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Abstract
Environmental changes have a huge impact on the emergence and reemergence of certain infectious diseases, mostly in
countries with high biodiversity and serious unresolved environmental, social, and economic issues. This article
summarizes the most important ﬁndings with special attention to Brazil and diseases of present public health importance
in the country such as Chikungunya, dengue fever, yellow fever, Zika, hantavirus pulmonary syndrome, leptospirosis,
leishmaniasis, and Chagas disease. An extensive literature review revealed a relationship between infectious diseases
outbreaks and climate change events (El Niño, La Niña, heatwaves, droughts, ﬂoods, increased temperature, higher rainfall,
and others) or environmental changes (habitat fragmentation, deforestation, urbanization, bushmeat consumption, and
others). To avoid or control outbreaks, integrated surveillance systems and effective outreach programs are essential. Due to
strong global and local inﬂuence on emergence of infectious diseases, a more holistic approach is necessary to mitigate or
control them in low-income nations.
Key words: climate change; disease emergence; EIDs; environmental drivers; landscape change; vector-borne diseases;
weather; zoonoses

Introduction
It is widely accepted that human modiﬁcations to the environment are the main causes or drivers for global environmental
changes (Hautier et al. 2015; Lewis and Maslin 2015; Pimm et al.
1995; Vitousek et al. 1997). Turner et al. (1990) state that global

environmental change is both systemic and cumulative. Diverse
scientiﬁc ﬁelds have generated much data about the complex
environmental systems on our planet with conclusive evidence
of anthropogenic environmental change (Oreskes 2004). Some
authors have proposed that due to human-induced global
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environmental changes, planet Earth has entered a new geological epoch termed the Anthropocene (Crutzen and Stoermer 2000).
Building on the Millennium Ecosystem Assessment deﬁnition of
drivers of ecosystem change (Millennium Ecosystem Assessment
2003), Nelson et al. (2006) deﬁne drivers of ecosystem change as
“a complex web of interactions between humans and their surroundings as humans seek to satisfy their basic needs and improve their wellbeing.” There are many anthropogenic drivers of
environmental changes and they are the result of development
and economic pressures (Geist and Lambin 2002).
According to the World Health Organization, environmental
threats to human health at global and regional levels include: “climate change, stratospheric ozone depletion, changes in ecosystems due to loss of biodiversity, changes in hydrological systems
and supplies of freshwater, land degradation, urbanization, and
stresses on food-producing systems” (WHO 2017). Rapid social
and environmental changes are occurring globally, affecting both
low-income countries and the largest advanced economies.
Travel and transportation are the greatest increase to the risks of
rapid spread of infectious diseases (Jaffry et al. 2009). Particularly
in the tropics where there is high biodiversity, ecological change
is greatest, making these regions potential hotspots for the emergence of new pathogens affecting human, wildlife, and domestic
animal health (Jones et al. 2008; Wilcox and Gubler 2005).
Emerging infectious diseases (EIDs) are increasingly recognized as a global threat, with major concerns on their rapid global
spread (Daszak et al. 2000; Johnson et al. 2015). To effectively
design EID prevention and control programs, the complex and
ﬂuid relationships among multi-host and multi-pathogen systems, environmental change, and human populations must be
thoroughly understood (Morse et al. 2012). Improved and targeted
surveillance systems will provide better knowledge for analysis of
the speciﬁc risks of disease emergence (Loh et al. 2016). The interactions among wildlife, domestic animals, and humans can be
present in different landscapes and are implicated as potential
causes of important outbreaks globally (Murray and Daszak 2013).
Host–pathogen interactions can be strongly affected by species
diversity and community composition (Keesing et al. 2006;
Ostfeld and Keesing 2012). Therefore, it is urgently necessary to
understand the effects of habitat fragmentation and other environmental changes on host–pathogen interactions (Huang et al.
2016). Establishing local policies that require integrated assessments prior to development projects can help predict risks and
emphasize practices to mitigate the disease transmission
between humans and other species (Machalaba et al. 2015).
This review presents within a global context the public health
threats that may arise as the drivers of environmental change
lead to emergence of infectious diseases in Brazil, but that are
broadly applicable to populous tropical regions throughout the
world experiencing similar drivers. As the sixth largest country
by land mass and with the ﬁfth largest population primarily clustered (80%) in urban centers, Brazil is uniquely positioned to be
affected by many of the drivers of environmental change and
disease emergence as frequency of contact with wildlife and
other disease reservoirs increases (CIA 2017). Even though the
Brazilian government signed the United Nations Framework
Convention on Climate Change in 2016, in many instances the
potentially catastrophic environmental impact of new development projects has been neglected for the sake of political and
economic interests (Eduardo and Franchini 2017). Despite active
projects of infectious and vector-borne disease surveillance in
Brazil, there has been a failure to detect and predict recently
emerged diseases such as Zika virus (Vasconcelos 2015; Zanluca
et al. 2015). Extensive land use change, large-scale deforestation,

