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Simple Summary: Wild animals in the Amazon Biome are exposed to numerous infectious and
parasitic diseases that can affect their health and the entire ecosystem. Studying these diseases is
essential because they do not just impact wildlife, but also humans and domestic animals,
illustrating the interconnectedness of health across species. This approach is known as One Health,
which recognizes that the health of people, animals, and the environment are closely linked. By
investigating diseases in wild animals, scientists can identify early warning signs of potential
outbreaks that may spread to humans or livestock. Understanding how diseases develop and spread
in this unique tropical environment is critical for protecting biodiversity and preventing larger
health crises. This research can lead to better strategies for disease prevention and control, which
benefits wildlife conservation efforts, public health, and sustainable development in the Amazon
region.

Abstract: The Amazon Biome is home to an extraordinary diversity of wildlife, many of which are
reservoirs or vectors for infectious and parasitic diseases that can impact not only the health of wild
animals but also human and domestic animal populations. This review highlights the critical
importance of studying infectious and parasitic diseases in wild animals within the Amazon,
particularly in the context of the One Health approach, which recognizes the interconnectedness of
human, animal, and environmental health. The review examines key pathogens, including viruses,
bacteria, and parasites, that pose significant risks to wildlife conservation and public health.
Through a synthesis of recent literature, the article emphasizes the need for comprehensive
surveillance, research, and collaboration between veterinary, medical, and environmental sectors.
The results underscore the urgent necessity for an integrated response to emerging diseases,
particularly as environmental changes and human activities increasingly disrupt ecosystems in the
region. The conclusions advocate for the reinforcement of One Health initiatives in the Amazon
Biome to ensure the protection of biodiversity and the prevention of zoonotic disease transmission
to human populations.

Keywords: zoonotic diseases; biodiversity conservation; environmental health; disease
transmission; wildlife health

1. Introduction

The Amazon Biome, encompassing approximately 6.7 million square kilometers across nine
South American countries, is one of the most biologically diverse regions on the planet. This
ecosystem hosts a wide range of wildlife species, many of which are not only critical to the
ecosystem’s function but also serve as reservoirs for infectious agents, including viruses, bacteria,
fungi, and parasites [1-4]. The interconnection between wildlife, humans, and the environment in
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this biome underlines the need to study diseases from a One Health perspective, which promotes the
collaborative efforts of multiple disciplines to achieve optimal health outcomes for people, animals,
and the environment [5,6]. The Amazon Biome, home to an unparalleled diversity of wildlife, plays
a crucial role in maintaining global ecological balance. Its vast landscapes house a wide variety of
species, many of which remain understudied in terms of their interactions with infectious and
parasitic diseases. Given that wildlife often serves as reservoirs for numerous pathogens, the
potential for zoonotic transmission —diseases that can pass from animals to humans—is particularly
concerning. This highlights the importance of understanding how infectious and parasitic diseases
manifest within the biome’s wild animal populations and the wider implications for both human and
environmental health [1-4,8,9].

Infectious and parasitic diseases in wild animals can disrupt ecosystem dynamics, cause
population declines, and pose direct threats to biodiversity. These diseases often go unnoticed until
they have caused significant impacts, as wild animals are difficult to monitor comprehensively
[10,11]. The dense and remote nature of the Amazon further complicates efforts to study disease
prevalence and transmission pathways. Moreover, the encroachment of human activities, such as
deforestation, mining, and agricultural expansion, has brought humans, livestock, and wild animals
into closer contact, creating new opportunities for disease spillover. In this context, a One Health
approach—integrating human, animal, and environmental health—is essential to address these
interconnected challenges [12,13]. The One Health concept recognizes that the health of humans,
animals, and ecosystems are deeply intertwined, particularly in regions like the Amazon where
environmental degradation can directly influence disease emergence. As wildlife populations are
increasingly stressed by habitat loss, they become more vulnerable to infections, which can spread
rapidly within and between species. Understanding the role of wild animals in the epidemiology of
infectious and parasitic diseases within the Amazon Biome can help predict and prevent outbreaks
that may affect human populations or domestic animals, and mitigate the ecological consequences of
these diseases [1-4,8,9].

The urgent need to study infectious and parasitic diseases in wild animals within the Amazon
is underscored by the rapid pace of environmental changes occurring in the region. As climate change
accelerates and human impacts intensify, new diseases are likely to emerge, and existing ones may
shift their geographic range or increase in prevalence. Comprehensive studies that integrate
ecological, veterinary, and public health perspectives are required to address this growing threat
[14,15]. By focusing on the Amazon Biome, this review aims to shed light on the significance of
infectious and parasitic diseases in wild animals and the critical need for research within the
framework of One Health. As the human footprint in the Amazon grows due to deforestation,
urbanization, and resource extraction, the interaction between humans and wildlife intensifies. This
increased contact elevates the risk of zoonotic disease transmission —diseases that jump from animals
to humans [16,17]. Recent pandemics, such as COVID-19 [18], have underscored the importance of
monitoring and mitigating zoonotic threats, many of which originate from wildlife reservoirs. This
review focuses on the importance of studying infectious and parasitic diseases in wild animals in the
Amazon Biome, providing a comprehensive analysis of the existing literature and identifying areas
where further research is needed to better understand and control these diseases within the One
Health framework.

2. Infectious Diseases in Wild Animals of the Amazon Biome
2.1. Bacterial Diseases

The Amazon Biome, with its rich biodiversity, is host to a wide range of bacterial pathogens that
can affect wild animals and have significant ecological, veterinary, and public health implications.
These bacterial infections are not only a concern for wildlife health but also pose risks for zoonotic
transmission, impacting humans and domestic animals. The study of bacterial diseases in wild
animals of the Amazon is still in its infancy, and much remains unknown about the prevalence,
transmission dynamics, and ecological consequences of these infections. However, research to date
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highlights the pressing need for a more comprehensive understanding of bacterial pathogens
circulating in this unique biome [19-21].

One of the most significant bacterial diseases in the Amazon Biome is leptospirosis, caused by
Leptospira spp. This zoonotic bacterium affects a variety of wildlife species, including mammals such
as rodents, marsupials, and primates, which act as reservoirs. Leptospirosis is transmitted primarily
through the urine of infected animals, contaminating water sources that are then consumed by other
animals or humans. In the Amazon, where water plays a central role in the ecosystem, the potential
for leptospirosis transmission is heightened. The interaction between wildlife, domestic animals, and
human populations, particularly in areas where deforestation and land-use changes increase water
contamination, creates an ideal environment for the spread of this disease. Studies have suggested
that the prevalence of leptospirosis in wild animal populations may be underreported, calling for
more targeted research and surveillance in the region [22-25].

Brucellosis is another bacterial disease of concern in the Amazon Biome, caused by Brucella spp.
This disease affects various wildlife species, including ungulates, carnivores, and marine mammals,
such as manatees and river dolphins. Brucellosis is a zoonotic infection that can have severe
reproductive consequences for animals, including abortions, infertility, and reduced population
viability. In the Amazon, brucellosis has been detected in several species of wild mammals, raising
concerns about its impact on wildlife populations and its potential to spread to domestic animals and
humans. The close proximity of livestock to wildlife in certain areas, coupled with the lack of
veterinary infrastructure, increases the risk of cross-species transmission of Brucella. Monitoring and
managing brucellosis in the Amazon is critical, as it poses a dual threat to conservation efforts and
public health [22,25-28].

Another notable bacterial pathogen presents in the Amazon is tuberculosis, caused by
Mycobacterium spp. Tuberculosis has been reported in various wild animals, including primates, deer,
and carnivores. In some cases, wild animals may serve as reservoirs for Mycobacterium bovis, which
can infect domestic cattle and humans, particularly in rural areas where human-animal interactions
are common. Tuberculosis is of particular concern in primate populations, where it can cause severe
respiratory illness and contribute to population declines. Given the ecological importance of primates
in the Amazon as seed dispersers and key components of the food web, the impact of tuberculosis on
these species could have cascading effects on the ecosystem. Additionally, the potential for zoonotic
transmission makes tuberculosis a priority for One Health approaches in the region [29-31].

Melioidosis, caused by Burkholderia pseudomallei, is a lesser-known but emerging bacterial
disease in the Amazon Biome. This soil-dwelling bacterium can infect a wide range of animals,
including mammals, birds, and reptiles, and is capable of causing severe, often fatal, infections. In
recent years, melioidosis has gained attention due to its increasing incidence in tropical regions,
including parts of the Amazon. The bacterium can be transmitted through direct contact with
contaminated soil or water, making wildlife populations in the Amazon particularly vulnerable.
Given the environmental conditions of the Amazon, with its warm and humid climate, melioidosis
may pose a growing threat to wild animals, especially as environmental disturbances increase soil
and water contamination. Research into the epidemiology of melioidosis in the Amazon is still
limited, but it is a disease that warrants further investigation due to its zoonotic potential and the risk
it poses to wildlife [32-34].

