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Abstract 
 

This literature review focuses on Antimicrobial resistance (AMR) in bushmeat consumed in Africa, Asia, the Americas, and Europe. We 
analysed 119 articles, including 18 on Gram-negative bacteria in protected areas, 66 on Gram-negative bacteria in non-protected areas, and 35 on 
Gram-positive bacteria in wildlife. Our findings revealed the presence of AMR and resistance genes in all regions, in both protected and non-
protected areas. Africa had the highest number of publications on protected areas, followed by Europe, the Americas, and Asia. In non-protected 
areas, Europe ranked first, followed by Asia, the Americas, and Africa. Gram-negative bacteria such as Pseudomonas spp., Escherichia coli, 
Klebsiella pneumoniae, and Salmonella spp. exhibited resistance and multidrug resistance. Resistance genes were also identified, including those 
targeting tetracyclines, carbapenems, vancomycin, fluoroquinolones, and chloramphenicol. Wildlife plays a critical role in the dissemination of 
resistant bacteria and genes, highlighting the need for continuous monitoring and preventive measures to combat zoonotic antibiotic resistance.  
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INTRODUCTION 

 
The term "bushmeat" refers to any terrestrial mammal, bird, 
reptile, or amphibian harvested from the wild for consumption 
and encompasses all stages of the supply chain, including 
acquisition, trade, and consumption of wild meat (1). 
Bushmeat is both a source of protein and income for many 
communities. However, this highly valued bushmeat can act as 
a significant reservoir of zoonotic pathogens, such as 
antibiotic-resistant bacteria (2, 3). Antibiotic resistance 
represents a major global public health issue (4, 5). The rising 
incidence of AMR bacteria poses one of the greatest medical 
challenges of our time. Bacteria once sensitive to clinically 
relevant antimicrobials now exhibit resistance, impacting 
public health, domestic animals, and bushmeat (4). 
Carbapenems, often considered antibiotics of last resort for 
life-threatening infections in humans, are increasingly 
compromised by carbapenemases and extended-spectrum β-
lactamases (ESBLs) (6). Over the last decade, clinically 
significant AMR bacteria have been isolated from various 
wildlife species across all continents, including Antarctica (7-
11). The presence of multidrug-resistant bacteria (MDR) and 
antibiotic-resistance genes in wildlife is influenced by host 
biology and ecology, as well as anthropogenic impact in areas 
inhabited by these animals (6, 12). While healthcare facilities, 
livestock farming, and agriculture are the primary drivers of 
antibiotic resistance, other contributors include wastewater, 
farm animals, domestic pets, and wildlife, such as bushmeat (4).  
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In rural areas of Central Africa, bushmeat is a crucial source of 
animal protein (6). However, Gram-negative bacteria carrying 
antibiotic resistance have been identified in wildlife, raising 
concerns about zoonotic transmission between humans and 
wildlife. Several studies have revealed similarities between 
bacterial gene sequences found in wildlife and those in 
humans, both in terms of sequence types and clinically 
significant antibiotic resistance determinants (6, 13). This 
highlights the importance of examining the impacts, 
consequences, and quantitative data on AMR to better justify 
the issue at hand. The presence of MDR bacteria, antimicrobial 
resistance genes, and their resistance mechanisms in wildlife 
necessitates close monitoring to prevent zoonotic risks at the 
human-wildlife interface. The purpose of this review is to 
provide an overview of bacterial resistance profiles and their 
genetic determinants in protected and non-protected areas.  
 
MATERIALS AND METHODS  
 
For this study, we searched for relevant articles on bacterial 
antibiotic resistance in wildlife consumed by humans and in 
game meat. Searches were conducted in databases such as 
Google Scholar, PubMed, and CrossRef. We included 
publications from 10 years (2013–2023), combining keywords 
with the names of specific countries.  
 

RESULTS AND DISCUSSION 
 
Antibiotic resistance in protected areas 
 
National parks play a critical role in biodiversity conservation, 
safeguarding natural heritage and resources essential to 



national economies. Established over vast, sparsely populated 
regions, these reserves are crucial for economic development. 
Africa, Asia, the Americas, and Europe have the highest 
number of protected areas, with studies examining diverse 
wildlife species and antibiotic-resistant bacteria. Antibiotic-
resistant bacteria isolated from this biodiversity, classified by 
continent, are summarised in Figure 1.  
 