and disruption of important ecosystems and ecosystem services
driven by these projects in Brazil may result in the emergence of
infectious diseases in wildlife, domestic animals, and humans in
the surrounding communities. To develop effective control or
mitigation measures, it is necessary to understand the impact
these environmental drivers have in the modiﬁcation of ecological processes associated with emerging infectious disease outbreaks, as well as to analyze the impact of speciﬁc drivers on
factors including the ecosystems, country policies, and the interaction of pathogens and their reservoirs.

Drivers of Emerging Infectious Diseases
The drivers of environmental changes are detailed along with
their associated emerging infectious diseases (Table 1). Signiﬁcant
changes in land use occur particularly in many low-income
countries that contain tropical forests (Lambin and Meyfroidt
2011). Anthropogenic drivers of global environmental change
can have different impacts: population growth, for instance,
may have both a systemic and cumulative impact (Rosa et al.
2004). Afﬂuence is also considered a driver in countries with
slow population growth like Brazil (0.7%) and others and at
least as great a threat to the environment as rapid population
growth elsewhere (CIA 2017; Rosa et al. 2004). Long-lasting impacts are also caused by agriculture as it replaces natural vegetation, increasing species extinction rates, and altering
biogeochemical cycles (Lewis and Maslin 2015).
Recently, most EID events have been linked to anthropogenic
drivers (Table 2) such as land use change (deforestation, mining,
oil extraction, etc.), food production changes (extreme livestock
intensiﬁcation without proper biosecurity measures), and global
trade and travel (Daszak et al. 2001; Karesh et al. 2012; Machalaba
et al. 2015). The simultaneous expansion of agriculture and
urbanization has signiﬁcantly modiﬁed the structure and functioning of ecosystems and patterns of species distribution and
biodiversity (Gibbs et al. 2009; Kerbiriou et al. 2009). Urbanization
has been responsible for a decline of biodiversity due to the fact
that many wildlife species are unable to adapt and many generalist species are highly adaptable (Mackenstedt et al. 2015).
Fragmentation and habitat loss can change the community structure of species and may result in areas with greater risk of zoonotic disease outbreaks (Gay et al. 2014; Kamiya et al. 2014; Rubio
et al. 2014). Anthropogenic-driven land use change is highly correlated with the presence of zoonotic diseases (Murray and
Daszak 2013; Patz et al. 2004).

Brazil: A Hot Spot of Emerging Infectious
Diseases
Particularly in Brazil, there is an irrevocable advance of the agriculture frontier into the rainforest, resulting in increasing rates of
species contact and subsequent spillover or transmission of infectious diseases (Confalonieri 2000; Costa and Silva 2016; Jones
et al. 2013; Prodes 2016; Tyukavina et al. 2017). In Mato Grosso do
Sul state, vector-borne Mayaro and Oroupouche viruses have
been detected in nonhuman primates (Batista et al. 2012). In the
states of Tocantins and Maranhão, mimivirus has been discovered to have spilled over from nonhuman primates to domestic
cattle (Dornas et al. 2014).
As a clear example of a socio-environmental driver of infectious disease emergence in a low-income nation, Bausch and
Schwarz (2014) explain how poverty in Guinea drives people to
expand their range of activities and use areas including species
ranges of hunted game that increase the risk of exposure to
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Table 1 Key drivers of environmental changes affecting the emergence and spillover of infectious diseases between wild animals, domestic
animals, and humans globally
Driver

Transmission Route

Author(s) and Year

Disease Emergence/Spillover Event

El Niño

Vector-borne

Epstein (1999)a
Haines and Patz (2004)a

Increasing outbreaks of emerging diseases were linked to El Niño.
Outbreaks and epidemic of malaria positively connected with El
Niño.
Strikingly less malaria found in El Niño years in Tanzania.
Hantavirus cardiopulmonary syndrome found to be related to El
Niño in the Colorado Plateau.
Risk of diarrheal symptoms doubled when exposed to southern
California coastal waters during an El Niño winter.
Decreased malaria incidence in Papua New Guinea associated
with global climate indices.