In summary, bacterial diseases in the wild animals of the Amazon Biome represent a complex
and understudied area of research. Pathogens like Leptospira, Brucella, Mycobacterium and Burkholderia
pseudomallei pose significant risks to wildlife populations and have the potential for zoonotic
transmission, making them important targets for One Health initiatives. Future research must focus
on improving surveillance, understanding transmission dynamics, and assessing the ecological and
health impacts of these bacterial pathogens within the Amazon Biome [19,22,25,29,34].

2.2. Viral Diseases

Viral diseases present a significant threat to the wildlife of the Amazon Biome, which is home to
numerous species that can act as reservoirs or vectors for emerging viruses. These viruses can have
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devastating effects on wild animal populations, affecting their health, behavior, and reproductive
success. Moreover, given the close ecological interactions between species in the Amazon, viral
outbreaks can spread rapidly across different animal populations, contributing to the transmission
of pathogens to domestic animals and humans. Among the most concerning viral diseases in this
context are those caused by zoonotic pathogens, which pose a direct threat to public health due to
their potential to jump from animals to humans [35-38].

A key example of viral diseases with zoonotic potential in the Amazon is rabies, particularly in
bat populations. Bats are known reservoirs for the rabies virus, and in many parts of the Amazon,
cases of rabies transmission from bats to humans and livestock have been reported. Bats (Desmodus
rotundus) are notorious vectors, feeding on livestock and occasionally transmitting the virus. Rabies
outbreaks can have severe economic consequences, as livestock deaths from rabies reduce income for
local farmers. In human populations, untreated rabies is almost invariably fatal, making its presence
in wild animal populations a critical public health concern. Surveillance and control measures for
rabies in bat populations, particularly in the context of One Health, are crucial for preventing
spillover into human and domestic animal populations [39-41].

Another significant viral disease is West Nile virus (WNV), which has been documented in birds
and mosquitoes in the Amazon. Birds act as amplifying hosts, and mosquitoes serve as vectors,
transmitting the virus to other species, including humans and horses. While WNV is more commonly
associated with outbreaks in North America, the Amazon region’s rich avian diversity and abundant
mosquito populations make it a potential hotspot for viral circulation. Continuous deforestation and
changes in land use can alter mosquito breeding grounds, increasing the risk of WNV transmission.
This disease exemplifies the interconnectedness of environmental health, animal health, and human
health, and highlights the need for integrated monitoring systems to detect viral emergence and
prevent outbreaks [42-45].

Additionally, emerging viral pathogens such as hantaviruses, which are transmitted by rodents,
have been increasingly reported in the Amazon. Hantavirus pulmonary syndrome (HPS) is a severe
respiratory disease in humans, and rodent populations in the region act as natural reservoirs for the
virus. Infected rodents can transmit the virus to humans through contact with their saliva, urine, or
feces. The encroachment of human populations into previously undisturbed areas of the Amazon,
where these rodent species thrive, increases the risk of hantavirus outbreaks. Studies on the ecological
dynamics of rodent populations and the impact of habitat disturbance on viral transmission patterns
are crucial for understanding how environmental changes influence the emergence of zoonotic
diseases like HPS [46—48].

Furthermore, the Amazon Biome’s dense tropical forest and warm, humid climate create ideal
conditions for the persistence and spread of arboviruses, such as dengue, yellow fever, and Zika
viruses, all of which have been detected in both wild animals and human populations in the region.
Non-human primates serve as important reservoirs for yellow fever and other arboviruses, and
outbreaks in these populations can often precede human cases, serving as a warning signal for public
health officials. The interplay between wild animal reservoirs, mosquito vectors, and human
populations underscores the need for continuous surveillance of arboviral diseases within the
Amazon [38,49-51].

In conclusion, viral diseases in wild animals of the Amazon Biome represent a significant risk to
biodiversity, public health, and local economies. The transmission of these diseases is often facilitated
by ecological changes, such as deforestation and habitat fragmentation, which increase the contact
between wild animals, humans, and domestic animals. Understanding the epidemiology and
transmission dynamics of these viral pathogens is critical for protecting the health of wildlife
populations and preventing the emergence of new zoonotic diseases. Research focused on viral
ecology in the Amazon should be a priority, with an emphasis on surveillance, prevention, and the
application of a One Health approach to mitigate the risks posed by viral diseases [52,53].
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2.3. Fungal Diseases

Fungal diseases are a significant yet often overlooked threat to wildlife health in the Amazon
Biome. These pathogens can infect a wide range of animal species, from amphibians to mammals,
and have the potential to cause severe morbidity and mortality. Unlike viral or bacterial infections,
fungal diseases frequently develop slowly, making detection and management more difficult. In the
Amazon, where biodiversity is immense, fungal pathogens can exploit the complex ecosystem,
thriving in the region’s humid, warm conditions. This poses unique challenges for wildlife
conservation and disease management, as the fungal life cycle and infection mechanisms can be
difficult to interrupt without disrupting the broader ecological balance [54-56].

One of the most studied fungal diseases affecting wild animals in the Amazon is
chytridiomycosis, caused by Batrachochytrium dendrobatidis (BD). This fungal pathogen has decimated
amphibian populations across the world, and the Amazon is no exception. Amphibians, being key
ecological indicators, are severely affected by chytridiomycosis, with species exhibiting mass
mortality and population crashes in infected areas. The high humidity and temperature of the
Amazon create an ideal environment for BD proliferation, making it an ongoing concern for
amphibian conservation. The loss of amphibian biodiversity due to fungal infections like BD also has
cascading effects on ecosystem health, as amphibians play critical roles in controlling insect
populations and serving as prey for a variety of predators [57-59].

Fungal pathogens like Histoplasma capsulatum and Aspergillus species also pose threats to wild
mammals, birds, and reptiles in the Amazon. Histoplasma capsulatum, the agent of histoplasmosis, is
a soil-borne fungus that thrives in areas with high concentrations of bird or bat guano, which are
abundant in the Amazon due to the large populations of these species. While histoplasmosis is
primarily a zoonotic disease affecting humans, its impact on wildlife is still being explored. Birds and
bats that harbor the fungus can spread the spores through their droppings, potentially infecting other
animals that come into contact with contaminated environments. Aspergillus species, on the other
hand, are opportunistic pathogens that can cause respiratory infections, particularly in birds.
Aspergillosis can be lethal, especially in birds with weakened immune systems or those exposed to
environmental stressors such as deforestation or pollution [60-62].

Fungal diseases in wild animals of the Amazon are not only a direct threat to the animals
themselves but also serve as a potential reservoir for zoonotic transmission to humans. The porous
boundaries between wildlife habitats and human settlements in the Amazon increase the risk of
fungal pathogen spillover. As humans encroach further into forested areas for agriculture or logging,
the likelihood of contact with infected wildlife or contaminated environments rises. In this context,
the One Health framework becomes particularly relevant. For example, outbreaks of histoplasmosis
in humans have been traced to deforestation and cave exploration, where people unknowingly
disturb fungal spores in areas heavily populated by bats. Addressing fungal infections in wildlife
through ecosystem health approaches is essential to mitigate both wildlife and human health risks
[60-62].

Lastly, the changing environmental conditions in the Amazon, driven by climate change and
human activity, may alter the prevalence and distribution of fungal pathogens. For instance, global
warming and habitat fragmentation could create new ecological niches for fungi, expanding their
range into areas where they were previously absent. Wild animals already stressed by habitat loss,
pollution, and food scarcity may become more susceptible to fungal infections, which can act as
opportunistic diseases in immunocompromised individuals. Research on the dynamics of fungal
pathogens in wild animals of the Amazon is still limited, and much remains unknown about their
long-term impact on biodiversity and ecosystem health. Future studies are needed to understand the
full scope of fungal diseases and to develop strategies for monitoring and managing these infections
in the context of the Amazon Biome’s unique challenges [54-56].

2.4. Parasitic Diseases

Parasitic diseases are a significant concern for wildlife in the Amazon Biome due to the diverse
array of parasites that thrive in the region’s complex ecosystems. These parasites include protozoa,
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helminths (such as nematodes and trematodes), and ectoparasites like ticks and fleas, which can have
profound impacts on their hosts. Wild animals in the Amazon, from mammals to birds, reptiles, and
amphibians, are constantly exposed to these parasitic organisms. The effects of parasitic infections
can vary widely, ranging from subclinical conditions to severe illness, which can reduce the fitness,
reproductive success, and survival of affected animals. The dynamic and biodiverse nature of the
Amazon promotes a wide range of host-parasite interactions, yet many remain poorly studied [63—
65].

One of the most concerning parasitic diseases in the Amazon’s wildlife is caused by Trypanosoma
spp., a protozoan parasite responsible for trypanosomiasis. Species such as Trypanosoma evansi and
Trypanosoma vivax are known to affect both wild and domestic animals, with some strains capable of
spilling over into human populations. In particular, Trypanosoma cruzi, the causative agent of Chagas
disease, poses a zoonotic threat, as its reservoirs include wild mammals such as armadillos,
opossums, and various rodent species. This parasite is transmitted by triatomine bugs, which thrive
in the humid and dense forest environments of the Amazon. The close proximity of humans to
wildlife in many parts of the Amazon increases the risk of transmission, emphasizing the importance
of surveillance and control efforts [66—69].