 
 

Figure 1. Profile of Antimicrobial-Resistant Bacteria Isolated 
from the Four Continents 

 
Figure 1 present a diverse array of wild animals associated 
with a wide variety of bacteria. Non-human primates share a 
genetic heritage that is closely related to that of humans. The 
fact that these primates harbour bacteria which exhibit 
resistance and multidrug resistance to antimicrobials is 
concerning. These pathogens are responsible for human 
diseases, raising the possibility of bacterial transmission 
between humans and wildlife (11, 14). Indeed, several studies 
have highlighted the potential role of wildlife in the 
transmission of pathogens to humans (15, 16). Furthermore, 
multidrug-resistant (MDR) pathogens, particularly 
enterobacteria, are associated with increased mortality rates in 
both humans and animals, including non-human primates 
(NHPs) (17). Increased contact between animal species 
inhabiting the same geographical environment further 
facilitates the potential exchange of pathogens with wildlife 
such as NHPs (4, 14) probably due to hunting. However, NHPs 
are now prohibited from being hunted as they are monitored 
and protected by local authorities. A study conducted by 
Leresche Even Doneilly Oyaba Yinda et al in Gabon’s 
Moukalaba-Doudou National Park on western lowland gorillas 
(Gorilla gorilla gorilla) revealed pathogenic E. coli strains 
resistant to more than three classes of antibiotics, indicating 
multidrug-resistant E. coli (14). Another study by Mbehang 
Nguema et al in Gabon, also involving western lowland 
gorillas, identified multidrug-resistant strains of 
Achromobacter xylosoxidans and Providencia sp., with 
resistance to several antibiotic classes, including ampicillin, 
cefazolin, cefotaxime, streptomycin, gentamicin, kanamycin, 
tetracycline, nalidixic acid, ciprofloxacin, colistin, 
chloramphenicol, and trimethoprim (18). In South Africa, the 
study by Glover et al found that both Escherichia fergusonii 
and E. coli exhibited multidrug resistance, including resistance 
to carbapenems (19). Additionally, research conducted by Julio 
Andre Benavides et al in Gabon’s Lopé National Park revealed 
that E. coli displayed multidrug resistance to several antibiotic 
classes, including tetracycline, ampicillin, streptomycin, 
sulfamethoxazole, and rifampicin (20). Lastly, Mbehang 

Nguema et al conducted a study in Gabon involving various 
terrestrial mammals, including non-human primates (11). They 
identified antibiotic-resistant E. coli strains in Colobus satanas 
(resistance to levofloxacin), Gorilla gorilla gorilla (resistance 
to amoxicillin, ticarcillin, nalidixic acid, and chloramphenicol), 
and Mandrillus sphinx (resistance to amoxicillin, ticarcillin, 
chloramphenicol, and sulfamethoxazole-trimethoprim). 
Additionally, Mandrillus sphinx demonstrated resistance to 
amoxicillin, amoxicillin-clavulanic acid, aztreonam, ticarcillin, 
ticarcillin-clavulanic acid, piperacillin-tazobactam, and 
cephalexin (11). The emergence of resistance to last-resort 
antimicrobials, such as carbapenems, colistin, and third-
generation cephalosporins, within wildlife suggests potential 
anthropogenic contamination via various transmission 
pathways between humans and animals (21, 22). Furthermore, 
given the close genetic proximity between humans and non-
human primates, the presence of antimicrobial-resistant 
bacteria in the latter could indicate that non-human primates 
act as reservoirs of pathogenic infectious agents. It is 
noteworthy that these primates harbour such bacteria without 
displaying apparent clinical signs of infectious diseases (14, 
23). Figure 1 demonstrates that the most frequently isolated 
bacteria include Escherichia coli, Salmonella spp., and 
Klebsiella pneumoniae, with Africa being the most affected 
continent. These enterobacteria exhibit resistance to 
carbapenems and produce extended-spectrum beta-lactamases 
(ESBL), are listed as priority pathogens by the WHO (24). 
Antibiotic resistance profiles vary across continents, with 
Africa exhibiting the highest number of tested antibiotic 
classes and consequently the greatest diversity of antibiotic 
resistance in wildlife. Figures 2 and 3 below further illustrate 
this trend. 
 

 
 

Figure 2. Profile of antibiotics exhibiting resistance in bacteria 
from protected areas in Africa 

  
The prevalence on the y-axis corresponds to the total number 
of instances a resistant bacterium was reported across all the 
articles collected from Africa. 
 