Lindsay et al. (2000)a
Hjelle and Glass (2000)a

El Niño Modoki, El Niño
Southern Oscillation,
Indian Ocean Dipole
La Niña

Quasi-Biennial Oscillation
(QBO)
Heatwaves

Drought

Water-borne

Dwight et al. (2004)a

Vector-borne

Imai et al. (2016)

Vector-borne

Chretien et al. (2007)a

Water-borne
Vector-borne

Nicholls (1993)a
Bunyavanich et al. (2003)a
Dwight et al. (2004)a

Vector-borne
Air-borne

Paz (2006)a
Kan (2011)a

Water-borne

Epstein (2001a)a

Vector-borne

Khasnis and Nettleman
(2005)a
Wang et al. (2010)a; LimaCamara (2016)
Shaman et al. (2002)a
Chretien et al. (2007)a
Lima-Camara (2016)
Paull et al. (2017)

Flood

Water-borne

MacKenzie et al. (1994)a
Reacher et al. (2004)a

Vector-borne

Epstein (1999)a
Mackenzie et al. (2000)a
Ahern et al. (2005)a
Woodruff et al. (1990)a
Nielsen et al. (2002)a
Cordova et al. (2000)a
Chen (1999)a

Hurricane, Typhoons, and
Cyclones

Temperature

Contact with Rodent
Urine
Vector-borne

Water/food-borne
Vector-borne

CDC (2000)a
Leal-Castellanos et al. (2003)a
Gracie et al. (2014)
Epstein (2000)a; Sanders et al.
(1999)a
Shultz et al. (2005)a
Salomón et al. (2012)

Teurlai et al. (2015)

Chikungunya fever epidemic connected with the La Niña
drought.
La Niña epidemic of West Nile fever and Japanese encephalitis.
Risk of diarrheal symptoms increased during La Niña winter.
QBO linked to incidence of Ross River virus in Australia.
Heatwave associated outbreak of West Nile fever in Israel in 2000.
Heatwave increased morbidity and mortality from infectious
respiratory diseases.
Diarrheal diseases increase during drought especially in refugee
camps.
Drought associated with hantavirus pulmonary syndrome.
Increased West Nile virus risk following drought
Increased St. Louis Encephalitis virus risk during droughts
Chikungunya fever epidemic associated with droughts
Chikungunya virus outbreaks increase after droughts due to
water stored in barrels providing vector breeding sites in Brazil.
Drought increased West Nile virus epidemics through mosquito
infection prevalence.
Flood favors water-borne disease transmission such as
Cryptosporidium infection
Signiﬁcant increase in risk of gastroenteritis associated with
depth of ﬂooding in Southern England
Floods in Mozambique led to spread of malaria, typhoid and
cholera
Strong rain or ﬂood can lead to outbreak of Ross River fever
Post ﬂood, diarrheal cases (such as cholera) may grow
Diarrheal and malaria incidences were observed to increase after
ﬂoods in 1988 in Sudan
Increased lymphatic ﬁlariasis after ﬂooding
Increased arboviral disease after ﬂooding
Hemorrhagic Fever with Renal Syndrome diseases increase
during ﬂooding
HPS diseases may increase during ﬂooding
Leptospirosis diseases may increase during ﬂooding
Leptospirosis incidence higher in ﬂooded areas (local scale) in
Brazil
Following a hurricane, malaria and dengue fever outbreaks
occurred in Honduras and Venezuela. A cyclone tends to
increase the incidence of leptospirosis.
A cyclone tends to increase the incidence of cholera
Leishmaniasis vectors activity increased with increased local
temperature and humidity
Seasonality of breeding season (global and local scale)
Vectors geographical expansion due to increased temperature
(global scale)
Increase in mean temperature associated with higher incidence
of dengue fever in New Caledonia due to stimulation of
vectors’ gonotrophic cycle and female biting behavior

