeast Atlantic Forest
of Diadema, São Paulo, Brazil. J. Ethnobiol. Ethnomed. 2010, 6, 29. [CrossRef]

33. Alves, R.R.N.; Vieira, K.S.; Santana, G.G.; Vieira, W.L.S.; Almeida, W.O.; Souto, W.M.S.; Montenegro, P.F.G.P.; Pezzuti, J.C.B. A
review on human attitudes towards reptiles in Brazil. Environ. Monit. Assess. 2012, 184, 6877–6901. [CrossRef]

34. De Moraes Mello Boccolini, P.; Siqueira Boccolini, C. Prevalence of complementary and alternative medicine (CAM) use in Brazil.
BMC Complement. Med. Ther. 2020, 20, 51. [CrossRef]

35. Chaves, W.A.; Monroe, M.C.; Sieving, K.E. Wild Meat Trade and Consumption in the Central Amazon, Brazil. Human. Ecol. 2019,
47, 733–746. [CrossRef]

https://doi.org/10.1155/2013/670352
https://www.ncbi.nlm.nih.gov/pubmed/23986785
https://doi.org/10.15451/ec2016-7-5.5-1-51
https://doi.org/10.1186/s13002-018-0276-x
https://www.ncbi.nlm.nih.gov/pubmed/30514340
https://doi.org/10.1186/s13002-018-0259-y
https://doi.org/10.3389/fvets.2020.582743
https://doi.org/10.1016/S0140-6736(13)60903-4
https://doi.org/10.3201/eid1212.060401
https://covid19.who.int/
https://doi.org/10.1016/j.jep.2007.07.015
https://doi.org/10.1007/s10745-010-9352-0
https://doi.org/10.1007/s10745-012-9516-1
https://doi.org/10.1641/B571107
https://doi.org/10.1186/1746-4269-10-81
https://www.ncbi.nlm.nih.gov/pubmed/25540070
https://doi.org/10.1016/j.biocon.2017.06.013
https://doi.org/10.1186/1746-4269-7-30
https://www.ncbi.nlm.nih.gov/pubmed/21985401
https://doi.org/10.1186/1746-4269-8-27
https://doi.org/10.1186/1746-4269-8-37
https://doi.org/10.1155/2012/474716
https://doi.org/10.1016/j.jep.2009.04.049
https://www.ncbi.nlm.nih.gov/pubmed/19422902
https://doi.org/10.1186/1746-4269-5-37
https://www.ncbi.nlm.nih.gov/pubmed/19941663
https://doi.org/10.1186/1472-6882-9-17
https://doi.org/10.1186/1746-4269-6-29
https://doi.org/10.1007/s10661-011-2465-0
https://doi.org/10.1186/s12906-020-2842-8
https://doi.org/10.1007/s10745-019-00107-6


Pathogens 2024, 13, 222 9 of 10

36. Alves, R.R.N.; Neta, R.O.d.S.; Trovão, D.M.d.B.M.; Barbosa, J.E.d.L.; Barros, A.T.; Dias, T.L.P. Traditional uses of medicinal animals
in the semi-arid region of northeastern Brazil. J. Ethnobiol. Ethnomed. 2012, 8, 41. [CrossRef] [PubMed]

37. Souto, W.M.S.; Barboza, R.R.D.; Rocha, M.S.P.; Alves, R.R.N.; Mourão, J.S. Animal-based medicines used in ethnoveterinary
practices in the semi-arid region of Northeastern Brazil. An. Da Acad. Bras. De Cienc. 2012, 84, 669–678. [CrossRef] [PubMed]

38. Alves, R.R.N.; Barbosa, J.A.A.; Santos, S.L.D.X.; Souto, W.M.S.; Barboza, R.R.D. Animal-based remedies as complementary
medicines in the semi-arid region of northeastern Brazil. Evid. Based Complement. Altern. Med. 2011, 2011, 179876. [CrossRef]
[PubMed]

39. de Oliveira, W.S.L.; Borges, A.K.M.; de Faria Lopes, S.; Vasconcellos, A.; Alves, R.R.N. Illegal trade of songbirds: An analysis of
the activity in an area of northeast Brazil. J. Ethnobiol. Ethnomed. 2020, 16, 16. [CrossRef]

40. Alves, R.R.N.; Oliveira, M.G.G.; Barboza, R.R.D.; Singh, R.; Lopez, L.C.S. Medicinal animals as therapeutic alternative in a
semi-arid region of northeastern Brazil. Forsch. Komplementarmedizin (2006) 2009, 16, 305–312. [CrossRef]

41. Ferreira, F.S.; Brito, S.V.; Ribeiro, S.C.; Almeida, W.O.; Alves, R.R. Zootherapeutics utilized by residents of the community Poço
Dantas, Crato-CE, Brazil. J. Ethnobiol. Ethnomed. 2009, 5, 21. [CrossRef]

42. Silvestres, R.N.d.C.a.T.d.A. 1º Relatório Nacional sobre o Tráfico de Fauna Silvestre; Rede Nacional de Combate ao Tráfico de Animais
Silvestres: Brasília, Brazil, 2001; p. 108.