 
 

Figure 3. Profile of antibiotics exhibiting resistance in bacteria 
from protected areas across four continents 
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The prevalence on the y-axis corresponds to the total number 
of instances a resistant bacterium was reported across all the 
articles collected. These findings highlight the most frequently 
observed resistances in wildlife from protected areas across the 
four continents, particularly concerning clinically significant 
last-resort antibiotics, such as carbapenems (imipenem, 
ertapenem, doripenem, meropenem) and third-generation 
cephalosporins, including colistin (25, 26). 
 
The majority of these resistant antibiotics are found in Africa, 
which could be attributed to the effects of various 
antimicrobial dissemination pathways in the environment. 
Resistant antibiotics spread through untreated wastewater, 
pathogen vectors, and poor hospital waste management, 
primarily found in Africa, affecting wildlife and distributing 
antibiotic resistance genes, highlighting the need for effective 
environmental solutions (4, 6). Among this fauna, it is 
significant to highlight the presence of protected animal 
species such as the giant panda (Ailuropoda melanoleuca), 
western lowland gorilla (Gorilla gorilla gorilla), mandrill 
(Mandrillus sphinx), forest elephant (Loxodonta cyclotis), 
giraffe (Giraffa camelopardalis), and chimpanzees (Pan 
troglodytes verus) (27, 28). Although bushmeat species vary 
from continent to continent, almost identical bacterial strains 
are found in all four regions, with similar antibiotic resistance 
profiles. Among the protected species such as forest elephant 
(Loxodonta cyclotis) plays a crucial role in forest regeneration 
through its dung (faecal matter) (29). These droppings, which 
carry bacteria and resistance genes, disperse across various 
environments, thereby facilitating the persistence and 
dissemination of these microbes within wildlife populations, 
including game consumed by human populations (29). Despite 
their herbivorous diet, these animals harbour antibiotic-
resistant E. coli strains (1) similar to other bacterial species 
detected in bushmeat. The red river hog (Potamochoerus 
porcus), akin to the European wild boar, is one of eight wild 
suids in Africa (30). It inhabits the humid forests of West and 
Central Africa's forest belt (30). These animals live in groups 
of approximately fifteen to forty individuals (30). Their diet 
includes seeds and fruits. Their gregarious nature and close 
contact foster the sharing of microbes, which may lead to the 
exchange of antibiotic-resistance genes (4, 30). They also 
consume plant roots and occasionally small animals (30). 
Roots, which are in contact with soil, may act as vectors of 
bacterial contamination, as soil harbours ubiquitous bacteria 
originating from human waste, animal excrement, and polluted 
water (31, 32). The red river hog's consumption of small 
animals, which serve as game for them, further contributes to 
the acquisition of novel bacteria and antimicrobial resistance 
genes (30). Omnivores such as the Guinea baboon (Papio 
papio), the chimpanzee (Pan troglodytes verus) found 
exclusively in certain African savannas and tropical forests and 
the South American coati (Nasua nasua), also carry the same 
enterobacteria found in other game species mentioned 
previously (33, 34). Across all continents, antibiotic-resistance 
to beta-lactams, quinolones/fluoroquinolones, tetracyclines, 
and sulphonamides is widespread (14, 35). Colistin resistance 
is confined to Africa and Europe, possibly due to the limited 
number of articles addressing this topic in protected areas and 
the fact that colistin resistance is not systematically examined 
in these studies. Resistance to other cyclins (tigecycline, 
oxytetracycline), meropenem, and erythromycin also appears 
limited to Africa and Europe, potentially explained by the 
proximity between these two continents via game trade and the 
transfer of resistant bacteria by migratory birds such as gulls 

(36, 37). Furthermore, other enterobacteria, such as Shigella 
spp. (responsible for shigellosis in humans), Klebsiella spp. (K. 
pneumoniae, K. oxytoca, K. variicola, K. aerogenes), which 
cause digestive and pleuropulmonary infections in humans, 
Serratia spp., Salmonella enterica, Enterobacter spp., Proteus, 
and Morganella morganii, are all found in the digestive tracts 
of humans and animals. In immunocompromised individuals, 
these bacteria may lead to infectious diseases with therapeutic 
dead ends (38, 39). 
 