Continued
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Table 1 Continued
Driver

Transmission Route

Author(s) and Year

Disease Emergence/Spillover Event

Vianna and Ignotti (2013)
Imai et al. (2016)

Hottest months present the highest incidence of dengue in Brazil
Increased minimum temperature associated with increase in
malaria incidence in Papua New Guinea with differing lag
times according to different regions (local scale)
Increase in mean temperature associated with higher incidence
of dengue fever in Brazil
Toxoplasmosis infection increases in higher temperatures due to
higher sporulation of oocysts and also larger geographical
distribution of reservoir hosts
Ebola outbreaks suggested to emerge after sharply dry end of
rainy season leading to higher infection of bat reservoir or
higher contact with reservoir species
Heavier rainfall is associated with enhanced Toxoplasma gondii
oocyst dynamics and distribution
Higher rainfall associated with more breeding sites for
Chikungunya, West Nile and Zika virus vectors
Highest rainfall months present the highest dengue incidence in
Brazil
Heavy rainy season associated with periodic expansion of yellow
fever in endemic areas
Lyme disease outbreaks caused by a history of deforestation,
reforestation and habitat fragmentation that caused increase
in preferred reservoir population infection and higher contact
with infected vectors
Deforestation-caused increase in contact rates between
Ebolavirus infected or reservoir species and humans

Barcellos and Lowe (2014)

Humidity

Rainfall

Water and food-borne
disease

Yan et al. (2016)

Contact with blood or
other contaminated
secretion
Water and food-borne

Bausch and Schwarz (2014);
Alexander et al. (2015)

Vector-borne

Lima-Camara (2016)

Yan et al. (2016)

Vianna and Ignotti (2013)

Deforestation

Land Use Conversion

Bushmeat Consumption

Vector-borne

Contact with blood or
other contaminated
secretion
Contact with
contaminated
excretion
Contact with blood or
other contaminated
secretion

Monath and Vasconcelos
(2015)
Karesh et al. (2012)

Fahr et al. (2006)

Suzan et al. (2008)

Increased hantavirus infection in Panama

Alexander et al. (2015);
Bausch and Schwarz (2014)

Ebola virus outbreaks occur in locations with direct contact
between infected animals, meat, or contaminated fruits

Modiﬁed from Wu et al. (2016). Highlighted cells detail incidence of disease emergence or spillover in Brazil.
a

References cited in Wu et al. (2016).

Ebola virus and other zoonotic pathogens. Multiple anthropogenic factors can be involved in the emergence of an Ebola
virus outbreak through bushmeat consumption (Alexander
et al. 2015), deforestation (Fahr et al. 2006), and land use change
(Wallace et al. 2014). Bushmeat consumption is also a driver for
emerging infectious disease in Brazil (Gonçalves et al. 2012;
Sangenis et al. 2016). The wildlife trade and especially the pet
trade have been heavily implicated as a driver of disease emergence (Chomel et al. 2007; Gomez and Aguirre 2008; Matias
et al. 2016; Ripple et al. 2016).
The construction of hydroelectric dams has direct and indirect ecological impacts due to massive deforestation, biodiversity loss, and socioeconomic changes brought upon local
communities and surrounding ecosystems (Lees et al. 2016).
Dams and other water control projects have been shown to
drive disease emergence by providing favorable habitats
increasing vector and host species ranges (Patz et al. 2004).
Global evidence of markedly increased incidence of emerging
or reemerging pathogens such as Rift Valley fever (Dzingirai
et al. 2017), schistosomiasis (N’Goran et al. 1997), and malaria
(Tadei et al. 1998) has been correlated with dam construction
and the consequent environmental changes.
Trypanosoma spp., the causative agent for trypanosomiasis,
has been isolated in bats captured near a hydroelectric dam in
the Brazilian Amazon (Costa et al. 2016). This discovery indicates the potential risk of zoonotic spillover to the growing