43. Pantoja-Lima, J.; Aride, P.H.R.; de Oliveira, A.T.; Félix-Silva, D.; Pezzuti, J.C.B.; Rebêlo, G.H. Chain of commercialization of
Podocnemis spp. turtles (Testudines: Podocnemididae) in the Purus River, Amazon basin, Brazil: Current status and perspectives.
J. Ethnobiol. Ethnomed. 2014, 10, 8. [CrossRef]

44. da Silva, F.A.; Canale, G.R.; Kierulff, M.C.M.; Duarte, G.T.; Paglia, A.P.; Bernardo, C.S.S. Hunting, pet trade, and forest size effects
on population viability of a critically endangered Neotropical primate, Sapajus xanthosternos (Wied-Neuwied, 1826). Am. J.
Primatol. 2016, 78, 950–960. [CrossRef]

45. Trajano, M.C.; Carneiro, L.P. Diagnóstico da Criação Comercial de Animais Silvestres no Brasil; IBAMA: Brasília, Brazil, 2019; p. 56.
46. Alves, R.R.N.; Mendonça, L.E.T.; Confessor, M.V.A.; Vieira, W.L.S.; Lopez, L.C.S. Hunting strategies used in the semi-arid region

of northeastern Brazil. J. Ethnobiol. Ethnomed. 2009, 5, 12. [CrossRef]
47. Hanazaki, N.; Alves, R.R.; Begossi, A. Hunting and use of terrestrial fauna used by Caiçaras from the Atlantic Forest coast (Brazil).

J. Ethnobiol. Ethnomed. 2009, 5, 36. [CrossRef] [PubMed]
48. Milstein, M.S.; Shaffer, C.A.; Suse, P.; Marawanaru, E.; Gillespie, T.R.; Terio, K.A.; Wolf, T.M.; Travis, D.A. An Ethnographic

Approach to Characterizing Potential Pathways of Zoonotic Disease Transmission from Wild Meat in Guyana. Ecohealth 2020, 17,
424–436. [CrossRef] [PubMed]

49. Alves, R.R.N.; Rosa, I.L. From cnidarians to mammals: The use of animals as remedies in fishing communities in NE Brazil.
J. Ethnopharmacol. 2006, 107, 259–276. [CrossRef]

50. Alves, R.R.N.; Araujo, B.M.C.; Policarpo, I.d.S.; Pereira, H.M.; Borges, A.K.M.; Vieira, W.L.S.; Vasconcellos, A. Keeping reptiles as
pets in Brazil: Ethnozoological and conservation aspects. J. Nat. Conserv. 2019, 49, 9–21. [CrossRef]

51. Ellwanger, J.H.; Chies, J.A.B. Zoonotic spillover and emerging viral diseases time to intensify zoonoses surveillance in Brazil.
Braz. J. Infect. Dis. 2018, 22, 76–78. [CrossRef]

52. Zeppelini, C.G.; de Almeida, A.M.P.; Cordeiro-Estrela, P. Zoonoses As Ecological Entities: A Case Review of Plague. PLoS
Neglected Trop. Dis. 2016, 10, e0004949. [CrossRef]

53. Bragagnolo, C.; Gama, G.M.; Vieira, F.A.S.; Campos-Silva, J.V.; Bernard, E.; Malhado, A.C.M.; Correia, R.A.; Jepson, P.; De
Carvalho, S.H.C.; Efe, M.A.; et al. Hunting in Brazil: What are the options? Perspect. Ecol. Conserv. 2019, 17, 71–79. [CrossRef]

54. Ellwanger, J.H.; Kulmann-Leal, B.; Kaminski, V.L.; Valverde-Villegas, J.M.; Veiga, A.; Spilki, F.R.; Fearnside, P.M.; Caesar, L.; Giatti,
L.L.; Wallau, G.L.; et al. Beyond diversity loss and climate change: Impacts of Amazon deforestation on infectious diseases and
public health. Ann. Acad. Bras. Cienc. 2020, 92, e20191375. [CrossRef]