Antibiotic resistance genes such as beta-lactamases (blaCMY-
2, blaCMY-1, blaCTX-M-15) are widespread in all over the 
world. Genes conferring resistance to sulphonamides (sul1, 
sul2, sul3), tetracyclines (tetA, tetB, tetC), quinolones (qnS1), 
and aminoglycosides (acc(3)-IIa and ant(3″)-Ia) are 
predominantly found in Africa and Asia. Antibiotic resistance 
in unprotected areas represent the most abundant locations for 
antibiotic-resistant bacteria and antibiotic-resistance genes 
compared to protected areas due to a more important human 
activity in these areas.  
Our results indicate the presence of several bacterial species 
are studied, including those on the list of priority bacteria for 
research and the development of new antimicrobials effective 
against therapeutic dead-ends in clinical settings (24). Bacteria 
such as multidrug-resistant Acinetobacter, multidrug-resistant 
Pseudomonas aeruginosa, E. coli, Klebsiella pneumoniae, and 
multidrug-resistant Serratia producing β-lactamases are 
included in this list and have been repeatedly cited in articles 
over the past decade across multiple continents (24).  
 

 
 

Figure 4. Representation of Antibiotic-Resistant Bacteria in 
Unprotected Areas in Africa, Asia, the Americas, Europe, the 
Mediterranean Sea, and Oceania. The prevalence on the y-axis is 
relative to the total number of times a resistant bacterium was 
mentioned across all the articles collected in the respective area 
 

 
 

Figure 5. Antibiotic Resistance Profiles in Unprotected Areas in 
Africa, Asia, the Americas, Europe, the Mediterranean Sea, and 
Oceania. The prevalence on the y-axis is relative to the total 
number of times a resistant bacterium was mentioned across all 
the articles collected in the respective area 
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Pseudomonas spp. (P. aeruginosa) is present in a wide range 
of wild animals across various continents in our study: 
Peruvian boobies (Sula variegata), wild birds (Columba livia, 
Buteo buteo, etc.), bats, howler monkeys (Alouatta palliata), 
spider monkeys (Ateles geoffroyi), felids (jaguars, Panthera 
onca), pumas (Puma concolor), jaguars (Puma yagouarundi), 
Mediterranean loggerhead turtles (Caretta caretta), mammals, 
tortoises, marsh turtles, birds, and reptiles, among others. It is 
worth noting that Pseudomonas aeruginosa is rarely part of the 
normal microbial flora in healthy humans or animals (40). The 
presence of antimicrobial-resistant Pseudomonas spp. poses a 
significant therapeutic challenge for the treatment of bacterial 
diseases caused by this pathogen, due to its ability to develop 
resistance to multiple classes of antibiotics (40). Similarly, 
cases of multidrug resistance in Acinetobacter spp., and 
Enterobacteriaceae (such as E. coli and K. pneumoniae) 
producing extended-spectrum beta-lactamases (ESBLs) fall 
within the same context as Pseudomonas spp.. Indeed, these 
bacteria are found in the microbiomes of a diversity of wild 
hosts across all continents, and these wild animals may come 
into contact with humans and/or be consumed by them (11, 
41). According to Figures 2 and 3, Europe is the continent 
where the most antibiotic-resistant bacteria and antibiotics are 
observed in wildlife from unprotected areas. In contrast, Africa 
is the most affected continent in protected areas. This 
difference may be explained by the number of published 
articles (which we have collected for this review) between 
these two types of areas (protected and unprotected), as well as 
by the number of species identified and found in each of these 
areas. Environmental and anthropological factors are equally 
cited in both protected and unprotected areas. Wildlife living 
close to human settlements or livestock raised for food, or 
drinking from waterways derived from wastewater, tends to 
exhibit more antibiotic-resistant bacteria clinically relevant to 
humans than wildlife in less anthropized habitats (4, 6). This 
scenario is observable in both areas. However, environmental 
factors or seasonality are not sufficiently prominent in our 
articles as factors that could potentially justify this difference 
between Europe and Africa. 
 
