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Abstract

Human interventions in natural landscapes have promoted rapid and profound transformations in the environment,
generating great impacts at different levels, including on human and animal health. Actions such as deforestation for logging,
intensive agriculture, construction of large hydroelectric dams, pastures for cattle, mining, and construction of roads that
favor human access to remote areas have promoted habitat destruction, changes in trophic chains due to nutritional factors,
loss of biodiversity, changes in the natural balance of vectors, mammals, hosts and pathogen reservoirs, and closer human
contact with wildlife. Another important impact related to changes in land use is forest and habitat fragmentation. According
to different investigations, anthropogenic actions causing changes in land use are potential inducers of emergence/re-
emergence and increased transmission of infectious diseases in the world, including those with pandemic potential. Most of
these diseases are classified as zoonoses and many are arboviruses. Deforestation and agricultural intensification seem to
be the events that most influence the incidence of zoonoses. Changes in land use may also favor a species jump to a zoonotic
pathogen, making it a potential threat to humanity if it acquires an efficient capacity for inter-human transmission. Here,
we summarize important evidence on how anthropogenic changes in land use influence the emergence and transmission of

infectious diseases to humans.
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Introduction

The ongoing models of economic production, changes
in land use, and industrial development have disturbed the
planet’s homeostasis and generated alarming signals in
different environmental spheres. Examples of such processes
are the increase in global temperature, losses in biodiversity,
imbalances in food chains, rising ocean levels, depletion of
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natural resources, and chemical contamination of water, soil
and food. As for anthropogenic changes in land use, one of
the consequences is the emergence and re-emergence of
several infectious diseases. The term land use change refers
to a process by which human activities transform the natural
landscape, in particular the way land has been used, generally
emphasizing its functional role for economic activities [1].
These transformations promote changes in biodiversity,
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and in addition to representing loss of genetic heritage, they
may increase the risk of communicable diseases, as they
involve important interactions between species [2]. Among
other factors, most emerging infectious diseases have as a
key event a change in ecology involving parasites and hosts.
Such changes may lead to pathogen evolutionary processes
that allow increased transmission between individual hosts,
increased contact with new populations or host species, and
selective processes that make certain strains of pathogens
adapt to new dominant environmental conditions [3]. This
mini review aims to present an overview of the main types
of anthropogenic changes in land use and their effects on
increasing the risk of transmission, emergence and re-
emergence of important zoonotic diseases.

Main Types of Land Use Change that Impact
Infectious Diseases and the Mechanisms
Involved in It

Actions such as deforestation, intensive agriculture,
urbanization, expansion of agricultural frontiers to regions
with highly complex biomes, replacement of native forests
for pastures, mining, and large-scale irrigation processes
promote profound changes in the biophysical environment,
destruction of habitats, disorganization of ecosystems,
disturbances in the structure of aquatic and soil microbial
communities, and changes at multiple levels of equilibrium
relationships involving parasites, vectors, reservoir animals,
and susceptible hosts. Such changes largely influence the risk
of diseases for humans, especially those of a zoonotic nature,
since the diversity of zoonotic hosts increases in ecosystems
dominated by humans [4]. According to the World Health
Organization, more than 200 communicable diseases are
characterized as zoonoses [5]. Such diseases account for
almost two-thirds of emerging infectious diseases and
more than 70% of them originate from wildlife [6]. The
encroachment of humans into wild environments may result
in human infection by zoonotic viral pathogens through
two phenomena: spillover and species jumps. According
to Flanagan, et al. [7], in a spillover event the susceptible
individual is infected but is rarely exposed to the zoonotic
viral agent, which may lead to incidental human outbreaks
but without a sustained inter-human transmission. In
species jumps, genetic changes occurring in the virus ensure
an efficient inter-human transmission/spreading.