55. Lima, V.F.S.; Ramos, R.A.N.; Giannelli, A.; Schettino, S.C.; Galina, A.B.; Oliveira, J.C.P.d.; Meira-Santos, P.O.; Alves, L.C. Zoonotic
parasites in wild animals such as carnivores and primates that are traded illegally in Brazil. Braz. J. Vet. Med. 2021, 43, e113720.
[CrossRef]

56. Matias, C.A.R.; Pereira, I.A.; Reis, E.M.F.D.; Rodrigues, D.D.P.; Siciliano, S. Frequency of zoonotic bacteria among illegally traded
wild birds in Rio de Janeiro. Braz. J. Microbiol. [Publ. Braz. Soc. Microbiol.] 2016, 47, 882–888. [CrossRef]

57. Huang, S.; Bininda-Emonds, O.R.; Stephens, P.R.; Gittleman, J.L.; Altizer, S. Phylogenetically related and ecologically similar
carnivores harbour similar parasite assemblages. J. Anim. Ecol. 2014, 83, 671–680. [CrossRef]

58. Martin, L.B. Stress and immunity in wild vertebrates: Timing is everything. Gen. Comp. Endocrinol. 2009, 163, 70–76. [CrossRef]
59. Winck, G.R.; Raimundo, R.L.G.; Fernandes-Ferreira, H.; Bueno, M.G.; D’Andrea, P.S.; Rocha, F.L.; Cruz, G.L.T.; Vilar, E.M.;

Brandao, M.; Cordeiro, J.L.P.; et al. Socioecological vulnerability and the risk of zoonotic disease emergence in Brazil. Sci. Adv.
2022, 8, eabo5774. [CrossRef] [PubMed]

60. Sangenis, L.H.; Nielebock, M.A.; Santos, C.D.; Silva, M.C.; Bento, G.M. Chagas disease transmission by consumption of game
meat: Systematic review. Rev. Bras. Epidemiol. 2016, 19, 803–811. [CrossRef]

61. Deps, P.; Antunes, J.M.A.d.P.; Collin, S.M. Zoonotic risk of Hansen’s disease from community contact with wild armadillos: A
systematic review and meta-analysis. Zoonoses Public. Health 2020, 68, 153–164. [CrossRef]

62. Silva, E.A.; Rosa, P.S.; Arruda, M.S.P.; Rúbio, E.M. Determination of duffy phenotype of red blood cells in Dasypus novemcinctus
and Cabassous sp. Braz. J. Biol. 2005, 65, 555–557. [CrossRef]

https://doi.org/10.1186/1746-4269-8-41
https://www.ncbi.nlm.nih.gov/pubmed/23050756
https://doi.org/10.1590/S0001-37652012005000038
https://www.ncbi.nlm.nih.gov/pubmed/22751649
https://doi.org/10.1093/ecam/nep134
https://www.ncbi.nlm.nih.gov/pubmed/19729490
https://doi.org/10.1186/s13002-020-00365-5
https://doi.org/10.1159/000235855
https://doi.org/10.1186/1746-4269-5-21
https://doi.org/10.1186/1746-4269-10-8
https://doi.org/10.1002/ajp.22565
https://doi.org/10.1186/1746-4269-5-12
https://doi.org/10.1186/1746-4269-5-36
https://www.ncbi.nlm.nih.gov/pubmed/19930595
https://doi.org/10.1007/s10393-021-01513-3
https://www.ncbi.nlm.nih.gov/pubmed/33792854
https://doi.org/10.1016/j.jep.2006.03.007
https://doi.org/10.1016/j.jnc.2019.02.002
https://doi.org/10.1016/j.bjid.2017.11.003
https://doi.org/10.1371/journal.pntd.0004949
https://doi.org/10.1016/j.pecon.2019.03.001
https://doi.org/10.1590/0001-3765202020191375
https://doi.org/10.29374/2527-2179.bjvm113720
https://doi.org/10.1016/j.bjm.2016.07.012
https://doi.org/10.1111/1365-2656.12160
https://doi.org/10.1016/j.ygcen.2009.03.008
https://doi.org/10.1126/sciadv.abo5774
https://www.ncbi.nlm.nih.gov/pubmed/35767624
https://doi.org/10.1590/1980-5497201600040010
https://doi.org/10.1111/zph.12783
https://doi.org/10.1590/S1519-69842005000300022