Helminth infections are also widespread among wild animals in the Amazon. Nematodes such
as Strongyloides spp., Toxocara spp., and Trichuris spp. infect a variety of mammalian hosts, including
primates, carnivores, and ungulates. These parasites can cause gastrointestinal diseases, respiratory
distress, and even systemic infections, depending on the species and parasitic load. In addition to
nematodes, trematodes like Fasciola hepatica have been reported in wild animals, especially those that
share aquatic habitats with domestic livestock. These helminth infections often remain
underdiagnosed in wildlife, as most studies focus on domestic animals or humans, leaving critical
gaps in understanding their epidemiology and impact on biodiversity [13,70-72].

Ectoparasites, including ticks, fleas, and mites, play a key role in the transmission of vector-
borne parasitic diseases in the Amazon Biome. Ticks, for example, are vectors for a range of protozoan
parasites such as Babesia spp., which can infect mammals like jaguars, sloths, and deer. Similarly,
fleas and mites can transmit Leishmania spp., the causative agent of leishmaniasis, which affects both
wild and domestic animals as well as humans. Leishmaniasis is a particularly pressing issue, as it is
endemic to many parts of the Amazon, and wildlife species serve as reservoirs for the disease. The
ability of ectoparasites to thrive in tropical climates, coupled with increasing habitat disturbance,
raises concerns about the spread of parasitic diseases through wildlife populations and into nearby
human communities [64,65,73,74].

The presence of parasitic diseases in wild animals of the Amazon Biome also has ecological
consequences. Infected animals can suffer from malnutrition, reduced reproductive success, and even
death, leading to shifts in population dynamics and ecosystem structures. In addition, the stress of
parasitic infections can weaken animals’ immune systems, making them more susceptible to other
infectious diseases. Parasites, therefore, contribute to the intricate web of health challenges faced by
wild animals in the Amazon. Studying these parasitic diseases is not only important for
understanding wildlife health but also for protecting the integrity of ecosystems and safeguarding
the health of humans who share these environments [75-77].

In conclusion, parasitic diseases are a significant yet underexplored threat to wild animals in the
Amazon Biome. The complex interactions between hosts, parasites, and their environment, combined
with the rapid environmental changes in the region, create a fertile ground for the spread and
evolution of parasitic diseases. A comprehensive approach that integrates parasitology, wildlife
ecology, and One Health principles is essential to address the growing challenge of parasitic diseases
in the Amazon, ensuring the health of both wildlife and human populations. Future research should
prioritize the surveillance of parasitic diseases in wild animals, the identification of emerging
parasitic threats, and the development of strategies for disease prevention and control within this
unique and fragile ecosystem [75-77].
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3. The One Health Approach: A Necessary Framewor

One Health is an integrated approach that recognizes the interdependence of human, animal,
and environmental health. In the Amazon Biome, this approach is particularly crucial given the
region’s ecological complexity and the frequent overlap between human and wildlife habitats. The
degradation of ecosystems due to deforestation, mining, and agriculture not only threatens
biodiversity but also alters disease dynamics by forcing wildlife into closer proximity with human
populations [78,79].

3.1. Ecosystem Changes and Disease Emergence

Ecosystem changes in the Amazon Biome, driven primarily by human activities, are increasingly
recognized as significant factors in the emergence and spread of infectious and parasitic diseases.
Deforestation, urbanization, agricultural expansion, and climate change are reshaping the landscape,
altering wildlife habitats, and pushing wild animals into closer proximity with humans and domestic
animals. These alterations not only disrupt the delicate balance of ecosystems but also create ideal
conditions for the emergence and transmission of zoonotic diseases. The Amazon’s vast biodiversity,
combined with these environmental stressors, presents a unique opportunity for pathogens to
circulate, adapt, and spill over into new hosts, including humans and livestock [2,13,16]

Deforestation, in particular, has been linked to increased rates of disease emergence in tropical
ecosystems. As forests are cleared, wildlife species lose their natural habitats, which forces them into
fragmented areas or closer to human settlements. This increased interaction between wildlife and
humans facilitates the transmission of infectious agents. For example, studies have shown that
deforestation is associated with the rise of vector-borne diseases, such as malaria, as the loss of tree
cover creates ideal breeding grounds for disease-carrying mosquitoes. Furthermore, the
displacement of wildlife can lead to changes in predator-prey dynamics, resulting in population
explosions of certain species, like rodents, which are known reservoirs for various zoonotic
pathogens [42,44,76].

In addition to deforestation, climate change is a significant driver of disease emergence in the
Amazon. As temperatures rise and rainfall patterns shift, the distribution of wildlife species and their
associated pathogens is also altered. Warmer climates can expand the range of vectors such as ticks,
mosquitoes, and flies, which transmit diseases like leishmaniasis, dengue, and Zika virus. Moreover,
the stress induced by climate change on wildlife populations can weaken their immune systems,
making them more susceptible to infections and increasing the likelihood of pathogen transmission
within and between species. The increasing frequency of extreme weather events, such as floods and
droughts, also disrupts ecosystems and can lead to the spread of waterborne diseases, such as
leptospirosis and cholera, particularly in areas with poor sanitation [2,49,73,84].

Agricultural expansion and the intensification of livestock farming in the Amazon are additional
contributors to the emergence of infectious diseases. The conversion of forested areas into pastures
and croplands not only reduces biodiversity but also brings domestic animals into closer contact with
wildlife. Livestock can serve as both reservoirs and amplifiers of zoonotic diseases, allowing
pathogens to jump between species and potentially evolve into forms that are more transmissible or
virulent in humans. The Amazon’s cattle industry, for example, has been linked to the spread of
bovine tuberculosis, brucellosis, and foot-and-mouth disease. Additionally, the use of antibiotics and
other veterinary drugs in livestock farming can contribute to the development of antimicrobial
resistance, a growing global concern that poses a significant threat to both human and animal health
[2,13,42,84].

Another critical factor in the emergence of diseases in the Amazon Biome is the hunting and
consumption of wildlife, commonly referred to as bushmeat. As traditional livelihoods are disrupted
by environmental changes and economic pressures, more people turn to hunting wild animals for
food or income. This practice brings humans into direct contact with a variety of species that can
carry dangerous pathogens, such as primates, rodents, and bats. The handling, butchering, and
consumption of these animals create multiple opportunities for zoonotic pathogens to cross the
species barrier, potentially leading to outbreaks of diseases such as Ebola, hantavirus, and
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coronaviruses. The COVID-19 pandemic has underscored the global risks associated with wildlife
consumption and the importance of regulating and monitoring such practices to prevent future
pandemics [18,22,46,47]

In light of these complex and interrelated factors, the One Health approach provides a necessary
framework for understanding and mitigating the risks associated with ecosystem changes and
disease emergence in the Amazon Biome. This holistic approach recognizes the interconnectedness
of human, animal, and environmental health and calls for collaboration across disciplines to address
the root causes of disease emergence. By integrating expertise from ecology, veterinary medicine,
public health, and environmental science, the One Health approach aims to develop sustainable
strategies for managing ecosystems, conserving biodiversity, and preventing the emergence of
infectious diseases [41,79].

3.2. Interdisciplinary Collaboration

Interdisciplinary collaboration is a cornerstone of the One Health approach, essential for
addressing the complex interplay between human, animal, and environmental health. The
multifaceted nature of diseases, particularly those that emerge at the interface of wildlife, domestic
animals, and humans, requires expertise across diverse fields. Veterinarians, medical doctors,
epidemiologists, ecologists, microbiologists, public health experts, and environmental scientists must
work together to comprehensively understand how diseases develop, spread, and impact various
populations. In the context of the Amazon Biome, where the ecosystems are particularly intricate and
the risks of zoonotic spillover are heightened, this collaboration becomes even more crucial
[7,41,42,79].

One of the primary benefits of interdisciplinary collaboration within the One Health framework
is the ability to integrate knowledge across scales, from molecular to ecosystem-level analyses. For
example, a virologist may identify a novel pathogen in wild animal populations, but without the
expertise of an ecologist or veterinarian, it would be difficult to determine the epidemiological
significance of that pathogen. Similarly, public health experts can use this combined data to predict
potential risks to human populations living in proximity to wildlife or those who rely on these
animals for subsistence. The capacity to pool resources and expertise across disciplines enables a
more holistic understanding of infectious and parasitic diseases, their reservoirs, and the factors that
contribute to their emergence in wild animal populations [5,78,79]

Interdisciplinary collaboration also facilitates the development of innovative strategies for
disease surveillance and control. In the Amazon Biome, traditional disease monitoring methods may
be insufficient due to the remote and inaccessible nature of many areas. The integration of new
technologies, such as remote sensing, GIS mapping, and environmental DNA sampling, combined
with the knowledge of local communities and field biologists, allows for more effective disease
tracking in wildlife populations. By employing a range of tools and techniques, researchers can
identify disease outbreaks earlier, trace transmission pathways, and better predict how diseases may
spread across species barriers. This proactive approach is vital for preventing zoonotic diseases from
becoming public health crises [41,51,83].