Among the events of anthropogenic land use change,
deforestation and agricultural intensification stand out for
exerting a strong influence on the incidence of zoonoses as
they promote destruction or a drastic modification of natural
habitats and home ranges of different species. Furthermore,
such anthropogenic actions alter the behavior of many
pathogen hosts, forcing them to live closer to humans.
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Tropical forests, with high mammal diversity, which are
exposed to land use change pose a higher risk as for the
emergence of zoonotic diseases [8]. In the case of large-
scale deforestation, the implications for emerging infectious
diseases seem to be a mostimmediate event [9]. For example,
Burkett-Cadena [10] showed an association of 87 mosquito
species from different countries with deforested habitats
amounting to 52.9%; of these favored species, 56.5% are
confirmed vectors of human pathogens compared to only
27.5% of species negatively impacted by deforestation.

A probable link between anthropogenic changes in
land use and the recent Covid-19 pandemic - a virus that
appears to have emerged from bats as the primary reservoir
and pangolins as intermediate hosts - illustrates the urgent
need to understand how human action impacting natural
environments may affect the risk of transmission of zoonotic
diseases.Batsarehoststoawiderange of microorganismsand
more than 200 viruses have been associated with them, many
of which are considered emerging human pathogens [11]. By
affecting bat populations and communities, deforestation
may have major impacts on the emergence and circulation of
infectious diseases [12]. For example, the clearing of forests
to establish cattle pastures may reduce the populations of
wild prey on vampire bats, resulting in outbreaks of bovine
rabies and increasing the contact of the rabies virus with
humans [13]. Furthermore, if the flock is suddenly moved
to other regions, the scarcity of food available to bats may
make these animals seek food from residents of the region
and thus result in outbreaks of human rabies.

In addition to the installation of pastures in wild areas
for extensive livestock farming, industrial farming systems
with a large number of animals confined in a small physical
space, often interconnected with residential areas, facilitate
the transmission of pathogens, with particularly high risks
for workers and neighbors. Also, a potential consequence
for public health is that the frequent use of antibiotics in
livestock farming for therapeutic or prophylactic purposes
may result in the emergence of bacterial pathogens resistant
to different types of antimicrobials, which can be transmitted
to the human population [14]. Pig farming is a special source
of concern and there is a stronger need for surveillance as
pigs are frequently intermediate hosts in the transmission of
the Influenza A virus. Wild birds are the primary reservoirs
of Influenza A, whose segmented RNA genome facilitates
genetic reassortment when two different viral subtypes
infect the same cell. Avian influenza viruses have difficulty
replicating in humans due to the lack of cellular receptors
for viral binding. However, pigs have cellular receptors
for both aviary and human Influenza, which may result in
the emergence of pandemic strains with a capacity for an
efficient inter-human transmission and a high lethality [15].
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Agriculture based on irrigation and flooding of large
areas, such as those for rice production, is another factor
that consistently exacerbates risks for infectious diseases.
For example, the changes introduced into the environment
by this method of cultivation may expand the reproduction
habitats of vectors such as Culex, favoring the occurrence
of outbreaks of arboviruses, such as Japanese encephalitis
[16]. Gilbert, et al. [17] hypothesized that changes in land
use in northeastern China, which had vast areas planted
with rice fields between 2000 and 2005, affected the spatial
distribution of wild aquatic birds, their home ranges, and
the domestic-wild interface, thus changing the transmission
dynamics ofthe HSN1virus onaregional and intercontinental
scale. Also, the construction of large dams creates a new
watery landscape, potentially modifying the transmission of
diseases transmitted by mosquito vectors, such as the Rift
Valley Fever [18].

The impacts of activities such as intensive agriculture are
relatively well characterized in some sectors, such as those
related to accounting for carbon emissions and biodiversity
loss. However, its effects on human health are less known.
Based on this premise, Shah, et al. [19] investigated the
relationship between intensive agriculture and infectious
diseases in Southeast Asia and concluded that people
residing or working on agricultural lands are almost twice
as likely to be infected with a pathogen as the unexposed
control group. Effects are more pronounced in certain
forestry monocultures and livestock farming.