Pathogens 2024, 13, 222 10 of 10

63. da Silva, M.B.; Portela, J.M.; Li, W.; Jackson, M.; Gonzalez-Juarrero, M.; Hidalgo, A.S.; Belisle, J.T.; Bouth, R.C.; Gobbo, A.R.;
Barreto, J.G.; et al. Evidence of zoonotic leprosy in Para, Brazilian Amazon, and risks associated with human contact or
consumption of armadillos. PLoS Negl. Trop. Dis. 2018, 12, e0006532. [CrossRef] [PubMed]

64. Schaub, R.; Avanzi, C.; Singh, P.; Paniz-Mondolfi, A.; Cardona-Castro, N.; Legua, P.; Crespo, L.; Sewpersad, K.; Dávila, J.J.; Barreto,
J.; et al. Leprosy Transmission in Amazonian Countries: Current Status and Future Trends. Curr. Trop. Med. Rep. 2020, 7, 79–91.
[CrossRef]

65. Maciel, A.L.G.; Loiko, M.R.; Bueno, T.S.; Moreira, J.G.; Coppola, M.; Dalla Costa, E.R.; Schmid, K.B.; Rodrigues, R.O.; Cibulski,
S.P.; Bertagnolli, A.C.; et al. Tuberculosis in Southern Brazilian wild boars (Sus scrofa): First epidemiological findings. Transbound.
Emerg. Dis. 2018, 65, 518–526. [CrossRef] [PubMed]

66. Machado, D.M.R.; de Barros, L.D.; de Souza Lima Nino, B.; de Souza Pollo, A.; Dos Santos Silva, A.C.; Perles, L.; Andre, M.R.;
Zacarias Machado, R.; Garcia, J.L.; Lux Hoppe, E.G. Toxoplasma gondii infection in wild boars (Sus scrofa) from the State of Sao
Paulo, Brazil: Serology, molecular characterization, and hunter’s perception on toxoplasmosis. Vet. Parasitol. Reg. Stud. Rep. 2021,
23, 100534. [CrossRef]

67. Goncalves, A.Q.; Ascaso, C.; Santos, I.; Serra, P.T.; Juliao, G.R.; Orlandi, P.P. Calodium hepaticum: Household clustering
transmission and the finding of a source of human spurious infection in a community of the Amazon region. PLoS Negl. Trop. Dis.
2012, 6, e1943. [CrossRef]

68. De Andreazzi, C.S.; Brandão, M.L.; Bueno, M.G.; Winck, G.R.; Rocha, F.L.; Raimundo, R.L.G.; Metzger, J.P.; Chame, M.; Cordeiro,
J.L.P.; D’Andrea, P.S. Brazil’s COVID-19 response. Lancet 2020, 396, E30. [CrossRef]

69. IBGE. Extrema Pobreza Atinge 13.5 Milhões de Pessoas e Chega ao Maior Nível em 7 Anos; Brazilian Institute of Geography and
Statistics: Rio de Janeiro, Brazil, 2020.

70. Kerr, L.; Kendall, C.; Silva, A.; Aquino, E.M.L.; Pescarini, J.M.; Almeida, R.L.F.; Ichihara, M.Y.; Oliveira, J.F.; Araujo, T.V.B.; Santos,
C.T.; et al. COVID-19 in Northeast Brazil: Achievements and limitations in the responses of the state governments. Cien Saude
Colet. 2020, 25, 4099–4120. [CrossRef] [PubMed]

71. Garchitorena, A.; Sokolow, S.H.; Roche, B.; Ngonghala, C.N.; Jocque, M.; Lund, A.; Barry, M.; Mordecai, E.A.; Daily, G.C.; Jones,
J.H.; et al. Disease ecology, health and the environment: A framework to account for ecological and socio-economic drivers in the
control of neglected tropical diseases. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2017, 372, 20160128. [CrossRef] [PubMed]

72. Nava, A.; Shimabukuro, J.S.; Chmura, A.A.; Luz, S.L.B. The Impact of Global Environmental Changes on Infectious Disease
Emergence with a Focus on Risks for Brazil. ILAR J. 2017, 58, 393–400. [CrossRef]

73. Andrioli, D.C.; Busato, M.A.; Lutinski, J.A. Spatial and temporal distribution of dengue in Brazil, 1990–2017. PLoS ONE 2020,
15, e0228346. [CrossRef]