Moreover, collaboration across disciplines encourages the sharing of data and resources that can
be leveraged for both research and policy-making. In the context of the Amazon Biome, international
partnerships between academic institutions, government agencies, and non-governmental
organizations are instrumental in addressing the region’s unique challenges. For instance, initiatives
aimed at preserving biodiversity and monitoring environmental health can also provide critical
insights into the spread of infectious diseases. Similarly, wildlife conservation efforts that incorporate
veterinary health assessments can help identify pathogens that may threaten not only animal
populations but also humans and domestic livestock. The One Health approach fosters an
environment in which these intersecting interests can be addressed simultaneously, leading to more
sustainable solutions [1,2,41,79].

In addition to facilitating research and surveillance, interdisciplinary collaboration within the
One Health framework promotes more effective policymaking. Policymakers need to rely on
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scientific expertise from various fields to develop strategies that address the root causes of disease
emergence, such as habitat destruction, climate change, and human encroachment into wildlife
habitats. By working alongside scientists and health professionals, decision-makers can implement
policies that protect both public health and biodiversity. In the Amazon, this might involve stricter
regulations on land use, efforts to reduce deforestation, or enhanced conservation programs that
prioritize ecosystem health. Collaborative policymaking ensures that health interventions are not
only reactive but also preventative, addressing the environmental and social factors that contribute
to disease outbreaks in the first place [5,7,83].

Finally, interdisciplinary collaboration within the One Health framework empowers local
communities, who are often the first to encounter wildlife and notice changes in the environment. In
the Amazon Biome, Indigenous peoples and local populations possess invaluable knowledge of the
ecosystems they inhabit. Collaborating with these communities and integrating their traditional
ecological knowledge into modern scientific practices can lead to more nuanced and culturally
appropriate health interventions. This collaboration also fosters trust between researchers and local
populations, ensuring that disease surveillance, prevention, and control efforts are more sustainable
and better suited to the needs of the region. By bringing together a wide range of disciplines and
perspectives, the One Health approach not only strengthens disease control efforts but also promotes
a more inclusive and equitable form of global health research [2-5].

4. Discussion

The intersection of wildlife, infectious and parasitic diseases, and human activity in the Amazon
Biome is increasingly recognized as a critical area of study, particularly within the framework of One
Health [22]. Previous research has established that the Amazon’s biodiversity serves as a natural
reservoir for many pathogens that have the potential to spill over into domestic animals and human
populations [17]. However, our understanding of the prevalence and impact of these diseases
remains limited, largely due to the challenges of conducting comprehensive surveillance in such a
remote and complex environment [51]. Studies like those on Leishmania spp., Trypanosoma spp., and
various parasitic helminths have illustrated the significant role of wild animals as hosts for zoonotic
agents, but much remains to be explored regarding the broader spectrum of infectious agents and
their ecological dynamics in this biome [61,75].

The encroachment of human activity into the Amazon, including deforestation, agriculture, and
urbanization, has exacerbated the risk of disease transmission. Habitat destruction and fragmentation
increase contact between wildlife, livestock, and human populations, facilitating the emergence of
zoonotic diseases [12]. For example, studies on diseases like yellow fever and leptospirosis in the
Amazon have demonstrated that land-use changes can shift disease vectors and reservoirs, increasing
the risk of outbreaks [24]. The implications of these findings suggest that conserving natural habitats
not only protects biodiversity but also reduces the likelihood of zoonotic spillovers, reinforcing the
One Health principle that ecosystem health is integral to human and animal health [7,41].

In terms of parasitic diseases, research has shown that wild animals in the Amazon Biome harbor
a wide range of parasites, many of which have zoonotic potential. Helminthic infections, protozoan
parasites such as Toxoplasma gondii, and various ectoparasites have been documented in species
ranging from primates to birds [64,68,75]. The role of these animals as reservoirs of parasites that can
infect humans and domestic animals is a growing concern. For instance, the presence of Toxoplasma
in Amazonian wildlife poses a risk to local communities and livestock [85]. This underlines the
importance of integrated monitoring programs that include wildlife, humans, and domestic animals,
as parasitic diseases often have complex transmission cycles that involve multiple hosts and vectors
[81,83].

The role of climate change as a driving factor for disease dynamics in the Amazon cannot be
overlooked [13]. Shifts in temperature and precipitation patterns are altering the habitats and
behaviors of both wildlife and disease vectors. Studies have predicted that as the Amazon’s climate
changes, diseases such as malaria and dengue, which are transmitted by mosquitoes, could see shifts
in their geographic distribution [16]. Similarly, climate change may affect the life cycles of parasites
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and their intermediate hosts, leading to changes in infection patterns. This further complicates
disease management and highlights the need for long-term studies that track the impact of climate
change on disease transmission within this unique ecosystem [76].

Another critical aspect that emerges from the literature is the underrepresentation of
comprehensive disease surveillance in wild animals in the Amazon. While research has been
conducted on certain zoonotic diseases, such as rabies [39-41] and hantavirus [46,47], there is a
notable gap in the systematic collection of data on less well-known pathogens. Future research should
prioritize the establishment of large-scale surveillance networks that can detect the early signs of
disease emergence [41,51]. These networks would be most effective if they combined veterinary,
medical, and ecological expertise, ensuring that all relevant aspects of disease transmission are
considered in a holistic manner.

The lack of resources and infrastructure in many parts of the Amazon also poses a significant
challenge to conducting research and implementing disease control measures. Improving local
capacity for disease monitoring and intervention is essential for mitigating the risks associated with
infectious and parasitic diseases [7,13]. Collaborative efforts between governments, international
organizations, and research institutions will be necessary to develop sustainable solutions. This might
include the training of local professionals in wildlife health monitoring and the establishment of
diagnostic laboratories equipped to handle a range of pathogens. In conclusion, the current body of
knowledge on infectious and parasitic diseases of wild animals in the Amazon Biome underscores
the urgent need for interdisciplinary research that integrates ecological, veterinary, and public health
perspectives. The One Health approach provides an ideal framework for addressing the complex
interactions between wildlife, humans, and the environment in this biodiversity hotspot [79]. Future
research should focus not only on identifying and characterizing new pathogens but also on
understanding the ecological and social factors that drive disease emergence. By doing so, we can
develop more effective strategies for preventing zoonotic spillovers and protecting the health of both
human and animal populations in the Amazon.

5. Conclusions

The Amazon Biome, with its immense biodiversity and complex ecosystems, represents one of
the most critical regions on Earth for understanding the intricate relationships between infectious
and parasitic diseases, wildlife, and human populations. The study of these diseases in wild animals
is not only an urgent conservation priority but also an essential public health concern due to the
increasing risk of zoonotic spillover events. As human activities continue to encroach upon the
natural habitats of the Amazon, the potential for new disease emergence is heightened, placing both
wildlife and humans at risk. Therefore, the need for a One Health approach —integrating animal,
human, and environmental health—is more vital than ever to ensure a comprehensive understanding
and management of health risks in the region.

Research into infectious and parasitic diseases in Amazonian wildlife offers invaluable insights
into the epidemiology of diseases that could affect local and global health. Wild animals often serve
as reservoirs or vectors for pathogens that can have far-reaching consequences. Additionally, the
impacts of diseases on wildlife populations themselves can be profound, affecting species survival
and ecosystem stability. By recognizing the interconnectedness of these health issues, a One Health
framework allows for more effective disease surveillance, early detection of outbreaks, and the
development of prevention strategies that can mitigate the effects on both human and animal
populations. Moreover, this approach fosters collaboration across disciplines, ensuring that
ecological, veterinary, and public health expertise is harnessed to address the complex challenges
posed by infectious diseases in the Amazon Biome.

Moving forward, future research must prioritize the identification of key disease reservoirs and
vectors among Amazonian wildlife, as well as the ecological and anthropogenic factors that drive
disease transmission. Collaborative efforts between researchers, local communities, and
policymakers will be essential to implement sustainable interventions that not only protect
biodiversity but also reduce the risk of zoonotic outbreaks. Increased investment in field studies,
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diagnostic tools, and disease monitoring programs will be crucial to better understand the dynamics
of infectious and parasitic diseases in this unique biome. Ultimately, protecting the health of wild
animals in the Amazon directly contributes to safeguarding global public health and preserving the
integrity of one of the planet’s most vital ecosystems.

In conclusion, the study of infectious and parasitic diseases in wild animals within the Amazon
Biome is of paramount importance for the advancement of One Health. By fostering an integrated
approach to health that recognizes the shared vulnerabilities of humans, animals, and the
environment, we can develop more resilient systems for disease prevention and control. This not only
benefits the rich biodiversity of the Amazon but also enhances our ability to respond to emerging
health threats, ensuring a healthier future for all.

The Amazon Biome, one of the most biodiverse ecosystems on Earth, is home to a vast array of
wildlife species, many of which harbor infectious and parasitic pathogens. The health of these
animals, the environment, and human populations are intricately linked, making it crucial to study
wildlife diseases in this region from a One Health perspective. This review explores the significance
of understanding infectious and parasitic diseases in wild animals within the Amazon Biome,
emphasizing the interdependence of human, animal, and environmental health. The review critically
analyzes existing research, identifies gaps in current knowledge, and highlights the need for
interdisciplinary approaches to address emerging zoonotic threats. Recommendations for future
research directions are provided to foster better disease surveillance, improve wildlife conservation,
and mitigate the risk of zoonotic disease transmission.