Figure 5 presents several peaks of antimicrobial resistance in 
Europe. Two antibiotics stand out with the highest peaks: 
ampicillin and tetracycline. Other antimicrobials are also 
significant, including amoxicillin + clavulanic acid, 
chloramphenicol, gentamicin, streptomycin, sulfamethoxazole 
+ trimethoprim, and ciprofloxacin. These antibiotics are most 
frequently associated with resistance in wildlife from 
unprotected areas in Europe, but also in comparison to other 
regions. The amoxicillin + clavulanic acid (AMC) combination 
is commonly used in clinical medicine to address beta-
lactamases. It is prescribed in cases of resistance to beta-lactam 
antibiotics (42, 43). Additionally, it is also used in the breeding 
of domestic animals raised for food (44). Amoxicillin alone is 
a group A penicillin with broad-spectrum activity against both 
Gram-positive and Gram-negative bacteria, including 
anaerobes and spirochetes (45). Therefore, in cases of 
resistance to group A penicillins, the amoxicillin + clavulanic 
acid combination (AMC) is commonly used in both clinical 
and veterinary practice (44). The significant presence of AMC 
resistance in wildlife therefore suggests potential 
anthropogenic and/or veterinary contamination (11, 14). 
This observation also applies to other antibiotics previously 
mentioned, such as chloramphenicol, gentamicin, 
streptomycin, and the sulfamethoxazole + trimethoprim 
combination (11, 14). All these antibiotics are used in both 

human and veterinary medicine, and show high resistance rates 
in wildlife (46, 47). Cases of ampicillin, tetracycline, and 
ciprofloxacin are also noteworthy. Ampicillin is a group A 
penicillin effective against Gram-positive aerobic bacteria, 
Gram-negative aerobic bacteria, and anaerobes. It is inhibited 
by penicillinases (48). In clinical practice, this antibiotic is 
used to treat various infections, such as skin infections, renal, 
urogenital, and digestive infections (48). It is also used in 
veterinary medicine. Tetracycline, on the other hand, is a 
broad-spectrum antibiotic widely used in clinical and 
veterinary medicine. The detection of these antibiotics in 
wildlife is concerning, particularly as antimicrobial resistance 
is observed in all regions studied, within a rich biodiversity 
(41). In response to this resistance, other antibiotics, such as 
the amoxicillin + sulbactam combination, are used in clinical 
settings to circumvent ampicillin resistance (49). 
As for ciprofloxacin, it plays a crucial role in the treatment of 
certain clinical infections, such as pyelonephritis, prostatitis, 
and digestive infections (50). This medication is typically 
administered for severe infections where other antibiotics are 
less suitable or cannot be used (50). Ciprofloxacin, a 
fluoroquinolone, acts on Gram-positive aerobic bacteria, 
Gram-negative aerobic bacteria, and other bacteria, including 
mycoplasmas (50). The abundant presence of these antibiotics 
in wildlife could result from likely anthropogenic pollution, 
but it may also be linked to horizontal gene transfer between 
bacterial populations within the same microbiome, as well as 
between animal populations sharing the same environment and 
infectious agents (4). It is now established that the presence of 
antibiotic-resistant bacteria in wild animals is more closely 
linked to anthropogenic pollution than to natural selection of 
resistance (4). However, wildlife can contribute to the spread 
of these bacteria and their resistance genes across various 
ecosystems (4). Local transmission of resistant bacteria can 
occur between animals sharing the same environment (living 
sympatrically), particularly in non-migratory animals. 
Additionally, the geographic spread of antimicrobial resistance 
can also occur through migratory animals, such as birds, bats, 
fish, and turtles (4, 46). 
 
Genetic supports of antimicrobial resistance in game 
species in protected and unprotected areas 
 
Antimicrobial resistance, a global health challenge, is a global 
issue with no geographic boundaries (51). It involves genetic 
and biochemical mechanisms, including horizontal gene 
transfer (HGT) (52). HGT allows bacteria to rapidly become 
resistant to antibiotics, integrating new genetic material into 
their DNA. These resistance genes can spread globally, with 
some remaining confined to specific regions and others 
spreading worldwide, particularly against beta-lactams, 
tetracyclines, and sulfonamides (1, 53). The distribution of 
these genes, according to our data, is summarized in figure 4 
below.  
 
Genes affecting antimicrobial resistance (AMR) and 
multidrug-resistant (MDR) E. coli resistance vary across 
continents, with tetracycline resistance found on all continents. 
High molecular weight plasmids are associated with resistance 
to various antibiotic classes. The potential relationship between 
genes and plasmids in wild avifauna, including E. coli isolates, 
suggests a potential link between multidrug resistance and 
plasmid loss, potentially leading to the spread of these resistant 
bacteria to humans, livestock, and the environment (54). 
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