74. Booth, M. Climate Change and the Neglected Tropical Diseases. Adv. Parasitol. 2018, 100, 39–126. [CrossRef] [PubMed]
75. Alves, R.R.N.; Lima, H.N.; Tavares, M.C.; Souto, W.M.S.; Barboza, R.R.D.; Vasconcellos, A. Animal-based remedies as comple-

mentary medicines in Santa Cruz do Capibaribe, Brazil. BMC Complement. Altern. Med. 2008, 8, 44. [CrossRef]
76. Bezerra, D.M.M.; de Araujo, H.F.P.; Alves, A.G.C.; Alves, R.R.N. Birds and people in semiarid northeastern Brazil: Symbolic and

medicinal relationships. J. Ethnobiol. Ethnomed. 2013, 9, 3. [CrossRef]
77. Barboza, R.R.D.; Souto, W.d.M.S.; Mourão, J.d.S. The use of zootherapeutics in folk veterinary medicine in the district of Cubati,

Paraíba State, Brazil. J. Ethnobiol. Ethnomed. 2007, 3, 32. [CrossRef]
78. Alves, R.R.N. Fauna used in popular medicine in Northeast Brazil. J. Ethnobiol. Ethnomed. 2009, 5, 1. [CrossRef]
79. Alves, R.R.N.; Rosa, I.L. Zootherapeutic practices among fishing communities in North and Northeast Brazil: A comparison.

J. Ethnopharmacol. 2007, 111, 82–103. [CrossRef]
80. Carneiro, I.d.O.; Santos, N.d.J.; Silva, N.S.; Lima, P.C.; Meyer, R.; Netto, E.M.; Franke, C.R. Knowledge, practice and perception of

human-marsupial interactions in health promotion. J. Infect. Dev. Ctries. 2019, 13, 342–347. [CrossRef] [PubMed]
81. Coutinho, H.D.M.; Vasconcellos, A.; Lima, M.A.; Almeida-Filho, G.G.; Alves, R.R.N. Termite usage associated with antibiotic

therapy: Enhancement of aminoglycoside antibiotic activity by natural products of Nasutitermes corniger (Motschulsky 1855).
BMC Complement. Altern. Med. 2009, 9, 35. [CrossRef] [PubMed]

82. Firmo, A.M.S.; Tognella, M.M.P.; Tenório, G.D.; Barboza, R.R.D.; Alves, R.R.N. Habits and customs of crab catchers in southern
Bahia, Brazil. J. Ethnobiol. Ethnomed. 2017, 13, 46. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1371/journal.pntd.0006532
https://www.ncbi.nlm.nih.gov/pubmed/29953440
https://doi.org/10.1007/s40475-020-00206-1
https://doi.org/10.1111/tbed.12734
https://www.ncbi.nlm.nih.gov/pubmed/29076653
https://doi.org/10.1016/j.vprsr.2021.100534
https://doi.org/10.1371/journal.pntd.0001943
https://doi.org/10.1016/S0140-6736(20)31920-6
https://doi.org/10.1590/1413-812320202510.2.28642020
https://www.ncbi.nlm.nih.gov/pubmed/33027347
https://doi.org/10.1098/rstb.2016.0128
https://www.ncbi.nlm.nih.gov/pubmed/28438917
https://doi.org/10.1093/ilar/ilx034
https://doi.org/10.1371/journal.pone.0228346
https://doi.org/10.1016/bs.apar.2018.02.001
https://www.ncbi.nlm.nih.gov/pubmed/29753342
https://doi.org/10.1186/1472-6882-8-44
https://doi.org/10.1186/1746-4269-9-3
https://doi.org/10.1186/1746-4269-3-32
https://doi.org/10.1186/1746-4269-5-1
https://doi.org/10.1016/j.jep.2006.10.033
https://doi.org/10.3855/jidc.10177
https://www.ncbi.nlm.nih.gov/pubmed/32045379
https://doi.org/10.1186/1472-6882-9-35
https://www.ncbi.nlm.nih.gov/pubmed/19761599
https://doi.org/10.1186/s13002-017-0174-7
https://www.ncbi.nlm.nih.gov/pubmed/28835286

	Introduction 
	Methods 
	Characterizing Wildlife Consumption in Brazil 
	Faunal Diversity Involved 
	Uses and Culture 
	Origins of Consumed Animals 
	Supply Chain and Associated Economic Activity 

	Zoonotic Risk 
	Current Evidence for Brazil 
	Final Considerations 
	References