Author Contributions: conceptualization, F.M.S., H.G.d.5.0., L.Y.S.C.,, A.ALS. and B.CF.; methodology,
F.M.S.,; formal analysis, F.M.S., H.G.d.S.0., L.Y.S.C, A.ALLSS. and B.C.F.; FM.S, HG.d.S.O, LYSC., AALS.
and B.C.F,; data curation, FM.S,, H.G.d.S.O., L.Y.5.C., A.A.L.S. and B.C.F.; writing—original draft preparation,
FM.S, HG.dS.O, LYS.C, A ALS. and B.C.F.; writing—review and editing, F.M.S.; supervision, F.M.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to CNPq (Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico), FAPESPA (Fundagdao Amazonia de Amparo a Estudos e Pesquisas do Estado do Para), CAPES
(Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior; finance code: 001 and PROPESP-UFPA (Pré-
Reitoria de Pesquisa e Pés-Graduagao da Universidade Federal do Para) for paying the publication fee for this
article via the Programa Institucional de Apoio a Pesquisa (PAP(Q/2023-2024).

Conflicts of Interest: The author declares no conflicts of interest.

References

1. Ortiz-Prado, E.; Yeager, J.; Vasconez-Gonzalez, J.; Culqui-Sanchez, M.; Izquierdo-Condoy, ].S. Integrating
environmental conservation and public health strategies to combat zoonotic disease emergence: A call to
action from the Amazon rainforest. Front. Cell Infect. Microbiol. 2024, 14, 1405472.
https://doi.org/10.3389/fcimb.2024.1405472

2. Silva Junior, C.H.L.; Pessba, A.C.M.; Carvalho, N.S.; Reis, ].B.C.; Anderson, L.O.; Aragao, L.E.O.C. The
Brazilian Amazon Deforestation Rate in 2020 Is the Greatest of the Decade. Nat. Ecol. Evol. 2021, 5, 144-145.
https://d0i:10.1038/s41559-020-01368-x

3. Castro, M.C.; Baeza, A.; Codego, C.T.; Cucunubg, Z.M.; Dal’Asta, A.P.; Leo, G.A.D.; Dobson, A.P.; Carrasco-
Escobar, G.; Lana, RM.; Lowe, R.; Monteiro, A.M.V.; Pascual, M.; Santos-Vega, M. Development,
Environmental Degradation, and Disease Spread in the Brazilian Amazon. PLOS Biol. 2019, 17, e3000526.
https://d0i:10.1371/journal.pbio.3000526

4. Antunes, A.P.; Fewster, R.M.; Venticinque, E.M.; Peres, C.A.; Levi, T.; Rohe, F.; Shepard, G.H. Empty Forest
or Empty Rivers? A Century of Commercial Hunting in Amazonia. Sci. Adv. 2016, 2, e1600936.
https://doi.org/10.1126/sciadv.1600936


https://doi.org/10.3389/fcimb.2024.1405472
https://doi:10.1371/journal.pbio.3000526
https://doi.org/10.1126/sciadv.1600936
https://doi.org/10.20944/preprints202410.2075.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2024 d0i:10.20944/preprints202410.2075.v1

12

5. Gebreyes, W.A.; Dupouy-Camet, J.; Newport, M.; Oliveira, C.; Schlesinger, L.S.; Saif, Y.M.; Kariuki, S.; Saif,
L.J.; Saville, W.; Wittum, T., et al. The global one health paradigm: Challenges and opportunities for
tackling infectious diseases at the human, animal, and environment interface in low-resource settings. PLoS
Neglected Trop. Dis. 2014, 8, e3257. https://doi:10.1371/journal.pntd.0003257

6.  Horefti, E. The Importance of the One Health Concept in Combating Zoonoses. Pathogens 2023, 12, 977.
https://doi.org/10.3390/pathogens12080977

7. Ellwanger, ].H.; Chies, ].A.B. Zoonotic spillover: Understanding basic aspects for better prevention. Genet.
Mol. Biol. 2021, 44, €20200355. https://doi.org/10.1590/1678-4685-gmb-2020-0355

8.  Ferrante, L.; Fearnside, P.M. Brazil Threatens Indigenous Lands. Science 2020, 368, 481-482.
https://d0i:10.1126/science.abb6327

9.  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, EMM.; Brandao, M.; Cordeiro, J.L.P.; Andreazzi, C.S. Socioecological Vulnerability and the Risk
of Zoonotic Disease Emergence in Brazil. Sci. Adv. 2022, 8, eabo5774. https://doi.org/10.1126/sciadv.abo5774

10. Wegner, G.I; Murray, K. A ; Springmann, M.; Muller, A.; Sokolow, S.H.; Saylors, K.; Morens, D.M. Averting
wildlife-borne infectious disease epidemics requires a focus on socio-ecological drivers and a redesign of
the global food system. EClinicalMed. 2022, 47, 101386. https://doi.org/10.1016/j.eclinm.2022.101386

11. Fagre, A.C; Cohen, L.E.; Eskew, E.A; Farrell, M.; Glennon, E.; Joseph, M.B.; Frank, H.K.; Ryan, S.J.; Carlson,
C.J.; Albery, G.F. Assessing the Risk of Human-to-Wildlife Pathogen Transmission for Conservation and
Public Health. Ecol. Lett. 2022, 25, 1534-1549. https://doi.org/10.1111/ele.14003

12. Rahman, M.T.; Sobur, M.A_; Islam, M.S,; Ievy, S.; Hossain, M.].; El Zowalaty, M.E.; Rahman, A.T.; Ashour,
HM. Zoonotic Diseases: Etiology, Impact, and Control. Microorganisms 2020, 8, 1405.
https://doi.org/10.3390/microorganisms8091405

13. Ellwanger, J.H.; Kulmann-Leal, B.; Kaminski, V.L.; Valverde-Villegas, ].M.; Veiga, A.B.G.; Spilki, F.R,;
Fearnside, P.M.; Caesar, L.; Giatti, L.L.; Wallau, G.L.; Almeida, S.E.M.; Borba, M.R.; Hora, V.P.; Chies, J.A.B.
Beyond Diversity Loss and Climate Change: Impacts of Amazon on Infectious Diseases and Public Health.
Ann. Acad. Bras. Cienc. 2020, 92, €20191375. https://doi.org/10.1590/0001-3765202020191375

14. Allen, T.; Murray, K.A.; Zambrana-Torrelio, C.; Morse, S.S.; Rondinini, C.; Marco, M.D.; Breit, N.; Olival,
K.J.; Daszak, P. Global hotspots and correlates of emerging zoonotic diseases. Nat. Commun. 2017, 8, 1124.
http://dx.doi.org/10.1038/s41467-017-00923-8

15. Bonilla-Aldana, D.K.; Suarez, J.A.; Franco-Paredes, C.; Vilcarromero, S.; Mattar, S.; Gémez-Marin, J.E.;
Villamil-Gémez, W.E.; Ruiz-Saenz, J.; Cardona-Ospina, J.A.; Idarraga-Bedoya, S.E.; Garcia-Bustos, J.J.;
Jimenez-Posada, E.V.; Rodriguez-Morales, A.]. Brazil burning! What is the potential impact of the Amazon
wildfires on vector-borne and zoonotic emerging diseases? - A statement from an international experts
meeting. Travel Med. Infect. Dis. 2019, 31, 101474. https://doi.org/10.1016/j.tmaid.2019.101474

16. Rupasinghe, R.; Chomel, B.B.; Martinez-Lépez, B. Climate change and zoonoses: A review of the current
status, knowledge gaps, and future trends. Acta Trop. 2022, 226, 106225.
https://doi.org/10.1016/j.actatropica.2021.106225

17.  Aguirre, A.A. Changing Patterns of Emerging Zoonotic Diseases in Wildlife, Domestic Animals, and
Humans Linked to Biodiversity Loss and Globalization. ILAR ]. 2017, 58, 315-318.
https://d0i:10.1093/ilar/ilx035

18. Andreazzi, C.S,; Brandao, 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

19. White, RJ.; Razgour, O. Emerging Zoonotic Diseases Originating in Mammals: A Systematic Review of
Effects of  Anthropogenic  Land-Use  Change.  Mamm.  Rev. 2020, 50, 336-352.
https://doi.org/10.1111/mam.12201

20. Breitschwerdt, E.; Kordick, L. Bartonella Infection in Animals: Carriership, Reservoir Potential,
Pathogenicity, and Zoonotic Potential for Human Infection. Clin. Microbiol. Rev. 2000, 13, 428-438.
https://doi.org/10.1128/cmr.13.3.428-438.2000

21. Calchi, A.C; Vultdo, ].G.; Alves, M.H.; Yogui, D.R,; Desbiez, A.L.J.; Amaral, R.B.; Santi, M.; Teixeira,
M.M.G.; Werther, K.; Machado, R.Z.; André, M.R. Multi-locus sequencing reveals a novel Bartonella in
mammals from the Superorder Xenarthra. Transbound. Emerg. Dis. 2020, 67, 2020-2033.
https://doi.org/10.1111/tbed.13545

22.  WHO. New Report Highlights the Impact of Changes in Environment on One Health. WHO; Geneva,
Switzerland: 2022. Available online: https://www.who.int (accessed on October 20, 2024).