cities in the vicinity of hydroelectric dams. Building dams requires a large workforce, many of whom remain in the region
post construction, which not only dramatically increases the
impact of humans upon the environment but also increases
opportunity for disease spillover (Fearnside 1999; Patz et al.
2004; Randell 2015; Vaz et al. 2007). The lack of epidemiological
surveillance and risk assessment prior to the construction of
hydroelectric plants increases the exposure of neighboring
human populations to zoonotic diseases.
The higher incidence of leptospirosis in Brazil has been
associated with densely populated urban and ﬂooded areas
(Gracie et al. 2014). Similarly, Zika virus outbreaks in Brazil
have been associated with urbanization or deforestation, which
likely favor the habitat of the mosquito vector (Ali et al. 2017).
Hantavirus outbreaks in Brazil also have been linked to
increased contact rates between rodent reservoirs and humans
in rapidly urbanizing and deforested rural areas (Pinto Junior
et al. 2014). Yellow fever outbreaks occurred in both Congo and
Brazil in 2016 and 2017, respectively, and in both instances the
virus shifted from forested areas to urban populations, raising
concerns about effective public health response and sufﬁcient
vaccine reserves (Dyer 2017; Ortiz-Martínez et al. 2017). The
outbreak in Congo was associated with high population mobility and low vaccination coverage (Otshudiema et al. 2017). In
Brazil, the outbreak was likely driven by anthropogenic deforestation and forest fragmentation that isolated and stressed the
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Table 2 Key anthropogenic drivers of environmental changes affecting the emergence and spillover of infectious diseases between wild animals, domestic animals, and humans in Brazil
Drivers

Transmission Route

Author(s) and Year

Urbanization
and Deforestation

Contact with rodents or
urine

Pinto Junior et al.
(2014)
Gracie et al. (2014)
Ali et al. (2017)

Vector-borne

Bushmeat
Consumption

Contact with wildlife
meat or blood

Land Use
Conversion

Contact with
contaminated
excretions
Contact with rodents

Disease Emergence/Spillover Event

Increased urbanization and deforestation correlated with exposure to
Hantavirus rodent reservoirs
Increased urbanization associated outbreaks of leptospirosis.
Urbanization and deforestation associated with higher incidences of
Zika virus.
Ribeiro and Antunes Urbanization and deforestation associated with Yellow Fever
(2009)
outbreak.
Sangenis et al. (2016) Chagas disease transmission due to wild animal meat or blood
consumption
Gonçalves et al.
Hepatic calodiasis disease transmission due to wild animal meat or
(2012)
blood consumption
Oliveira and
Increased incidence of hantavirus due to agricultural activities
Morraye (2014);
Santos et al. (2016)
Prist et al. (2016)
Hantavirus Pulmonary Syndrome associated with Atlantic forest areas
converted to sugarcane plantations and lower HDI in São Paulo State.

reservoir monkey species most likely altered the vector geographic range (Ortiz-Martínez et al. 2017; Ribeiro and Antunes
2009; Rosseto et al. 2017).

Climate Change and Emerging Infectious
Diseases
Climate change includes variations in temperature, precipitation, wind, and sunshine that may affect the survival, reproduction, or distribution of disease pathogens and their hosts
(Wu et al. 2016). According to Patz et al. (2005), correlating the
emergence or increased range of infectious diseases with climate change is still not possible due to a dearth of longitudinal,
quality data sets and sociodemographic factors. Still ample evidence has shown that climate change results in long-term
shifts in weather conditions as well as patterns of extreme
weather events, both of which may threaten human health and
well-being (Aguirre and Tabor 2008; Wu et al. 2016).
By providing higher landscape suitability for rodent host reservoirs and increasing human-to-host contact rates, climate
change and human population growth are predicted to be the
most important drivers of Lassa virus in western Africa by 2070
(Redding et al. 2016). West Nile virus (WNV) epidemics have
increased globally as a result of droughts. In periods with low
rainfall, the rate of infection of the WNV mosquito vector increases (Paz 2015). Predictive models have shown a potential
tripling of WNV cases over the next three decades in areas of
increased drought and with low human host immunity (Paull
et al. 2017). Climate change has also been associated with
increased intensity of droughts and ﬂooding in the Amazon
region (Marengo and Espinoza 2015). Higher incidence of cases
of Chikungunya, WNV, and Zika virus infection in Brazil is
associated with areas with more frequent rainfall and severe
droughts, since both increase breeding sites for the vectors
Aedes spp. and Culex spp.
Temperature change alone, or together with other variable
changes such as rainfall, may alter the transmission of diseases. Temperature affects the spatial–temporal distribution of
disease vectors on both global and regional scales, and as temperature continues to rise due climate change and greenhouse
gas emissions, insect vectors in low-latitude regions may
expand into novel habitats in mid- or high-latitude regions and