According to the comprehensive review of Gottdenker, et
al.[20],in addition to deforestation and agriculture/livestock,
forest and habitat fragmentation are events related to land
use changes that most commonly affect the transmission of
infectious diseases in the world. In their study, around 60%
of the publications investigated documented an increase
in the abundance and/or transmission of pathogens in
response to changes in the environment. Changes to the
niches of the vector, host or pathogen, changes in community
structure (for example, in diversity or species composition),
and changes in behavior, movement and spatial distribution
of vectors and/or hosts were identified as mechanisms that
affect the transmission of infectious diseases [20]. However,
conversely, in some cases, decreases in the transmission of
certain infectious diseases may occur in response to changes
in land use, for example if such change negatively affects the
abundance of reservoir mammals. Similarly, this may occur
if a non-human food source is made available to a vector.
For example, the introduction of livestock into agricultural
areas may have a zoo prophylactic effect on the transmission
of malaria by Anopheles arabiensis [20,21]. On the other
hand, Shah, et al. [19] found consistent positive associations
between livestock farming and differing disease classes,
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whereby exposure to livestock may result in two to four
times the risk of being infected with vector-borne, bacterial
or zoonotic diseases. These contradictory results probably
reflect the complexity and particularities inherent to
interactions involving different types of vectors, pathogens,
reservoirs, hosts, and transformations in natural landscapes.

Fragmentation of Forests, Loss of
Biodiversity and Infectious Diseases

The forest fragmentation event mentioned above refers
to a process of change at the landscape level over time. It
is characterized by a decrease in the size of forest patches
combined with an increase in the number of patches and
the formation of other forest edges [22]. Fragmentation
results from anthropogenic actions of land use change, and
deforestation is its main cause [23]. Fragmented areas result
from the division of a continuous habitat, which begins
to present different conditions in their surroundings and
may become more or less isolated. Forest fragmentation is
considered one of the main drivers of global biodiversity
loss and ecosystem degradation [22]. Such changes affect the
structure of communities of hosts, reservoirs, and vectors
that reside in the area and represent an important cause of
biodiversity loss, a factor that increases the risk of zoonotic
diseases.

The decrease in biodiversity in a fragmented area of
forest may favor the isolation and increase in the density of
a certain reservoir animal (such as monkeys in relation to
the Sylvatic yellow fever virus), as well as the vector that
preferentially feeds on this animal, thus facilitating greater
circulation of the pathogen. For example, studies have shown
an increase in the incidence of Lyme disease in an area of
forest fragmentation in North America [24] and of Brazilian
spotted fever in an area of decrease in wild vertebrates due
to deforestation/fragmentation of the Atlantic Forest in Sao
Paulo [25]. Both are diseases transmitted by ticks; the first is
caused by the bacteria Borrelia burgdorferi and the second
by Rickettsia rickettsia.

Another scenario that favors the local expansion of
epidemic zoonotic diseases is the edges of preserved
vegetation fragments. These regions, markedly influenced by
the modified surrounding environment, are often ecologically
different from the interior of the fragment, generating the so-
called “edge effect.” Such changes in the remaining habitat
are an important cause of changes in biological communities
and biodiversity. Populations residing close to the edges of
deforested forests are at greater risk of acquiring zoonotic
diseases due to greater contact with vectors and reduced
biodiversity in these habitats [26]. The spread of pathogens
across fragmented landscapes can be influenced by the
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degree of connectivity between them. Wilk-da-Silva, etal. [27]
showed that areas with more fragmented landscapes and
greater edge density, but with a high degree of connectivity
between forest patches, favor the spread of the yellow fever
virus.

Events that promote loss of biodiversity also include the
illegal trade of animals and the creation of road networks
into areas that are more difficult to access, increasing
hunting pressure on wildlife populations [28]. Despite much
evidence of an association between loss of biodiversity due
to anthropogenic changes in the landscape and a consequent
increase in the risk of zoonotic infectious diseases [29],
there are also hypotheses that link greater biodiversity to a
greater risk of emerging infectious diseases, considering that
a greater diversity of hosts such as mammals is correlated
with a greater diversity of pathogens [6,30]. However, as
reviewed by Hosseini, et al. [31] this relationship is indirect
and should not be disconnected from the impacts resulting
from anthropogenic actions critical to the emergence of
infectious diseases in human and livestock populations.