23. Bradley, E.A ; Lockaby, G. and the Environment: A Review and Future Directions. Pathogens 2023, 12, 1167.
https://doi.org/10.3390/pathogens12091167

24. Guzman, D.A.; Diaz, E.; Sdenz, C.; Alvarez, H.; Cueva, R.; Zapata-Rios, G.; Prado-Vivar, B.; Falconi, M,;
Pearson, T.; Barragan, V. Domestic dogs in indigenous Amazonian communities: Key players in Leptospira
cycling and transmission? PLoS Negl. Trop. Dis. 2024, 18, e0011671.
https://doi.org/10.1371/journal.pntd.0011671


https://doi:10.1371/journal.pntd.0003257
https://doi.org/10.3390/pathogens12080977
http://dx.doi.org/10.1038/s41467-017-00923-8
https://doi.org/10.1016/j.actatropica.2021.106225
https://doi:10.1093/ilar/ilx035
https://doi.org/10.1111/mam.12201
https://doi.org/10.1128/cmr.13.3.428-438.2000
https://doi.org/10.20944/preprints202410.2075.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2024 d0i:10.20944/preprints202410.2075.v1

13

25. Daszak, P.; Cunningham, A.A.; Hyatt, A.D. Emerging Infectious Diseases of Wildlife —Threats to
Biodiversity and Human Health. Science 2000, 287, 443-449. https://doi.org/10.1126/science.287.5452.443

26. About, F.; Pastre, T.; Boutrou, M.; Martinez, A.Y.; Melzani, A ; Peugny, S.; Michaud, C.; Zouaoui, S.; Carage,
T.; Rose, V.S.; Demar, M.; Lavigne, ].P.; Djossou, F.; O’Callaghan, D.; Epelboin, L.; Keriel, A. Novel Species
of Brucelln Causing Human Brucellosis, French Guiana. Emerg. Infect. Dis. 2023, 29, 333-340.
https://doi.org/10.3201/eid2902.220725

27. Ruaro, R;; Ferrante, L.; Fearnside, P.M. Brazil’s Doomed Environmental Licensing. Science 2021, 372, 1049—
1050. https://doi.org/10.1126/science.abj4924

28. Barbosa, ].D.; Martins, F.M.S.; Vieira, E.V.; Silva, R.P.d.L.; Bomjardim, H.d.A; Silva, M.X.; Salvarani, F.M.
Anti-Leptospira Antibodies in Buffaloes on Marajé Island. Ruminants 2023, 3, 182-188.
https://doi.org/10.3390/ruminants3030017

29. Montali, R.J.; Mikota, S.K.; Cheng, L.I. Mycobacterium tuberculosis in zoo and wildlife species. Rev. Sci. Tech.
2001, 20, 291-303. https://doi.org/10.20506/rst.20.1.1268

30. Anderson, B.D.; Barnes, A.N.; Umar, S.; Guo, X.; Thongthum, T.; Gray, G.C. Reverse Zoonotic Transmission
(Zooanthroponosis): An Increasing Threat to Animal Health. In Zoonoses: Infections Affecting Humans and
Animals; Sing, A., Ed.; Springer: Cham, 2023. https://doi.org/10.1007/978-3-031-27164-9_59.

31. Carneiro, P.AM.; Pasquatti, T.N.; Takatani, H.; Zumarraga, M.J.; Marfil, M.]; Barnard, C.; Fitzgerald, S.D.;
Abramovitch, R.B.; Araujo, F.R.; Kaneene, ].B. Molecular characterization of Mycobacterium bovis infection
in cattle and buffalo in Amazon Region, Brazil. Vet. Med. Sci. 2020, 6, 133-141.
https://doi.org/10.1002/vms3.203

32. Hall, C.M,; Jaramillo, S.; Jimenez, R.; Stone, N.E.; Centner, H.; Busch, ]J.D.; Bratsch, N.; Roe, C.C.; Gee, J.E.;
Hoffmaster, A.R.; Rivera-Garcia, S.; Soltero, F.; Ryff, K.; Perez-Padilla, J.; Keim, P.; Sahl, ] W.; Wagner, D.M.
Burkholderia pseudomallei, the causative agent of melioidosis, is rare but ecologically established and widely
dispersed in the environment in Puerto Rico. PLoS Negl. Trop. Dis. 2019, 13, e0007727.
https://doi.org/10.1371/journal

33. Keatts, L.O.; Robards, M.; Olson, S.H.; Hueffer, K.; Insley, S.J.; Joly, D.O.; Kutz, S.; Lee, D.S.; Chetkiewicz,
C.B,; Lair, S.; Preston, N.D.; Pruvot, M.; Ray, J.C.; Reid, D.; Sleeman, ].M.; Stimmelmayr, R.; Stephen, C,;
Walzer, C. Implications of Zoonoses from Hunting and Use of Wildlife in North American Arctic and
Boreal Biomes: Pandemic Potential, Monitoring, and Mitigation. Front. Public Health 2021, 9, 627654.
https://doi.org/10.3389/fpubh.2021.627654

34. Inglis, T.J.J.; Rolim, D.B.; Rodriguez, J.L.N. Clinical guideline for diagnosis and management of melioidosis.
Rev. Inst. Med. Trop. Sio Paulo 2006, 48, 1-4. https://doi.org/10.1590/S0036-46652006000100001

35. Marie, V.; Gordon, M.L. The (Re-)Emergence and Spread of Viral Zoonotic Disease: A Perfect Storm of
Human Ingenuity and Stupidity. Viruses 2023, 15, 1638. https://doi.org/10.3390/v15081638

36. Blagodatski, A.; Trutneva, K.; Glazova, O.; Mityaeva, O.; Shevkova, L.; Kegeles, E.; Onyanov, N.; Fede, K,;
Maznina, A.; Khavina, E. Avian Influenza in Wild Birds and Poultry: Dissemination Pathways, Monitoring
Methods, and Virus Ecology. Pathogens 2021, 10, 630. https://doi.org/10.3390/pathogens10050630

37. Al-Omari, A.; Rabaan, A.A.; Salih, S.; Al-Tawfig, ].A.; Memish, Z.A. MERS coronavirus outbreak:
Implications for emerging viral infections. Diagn. Microbiol. Infect. Dis. 2019, 93, 265-285.
https://doi.org/10.1016/j.diagmicrobio.2018.10.011

38. Teixeira, M.G.; Costa, M.d.C.; de Oliveira, W.K.; Nunes, M.L.; Rodrigues, L.C. The Epidemic of Zika Virus-
Related Microcephaly in Brazil: Detection, Control, Etiology, and Future Scenarios. Am. |. Public Health
2016, 106, 601-605. https://doi.org/10.2105/AJPH.2016.303113

39. Novaes, R.L.M.; Almeida, B.; Claudio, V.C.; Costa-Neto, S.F.; Couto, A.L.G.; Schmidt, E.; Bertocchi, N.A.;
Costa, J.O.; Ferreira, C.F.; de Oliveira, A.M.R.; dos Santos, M.L.M.; Monteverde, T.S.D.; de Abreu, EM.N.;
Cunha, E.N.P.; Borges, A.R.; Garcia, J.G.; Barboza, C.M.; Cocchi, M.; Batista, H.B.C.R.; Moratelli, R. Rabies
virus circulation in a highly diverse bat assemblage from a high-risk area for zoonoses outbreaks in the
Brazilian Amazon. Acta Trop. 2024, 257, 10730. https://doi.org/10.1016/j.actatropica.2024.107309

40. Fernandes, M.E.B.; Costa, L.].C.d.; Andrade, F.A.G.d.; Silva, L.P. Rabies in humans and non-human in the
state of Para, Brazilian Amazon. Braz. J. Infect. Dis. 2013, 17, 251-253.
https://doi.org/10.1016/j.bjid.2012.10.015

41. Bastos, V.; Mota, R.; Guimaraes, M.; Richard, Y.; Lima, A.L.; Casseb, A.; Barata, G.C.; Andrade, J.; Casseb,
L.M.N. Challenges of Rabies Surveillance in the Eastern Amazon: The Need of a One Health Approach.
Front. Public Health 2021, 9, 624574. https://doi.org/10.3389/fpubh.2021.624574

42. Hamlet, A.; Ramos, D.G.; Gaythorpe, K.A.M.; Romano, A.P.M.; Garske, T.; Ferguson, N.M. Seasonality of
Agricultural Exposure as an Important Predictor of Seasonal Yellow Fever Spillover in Brazil. Nat. Commun.
2021, 12, 3647. https://doi.org/10.1038/s41467-021-23926-y