in higher altitudes, leading to geographical expansions or shifts
of disease ranges. An example of this scenario is the association
between inter-annual variability in temperature and malaria
transmission in the African highlands (Bouma 2003). Temperature
and rainfall are the most important abiotic factors affecting
dengue prevalence in Brazil as well as the breeding sites for
the mosquito vector (Vianna and Ignotti 2013). In other regions, increased temperatures result in increased sporulation
of oocysts and geographic distribution of reservoir hosts for
Toxoplasma gondii, yielding higher infection rates (Yan et al.
2016). Increased rainfall also enhances infection rate due to
enhanced oocyst survival.
Some vector-borne diseases including malaria, African trypanosomiasis, Lyme disease, tick-borne encephalitis, yellow
fever, plague, and dengue fever all have expanded ranges following increased temperatures (Harvell et al. 2002).
Imai et al. (2016) studied both local weather and global
climate associations with malaria incidence in Papua, New
Guinea and determined that there was an association between
minimum temperature and increase in malaria incidence with
different time lags, according to the region studied. For climate
indices, the authors described a negative association between
modoki El Niño, El Niño Southern Oscillation and Indian Ocean
Dipole indices and malaria incidence with a larger time lag,
suggesting it could have happened due to lower precipitation
and malaria transmission or vice versa.
Strong correlations between increased temperature and
dengue fever incidence have been recorded in New Caledonia
(Teurlai et al. 2015), Thailand (Watts et al. 1987), and Brazil
(Barcellos and Lowe 2014). The regional and global increases in
humidity and temperature lead to increased leishmaniasis vector (Lutzomyia spp.) activity, breeding, and the geographic
expansion in Argentina and other regions of the Americas
(Salomón et al. 2012).
Modelling efforts have supported future increasing trends in
disease emergence driven by climate change. Predictive models
for Brazilian Atlantic forest and the Cerrado describe a strong
association between increased risk of Hantavirus pulmonary
syndrome and changes in socioeconomic, landscape, and weather
factors: low Human Development Index, increase in sugarcane
cultivation, decreased forest cover, and increased annual mean
temperature (Prist et al. 2016).
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Conclusions
Several studies have described local climate change, disruption
of important ecosystems and ecosystem services, large-scale
deforestation, and urbanization as drivers of a wide range of
life-threatening infectious diseases, including hantavirus pulmonary syndrome, dengue fever, yellow fever, malaria, trypanosomiasis, leishmaniasis, and leptospirosis in Brazil. There
is strong evidence that some of these environmental changes
will intensify in the near future if key anthropogenic activities
are not controlled.
Active surveillance is indispensable in preventing disease
emergence by identifying areas of risk before they become a
threat to human and animal health. Especially in times of
reduced budgeting for research funding it is worth highlighting
to policy makers the importance of recognizing anthropogenic
drivers, their ecological connections, and the dynamics of speciﬁc diseases, reservoirs, and environments. An integrated surveillance system of the health of at-risk human and animal
populations should be designed to identify the geographic regions, populations, vectors, and interactions that may result in
emerging and reemerging pathogens. This would establish a
system of early outbreak warning system and permit the
modelling of spread, analyses, and potentially the application
of prompt control or mitigation measures.
A key education component should clearly present the
anthropogenic drivers of EIDs as not only ephemeral or present
concerns, but establish the perception of them as long-term
public health threats requiring improved public support for
more effective environmental protection or insurance practices
at national and even international levels. Global human,
domestic animal, and wildlife morbidity and mortality caused
by EIDs will only be controlled once a holistic and transdisciplinary approach is designed and effectively implemented.
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