Regarding the mechanisms of the correlation between
greater biodiversity and lower risk for transmission of

infectious diseases, an interesting model called “dilution
effect” postulates that host diversity is a factor that may
inhibit the abundance of the pathogen [29]. In other words,
contrary to what occurs with loss of biodiversity, a high
diversity of species tends to dilute the interactions between
host-pathogen-environment and vectors, thus reducing the
risk of pathogen transmission for established and emerging
diseases.

To better understand the dilution effect on disease
transmission, let us take as an example a habitat with high
biodiversity where a vector can feed both on an animal
considered a good host for a given viral pathogen and on
various animals that are not competent to maintain it. When
feeding on the latter, the vector will not be infected or will
have a viral load so low that it will prevent the transmission
of the virus when this vector feeds on humans. Greater
biodiversity may also result in the occurrence of animals
that are less permissive towards a vector, removing or
eliminating it when it tries to feed and thus reducing the
pathogen’s circulation dynamics. It is also necessary to
consider that certain primary hosts for some pathogens are
more ecologically resilient and increase in abundance when
biodiversity is lost [2].

Figure 1: Change in land use, disturbances in ecosystems and influence on pathogens, hosts, reservoirs and vectors.
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Gibb, et al. [4] showed how zoonotic host diversity
increases in human-dominated ecosystems and how land
use has global and systematic effects on local zoonotic host
communities. Based on ecological modeling and database
investigations spanning thousands of the world’s ecological
communities and hundreds of host species, the authors
concluded that wild hosts of human-shared pathogens and
parasites predominate in locations subjected to substantial
anthropogenic impact, such as secondary and agricultural
ecosystems, compared to nearby undisturbed habitats.
The magnitude of this effect has taxonomic variations but
is stronger in zoonotic host species of rodents, bats and
birds, suggesting that this is a factor that supports the global
importance of these taxa as zoonotic reservoirs. According
to the authors, the global expansion of agricultural and
urban land predicted in the coming decades could create
increasingly dangerous interfaces for exposure to zoonotic
pathogens. Figure 1 illustrates the main factors and systems
associated with changes in land use and the transmission of
zoonotic disease.

Conclusion

Many studies have consistently associated the influence
of different types of anthropogenic land use changes with
the emergence and spread of infectious diseases and
described transmission chains with the main pathogens/
hosts/vectors and their interactions. However, the number
of experimental investigations carried out with the purpose
of unveiling the specific mechanisms related to land use
that determine the emergence/transmission of infectious
diseases is scarce compared to the number of observational,
review or conceptual studies [20]. It is also important to
expand studies on the prevalence of infection at a local
and regional level, regarding anthropogenic changes in the
environmental landscape, using a metacommunity approach.
Metacommunities are sets of communities connected through
the dispersal of multiple potentially interactive species [32],
encompassing sets of hosts and non-hosts that interact and
affect the dissemination and transmission of pathogens [33].
Suzan, et al. [33] argue that the metacommunity represents
an integrative framework for understanding disease ecology
since the distribution, dynamics, persistence, prevalence,
and outbreaks of infectious diseases of wildlife depend
on the ecological and phylogenetic diversity in a set of
interconnected communities.

Better understanding the mechanisms by which such
changes influence and predispose to a greater risk of
disease is a major challenge that does not seem capable of
being resolved if it falls under the responsibility of a single
scientific discipline. This path will certainly be followed more
consistently if it also combines experimental studies with
modeling analyses and uses a multidisciplinary approach,
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involving strategies and research projects constructed jointly
by microbiologists, epidemiologists, molecular biologists,
ecologists, social scientists, and other researches.
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