43. Mourao, M.P.G.; Bastos, M.S.; Figueiredo, R M.P.; Gimaque, ].B.L.; Alves, V.C.R,; Saraiva, M.G.G. Arboviral
diseases in the Western Brazilian Amazon: A perspective and analysis from a tertiary health & research
center in Manaus, State of Amazonas. Rev. Soc. Bras. Med. Trop. 2015, 48, 20-26. https://doi.org/10.1590/0037-
8682-0133-2013


https://doi.org/10.1016/j.actatropica.2024.107309
https://doi.org/10.3389/fpubh.2021.624574
https://doi.org/10.20944/preprints202410.2075.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2024 d0i:10.20944/preprints202410.2075.v1

14

44. Farooq, Z.; 5jodin, H.; Semenza, J.C.; Tozan, Y.; Sewe, M.O.; Wallin, J.; Rocklév, ]. European projections of
West Nile virus transmission under climate change scenarios. One Health 2023, 16, 100509.
https://doi.org/10.1016/j.onehlt.2023.100509

45. Chippaux, J.-P.; Chippaux, A. Yellow Fever in Africa and the Americas: A Historical and Epidemiological
Perspective. |. Venom. Anim. Toxins Incl. Trop. Dis. 2018, 24, 20. https://doi.org/10.1186/s40409-018-0162-6

46. Razuri, H.; Tokarz, R.; Ghersi, B.M.; Salmon-Mulanovich, G.; Guezala, M.C.; Albujar, C.; Mendoza, A.P.;
Tinoco, Y.O,; Cruz, C; Silva, M.; Vasquez, A.; Pacheco, V.; Stroher, U.; Guerrero, L.W.; Cannon, D.; Nichol,
S.T.; Hirschberg, D.L.; Lipkin, W.L; Bausch, D.G.; Montgomery, ].M. Andes hantavirus variant in rodents,
southern Amazon Basin, Peru. Emerg. Infect. Dis. 2014, 20, 257-260. https://doi.org/10.3201/eid2002.131418

47. dos Santos, M.C.; de Lacerda, M.V.; Benedetti, S.M.; Albuquerque, B.C.; de Aguiar Filho, A.A.; da Rosa
Elkhoury, M.; Travassos da Rosa, E.S.; Vasconcelos, P.F.; Medeiros, D.B.; Mourao, M.P. Human hantavirus
infection, Brazilian Amazon. Emerg. Infect. Dis. 2006, 12, 1165-1167. https://doi.org/10.3201/eid1207.060074

48. Fernandes, J.; Coelho, T.A.; Oliveira, R.C.; Guterres, A.; Vitral, C.L.; Teixeira, B.R.; Santos, F.O.; Oliveira,
J.M.; Silva-Nunes, M.; Horta, M.A,; Levis, S.C.; Ferreira, M.U.; Lemos, E.R. A Retrospective Survey of
Rodent-borne Viruses in Rural Populations of Brazilian Amazon. Rev. Soc. Bras. Med. Trop. 2020, 53,
€20190511. https://doi.org/10.1590/0037-8682-0511-2019

49. Gomes, E.O.; Sacchetto, L.; Teixeira, M.; Chaves, B.A.; Hendy, A.; Mendonga, C.; Guimaraes, I.; Linhares,
R.; Brito, D.; Valério, D.; Cordeiro, J.S.; Neto, A.V.S.; Sampaio, V.S.; Scarpassa, V.M.; Buenemann, M.;
Vasilakis, N.; Baia-da-Silva, D.C.; Nogueira, M.L.; Mourao, M.P.; Lacerda, M.V.G. Detection of Zika Virus
in Aedes aegypti and Aedes albopictus Mosquitoes Collected in Urban Forest Fragments in the Brazilian
Amazon. Viruses 2023, 15, 1356. https://doi.org/10.3390/v15061356

50. Redivo, E.F.; Botto Menezes, C.; da Costa Castilho, M.; Brock, M.; da Silva Magno, E.; Saraiva, M.G,;
Fernandes, S.S.; Andrade, A.B.; Alecrim, M.D.; Martinez-Espinosa, F.E. Zika Virus Infection in a Cohort of
Pregnant Women with Exanthematic Disease in Manaus, Brazilian Amazon. Viruses 2020, 12, 1362.
https://doi.org/10.3390/v12121362

51. Giovanetti, M.; Faria, N.R.; Lourengo, ]J.; Goes de Jesus, ].; Xavier, J.; Claro, LM.; Kraemer, M.U.; Fonseca,
V.; Dellicour, S.; Thézé, J.; da Silva Salles, F.; Grif, T.; Silveira, P.P.; do Nascimento, V.A.; Souza, V.C.; de
Melo Iani, F.C.; Castilho-Martins, E.A.; Cruz, L.N.; Wallau, G.; Fabri, A,; Levy, F.; Quick, ]J.; de Azevedo,
V.; Aguiar, R.S.; de Oliveira, T.; Botto de Menezes, C.; da Costa Castilho, M.; Terra, T.M.; Souza da Silva,
M.; Bispo de Filippis, A.M.; de Abreu, A.L.; Oliveira, W.K.; Croda, J.; Campelo de Albuquerque, C.F,;
Nunes, M.R.T.; Sabino, E.C.; Loman, N.; Naveca, F.G.; Pybus, O.G.; Alcantara, L.C. Genomic and
Epidemiological Surveillance of Zika Virus in the Amazon Region. Cell Rep. 2020, 30, 2275-2283.e7.
https://doi.org/10.1016/j.celrep.2020.01.085

52. Schmiege, D.; Arredondo, A.M.P.; Ntajal, J.; Paris, ] M.G.; Savi, M.K,; Patel, K,; Yasobant, S.; Falkenberg, T.
One Health in the Context of Coronavirus Outbreaks: A Systematic Literature Review. One Health 2020, 10,
100170. https://doi.org/10.1016/j.onehlt.2020.100170

53. Lowe, R, Lee, S.; Lana, R.M.; Torres Codego, C.; Castro, M.C.; Pascual, M. Emerging arboviruses in the
urbanized Amazon rainforest. BMJ 2020, 371, m4385. https://doi.org/10.1136/bm;j.m4385

54. Seyedmousavi, S.; Guillot, J.; Tolooe, A.; Verweij, P.; de Hoog, G. Neglected fungal zoonoses: Hidden
threats to man and animals. Clin. Microbiol. Infect. 2015, 21, 416-425.
https://doi.org/10.1016/j.cmi.2015.02.031

55. Navas-Suarez, P.E.; Sacristan, C.; Diaz-Delgado, J.; Yogui, D.R.; Alves, M.H.; Fuentes-Castillo, D.; Ospina-
Pinto, C.; Zamana, R.R.; Desbiez, A.L.].; Catao-Dias, ].L. Pulmonary Adiaspiromycosis in Armadillos Killed
by Motor Vehicle Collisions in Brazil. Sci. Rep. 2021, 11, 272. https://doi.org/10.1038/s41598-021-91343-8

56. Silva-Vergara, M.L.; Martinez, R.; Camargo, Z.P.; Malta, M.H.; Maffei, C.M.; Chadu, ].B. Isolation of
Paracoccidioides brasiliensis from Armadillos (Dasypus novemcinctus) in an Area Where the Fungus Was
Recently Isolated from Soil. Med. Mycol. 2000, 38, 193-199. https://doi.org/10.1080/mmy.38.3.193.199

57.  Lambertini, C.; Ernetti, ].R.; Missassi, A.F.R.; Jorge, R.F.; da Silva Leite, D.; Lima, A.P.; Toledo, L.F. Chytrid
fungus in amphibians from the lowland Brazilian Amazon. Dis. Aquat. Organ. 2022, 152, 115-125.
https://doi.org/10.3354/dao03709.

58. Russell, LD.; Larson, ].G.; von May, R.; Holmes, I.A.; James, T.Y.; Davis Rabosky, A.R. Widespread chytrid
infection across frogs in the Peruvian Amazon suggests critical role for low elevation in pathogen spread
and persistence. PLoS One 2019, 14, €0222718. https://doi.org/10.1371/journal.pone.0222718

59. Azat, C; Alvarado-Rybak, M.; Solano-Iguaran, J.J.; Velasco, A.; Valenzuela-Sanchez, A.; Flechas, S.V.;
Penafiel-Ricaurte, A.; Cunningham, A.A.; Bacigalupe, L.D. Synthesis of Batrachochytrium dendrobatidis
infection in South America: Amphibian species under risk and areas to focus research and disease
mitigation. Ecography 2022, e05977. https://doi.org/10.1111/ecog.05977

60. Seyedmousavi, S.; Bosco, SM.G.; de Hoog, S.; Ebel, F.; Elad, D.; Gomes, R.R.; Jacobsen, 1.D.; Jensen, H.E,;
Martel, A.; Mignon, B.; Pasmans, F.; Pieckova, E.; Rodrigues, A.M.; Singh, K.; Vicente, V.A.; Wibbelt, G.;
Wiederhold, N.P.; Guillot, ]. Fungal infections in animals: A patchwork of different situations. Med. Mycol.
2018, 56, e4. https://doi.org/10.1093/mmy/myy028


https://doi.org/10.1038/s41598-021-91343-8
https://doi.org/10.1080/mmy.38.3.193.199
https://doi.org/10.20944/preprints202410.2075.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2024 d0i:10.20944/preprints202410.2075.v1

15

61. Naiff, R.D.; Barrett, T.V.; Naiff, M. de F.; Ferreira, L.C. de L.; Ramon Arias, ]. New records of Histoplasma
capsulatum from wild animals in the Brazilian Amazon. Rev. Inst. Med. Trop. 1996, 38, 273-278.
https://doi.org/10.1590/S0036-4665199600040000

62. Fisher, M.C,; Gurr, S.J.; Cuomo, C.A.; Blehert, D.S; Jin, H.; Stukenbrock, E.H.; Stajich, J.E.; Kahmann, R.;
Boone, C.; Denning, D.W.; Gow, N.A.R; Klein, B.S.; Kronstad, ].W.; Sheppard, D.C.; Taylor, ].W.; Wright,
G.D.; Heitman, J.; Casadevall, A.; Cowen, L.E. Threats posed by the fungal kingdom to humans, wildlife,
and agriculture. mBio 2020, 11, €00449-20. https://doi.org/10.1128/mBio.00449-20

63. Patz, ]J.A,; Graczyk, T.K; Geller, N.; Vittor, A.Y. Effects of environmental change on emerging parasitic
diseases. Int. ]. Parasitol. 2000, 30, 1395-1405. https://doi.org/10.1016/50020-7519(00)00141-7

64. Bezerra-Santos, M.A.; Ramos, R.A.N.; Campos, A.K. Didelphis spp. opossums and their parasites in the
Americas: A One Health perspective. Parasitol. Res. 2021, 120, 4091-4111. https://doi.org/10.1007/s00436-
021-07072-4

65. Morand, S.; Lajaunie, C. Outbreaks of vector-borne and zoonotic diseases are associated with changes in
forest cover and oil palm expansion at global scale. Front. Vet Sci. 2021, 8, 661063.
https://doi.org/10.3389/fvets.2021.661063

66. Morales, E.A.; Mayor, P.; Bowler, M.; Aysanoa, E.; Pérez-Velez, E.S.; Pérez, ].; Ventocilla, J.A.; Baldeviano,
G.C.; Lescano, A.G. Prevalence of Trypanosoma cruzi and other trypanosomatids in frequently-hunted
wild mammals from the Peruvian Amazon. Am. ]. Trop. Med. Hyg. 2017, 97, 1482-1485.
https://doi.org/10.4269/ajtmh.17-0028

67. Monteiro, W.M.; Magalhaes, L.K.C.; Oliveira, ].C.; Guerra, ].A.O,; Silveira, H.; Ferreira, L.C.L.; Toledo,
M.]J.O.; Barbosa, M.G.V. Biological behavior of Trypanosoma cruzi stocks obtained from the state of
Amazonas, Western Brazilian Amazon, in mice. Rev. Soc. Bras. Med. Trop. 2012, 45, 209-214.
https://doi.org/10.1590/50037-86822012000200014

68. Ferreira-Franca, P.; Chagas-de-Souza, D.; Alves-Coélho, T.; Varga-Lopes, E.; Lima-Corréa, L. Blood
parasites (Kinetoplastida: Trypanosomatidae) infecting birds in the Brazilian Amazon. Rev. Biol. Trop. 2023,
71, 54843. https://doi.org/10.15517/rev.biol.trop..v71i1.54843

69. Pérez Lazo, ].G.; Mayor, P.; Lescano, A.G. Amazonian Reservoir Hosts of Trypanosoma cruzi. IntechOpen
2019. https://doi.org/10.5772/intechopen.86158

70. Otranto, D.; Deplazes, P. Zoonotic nematodes of wild carnivores. Int. J. Parasitol. Parasitol. Wildl. 2019, 9,
370-383. https://doi.org/10.1016/j.ijppaw.2018.12.011

71. Confalonieri, U.E.; Margonari, C.; Quintdo, A.F. Environmental change and the dynamics of parasitic
diseases in the Amazon. Acta Trop. 2014, 129, 33—41. https://doi.org/10.1016/j.actatropica.2013.09.013

72.  Vasconcelos, M.P.A; Sanchez-Arcila, ].C.; Peres, L.; Sousa, P.S.F.; Santos Alvarenga, M.A.; Castro-Alves, J.;
Ferreira-da-Cruz, M.F.; Maia-Herzog, M.; Oliveira-Ferreira, ]. Malarial and intestinal parasitic co-infections
in indigenous populations of the Brazilian Amazon rainforest. . Infect. Public Health 2023, 16, 603—610.
https://doi.org/10.1016/j.jiph.2023.02.012

73. Buzanovsky, L.P.; Sanchez-Vazquez, M.].; Maia-Elkhoury, A.N.S.; Werneck, G.L. Major Environmental and
Socioeconomic Determinants of Cutaneous Leishmaniasis in Brazil — A Systematic Literature Review. Rev.
Soc. Bras. Med. Trop. 2020, 53, €20190291. https://doi.org/10.1590/0037-8682-0291-2019

74. Sasidharan, S.; Saudagar, P. Leishmaniasis: Where are we and where are we heading? Parasitol. Res. 2021,
120, 1541-1554. https://doi.org/10.1007/s00436-021-07139-2

75. Lima, V.E.S.; Ramos, R.A.N.; Giannelli, A.; Schettino, S.C.; Galina, A.B.; Oliveira, J.C.P.; Meira-Santos, P.O.;
Alves, L.C. Zoonotic Parasites in Wild Animals Such as Carnivores and Primates That Are Traded Illegally
in Brazil. Braz. ]. Vet. Med. 2021, 43, €113720. https://doi.org/10.29374/2527-2179.bjvm113720

76. Pozio, E. How globalization and climate change could affect foodborne parasites. Exp. Parasitol. 2020, 208,
107807. https://doi.org/10.1016/j.exppara.2019.107807

77. Deiana, G.; Arghittu, A.; Dettori, M.; Castiglia, P. One World, One Health: Zoonotic Diseases, Parasitic
Diseases, and Infectious Diseases. Healthcare 2024, 12, 922. https://doi.org/10.3390/healthcare12090922

78. Chakraborty, S.; Andrade, F.; Smith, R.L. An Approach to One Health: Course Design, Development, and
Delivery. . Vet. Med. Educ. 2022, 49, 568-574. https://doi.org/10.3138/jvme-2021-0021

79. Bruno, A.; Arnoldj, I.; Barzaghi, B.; Boffi, M.; Casiraghi, M.; Colombo, B.; Di Gennaro, P.; Epis, S.; Facciotti,
F.; Ferrari, N.; et al. The One Health Approach in Urban Ecosystem Rehabilitation: An Evidence-Based
Framework for Designing Sustainable Cities. iScience 2024, 27, 110959.
https://doi.org/10.1016/j.isci.2024.110959

80. Plowright, RK.; Reaser, ].K.; Locke, H.; Woodley, S.J.; Patz, J.A.; Becker, D.J.; Oppler, G.; Hudson, P.J;
Tabor, G.M. Land use-induced spillover: A call to action to safeguard environmental, animal, and human
health. Lancet Planet. Health 2021, 5, e237-e245. https://doi.org/10.1016/s2542-5196(21)00031-0

81. Tasker, A.; Braam, D. Positioning zoonotic disease research in forced migration: A systematic literature
review of theoretical frameworks and approaches. PLoS ONE 2021, 16, e0254746.
https://doi.org/10.1371/journal.pone.0254746


https://doi.org/10.4269/ajtmh.17-0028
https://doi.org/10.20944/preprints202410.2075.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 October 2024 d0i:10.20944/preprints202410.2075.v1

16

82. Narrod, C.; Zinsstag, ].; Tiongco, M. A One Health framework for estimating the economic costs of zoonotic
diseases on society. EcoHealth 2012, 9, 150-162. https://doi.org/10.1007/s10393-012-0747-9

83. Oppenheim, B.; Gallivan, M.; Madhav, N.K,; Brown, N.; Serhiyenko, V.; Wolfe, N.D.; Ayscue, P. Assessing
Global Preparedness for the Next Pandemic: Development and Application of an Epidemic Preparedness
Index. BM] Glob. Health 2019, 4, e001157. https://doi.org/10.1136/bmjgh-2018-001157

84. Romero-Sandoval, N.; Cifuentes, L.; Ledn, G.; Lecaro, P.; Ortiz-Rico, C.; Cooper, P.; Martin, M. High Rates
of Exposures to Waterborne Pathogens in Indigenous Communities in the Amazon Region of Ecuador. Am.
J. Trop. Med. Hyg. 2019, 101, 45-50. https://doi.org/10.4269/ajtmh.18-0970

85. Menajovsky, M.F.; Espunyes, J.; Ulloa, G.; Calderon, M.; Diestra, A.; Malaga, E.; Mufioz, C.; Montero, S.;
Lescano, A.G.; Santolalla, M.L. Toxoplasma gondii in a Remote Subsistence Hunting-Based Indigenous
Community of the Peruvian Amazon. Trop. Med. Infect. Dis. 2024, 9, 98.
https://doi.org/10.3390/tropicalmed 9050098

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/10.20944/preprints202410.2075.v1

